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.. ~ . . ABSTRACT I 

·The A~kley Granite Suite occupies 2,415 km2 in southeastern 
Newfound.larfd, and intruded across the boundary between the Avalon and 
Gan~er tectonoatratigraphic terranes. An Rb-Sr whole rock age of 355 ~ 9 
Ha- u younger than 40Arf39Ar . ages a'rouni:l 37.0 ± 5 Ma. Two calc-al.kahne 
granodiorite-granit_e plutons to the west and northeast of the Ackley 
Granite Suite . provided an Rb-Sr whole rock age of 427 ± 12 Ma, in 
ag~eement with an 40ArJ39Ar biotite age of 410 ± 4 Ma. 

. ., ~ ' 

Much of the Ackley Granite Suite exhib~ts geochemical sigqatures of 
A-type granites, and a muscovite-bearing phase occurs in- the north; 
Geochemical enrichment/deplet~n trends culminate at significant, 
endocontact, apatial'ly separate, aplite-pegmatite Mo deposits at 
Recontre Lake, and quartz~topaz-Sn greisen deposits at Sage Pond. 
H0drothermal mus~ov~te~ fr.om the ·deposits ~rovi~.e almost .id~ntic~l 
4 ArJ39Ar ages, Lnd;tstLnguuhable from 40Ar/ 9At .ages of

1 
bLotLte t:n 

granites. The granites and the mineralized areas have high-temperature, 
magmatic, oxygen isotope signatures, with minor evidenc.e- for 

r high-temperature .meteoric hydrothermal activity at . the prospects, and 
evidence for low temperature subsolidus exchange .with meteoric fluids' 
through much of the Ackley.- Granite · Suite. The d'ata confirm previous 
interpretations that large areas of ~the Ackley Granite Suite were 
rapidly cooled, and together with fluid }nclusion data, provide evidence 
for the contemporaneity of magmatic and mineralizing processes. 

' 
The southern Ackley Granite Suite is the frozen equivalent of high­

silica, chemically zoned, !Dagma chambers responsible for the formation 
of large ~h flows. Convectiv~ fractionation may have operated to 
produce the )>bserved chemical zonation.s. An emplacement model based on 
available geoph~sical da~ .. ndicates at~ping -of large (20. km x 10 km) 
blocks from the upper to . Ldd le crust Ln · response to regLonal crustal 
extension and lower cru!lt meltiri.g. 

The H20 content an of trace element enrichment in · the 
magma appear to have be important controls- on mineralization. The Mo 
depo,its formed from fluids evolved from a relatively H20-rich magma 
while Sn mineralization formed from F-r.ch fluids evolved from a more 

••peciaFzed, relatively anhydrous magma. A geitetic trend ~from 
~Mo-mineralization · to So-mineralization during development of the 
high-silica upper magma layer is suggested. 

Keywords: Ackiey Granite Suite, granite, 
tin, -molybdenum, chemical zonation·, 
geochemistry, pluton emplacement. 

~ 

high-silica, post-tectonic, 
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CHAPTER 1 - Itn'H.ODUCTION 

1-1 BACitGROUKD 

• 

The study of granitoid rocks provides in format ion on crustal and 

magmatic processes (e.g. Chappell and Whit,, 1974; Hil<ir e th, 1Q7.9, 1981-) 

and on associated "granophile" min .:> ral depo sits (e.g. S'trong, 1980, 

1981). Metallogenic and petrogenetic investigatWs ~~e tended to he 

independent· but are now beginning t o converg~>, and many investigators 

CGnsider magma generat ion, magma (•voluti o n and ore generation as a 

continuum of processes . 

.. 

Major out'sttiding problems of granitoid miner11l i zat i o n as expressed 

at an international conference on granite-relate<l miner<~l depo &its 

(Taylor and Strong , 1985) were ide ntified as follows; (1) what "' are the 

I 
parent granites like; (2) what are the" ore deposit11 like ; and (1) h ow 

can the observed variabilty be explained? Current c ontr ov t> rsy Cl' nt t! rs 

arol!nd magma source-materials, magma gene ration anci fractionati o n 

processes, temporal and i}"'etic relationah i. ps of 

gra11ites and la* magmat'tJ' to magmatic-hydrothermal 

tt 

' 

ores to aRsoc iat•~d 

proc.ellll e s . 

Granitoid plutons asso~iated with tin mineul i zati o n, "specialize d" 

granites of Tischendorf (1977), are commonly high i~ silica ()72% Sio2)\ 

and the large-ion lithophile (LIL) el}ments, and low in Ba ~~~d .Sr (e.g. 

Tischendprf, 1977; Lenthall s!td Hunter, 1977; Olade, ·1980; HudRon And .. 
Arth, 1983; Chatterjee et a1., 1983). Comparable, geochemi cal signattJr~s 

\ 
have been documented for granite-molybdenum systems, especi ally of the 
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Climax-type"(Mutschler et al., 1981; ·westra and Keith.., 1981; White et .. 
.!!..:_a.· '1981) and several of theRe author s have cormuented on the 

aimi laritie .. s .between tin-bearing and mo lybdenum-bearing granite systems. 

Moat studies of granophile ore ge neration have concentrated on 
) . 

small areas surroundin_g or defined by mine s and prospects . Reasons for 

thia localization 

granite c~as 
are: (a) many deposits are assj;jciated with sma l l .. 

which are apparently- spat i Bfll y, geologically or 

geochemically distinct from associated large batholiths; and (b) 

logistical problems and financial restriction~ conrnon l y prevent large, 

• • systema-tic, integrated progr81mles of study on major magmatic systems 

assoc{ated with mineralization. 

, ·. 
• 

Hildreth (1981) and Mutschler _e_t __ a_l_-~ .(1981) emphasized ~need f o r 

extensive ·evaluation of .granitoid systems . This must invJve the 

collection of a· large •and representative data set for each pluton o f 

interest, an exercise which has seldom been undertaken, eve n f o r 

batholiths assoc.iated with the exceptionally productive Climax-t ype 

deposits in ·colorado . 

The study area in southeast Newfound land (Fig. 1) is predominantly 

..... 
composed of post-tectonic, high-level, high-silica, Devonian granitoid 

rocks (Strong et al., 1974; Whalen, 1976; Dic~son, 1983). Spatially 

separate d molybden~te and 
-.... 

' . . cassttertte-aplite-pegmatite deposita 

wolfram.ite-bearing quartz-topaz greisen deposita occur in granite alo ng 

the southern contact of the · study area, and extj!nsive geochemica l 

enrichme~t/depletion patterns culminate in areas of known mineralization • 
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Figure 1: Location of the study area (shaded) with respect to other 
Pale ozoic granitoid plutons in Newfoundland (dotted). Also 
shown are major terranes and their boundaries (Williams and 
Hatcher, 1983). DHF- Dover-Hermitage Bay Fault zone. 
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(Davenport et al., 1984). The granites in the southeastern part of the 

• study area have been interpreted to represent a solidified, high-silica, 
·• 

chemically zoned m11gma chamber (Tuach et al., 1986}. These rocks 
. 

intruded across a major tectonostratigraphic boundary between the 

predominantly Precambrian metavolcanic Avalon Terrane and the 

predominantly Lower Paleozoic metasedimentary Gander Terrane of the 

Newfoundland Appalachians (W~lliams and Hatcher, 1983). 

The area provides a unique ~pportuni_ty to investigate: ( 1) the 

relationship of the separate types ;.:of mineralization to the host 

· gran'i.tes, ( 2) the potential influence of source rock on magma 

composition . and ore formation ', (3) the nature and exte.pt of magmatic 

precesses associated with mineralization, · and (4) the · nature of the . 
• 

fluids involved in .ore formation and l.n sub-solidus recryst.allization. 

The study was facilitated by the large library of rock samples, powders, 

thin sectional and geochemical anafyses ,. maintained by the Newfoundland 

.. Department of Mines and Energy. 

1-2 OBJECTIVE 

, 
The objective. of this work was to investigate the nature and extent 

of the magmatic/metallogenic system(s) respol\sible for formation of 

mineral deposits · in the southern part of the st~dy . area, using a 
~ 
combination of petrological, geochem'ical, isotopi~ and flui~ inclusion 

atudi.ea. Problems of particula~ interest are: .. (1) definition of the 
' 

magm·atic systems in the . study area, (2) the influence of potential 

source COTII,posit1ons on the chemical patterns preserved in the .granites .• 



, 

. ' 

• 5 -

( 3) th d f h f 1 . d d . r'JO.J ' • h . \ e nature an extent o t e »l phase an lta _ -_,atlons 1p to 

mineraliza~ion', and (4) definition of the controls over tin-:tungsten and ' 
, 

molybdenum mineralization in high-silica granitic systems. 

1-3 THESIS PRES~TION 

-Following the introductory chap.ter, ~ review of miner11 1 depos{s 
4 

and metallogenic concepts ·associated with granite u presented in 

Chapter 2. This review is necessary since there is considerable overlap 

and confusion ·in terminology, particularly between different geographic 

areas o f the wor ld. Furthermore, tt outline s the concepts ahd 

alternative hypotheses that are discussed in Chapt e rs' 10 and 11. 

... 
The resultj of specific technique,s of investigation are presented 

in Chapters 3 to 9, and direct conclusions from the data are pres~nted 

and discuseed in t!te relevant Chapter. Th e r esults and ' conciusions of 

I 
the various investigations are ' integrated and di_scussed in Chapter 10, 

where an,attempt ~made to define the magmatic/metallogenic systems in 

the study area. The final Chapter, discusses the significance of the data 

and conclusions from the study area, with respect to magmatic, and 

metallogenic systems in general. 

Nomenclature, analytical techniques, an~.lytical precision and 

accuracy, results of microprobe ana•lyses, whole rock geochemical 
( 

analyses,. tables of correlation coefficients and fluid inclusion data 

are pt:esented in Appendices. 
~ 

relevont Cbopt)• 

'-

Small data tables are included in the 
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1-4 .JiiOMncuTDU OF CIAlllTOID llDCIS I. THE STUDY .AHA 

The post-tectonic ~r.anitoid rocks which are the sub~ect of this 
_.-- -

thesis have been· conunonly referred to as Ackley Batholith, Ackley City 

Batholith, Ackley Granite and Ackley City Granite. Petrological, 
I 

geochemical, geochron~logical, and geophysical work, pe~formed as· part 

~ 

of this study, require revision of unnamed subdivisinns (units 9 to 15) 

proposed by Dickson (1983) for thes e .;rocKs, and a formal nomenclature 

'system will facilitate description in this thes1.s . 

J 

I . 
The proposed.) nomenclature is presented in t;'igure 2 and is 

summarized /in 

proposals for 

Table. 1. A review of previously used names and formal 

a~andoning some names, for boundary revision, for rank 

elevation, and for new names, are presented in Appe ndix A. ' 
,. 

Introduction of new names ar the beginning of the' thesis, as 

opposed to performing the required changes in . mid)thesis where the 

supporting data are p-resented,>~> is a practical procedure which allows 

. 
continuity of. description. Nevertheless, references will be made to the 

lithological subdivisions of Dickson (1983) in Chapte·rs 3' to 8, Th e s e 

references are necessary to illustrate the discrepancies between the new 

in format ion and the former subdivisions and to Lsubst.ant iate the local 

redefinition of boundaries. 

,. 

/ 

1- . 

.; ., 
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NOMENCLATURE 

PATTERNED INTRUSIONS= ACKLEY GRANITE SUITE 

l 
-N-

1 

~-L-><-<JJ<. - x age 
-~ v~~4 ~~ond 

~OGRANIT E 
5 10 15 0 

Kilometres 

Terrenceville 

Figure 2: Nomenclature in the study area. Units of Dickson (1983) are 
shown by numbers and are bounded by dashed lines. The position 
of the Dover-Hermitage Bay Fault which separates the Gander 
and Avalon tectonostratigraphic terranes is shown. Significant 
molybdenum and tin prospects along the southern margin of the 
granites are located at Rencontre Lake and Sage Pond, 
respectively. 
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Table 1: Area and general description of intrusive rocks 

~ ACKLEY GRANITE SUITE 
(biotite-bearing) 

Mount Sylvester' 
Granite 

Kepenkeck Granite 

Tolt Granite 

Hungry Grove Granite 

Rencontre .Lake 
Granite 

Sage Pond Granite 

Meta Granite 

Total area of ' Ackley 

OTHER 

Koakaecodde 
(Granodiorite -
Granite) Pluton 

Hollyguajeck 
(Granodiorite -
Granite) Pluton 

~ 

... 
UNIT GENERAL DESCRIPTION 

(Dickson, 1983) 

11 + 12 

llA 

'13 

14 + 12 

14A 

14A 

15 

Granite 

9 + 12 

ro 
\ 

Suite 

I 

Ma~sive, equigranular, 
coatse grained. 

As above, with 
muscovite. 

Massive, porphyritic,' 
coarse grained. 

Massive, equigranular, 
o.oarse grained. 

Fine to m~dium 
• grained, miarolitic. 

As . above. 

Undivided, coarse 
grained, massive. 

Ma~sive porphyritic 
medium to coarse­
grained, biotite and 
hornQlende grano­
diorite. 

Massive equigranular, 
coarse grained. 

Area of Intrusive Rocks Studied 

Geographic References: J 

"AREA 
(sq.km.) 

( 
220 

85 

880 

• 635 

190 

30 

= 3 75 

=-21415 • 

290 

160 

•2 1865 

Northwest • Koskaecodde + Mollyguajeck + Mount Sylvester. 
Southeaa t • Hungry Grove, + Tol t + Meta + Rencontte Lake + Sage Pond. 
!astern • Meta + Tolt. 
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1-5 PREVIOUS WOB.K 

Detailed su=aries of previous work in and acound the Ackley 

Granite Suite are presented by Whalen 0976), Dickson (1983) and by 

O'Brien et al. (1984). Results of geological mapping have been reported 
J 

by Bradley (1962)l Jenness (1963), ' Anderson (1965), O'Driscoll and 

Hussey 0978), Anderson and Williams (1971), Williams (1971), O'Brien~ 

al. Cl980a,b), Swinden and Dickson (1981), Dickson (1980, 1982, 1983) 

and O'Briea et al. (1984). 

Geochemical analyses from the Ackley Granite Suite w~re included in 

a reconnaisance report by Strong et al. (1974). Oickson (1983) presented 

results of a regional mapping, petrographic and geochemical survey over 

the study area which was undertaken on a 4 km2 grid. A. total of 357 

stations were sampled and 482 samples including station duplicates and 

analytical splits were analysed for ll major and 21 t-race elements. 

Field and analytical data listings and .CIPW norms of ~hese ·samples were 

in.cluded in reports by Colman-Spdd et al. (1981) and Dick son (1983). 

Aplite-pegmatite molybdenum mineralizatwn has long been k'nown in~ 

the Rencontre Lake area (White, 1939, 1940; Fig . 2). The geology, " 

geochemistry and exploration history of these deposits Jolere recently 

described in detail by Whalen ft976, 1980, 1983), Dickson and Howse 

(1982) and Dickson (I 983).. 

Cassiterite-bearing quartz:..topaz greisen veins were identified in 

the Sage,Pond area (Fig. 2) by Esso Minerals Limited (O'Sullivan, 1982, 

• 
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1983) and by the Newfo"\ndland Department of· Mines and Energy (Dickson, 

1982; Dickson and Howse, 198~). Additional descriptions ·of these veins 

were pr.ovided by Tuach (1984a,b,c) and the local pres~nce of tungsten 

• mineralization was noted by Tuach (1984c). 

Recent mineral exploration projects in the Ackley Grani"te Suite 

have resulted from "the release of geochemical data obtained Ln 

government-sponsored lake sediment surveys (Butler and Davenp9rt, 
, 

1979a,b) and have concentrated on the molybdenum or tin _po-tential. 

(Saunders, 1980; McKenzie, 1980; Burns, 1981, 1982; O'Sullivan, 1982, 

1983). Geochemical studies of surficial deposits have bee n reported by 

McConnell (1984). 

Grav-ity surveys were performed by Weaver (1967) and by Miller 

(1986a; Fig. 3). These indicate that much of the Ackley Granite Suite is .-.. 

steep sided, with the largest Bouguer anomalies . occurring in a no rt'h-

south trend through the east part of the Ackley- Granite Suite. 

Whalen (1983) noted similarities between geochemi~at patterns in a 
.. 

10 km2 portion of the Rencontre Lake Granite in the Rencontre Lake area 
~ . 

and geochemical trends defined by Hildreth (1979, 1981) in the Bishop 
' 

Tuff. He suggested that either crystal-liquid or liqu_id state magmatic 

fra~tionation models can account for the observed geochemical patterns 

· in his study are~. Results of recent geochro~ological studies have been 

published by Bell et al. (1977) and by Dallmeyer et al. (1983) and these 

gave ages of J~5 ± 10 Ma. 

• 

' 

.. 
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Figure 4: Geological map of the southern portion of the study area. The 
names and locations of the significant mineral prospects are 
shown. An area of more detailed study is outlined. 13 - Tolt 
Granite; 14 Hungry Grove Granite; 14A Rencontre Lake 
Granite; 14B - Sage Pond Granite. 
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116 CIOLOGICAL SETTING OF . Til! ACD.EY CKANITE SUITE 
I 

/ 
/ The Devono-Carboniferous Ackley. Granite Suite intruded across the 

fau 1 t zone . boundary (Fig . 1) between the Avalon and Gander 

tectonostratigraphic terrane s of the ' Newfoundland Appalachi.11ns (Williams· 

and Hatcher, 1983). Thi s boundary is known as the Dover-Hermitage Bay 

Fault (Blackwood and O'Driacoll, 1976) and represents a zone of 

sinistral · Rtrike slip movement in the middle . Paleozoic (Hanmer, 1981; 

Blackwood, 1985). Movement on this Fault ceas ed after the Acadian 

Orogeny prior to emplacement of the Ackley Granite Suite (Blackwoo d and 

O'Dridcoll, 1976;· Dickson, 1983). The lat e De vonian-Carboniferoua 

environment ws s one of continental n~t-contro lled bas ins (Will,iams and 

Hatcher, 1983). 

In the Avalon Terrane, , the Ackley Granfte Suite intrude d Lat e 

Precambri~n rocks o( the Long 'Harbour, Love Cove and Musgravetown groups 

(Bradley, 1962; Jenness, 1963). These are predominantly . subaerial, 

siliciclastic, and silicic volcanic rocks with lesser volumeR of basic 

volcanic rocks, which have been subject to low greenschist facies 

metamorphism. The assemblages have been correlated with Pan-African tate 

Precambrian sequences in North Africa (O'Brien et al. 1983). The Ackl ey 

Granite Suite also intruded Early Cambrian gabbroic rocks of the Crqas"­

·• 
Hills Plutonic --suite (Tuach ~ 1984a; and unpublished data) and Cambrian 

·. . \ . 
or 'older sedimentary rocks o .f the Youngs Cove Group (Williams, 1971). 

•. 

The Cross Hilla Plutonic Suite may be · correlated with widely dispersed 

Late Pan-African peralkaline activity 1n northern Africa and Arabia 

( c f. Drysdall et al. 1984), 
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In the Gander Terrane, the Ackley Granite Suite intruded: (l) Lower 

Paleozoic , predominantly marine, · metasedimentary and metavolcanic rocks 

of the Gander and Baie d'Espoir groups which have been -subject to middle 

greenschist to lower amphibolite facies metamorphism (McGonigal, 197'l; 

Colman-Sadd, 1976), (2) undated, strongly foliated, granitoid plutona 

and unseparated, high grade metamorphosed sediments of the North West 

Brook and Eastern Meelpaeg complexes (Dickson, 1983), (3) unfoliated 

granodiorite to granite intrusions which 'are named the Koskaeco!lde and 

Mollyguajeck plutons in this thesis. The Lower Paleozoic sedimentary and 

vol c anic rocks are thought to represent a clastic wedge formed at the 

eastern margin ·of th~ Iapetus ocean S!>ennedy and McGonigal, 19.72) and 

ar e part of the Appalachian Orogen. The tectonic settings of the high 

grade plutonic-metamorphic complexes and of the 
{l . 0 • 

granod1or1te-gran1te 

plutons have not b ee n asce rtained, although they are confined t o the 

Gander Terrane of the Appalachian Orogen. The pluton i c-metamorphic 

complexes may have bee n ge ne rate d in a me gashe ar environmen t related to 

t he Dove r-Hermitage Bay Fa u lt (Stro ng, 1980; · Hanmer, 1981). 

Roof pendants in the Avalon Terrane c ons ist o f me t a mo rphosed felsic 

and mafic volcani,c r oc k s of 'th e Love Cove and Be lle Ray format i ons 

... 
(O'Brien et al. 1 1984). Roof pe ndant s in the Gander Terrane co ns ist of 

rocks similar to thos e of the North West Brook a nd Eas t e rn Hee l paeg 

complexe s . 

Metamorphic aureoles re l ated to the Ackle y Granite Suite are narrow 

and generally le s s than 500 1J1 wid e (Dickson, 1983) indicating a 11hall ow 

d e pth of i ntrus i on. 
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1-7 GEOLOGY OF THE ACD.EY GRAIIIrE SUITE 

The Ackley Granite Suite underlies an area of approximately 2415 

km2 1n southeast Newfoundland (Figs. 1 and 2, Table 1). It generally 
I 

lies at an elevation between 200 and 300 m, with maximum topograph-ic 

relief of about 300m exposed in coastal cliff sections in Fortune Bay. 

It is a high level, cross-cutting pluton, with narrow th~nnal 

aureole~J. Whole rock datin~ by Rb/Sr (Bell et al., 1977) and step­

heating of biotite and hornblende with 40Arf39Ar analyses (Dallmeyer !.!..._ 

~ 1983), . gave ages around 355 ± 10 Ma. The Rb/Sr age was obtained 

from six samples collected from the Hungry Grove, Meta; Tolt and Mount 

Sylvester granites. The 40Arf39Ar: analyses were perfa.rmed on saR!ples 

from the eastern margin of the Tolt Granite. 

Geochronological data presented in Chapter 7 have confirmed the 

Rb-Sr isochron of 355 :t 10 Ha.·However, 40Arf39Ar ages of,370 :t S Ha are 

slightly older. 

Following work by Dickson (1983), seven member granites are 

recognized in the Ackley Granite Suite on the basis of variations in 

mineralogy and texture (Fig. 2, Table 1). Geological boundaries between 

the · granites have not been identified in the fi e ld because of poor 

outtrop, or the presence of gradational boundaries in areas of good 

exposure (Dickson, 1983). The Kepenkeck and Mount Sylvester granites 

consist of coarse grained, biotite-orthoclase granite and mediW11. 

~rained, bioti te- muacovi te-orthot lase granite respectively. · 

\ 
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The Meta, Tolt, Hungry Grove, Re.ncontre Lake and Sage Pond granites 

are composed of coarse <grained, equigranular to porphyritic, biotite 

granite. The southern portion of~ Hungry Grove Granite may contain 

miarolitic cavities. The RencontrValee and S.ge Pond granite.s contAin 

abundant fine to medium grained,.equigranular toporphyritic, biotite 

granite and are highly variable in texture. Giant (to 50 em. acrou) 

I 
quartz crysta,is a.tfd blebs, pegmatite patches, quartz-lined miarolitic 

cavities, granophyres, and gas breccias, occur throughout the 

hornblende-free portion of· the Renco'ntre Lake Granite. ·Small quartz-

lined miarolitic cavities and local gas brec c ias ~represent "in the Sage 
'· 

Pond Granite,'hut pegmatite patches and giant quartz crystals are rare. 

•C 

Whalen (1980) and Dickson (1983) considered the fine grained marginal 

granites to represent the roof ~one of thf> Ackley magma chamber. 

j.plite dikes and bodies are prese nt in all units of the Ac kley 

Granite Suite and internal intrusiv~ contacts are common. Geo chemical 

variation between textural varieties in any local area is minor to 

absent. 

J 

Dickson < 1983 >I described a single, thin, mafic dike in thP .. Tol t 

Granite. Minor small ( <.. 20 em), oval-shaped, fine 1 grained, diorite 

-xenoliths or enclaves occur in outcrops of the Tolt Granite 11t and near 

the Burin Highway (Route 210) and can contain isolated large felchpar 

phe~ocrysts. These are the 

may be geneticaity related 
~ 

only recognized m~fiy.lutonic 

to the Ackley Gran1te{ Sutte. 

\ 

' phases which 
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The ~uthor has observed abundant xenoliths and large rafts or roof 

• pendants of semipelitic schist near the wes~ern m\rgin of the Rencontre 

' Granite, (I 962) and Dickson (1983) have mapped and 

described large roof pendants in the Ackley Granite Suite in the Aval on 

and the Gander terranes . .. 
1-8 MllfERALIZATIOif. IR THE A<%LEY GRANITE SUITE 

( 

Known areas of significant mineralization· are c onfined to the 
.. 

southern margin of the Ackley Granite Suite (Fig. 4). Elsewhere, 

mineralization consists of minor disseminations .and blebs (predominantly .., 
, J • 

molybdenite) in thin and isolated quartz ve1ns. 

f 

F.:ndocontac-t, aplite-pegmatite type deposits occur in the Rancontre 

Lake Granite at the contact- of the fine grained margin or roof zone with 

Precambrian silicic volcanic rocks (Whalen Nl_76, 1980; Dickson and 

House, 198~). A max~mum of~~- tonnes grading _ 0 .' 3% MoS2 .and 106 tonnes 

grading 0.14% MoS2 have been indicated ·by exploration :drilling of the' 

• 
Ackley City and Wyllie Hill prospects' respectively (McKenzie, 1981}. 

'­
Cassiterite-wolframite-bearing · (± sericite and/or kaolinite) 

greisen occurs in easterly trending,' steeply dipping veins and pods . 
within the Sage Pond Granite and as larger pods (maximum 200 * 60 m) at .. . ~ 

the granite contact in the Sage Pond area. Greisen veins are generally 

' leas 'than 10 * 1 m in plan view and are found at or ~tear the'granite 

contact for 15 km between Long
0 

Harbour and Gisborne Lake (Fig .. ~). 

Pyrite, fluori.te, rutile and hematite are accessories in the greisen and 

minor mo~ybdenite is present (Dic'kaon, 1983; TuacJ:t, 1984a, b, c) • 

• 
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Figure 4 : Geological map of the southern portion of the study area. ~he 
names and locations of the signi ficant mineral pro spects are 
shown. An area o'f more detailed study is outlined, 13 - Tolt 
Granite; 14 Hungry Grove Granite; 14A Rt>n contre Lake 
Gi anite; 148 ~ Sage Pond Granite. 
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, CIIAPTD 2 - G1tAII1TOI!> RO<XS: THEI'R MIRERAL DEPOSITS Aim ASSOCIATED 
\ 

.. 
METALLOCEifiC CORCEPTS 

2-1 · IRTR.ODUCTIOK 

\ 
The purpose o~ this ~hap~er is{ to review current definitions and 

concepts relating to mineral depa1Jits associated with granites. This is 

. ' 
necessary since there is some confu!lion and overlap' in the literature 

concerning deposit characteristics and definitions, and there is 

considerable confusion with respect tq granite nomenclature. This review 

will form 'a backgrbund against which the discussion Chapters (10 and 11) .. 
J wi 11 be presented. 

' Plutonic rocks of granitic composition occupy 40% of the 

continental crust. Ore deposits associated with granitic bodies contain 

xhe world's major economic/ reserves of · S~, W, Mo, Bi, Nb, Ta, F, Be,,Li, 

~ Zr, ~f, Ti, Sb, Ga and rare-earth elements, significant portio~ of the 
-.j-• 

world 'a Cu, and variously contribute to world requir~ments for Zn, Pb, 

P, Al, Rb, . Th and U. Many of these elements are of vital importance and 

are considered by governments to be "strategic and c~itical minerals". 

,In particular, increasing world demand is projected for Nb, Ta, Zr and 

rare~earth elements to fuel the development of the computer and space 
r 

age. A major demand for n~w primary tin is also anticipated, as 

production declines from secondary placer de~osita. (Pollard and Taylor, 

1985). 1' 

18 -

c 
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Felsic plutonic r0cks are ~ommonly classified. according to relative 

modal content·· ' oc quartz, alkali feldspar and plagioclase. Field · 

boundaries erected by an international committee on nomenclature and 
' 

presented by :itreckeisen (1976; see Fig. 8), are accepted by most 

workers. These rocks are divided into a.n oversaturated (with modal or 

normative quart'z) series of voluminous. extent in, the eafths crust and R 

spatially restricted undersaturated (modal or normative feldspathoids) 

or alkaline. series. Oversaturated rocks are further classified as 

calcic, calc-alkalic, alkali-calcic and alkalic on the basis of 
) 

(~O+K20)/Ca0 ratios · (Shand, 1950), and 

sub~minous and peralka~ine on the basis 

as peralumino~s, · metaluminous, 

(Peacock, 1931C. 

Granitoid rocks contain S-60% modal quartz. Granophile mineral 

deposits are defined as those with 5-60% modal quartz in the host or 

parent pluton '(Strong, 1980) . 

.. . ~ 

2-2 .MAJOR FAMILIES OF GRANITOID KINERALIZATIOB ,. 
2-2-1 Introduction • 

\. 

There are four popular descriptions of granitoid mineralization in 

D 

the literature .. These are porphyry copper (:t Au :t_ Mo), Climax-type (Mo :t • 

Sn, :t W; also termed grani.te-mo1ybdE7nite1 systems), granophile ,(Sn, W, 

Mo, 
.· 

Sb, B i, :t U, :t Ta) and skarn (W, Cu, ± ,Zn, :t Pb) deposits. 

Peralka1ine deposits (Be, Zr, N?,,Ta, Th, Sn, F and rare-earth elements) 

have rece~tl~ been added by Taylor and.Fr~er (1983). Major deposita of 
Fe, Cu, Nb, Ta , · ·Mo, p .and rare-earth' elements a~;e 
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associated with alkaline se~ies rocks but ar~ excluded from. this 

discus• ion. Abundant overlap is present between recognized families and 

compet·ing clauification and nomenclature schemes have been variously 

. 
based on . plate tectonics, inferred depth of formation, host rock 

COfPOS it ion, associated rock alteration, contained economic 

"'mineraliz.at ion and morphology. 

"Porphyq•" is -synonomous with "stockwork" and ~as genetic overtones 

which imply that a "fossil" hydrothermal system is present. A basic 

implication of porphyry is that deposits are of 1arg~ tonnage and low 
' 

&.rade. Sutherland-Brown 0976) defines por:phyry as "pervasive primary 

mineralizat~on, spatially distributed on fracture or veinlet stockworks, 

breccias, or as· disseminations, that are intimately associated with 

• felsic p"1utons which almost · invariably display porphyritic texture to 
tT, 

some degree .• .Jiineralization and alteration are distriout~d in ehher 

iritrusive or host rocks in zonal patterns related to intrusive . 
architecture". This definition is applicable to a wide variety of 

important mineral . deposits containing one or more of Cu, Mo, W, Sn, Au, 

Ag~ Sb and su~economic Pb-Zn mineralization. 

2-1-2 Porphyry Copper 

The economic significance 'of "porphyry copper" min~alization was 
r' ..... 

initially recognized as a result of the applical:.ion of bu-lk mining 

techniques to low grade disseminated mineralization surrounding bonanza 

ore 1hoots of Cu, Au and Ag, at Bingham, Utah, in 1906. At present, this 

I , 

type of deposit u estimated to contain approximately half of the world 

. . -~ 
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copper reserve and s igrri ficant Au, Mo and ,Ag .product ion is currently 
I 

achieved. · Porphyry coppers are concentrated in Mesozoic and younger 

orogenic belts. Cordilleran Ccu, Cu-Mo) and island-arc (Cu-Au-Ag) 1uo-
0 

class-ifications primarily- reflf!ct differences between 

an ocean~c setting (Tayl<;>r and Van Leeuva~, 1980) .' 

Tht:se deposits consis.t of disseminations 11nd ,fracture fillings of 

chalcopyrite, bornite an,d pyrite. They ,gre spatially and genetically 

Ilelated to basic to' intermediate igneous, . epizonal·, generally 

porphyritic, multiple intrusions, dyke swarms and breccias. The-deposits 

are commonly associated with small stocks or plugs which are thought to 

'relate to more extensive under lying calc-alkaline magma chambers, but 

they may also be found· in large magmatic bodies (e.g. High l11nd Valley in -. 
the Guichori Creek Batholith; Olade, 

. 
1980). Host rockR for individual 

. ,, I 

deposits can vary from pluton to country rock to co-magmatic eKtrusive 

• equivalents. Alteration is widespread, exhibiting lateral zonation, ., 
ideally from a potassic core, outwards through phyll ic, argi 11 ic 11nd 

pr~pylitic alteration (Figure 5). Mineralization is often conce~trated 

at the interface between potassic and phyllic alteration (Fig. S). Host 

deposits diverge from the 1 ideal' patterns and massive ore bodies or 
.. 

veins can occur within or outside of the porphyry system. Later 

supergene ~xidation can greatly enhance the economic potential of these 

deposits. 

\ 
Porphyry copper systems emplaced into carbonate rocks give rise to '- . . 

stockwork and manto copper skarn" deposits. These deposits are generally 

of higher grade than ~ccompanying porphyry mineralization and exhibit ~ 
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A: "TYPICAL" PORPHYRY COPPER 
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Figure 5: Idealized models for major deposit 'types' showing zoned 
hydrothermal mineral assemblages. 
A: 'typical' porphyry copper deposit (Beane, 1982). 
B: 'typical' granite molybdenite system (Climax type), from 
Mutschler et a1. (1981). 
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differen-t morphology and alteration mineralogy, due to fluid reaction 

with carbonate rock at higher PC02 (Kinaudi et al., 1981). 

A spectrum of important deposits from porphyry copper to "porphyry" . ' ' 

(or stockwork) molyb"denum is associated with basic to · intermediate 

~ale-alkaline plutons (White et al., 1981). Ho~ybrlenite is the dominant 
I / • 

·· economic sulphide phase in the latter deposits. J.a copper-molybdenum 

·,dep9sits, molybdenite is found internally with respect to copper tn the 

cylindricaL ore shell~ 

Tungsten (scheelite) may be present and may be the only economic metal 
.. 

(Westra and Keith, 1981). Important skarn deposits of tungsten may be 

~ssociated with porphyry systems. 

.. . 
The common feature of all the deposits described above is the 

association with low fluorine and relatively high Ba, Sr, Cu, calc-

alkaline, mafic to intermediate plutons of peraluminous affinity 

I 
(Mutschler et al., 1981). Porphyry copper-molybdenum deposits related to 

alkaline plutons he recognized as a separate sutfgroup . (B~rr et al., 

1976; Westra and Keith, 1981). 

2-2-3 Cliaax-Type ( 1 
0 

' 
Climax-type deposits have also been described as GrAnite-

molybdenite systems by Mutschler et al. (1981) and as stockwork 

molybdenum systems. They are commonly subclassified, or confused with • 

diorite-granodiorite rela~porphyry copper-molybdenum depositA. 
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These deposits have attained prominance in the past two decades a~d 

produce 50% of the world molybdenum req~irements. They are associated 

• 
with highly differentiated multiple intrusions of high-level 2.5 km 

depth), peraluminous to meta luminous,, aplite and/or rhyolite porphyry 

and/or granite stocks and plugs with silica content of greater than 73%, 

i.e. they are associated with plutonic rocks of granitic composition 

(Mutschler e~ al., 1981; Westra and Keith, 1981; White et al., 1981). 

Hydrothermal breccia pipes are common features of these systems. 

The idealized . economic deposit (Wh~te et al., 1981) is elliptical 

in plan, _arcuate-concave downwards 1n section and is centered on the 

apex ·of a plug shaped intrusion (Fig. 5). The deposit either overlaps or 

is found 'in excess' of 100 m above the parent intrusive body. Several 

overlapping ore shells relating to separate intrusive phases may occur 

(Seedorf, 1985). Molybdenite, associated with pyrite and accessory 

fluorite in stockwork veins and sheet veins, is · the dominant ' economic. 

mineral. Tungsten mineralization (hubnerite-wol framite • or rare 1y 
Jill"' 

scheelite) occ~rs above the molybdenite ore zone, and anomalous tin 

(probably cassiterite) may coincide with the tungsten halo or m~y occur 

. with anomalous base metals (Zn; Pb, Cu, Sb) well above the ore zone. 
<:1. 

Alteration patterns in' r:he outer portions of the Climax-type sys.tem(are 

"similar to those associated with porphyry copper ··;d\po,sits. However, the 

ore zone rs hosted bL_~_ quartz-magn!':~~~e-t~az.~i!_~!_~-~- t~~ioti~_~._~_ -- --- ­

chlorite) assemblage and late greisen veins occur in and beneath the or~ 

zone. 
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. . . 
Molybdenumrtungsten-tin skarn deposits are formed when Clima~type 

systems interact with carbonate rocks. A continuum from granite-related 
' q .. 

Climax molybdenum to diorite-granodiorite -related porphyry copper 
l 

environments has been 4escribed (Westra and Keith, ,1981; Mutschler et 

~ 19.81). 

\ 

A striking similarity between major and trace element compositions 

in zoned rhyolite tuffs and·. unaltered host plutons to the Climax-type 

~ deposits was noted by Mutschler et al ·. 0981). These authors suggested 

that magmatic diffusion _processes (Hildreth, _ 1979, 1981) are important 

controls on primary o~e metal concentration if the host pluton does not 

vent to surface ·during initial emplacement. In addition Mutschler et al. 
• .. 

(ibid.) noted similarities between element patterns associated · with 
~ 

Climax-type 'plutons' an~those patterns reported from tin-bearing· 

granophile ~eposits {Tischendorf, 197?). 

• Clima~type deposits are generally found in ~~sozoic and / 
younger 

orogenic belts and are best defined in the i.estern United States.-

Canadian examples of probable Climax-type, ass~ciated . with leucocratic 

granitic and alaski:tic granite plutons, include ·Endako, Glacier .Gulch 

and Adan.lic (Dr~mmond and Godwin, 1976). The huge Qual;'tz Hill molybdenite~ V 

deposit -~n Alaska has peen. dhctibed by Huds.on and Arth ( 1983). Recent 

studies of tin and molybdenum mi.Peralization associated ·with Proterozoic 
------ ----- - --- · - ·- - - ·- ------ - ---····· ·- - .... 

rapakivi granites have . ind,.icated a Climax-type a ffinit"y (H.-t~pala, 1985) . 

. 2-2-4 Granophile Deposits 

/ 
" 

~ 

Gran.ophile (or granite associated) deposits co'ntaining tin have 

tt 

been the .worlds major soufce of thi11 metal since the bronz'e age and 
r 
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' approximately half of current world tungsten pr<?duction is obtained from 

deposits w~ich can be placed in thi_s category. Bi, Mo, Sb and more 

rece·ncly_ U, were and have been extensively mined in the Old World. These 

~epo,sit.s h4ve bee.n the s_ubject of muc~ ~tu?y, resulting in models which 

have dominated ml!tallogenic and geological concept~ outside North 

f:· 
Ametica (Fig. 6). 

Granophile deposits are defined by Strong (1980) as "typically 

hosted ?Y quartz-rich leucocrat.ic granitoids (granites, sensu stricto; 

72% · s1o2) en-riched in the so called granophile elements". These 

granQphile elements include the Large Ion . Lithophile (LIL) and 

incompatible elements Sn, W, U, ·Mo, Be, B, Li, P a~d' F are of major 

importan~e, and significant concentra·tions of Nb, Ta, Bi and Ag may 

ocr.ur. Th t: parent granites are peralumi.nous and generally cont;ain 

biotite and muscovite. Tourmaline and fluorite are common accessory 

minerals. 

The various forms of granophile deposits are summarized 

schematically in .Figure 6 (after Pollard and Taylor, 1985). Based o'n · the 

historical and economic pr~ference to mine high grade vein mat.~rial, 

' · 
granophile deposits have been clas-Sified into quartz, greisen, or 

pegmatite ·bodies. Thes e deposits can occur as .single veins, or vein 

swarms over large areas. Recently, important massive carbonate 

replacement deposits and skarn deposits have been discovered (Pollard · 

and Taylor, 1985). Stockwork "porphyry'' fracture fillings and 

disseminated Sn and Sn-tg systems have been recognized as important 

' ..... 
economic ta_rgets in or above subvolcanic plutons (Sillitoe et al., 1975; 

Grant et al., 1977). Other large tonnage-low grade deposits, e.g. East 

\ 
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GRANOPHI LE DEPOSITS - MORPHOLOGY AND ALTERATION 
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Figure 6: Styles of granophile mineralization with emphasis on tin, 
summarized from Pollard and Taylor (1985). Note that the 
tonnage-grade diagram (F) has Sn only on the Y-axis; other 
metals may contribute to the economic viability of the 
deposit. 
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Xemptville, Nova Scotia (Richardson et al., 1982), consist of she;ts of 

greiaen ve ina . 

.... /"" ' 
Deposits arlf! 'often associated with plugs or .cupolas on the upper 

II 

surface of . large granitic bodies. In addition, these deposits are 

coliiDonly found at or near· · the margins of large negative gravity 

anomalies whitch may represent subsurface granitic bodies. Mineralization 

can · be loc~ted within the hos~ pluton (endocontact) 'or outside of it 

(exocontact). Textural, lithogeochemical, mineralization and alteration 

patterns ~ommonly parallel or are strongly influenced by the grani t e 

margin. Me,tal zonation' i's hi~hly variable hut shows a general outward or 

down-temperature gradient from W-Mo-Sn to Cu-U to Pb-Zn-Ag (e . g.\ Taylor, 

"' 
· ·' 1979). Cassiterite and wolfrN~~ite are the most irnortant tin and 

' 
tungsten minerals . 

Widespread accessory mineral · pha es consisting of one or mor'e of 

fluorite, topaz, _lepidolite and tourmaline 111ay be present .. in the host 

granite, and these are genl!rally considered ~o be secondary subsolidus 

minerals. These minerals form greisen veins or borders to quartz greisen 

veins. Topaz-quartz greisen forms as high-temperature replacement a.f 

original granite (Kleeman, 1985) and muscovite-quartz greisen borders 

are COIII'I'Ion to veins formed by fi 11 ing of open fractures ·. 

In many mineralized systems, spatially extensive hydrothermal 

alteration features are not present in host rocks to high grade veins . 

Albitite a or syenogranites, forme_. by high temperature sodium 
0 

metaaomatisra, ar e associated with granophile deposits and often occur 
\._ 

• 
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? 

adjacent to uranium mineralization (Chatterjee et ai., 1983). Zoned 

\ 
sericitic, argillic and silicic alteration has been described from 

\ 
"porphyry" tin deposita b.~, both Sillitoe et al. (1975) and by Grant et 

al. (1977) . 

Extensive kaolinite deposits (argillic alte·ration) may \e preRent, 

ofe which the china clay ore bodies · in southwest England are tl)e mos.t 
:'-

important. This clay alteration has overprinted gr.eisen featuresoi'rel.atetl 

to tin and tungsten mineralization, causing . con t roversy over the 

temporal ana spatial relationship of alt e ration to granite emp_l acenient 
~ I 

and metal deposiJion (see revjew by Stone ~nd Exley, 19~5). ~The current 

consensus is th11t extensive low t e mpe rature hydrothermal circulation 

systems were periodically established over l ong ~ime intervals in the 

granite, due to high in~tial content o f radiogenic elements (U, Th, K) 

and led to extensive kaolinization (Allman-Warrl, 1985). 

•The similarity be tween host plutonA, morphology, major and trace 

element geochemistry, alteratio n 

indicates that .._Climax-type 
f. 

comparable genetic history. 

and granoph ile 

Many granophile 

awl me tal c o nt e nt, 

a 

• f 

Paleozoic to Mesozoic orogenic b&lts . These belts have gener11lly bee n 

eroded to deeper levell'l than the ·younger He 11ozoic to T_ertiary bPlts 

whl.ch contain Climax-type deposits . 

. 2-2-5 Skarn Deposita 
\. 

Granitoid skarn 1 deposits -are exocontact c onc e ntn1tion11 of me tallic 
r 

mineralization derived from or by, emplacement of plutons int o carhon l! tf! 

., ) 

.... 
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rocks. The mineralization i·• commonly massive, but disseminated, vein.~; 

stockwork zunes are present·. Skarns are characterized by Fe-Mg-Mn 

bearing silicates· formed by metasomatism and r~placement of impure . . ' carbonate rocks due to. passage of pluton-related magmatic or meteoric . 
hy~rotherm4l \-fluids. Skarn is classified on the basis of mineral 

assemblage present, while skarn deposits are classified on the-basis of 

the contained economic minerals (Einaudi e~al., 198'1). 

"" 
Scheelite-:-beafing skarn deposits associated with granodior:ite or 

quhtz monzonite ·plutons con~ain 50% of the world tungsten reserve 

(Einaudi et al., 1981) anlsignific~t Fe, C~,' Zn-.Pb, or Mo deposits may 

be present. ''Minor , qoantiti.c}s of .w, Au, Ag, Sn, Be and Bi have been 

P!oduced from ska~n . deposits associated with leucocratic plutons, 

• 
although signific~nt tin-skarn deposits may occur (see Fig. 6F; Pollard 

and Tayl~r)-1985). 

Tung 11 ten skarns are+ generally stratiform showing selective 

alteration and deposition in preexisting beds. The major deposits do not 

contain dyke swarms, tuffisites, or breccias · ind alteration in grani~e ... 
ia restricted to . a narrow zone of clinopyroxen.e-plagioclase-epidote 

adjacent to the contact . . In contrast to tungsten skarns, copper skarn 

deposita may exhibit zonal alteration comparable to that of porphyry 

J 
copper deposits and · are interpreted to have formed at shallower depth 

tharC tungsten skarns (Einaudi et al., 1981). 

\ 

' 

J 
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2-2-6 Peralkaline Granite 

Taylor and Fryer (1983) have suggested that Zr, Nb, Ta; Be, F, u, 

Th, Sn, rare e.uth element-rich concentrations as!Wciated' w~th 
peralkaline granites form a major class of .granitoid mineralization. 

' 
Those metals are used in high technology industries 'and~ have generally 

been obtained as by~products from other types of deposits. Their 

increasing importance will probably r~>sult in devflopment of new mines 

for primary production.· Relatiyely few major. deposits related to 

f 
pe.ralkaline granites have been mined, with the exception of the St. 

Lawrence fluorspar veir.r; (Strong et al., 19114). 

These · deposits vary considerably in their mineralogy and 

c. 
morpholo~y. One or more of zircon, monazite, bastinaeAite, pyrochlore, 

xenotime,' gittinsite and many other compar~tively rare min~>rlll'l may form 

ore assemblages. Fluorite and barite are commonly prest!nt And may form 

ore . . Tin, uranium and thorium may occur. Mineralization Vllt'Lt>fl from 

magmatic-pneumatolytic to hydr?thermal (Sorenson, 1974) • . Deposits may 

occur as single or multiple veins, shears, vertical o~ fht lying 

pegmatite sheets,· greisens, 'or as enriched layers \n highly .. 

differentiated granite. They are gener~lly associated with Rmllll, high 

. . 
level plutons which are commonly (not always) located in more extenaive 

\ 

provinces of alkali volcanism and plutonism. These provinces are thought 

to represent areas of crustal tension or mantle upwelling·(Railey, 1974; 
'd 

Taylor, 1979). 

• 
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Extensive albitization, locally with disseminated mineralization Ls 

described from mf.lny minHalized areas. Fluorite, K-feldspar, aegirine 

and carbonate alteration may ocfur in many of the vein systems. Othe"r 

deposita, particularly late magmatic deposits and open fracture-fill 

deposita, may not show obvious .'alteratr features, although a high iron 

content and a red-brown colour are distincti~e of highly differentiated 

peralkaline granite. 

Included in thj.s group are the Sn-Zn-Ta-Nb deposits of Nigeria 

deaeribed as pegmatite and greisen veins and disseminated stockworks 
•,. .' 

auociated with 40dium metasomatism (Jacobsen et al., 1958, Kinnaird..~ 

.. 
~ 1985)_;"~the fluorite ~~posit'S at St. Lawrence., Newfoundland (Teng 

and Strong, 1976; st'rong et al., 1984) , . consisting of open fracture-

\ . 
· filling fluorite with little obvious associated alteration, Be~Nb-Ta-Y-

U-Th. deposits at Thor Lake, North West Territories (Davidson, 197.8; .. 
Trueman et al., 1985) which are located in quartz-albite-fluorite-

carbonate . breccia ~ones, the Strange Lake Zr-Y-F- Nb deposits in Quebec-

Labrador (Currie, 1985), 

et al. , 1984; ·Jackson 

and similar ~ep~sits in Saudi Arabia (Drysdal~ 

et al., 1985). These Zr-Y-F-Nb deposits arE\ 

auociated with late magmatic, relatively unaltered phases of 

\ 

peralkaline granites and with . related 
·~ 

) 
aplite, pegmatite and hydrothermal 

breccia. 

2-2-7 
{ 

Modeh of Ore Fonution 

Models for the formation of porphyry copper mineralization are 

· based on the study of depoaits in the southwestern United ' States. These ( 
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' models are centered around the separat~on by retrograde boiling and 

vertical rise of high salinity, metal-rich, magmatic fluids from a 

p<:>rphyri tic stock' · or plug, during 

" 
and 

I 

after emplacement and 

crystallization of the carapace of the magmA chaniber. Meta la are 

. 
precipitated from these magmatic fluids·. The magmatic . fluids may 

interact with an external, convecting system of meteoric fluids, 

generated by heat from the intrusion (Henley ,anti McNabb, 1978; Burn~am, 

1979). Variable interaction between the magmatic and meteoric fluids, in 
J 

time and space, causes differences in observed alteration and economic 

s~lphide distributions and can ~esult in concentration of metalliferous 

proto-ore which was preeipitated from magmatic fluids ' (Henley and 

~cNabb, 1978; Tayl~r(\nd Fryer, l983'fl Variat~on of hydr~gen, 11odium an<1 

potassium cation ~ctivity in hydrothermal tluids is an important contrdl 

on mineralization and alteration patterns developed. Possible reaction 

~aths for fluid evolution in these hydrotuermal systems are discus11ed by 

Beane ( 1982) . 

Models for the genesis of Climax-type deposits are similar to those 

erected for porphyry copper systems and are based mainly on studie11 . of 

the Climax and Urad-Henderson deposits in Colorado (White et al., l9Al; 

Stein and Hannah 1985). These envisage ·concentration of volat ilea and 

ore elements in a late magmatic phue by crystal fractionation and/or 

liquid state diffusion, followed by separation of a fluid phasf'! and 

partitioning of fluorine and· ore metah into the evolved fluid. 

Brecciation is caused by fluid overpressure and the characteristic ore-

elements are precipitat~d as a stockwork deposit. The spatial )Jnd 

temporal overlap of several . separate intrusive phases and 11ssociated 

I 
\ 
I 

J 
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mineral-rich hydrothermal systems~ acco~anied by, the interplay, between 

f ·magmatic plume ·and meteoric convective systems may cause variations on 

• the main alteration theme (Seedorf, 1985). Interaction of the 
,.. 

mineralized system wlth convecting meteoric waters is thought to lead t~ 

the formation of the late greisen veins and base metal minera l ization. 

The chemical controls of the hydrothermal systems are less understood 

than those for the por\hyry copp~~environment; the acti~ty of fluorine 

is thought to be of primary importance and hydrogen and potassium cation 

exchange may be si~nificant factors (~urt, 1981) . 

.. 
b 

The genesis of granophile mineralization has been- discu'ssed by 

Burnham (1979) and Strong (1980, 1981) and is comparable to that of the 

Climax systems. These authors envisage magmatic concentration of 

volatiles, followed· by fluid separation and ore deposition, at or near 
.. 

the carapace of the magma chamber. The .widespread relationship of 

breccia pipes .and stockschi~der to areas of tin and tungsten 

mineralization imply a close genetic . link between crystallization, 

devolatilization of th~ parent magma and min~alization . 

Magmatic . concentration of ore elements and volat i l e phases, 

accompanied by high ievel pluton emplacement again seem to be •important 

controfs in the peralkal ine environm~nt. Important components of the 

fluid ph.se are F-, C032- and Na+ (Taylor and Fryer, 1983). 

Aplite-pegmatite, musive greisen d'eposits, and magmatic deposits 

ar/ generally . conaidered to, ~epresent deeper leve l s of ore formation 

(Strong, 1980). Veins and breccias are considered to form under lower 

confining preaauru .. (Pollard and Taylor, 1985) 
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2-3 IUGIIA.Tlc-IIKTALLOGDIC COMCKPTS 

2-3-1 Ia~roduc~ion · 

The grani,toid magmatic-metallogenic-volcanogenic ays~em, as 

conceived by most author's, can be considered as part of a continuum of 

physical and chemical processes in three main environments . . These three 

environments are: 1) the Source Regions, where· discrete magma· bodies 

form through coalescence of material derived through partial melting of 

, 
a source rock, or where silicic magma forms through fractionation 

processe__s from larger, less evolved magmatic systf'ms. These processes 

may operate extensively in the lower crust or upper mantle at depths 

greater than 20 km and fractionation processes may produce relatively 

minor granite bodies at depths of less than 20 km; 2) Ascent Rnd 

Emplacement predominantly involves vertical rise of magma through 

diapirism or stoping. The liquid may be - partly or completely separaterl 

from its parent rock and crystallization and fractionation processes .may 

operate extensively in this environment; 3) Final Crystallization and/or 

Fractionation where the magma system 'freezes'. If the mngma collects in 

large chamb'ers at high crustal levels, and is maintained as magma by 11 

'large thermal input -to higher crustal levels, then extensive chemical 

fractionation may occur .' This environment may be dbminated by crystal or 

liquid-state . physico-chemical. fract'ionation processes and be strongly 

influenced by fluid phases in the magma. Physical processes related to 

volcanism and possible caldera formation may be be important. 

The tendency for · the recognized types of ore deposits (Porphyry 

copper versus Climax and Granophile) to occur in },.-iOciati' with 

• 
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pluton• of specific characteristics implies an important petrogenetic 

control over t~e metallogeny. Magma ascent to high crustal levels 

(generally ~u than ·5 km) appears to .be important · for the development 

.of large granitoid ore deposita. Therefore, depth or pressure and/or 
\ . 

height of the magma column in the crust requires consideration~ In 

addition, some investigators sugge,~ that the main or only role of the 

pluton is to provide a . heat source to form convecting meteoric water 

systems. In these convecting systems, metals from the granite or from 

the host rock are leached out · and may be precipitated as granophi le 

depoe its, 

Source rocks and/or fractionation processes are considered by most 

au.thors (cf. Strong and Chattetjee, 1985) to be the most significant 

factors . in controlling metallogenic processes in granitoid -~s. Some 

major features of recent concepts are revie~ed below. 

2-3-2 Source Concepts 

Partial ~elting of lower continental crust or u~er mantle 

protolith in continental environments may form extensive bodies of 

"' granitic magma. A diverse range of potential source compos it ions is 

·provided by three main contlnent~l tectonic environments which a~e; (I) 

Subduction Zones (Hamilton, 1969; Atherton et al., 1979); (2) Megashear 

accompllnied by tectonic thickening (Arthaud and Matte, 1977; Strona, 

1980; Strong and Hanmer, 1q8I); (3) Crustal Extension accompanied by 

mafic underplating (Hildreth, 1981; Thomp~on et al., 1984). 

i • 

c 
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Additional source rocks are prese·nt i.n the oceanic environment. 

Trondjhemitic granitic magmas may form in ophiolitic suites and in 
" 
island arcs developed over subduction zones in· oceanic cruet (White, 

1979). Minor volumes of felsic plutonic rocks, .commonly . .. d.th alkaline . 
affinities, form in oceanic islands. · 

? 
An important development i.n the understanding of granitoid rocks 

has been the classification of piutons in terms of their probable eource 

or protolith (Table 2). Chemical. characteristics of pl~tons deriv~d from 

a crustal . igneous protolith (!-type) and from a crustal sedimentary 

protolith (S-type) were i._nitially proposed for ·examples in eastern 

Australia by Chappell 'and White (1974) where the possibility nf 11 

significant p~rent component .or 'restite' fraction was identified and 

chemically evaluated: Subsequently, the concept of Anorogenic or A-type 

granitoid bodies, derived by a second stage of melting from a previously 

melted crustal source was proposed by Loiselle and Wone11 (19H) nnd 

Collins et al. (1982). Chaiacteristics of the I-, S-, and A-type plutons , 

were summarized by White and Chappell (1983). White (1979) introduceci 
f 

M-type, or mantle derived plutons which are tonalitic-
;l 

trondjhemitic-dioritic boaies associated with ophiolitic environments 

and oceanic island arcs~ Pitcher (1983) identified the Caledonian · I-type 

.Pluton, associated with post orogenic environments in relatively stahl~ 
' 

tectonic. r e{imes (Table 2). 

Pitcher (1983J discussed the tectonic significanc e of the11e 
,, 

'classifications. He suggested that they are useful in determining, the 
\ 

"Jture and po larity of major orogenic events. , 
\ 
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Table,2: Granite types Cauaaarized after Pitcher, 1983) 
) 

Type 

Dotlinant 
Lithology 

Initial 
87srt86sr 

Al/(Na+K+Ca/2) 

Morphology 

Volcani•m 

Duration 

Tectonic 
Setting , 

M 

Plagiogranite 
-gabbro 

0.'704 

Small, 
complete 

leland Arc 

·Short, 
sustained · 

Ocean Island­
Arc 

c 

Minerali~at1on Porphyry­
Cu. Au 

l . 

!-Cordilleran 

Tonalite, diorite-
monzogranite 
(53-76% Si02) 

0.706 

1. 1, often 1 

Multiple linear 
batholiths, composite 
cauldrons 

Andesite-dacite 

Long, episodic 
plutoni~tm 

Andinotype-marginal 
continental ' arc 

Porphyry-Cu, Ho 

!-Caledonian 

Granodiorite-granite 
Assoc. with minor 
diorite and ·gabbro 

0.705-0.709 

c.a. 1 

Isolated complexes 
multiple plutons;- . 
sheets 

Basalt-andesite 
plateau lavas 

Short, sustained, 
post kinematic 

Caledonian-post 
closure uplift 

Rarely strong 
mineralization 

• 

s ' -· A 

Granite Biotite granite 
(65-74% Si02) alkalic granite 

syenite 

0.708 0.708-0.712 .. 
·1.05 N6t all 

per alkaline 

Multiple Multicentered 
bathoJitha and cauldron 
sheets-diapiric complexes 

Generally Alkalic lavas 
rare ~alderaa 

Moderate, syn. 
and post 

·kinematic 

Hercinotype 
continental 
collison + 
shear belts 

Sn.~ W greisen 
+ veins 

Short 

Post-orogenic 
to anor ogenic 

Columbite, 
cassiterite, .. 
fluorite 

.. 

.. 
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/ 

Ultimately, a mantle source is envisaged for many batholitha, 

particularly for the Cordilleran batholiths (e.g. Atherton et al., 1979; 

Depaolo; 1981). Tindle and Peatce (1981) and DePaolo (1981) envisage a 

process whereby fractional crystallizatio1l of mantle-derived hydrous 

'--
mafic magmas trapped in l'tot crust, together with progressive 

assimilation of sialic material, gives rise to the granitic mRgmas • ... 
/ 

Underplating of the continental crust (cf. Hildreth, l9Rl) may take 

place due to mantle convection. A more· sophisticated model has bet>n 

proposed by· Thompson et al. (1-984). These authors enviRRge that the 
, 

thickened subcontinental lithospheric mantle root of a colliRional 

orogen subducts, or falls off. Thill permitR upwardR flow of thP 

'fertile' ocean island basalt Rource-mantle (relatively rich in 

' 
.incompatible elements). Abuwdant meltirtg of this mantle is accompanied 

by fractional crystallization and melting of sialic rocks and give11 ri11e 

to incompatible element-rich (A-type) ant-ttogenic magm11s and ultim11tely 

to peralkaline magma~. 

Many authors have linked mineral depoRits to the A-
' 

s-, I-

classification •scheme, thus implying an importa.nt source control on 

metallogenesis . . S-type plutons are considered to be asRociated with 

granophile Sn-W oxide mineralization and !-type pluton11 are ' con!lidered 

to be a:ssociated with Cu-Mo porphyry, sulphide deposits (e.g; White et 

J 

~ 1977; Beckinsale, 1979). Significant Sn, Nb, F, and ·rare earth 

mineralization may be associated with A-type plutons (Co 11 ins et' al. 
1 

1982; Taylor et al., 1985), and the host rocks to the Climax-type 

deposits have A-type affinities. The Proterozoic rapakivi granites also 



\ 

- 40 -

• 
have A-type affinities (Haapala, 1985). Porphyry Cu and Cu-Au deposits { 

at·e associated with H-type plutons and significant mineralization is not 

c'onaidere.d to . develop in association . with Caledonian I-type bodies 

(Pitcher, 1983), 

"-... 

Calc-alkaline granitoid r~Xks in Japan were divided . into a 

magnetite-series of rocks associated with Cu + Mo sulphide deposi"ts and 

an ilmenite-series associated with Sn + Mo" oxide · de;posits· by Ishihara 
"I . ....... 

(1981). This classification, which is based hrgely on petrographic and· 

petroc~emical criteria, do~mpare directly to the S vs 1 scheme 

of Chappell and White (l974) a"td has not been widely accepted, 

. Enlarging on the work of Bro'wn and Fyfe (1970) and Burnham (1979) 

Strong ( 1980) emphasized that the ability of a granitoid melt to ascend 

from ita depth of .f~rmation to high crustal levels is dependant on wa'ter 

and volatile conte~t 'of the magma in addition to source composition and 

degree of melting, The water and volatile content of the magma may i'n 

·· turn be controlled by water and possibly volatile 'cdhtent of the source 

region (cf. Collin& et . al., 1982). Mafi.c magmas with low water content 

would be able to rise to high;' -crustal levels prior to crystallization 

(intersection of the solidus by the magma) and hydrous, volatile-rich, 

felsic plutons will also rise to high cr~stal levels due to ·suppression 

of the granite-solidus by volatile complexing in the liquid-si,licate 

' phase. In addition, St't'ong (op. cit.) pointed out that plutons fO'rmed 

with intermediate dissolved H20 and low LIL content will crystallize 11t 

intermediate depths. Significant ore deposits will not form in this 

environment due ' to the absence of convecting meteoric fluids, except 

under special ·circumstances (Strong, 1980). 

.. 

.. 



- 41 -

Source composition strongly influences the chemistry of derived 

granitoid bodies, their abil-ity to ascend in the crust flnd conse quently 

their ability to form ore deposits. In addition, limited p~rtial melting 

would enrich the magma in LIL elements (Strong, 1980) which in turn 

I 

w6.uld d e press . the granite-solidus and decrease viscosity (see Dingwell, 

1985). LIL ele~t-enriched ' magmas have greater potential 

high crustal levels and. to form associated ore d~posits. 
. I 

i 

I 

to riAe to 

A classification system based on perceived genetic source (A vs I 

~s S) does not provide a sound basis for detailed study o f granitoid 

deposits. The subdi"vision of major stockwork molybdenite deposits int<) 

Granite and Granodiorite (Diorite) systems by Hu~schler et al • ..J.. (19!11) 

· is both' empirical and can be explained in genetic terms (e.g. Strong, 

1980, 1981). This terminology 'could be expanded to provide ~J primary 

subdivision for all granitoid d e flosits (e.g. Table 3). The term porphyry 

. has -gained such widespread application that it has become redundant as a 

useful genetic or descriptive term. Porphyry copper ores associated with 

more mafic plutons would best be called granodiorite-~per stockwork 

deposits; Climax, por_phyry tin and peralkaline woulrl be re)at ed vi~ 

their, association with silic~c magmatism and all termed granite-system~. 

Many deposits are spatially . removed from the parent body (particularly 

veins and pegmatites) such that identification of the associated 

gra:nitoid composition may be impossible. However, emphas.ia on this 

factor· may be fundamental to achieving a full understanding of the 

metallogenesis of these _deposits. 



Table 3: Description and classification of mineralization associated with granitoid 
rocks based on · enpirical and genetic observations (~ enlargement of 
proposals by Mutschler et al .• 1981). 

SYSTEM tiESCRIP ION· . MAIN QUALIFYING DESCRIPTIONS 

PARENT 

(-peralkaline-) 

GRANITE 

GRANODIORITE 

(.Diorite) " 

ORES 

OXIDE 
Zircon 

Yttrium 
Rare £art :.. 
Thorium 
Niobium 
Uranium 
Molybden 
Tin . 
Tungsten 
Antimony 
.Bi sniuth 

SULPHIDE 
Tunqsten 
~lybdenum 
Copper (Go d) 
Copper 
Gold 

MORPHOLOGY 

Breccia 
Stockwork 
M'assive 
Vein 
Lode 
Sheet 
Disseminated 
Skarn 

ALTERATION · TECTONIC SETTING 

Tounnal inite 
Albitite 
Greisen 
Potassic 
Seri cit i c 
Argillic 
Propyl it i c 

also 
Chloritic 
Clay 

Peralkaline or · 
Post Oroq~nic (= Caled.I?} 

Anorogeni c ( = A-type,) 

Continental (= S-type) 
Co 11 is ion 

Pacific (= 1-type) 
Marqi n 

Island Arc (= M-type) 

e.g. granodiorite-tungsten sk rn deposit or granite-tin stockwork deposit. · ~ 

-

• 

/ 
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2-3-3 Fractionation Proceaaea 

The processes which affect the petrological and chemical variation 

in the magma after its · ·separation from the source region include 

frac~ional crystallization and filter pressing (McCarthy and H~tsty, 

1976), volatile pha s e transport in the magmatic stage (Burnham, 1979), 

thermo gravitational diffusion and lar~e 8cale magma convec tion (Shaw~ 

~ 1976; Hildreth, 1979, 1981) and convective fractionation (Rice, 

1981; Sparks et al., 1984). The above processes may he influe nced by 

changes in melt structure (Hess, 1980). Restite unmixing, crustal 

assimilation and magma mixing may stron~ly affect compositional trends 

in magma series and may also contribute to . t ,he LIL element f'Jlrichment 

process. 

The proces s of crysta l-liquid fractionation has traditionally been 
./' 

considered. to .·.!'e dominant. This model .proposes th~t · elements in the 

silicate melt are selectively' removed by the stable crystallizing phases 

(predominantly feldspaf and quartz, with less e r b~ot ite, hornblende and 

pyroxene in gran i toid systems) . with result i ng enricliment of the l e PJH 

compatible elements 1n the inter-crystal me.l"t. Extensive geochemiclll 

variation in granitic systems 1s attributed to physical removal of t hP. 

crystall~ne phas·es by cumulate or adc.umulate processes and/or separation 

and upward coalescence of the incompatible el~ment enriched interstitial 

magma from a 'crystal mush' (Filter pressing : McCarthy and Hasty, 1976) . . 

Michael (1983) and ' Mittlefe}ltldt and Hiller (1983) have recently .. 
supported the fractional crystallization mod e l. 
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Shaw et al. (1976) and Hildreth 0979, 1981), amongst others, have 

suggested that liquid state processes of convective overturn and 

di ff~18 ion are responsible for large 1scale _. chemical .J . . 
var•atton in 

~ 

granitoid magmas. ~ildreth (1979, 1981) has argued that fractio~al 

~rystallization processes are inadequate to account for observed 

h . 1 \ . . c em1ca zonatton 1n many large, crysta~-poor ash_Jflows' His model of 
I 

thermogravitational diffusion suggests that an upper gravitationally 

stable, lower density, possibly depolymerized ' magma " (Hess, 1980), 

overlies a slightly denser convect i~ magma body in the typical magma 

chamber (Fig. 7). Diffusion of elements across the .j.nterface between the 

two magma types and within the upper. less dense magma is driven by 

thermal and possibly gravitational gradients. In addition, Hildreth 

(lcJ81) suggested that significant thermally driven diffusion may take 

place towards the walis of the magma chamber. 

( 
Spark• et al. (1984) accepted the concept of a chemical and densi~y ~ 

stratified magma chamber, but suggested a process · called Convective 

Fractionation i.e . "any fra~ionation process involving COQve~ion of 

fluids away~. from crystals" is res ible for zonation. 

pointed ou' that as crystals grow in a closed system the adjacent fluid 

is depleted in its · denser components so that the resulting less dense 

fluid would rise convectively. The less dense fluid would accumulate at 

the top of the magma chamber and would retain its identity ·due to 

gravitational stability and low diffusivity of chemical components . They 

emphasized that such a .process wou.ld be particularly ~ffective at the 

of the magma chamber where cooling was fastest and would allow for 

effective fractionation of large proportions of 

~~ 
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MELTING 
ZONE 

I 

/ 
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'\ 
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Basaltic Thermal 
Input 

Conceptual model of a convecting high-level chamber 
formed by crustal melting due to heating by basaltic 
the lower crust (Hildreth, 1981). Double arrows 
directions of element diffusion. Single arrows 
convection cell. 
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cryatals (predominantly feldspars in granitoid systems) at the boundary 

layer to produce major changes in the resulting liquid. 

The thenaogravitational diffusion and the convecti'{e fractionation 

modeh account for large chemj.cal variations in a predominantly liquid 

silicate body, whereas fractional crystallization mod~ls require large 

(commonlr · 50%) proportiona of crystals in the system. Many geological 

observations on flow structures, iDUDiscibility, magma mixing, lack of 

phenocrysts > ·t. 
in major eruptive units and i:he origin of ·mafic enclaves 

(i.e. Vernon, 1984), .suggest that the liquid phase predominates in high 

level a i lie ic magma chambers. These observations support tl!e more 

dynamic models. 

\ 

\ 

' 
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CBAPTIUl l - PETROCRAPBY Aim MIHUAL CIIKKIST11Y OF THB POST-HCTOIUC 

GRAB1TKS 

3-1 IIITRODUCTIOR 

The objectives of this Chapter are to describe the diAtribu't ion, 

texture and composition of minerals in the study area. These featureR 
I 

were investigated without referen.ce to the boundaries established by ... 

Dickson ( 1983). Representative modal anal)"'Ses ' presented by Dickson 

(1983) are sunmar~zed in Table 4 and in Figure 8. This approach was 

adopted since reconnaisance work indicated that many of the petrographic 

and petrochemical' features transcend the previously defined internal 

unit boundaries and these boundarieR were recognized as approximate by 

Dickson (1983). The observed features are classified in terms of primary 

magmatic and secondary sub-solidus origin at th~ end of the chapter. 

The results of microprobe analyses are presented in Appendix C. The 

textures and mineralogy of granite and greisens observed "in a detai lerl 

study area in the Sag~ Ppnd Granite are described in Chapter 4. 

The . macroscopic 

porphyritic lithotypes 

features show coarse graine~ 

in the northwestern ( Koskaecod/e, 

an4 feldspar 

Mollyguajeck, 
\ 

Mount Sylvester and Kepenkeck) and eastern (Meta and Tolt) granitoids. 

The Hungry Grove Granite is coarse to medium grained and becomes finer 

grained towards its southern boundary. Minor fine grained gr.aqite and 

aplite may be present throughout the area. Quartz, feldspars, biotite 

and locally muscovite are the only minerals which can be recognized in · 

47 
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TABL~ 4: Su.aary of ~dol analyaeo of repreoentative o .. pleo of the var iouo unito in the Ackley Granite (froa Dickoon, 198)) . 
a • Mean, I • ttandard deviation. See rigure 2 for location of unite . 

Unit llo. 9 10 IIA liB 12 . 13 14 14A (41* u 

No. of •-pleo II 8 7 6 6 )) 16 3 8 8 

" • a • " • " • " • " • a • " • a . • • • . 
Qu~ru. 23.4 7.57 26. 0 9.06 31.7)'7 . 11 28.8 7.19 33.43 15 . 70 32.7 12.27 36.9 7.42 33.) 5.15 42.4 6. Ill 43.0 7.59 

t-faldapu 31.3 19 . 1 25.0 12.0 22.8 7.611 32.8 8. 57 36.35 12.30 51.8 1),42 46.7 10.72 49.7 2.97 44.5 7.02 30.7 8.65 

Plaaioclaoe 32.5 11.3 3S.8 7. 28 311 . 5 1) . 5 32.4 2.31 24.2 7.12 11.95 10. 09 12.7 6.11 14.3 3.29 10.4 6. 76 22 . 11 9.29 

Biotite I'Ll 7.42 11.2 4. 7) . 6.3 4.23 4.41 2.11 5.43 3.40 3.05 2.49 3.3 2.03 2.4 2.21 2.07 0 . 93 2.2 " i.37 

Individual ainerala vere noted if they coapoe,d areater than 0.5 percent. ln the follovin& liat, the nuaber of a .. plee for vhich data 
it recorded ia noted followed by the .. xiRUN percentage of the aineral obaerved . 

Hornblende 2. 1. 2 4, 4 . 2 

Huecovite 
" 

6, 2.5 

.Sericite I, 0. 5 I • 0.8 I, 0.9 2 . 1.2 

!':pi dote I, 0. ~ l, 1.3 2, 0.6 I, 0. 5 I, 0.7 2, 0 .6 I, 0.3 5, 1.0 

Opaquea I, 3.0 s. 1.0 2. 1.2 ), o. 7 2. 0.8 2, 1.2 I , 0.9 I, 0.6 2, 0. 5 4, 1.11 
" 

Sphene 2. 1.8 2. 0.6 I, 0.6 1, o. 7 2, 0.5 

• . Go 
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QUARTZ 
MONZONITE 

L-~------~~------~--L-~------~----------~------~~PL 5 

10 35 65 90 

Figure 8: Modal quartz (Q) alkali feldspar (A) - plagioclase (PL) in 
the granitoid units from the study area (from Dickson, 1983). 
Granite classification from Streckeisen (1976). Numbers in 
triangles refer to units of Dickson (1983). 
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outcrop and in hand. specimen on a regional basis. 
~ 

' Poorly developed 

rapakiv"i texture ia locally pre(lent in the Tolt, Meta -and Hungry Grove 

·granites. 

Fine grained, quartz-feldspar porphyritic granite, gPanophy~e and 

microgranite may be present in the southern part of the Hungry Grove 

Granite and in · the. Rencontr~ Lake and Sag~ Po.nd granites. These granites 

have a pronounced orange colour due to e xsolution of hematite frdm 

K-feldspar. This colour is darker towards the south. Miarolitic cavities 

containing small termineted quartz crystals are locally .developed in the 

southern part of the Hungry Gro~e Grani~e and in the ~olt Granite. They 

are COIIIUon in the Rencontre Lake and Sage Pond gr.anites. Alkali feldspar 

megacrysts are present within and across the margin of minor rounded 

quartz diorite enclaves located at the eastern .margin of the Tolt 

Granite . A single thin diabase sheet is reported by Dickson (1983) to 
'-

occur in this Granite . 

• 
3-2 PETROGRAPHY 

3-2-1 Iatroductioo -
Quartz, K-feldspar and plagioclase are. present in all samples. 

Biotite, or chlorite pseudomorphs after b~otite are present in all but 

two ,.amples located in close proximity to greisen veins in the ·Sage Pond 

Granite. Hornblende is , a minor mineral in the more ma-fic granites and _in 

r•nodiorite. 

~biotite. 

locally with 

Chlorite is variably developed as an alteration product 

Minor, epidote may be associated with the chlorite and 

aericitic alteration of feldspar . Coarse sericite is 

~ 

I . 
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present in the Kepenkeck Granit~ and in the Sage Pon4 Granite and a 

trace of sericite is common throughout the study area. Sphene, apatite, 

magnetite, allanite,_ zircon and ilmenite are present ll8 accessory 

minerals. Minor fluorite was noted in the Rencontr~ke and Sage Pond 

granites and tourmaline was noted ln two samples from the Sage Pond 

Granite. 

3-2-2 Quartz 

Quartz occurs as anhedral to subhedral ~rain!J, a s _spherical frosted 

phenocrysts up to l c.m in diameter, and as finer interlocking gr11ins in 

the matrix to coarser quartz and feldspar crystals . . Quartz also occurs 

as small euhedral to anhedral inclusions in the other main si lie ate 

phases. Graphic intergrowths of quartz with feld11par are common in the 

finer interstitial granitic material, in aplitic phases and in the 

southern finer grained granite. In the southeastern granites (Hungry 

Grove, Tolt, Meta, Rencontre L~ke and Sage Pond), the phenocrysts and 

crystals connnonly exhibit embayed margins (Plate l) ·~ and locally show 

evidence of strong resorption and possible disintegration prior to 

crystal~ization of K-feldspar (Plate 2). Weak to moderate undulosep 

extinction , is present and is more pronounced in the Koskaecodde and 

Mollyguajeck pl~tons, where distinct deformation domains have developed. 

Q 

3-2-3 Plagioclase 

Plagioclase is an integral part of the granular matrix of all units 

of the granite. Anhedral phenocrysts of plagioclase, up to 4 em long,, 

\ 
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1 1.,0 e 

mm 

Plate 1: Equigranular microgranite showing strongly embayed quartz, 
perthite, minor twinned plagioclase, and an intergranular flake 
of chloritized biotite. Meta Granite. LD-119. XNic. 
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1·0 
mm 

Plate 2: Quartz crystal in pert hi te exhibiting embayed margins, 
resorption, and partial disintegration. Smaller sub-hedral 
quartz grains are present as inclusions on left of photo. 
Ragged bronze, biotite in upper center with minor marginal 
sericite alteration. Fracture at lower right. Hungry Grove 
Granite. LD-451. XNic. 
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are preserit in the Mount Sylvester and Kepenkeck granites and locally in 

the Meta and Tolt granites. Minor subhedr11l to euhedral plagioclase. is 

comm0n as inclusions in alkali feldspar phenocrysts, particularly in the 

-- ~codde and Hollyguajeck plutons. In the Rencontre Lake, Sage Pond, 

Tolt and Hungry Grove graniteR, albite may be present as a thin rim 

round alkali feldspar ( rapakivi textur.e). Perthitic albite exsolution 

lamellae are common, and are abundant in Rencontre Lake, Sage Pond and 

southern Hungry Grove granites. 

The .Plagioclase exhibits characteristic albite twinning and ,weak to 

· modera;e, normal and locally o~llatory zoning. The biotite- and 

hornblende-bearing rocks in the nor~estern granitoids (Koskaecodde, 

' M91lyguajeck, Mount Sylvester a~d Kepenkeck) have plagioclase cores of 

sodic andesine zoned to oligoclase rims ~An35-An15) and the more felsic 

rocks have weakly zoned oligoclase crystals. The southeastern granites 

have a restricted plagioclase comp?sitiQn which ranges from sadie 

oligoclase (An2o) in the more. mafic rocks to albite .•(Ano-10) in the 

vicinity of the mineral prospects. 

ln . the northwestern granitoids, the more calcic cores are .commonly 

strongly altered to fine sericite and rarely to epidote: Minor muscovite 

crystals, up to mm long, are _locally developed as an alteration 

product. The sericit-e cores often have sh~~p .boundaries with·furrounding 

more sadie plagioclase and they locally display well developed internal 

tabular crystal ou'tl ines. 
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In the southeastern granites, plagio~lase shows weak to moderate 

alteration to fine grained sericite and locally to epidote, particularly 

in the more calcic cores. There appears to be an increase in thl' 

intensity of plagioclase alteration to sericite in the northeutern 

granitoids which may in part r e frect the tendency for the more calcic 

compositions to oc~ur in this are a. However, felsic granites with leas 

calcic plagioclase are also more altered in the northwest. 

3-2-4 Alkali Feldspar 

The porphyritic phases of the granitoid rocks contain perth it ic 

alkali feldspar crystals, up to .5 em long, as the main phenocryst 

phase. Perthitic alkali-feldspar als-o occurs in the groundma11s &nd formA 

large irregular crystals interlo-cking with quart£ and plagioclase in 

generally hypidiomorphic textured, equigrariular granite. The phenocrysts 

and the grains in equigran,ular gra~ite, contain in~l~sions of quartz, 

plagioclase and biotite. These inclusions are more prevalent in the 

'Koskaecodde and Mollyguajeck -plutons and are commonly orientAte d within 

the alkali f e ldspar lattice, 

The outer margins of the phenocrysts and of larger grains in 

equigranular granites have a complex interference pattern with the other 

phases present and locally -_ contain large numbers of inclusions with the 

developme nt of poikilitic texture-s (Plate 3). Graphic intergrowths with 

· quartz are common in the outer half of individual alkali feld11par 

crystals in the Tolt, Rencontre Lake, Sage Pond and southern Hungry 

Grove granites. At least two stag~ a of graphic intergrowth are indicated 



- 56 -

'1·0 t 

mm 

Plate 3: Graphic intergrowth of quartz and K-feldspar in a large (2 em) 
optically continuous poikolitic crystal. Braided perthitic 
exsolut ion lamellae are present in the K-feldspar. A quartz 
crystal in the lower center has embayed margins and contains a 
biotite inclusion. Hungry Grove Granite. LD-451. XNic. 
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by , inctividual alkali feldspar crystals .(Plate 3). Al.bite rima ( rapakivi - \ 

texture) up to 2 mm wide, are locally present on alkali feldspar· grains 

in the southeastern granites. The dominant alkali feldspar is orthocla~te 

perthite with microcline and orthoclase perthite co-existing in ftht> 

Mollyguajeck Pluton, and microcl ine perthite prevailing in tht> 

Koskaecodde Pluton. Microcline in the Koskaecodde .Pluton ia grid-

twinned. 

In the Rencontre Lake, Sage Pond and southern Hungry Grove 

granites, albite exsolution lamellae (Plates 4, '5, 6), commonly twinned, 

demonstrate a wide variety of textures from ' fine stringers to coar11 e 

braid, vein; and patch textures. The exsolution features become coarser 

and more abundant to the ~outh and the more felsic granites in the south 

contain up . to 20% ex solved albite near the mineralized areas. The 

granodiorites in the Koskaecodde and Mollyguajeck plutons may exhibit 

only minor perthite exsolution . 

3-2-5 Biotite 

/ 

Biotite (or chlorite pseudomorphs of biotite) is present in all 

thin sections of granitoid rocks within the ~.tudy area, with the 

exception of two hydrothermally altered samples collected ne ar greisen 

ve1.ns at the southern edge of the Sage Pond Granite. An estimate of the 

amount of biotite (Fig. 9) was obtained by calculatin~ normative biotite 

(after Barth, 1959, 1961). Biotite is the only magnesiunr-bearing phase 

present in most samples. In hornblende-bearing rocka (Fig. 11), the 

amo unt of hornbl ende is gene rally less than 1%. There ia close agreement 

between normative biotite and modal biotite content. 
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1.0 
mm 

Plate 4: Perthite with parallel rib lamellae cut by later braid and 
string lamellae. Quartz crystal with embayed margin at upper 
left. Strongly altered plagioclase at lower right. Ragged to 
subhedral strongly chloritized biotite, with biotite as brown 
areas and laminar domains of chlorite replacement as blue gray 
colors. Euhedral opaque in right center. Mollyguajeck Pluton. 
LD-075. XNic. 
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1-0 
mm 

1·0 • mm 
Plate 6: Growth zoning in alkali feldspar cut by string and braid 

exsolution lamellae. Graphic intergrowth at upper margin of 
crystal. Hungry Grove Granite. LD-421. XNic. 
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Figure 9: Distribution of wt. % normative biotite in the study area 
(calculated after Barth, 195 9, 1961). Sample locations are 
indicated by small crosses. Dashed lines are boundaries of 
Dickson 0983) . 
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The main textural variations displayed by biotite ~re 1) t 
coarse. 

phenocrysts, 2) fine intergranular grains and flakes, and 3) fine 

grained biotite or biotite-rich aggrega.tes. These varieties commonly 

occur within a ·single specimen and a complete gradation between th~e 

three designated end-member textures may be present . .. -

Most biotite exists ~s coarse, dark brown, ragg~d-edged phenocrysts 

or books which rarely attain l em across (Plate 7). Subhedral to 

euhedral hexagonal basal sections are conunon. Locally these coarse. 

grained biotites form clusters in the granite. Biotite in the southern 

exposures is bronze to black (Plate 8). 

' 
Intergranular, finer grained individual flakes and irregular grains 

of biotite are present between quartz and feldspar crystals (Plates 1, 

2). This variety generally accounts for a minor proportion of the 

biotite. 

Fine grained aggregates of biotite or biotite + quartz + feldspar 

(Plates 9, 10) are common in approximately 20% of samples in the 

Koskaecodde and Hollyguajeck plutons. These ·aggregates also occur in the 

Hungry Grove Granite and may occur throughout the study area (Fig. 10). 

In the eastern part of the Koskaecodde Pluton, this is the dominant 

. . 
biotite ' texture. Ma~y of these aggregates occurs in local areas of 

graphic intergrowths between fine grained quartz and feld11par. In the 

Koskaecodde Pluton, the biotite clusters .. have aasoc iated p • . 

fine gra1ned 

hornblende on the margins. In the qu.utz-biotite clusters, 10111e of the 

biotite grains have a dendrititic or poikilitic texture. 
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mm 
Plate 7: Fresh subhedral biotite. Hungry Grove Granite. LD-453. XNic. 

1-0 . ' 
mm 

Plate 8: Bronze to black biotite with tendency to skeletal texture. 
Hungry Grove Granite. LD-695. Plain Light. 
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1.0 
mm 

Plate 9: Fine grained biotite aggregates. Area outlined is enlarged in 
Plate 10. Mollyguajeck Pluton. LD-348. XNic. 

0-1 
mm 

Plate 10: Detail of area outlined in Plate 9. Mollyguajeck Pluton. 
LD-348. XNic. 
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BIOTITE AGGREGATES 
<FINE GRAINED> 

• . • • 

r •• 
• • • PRESENT • 

• • DOMINANT • + 

• Ill 
• 

0 • •• 
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Figure 10 : Distribution of fine biotite ' ag~regates 1.n the study area. 
Cr osses represent samp l e sites in which aggregates were not 
observed. 
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In addition to the thre~ main modes of ' occurrence, . small anhe~ral 

biotite inclusions are present in . the other coarser silicate phases 

(Plate 3), Skeletal biotite (Plate 11) is common in fine grained aplitic 

rocks, particularly towards the south~rn margins ~f the study area. 

In the northwestern granitoids, biotite is pleochroic from light to 

dark browv_,_1.l_n much of the southeastern granites, dark brown, bronze, 

and black colours are dominant and are most pronounced near mineralized 

areas . in the Rencontre Lake and Sage Pond granites (Plate 8). 

Biotite in the study area is variably , altered to chlorite. This 

feature 1s described below. 

3-2-6 Hornblende 

Hornblende generally conHitl!tes less than 1% (when pres~nt) and 

has not been obs~r.ved in hand specimen. The distribution of samples 

containing hornblende is shoW'li in Figure 11. This mineral tends to occur 

in a linear. belt on the southeast sides of the Koskaecodde and 

Mollyguajeck plutons. In addition, it occurs in the more mafic r()cks 

present 1n the southeastern granites. 

Euhedral to anhedral, · pleochroic, green hornblende crystals ~ 

(maximum · length 3 ODD) occur in association with clusters of coarse 

biotire grains, opaque minerals and . sphene (Plates 12, 11). The 

hornblende is commonly fresh in appearance. 
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0·1 
mm 

Plate 11: Fine grained skeletal aggregate of biotite, quartz, opaque 
minerals, and plagioclase, surrounded by coarser biotite. Tolt 
Granite. LD-017. XNic. 



HORNBLENDE 
BEARING SAMPLES 
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.. f 

. . 

.. 

~\gure 11: ~istribution of 9amples with minor hornblende in thin section 
(dots) from the study area. Croues reptesP.nt 11ampl~s _in 
which hornblende was not-' observed . .{lashed lines are internet 
boundaries of 'Dickson (1983). 
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mm 
Plate 12: Twinned hornblende crystals associated with 

chloritized biotite (blue-gray). Relict patches of 
(brown). Mollyguajeck Pluton. LD-084. XNic. 

1· 0 
mm 

strongly 
biotite 

Plate 13: Hornblende crystals in saussuritized plagioclase. Abundant 
subhedral opaque minerals. Sphene with opaque inclusion at 
bottom left, and inclusions of plagioclase in hornblende. 
Mollyguajeck Pluton. LD-103. XNic. 
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'-2-7 Cb lorite • 

'. Chlorite is devele~~ed as an -alteration product after biotite (Fig. 

12). In samples with low chlorite content, --- fine interstitial biotite 

gfains are partly or totally altered and chlorite rims form around 

. ' 

co_arser biotite grains. As the amount of chlorite increases, individual 

/ 
chlorite lamellae- or zones in the biotite are developed. Abundant , ... 
chlorite is form.ed by total replacement · of 'fine and 'Ce,arse biotite 

grains (Plates 4, 12). Locally, ch·iorite is developed along kink bands 

and fractures in the parent biotite. Totally chloritize.d and completely 

fresh, coarse biotite grains are ,found in a single thin,..:Section and 

relict biotite cores may be present even in the most altered sample~. 
· ~ 

Penninite is ccl'tnmon in the northwestern granitoidf>. 

The distribution of the chlorite in thi_n section suggests_ an 

inhomogeneity of the chloritization process on the microsopic and larger 

scales. Neverthe-less, in the northwestern granitoids, the relative 

percentage of Cfllorite to biotite in thin section is greater, and 

chlorite is more widespread. There is no correlation between chlorit e 

alteration and areas of tin-tungsten mineralization in the Sage Pond 

Granit e . The Rencontre Lctke Granite contains a relatively large 

proportion of · chlorite throughout, although there is no direct 

correlation with the known are as o·f. molybde num mineralization. 

3-2-S ·Muacovite/Sericite 

... 
The estimated percentage of muscovite and sericite in thin sectiont " 

from the study area is presented in Figure 13. Wel l-- furmed crystals a nd 
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Figure 12: Visual estimate of percentage chlorite alteration of biotite · 
in thin eection. The locations of analyzed chlorite samples 
are _also .shown. 

.· 

-



' . 

' 

· .~ 
( 

' - 71 

MUSCOVIT /SERICITE 
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Figure 13: Muscovite/sericite in the study area . This is a visual 
eat imate of the amount of muscovite or coarse seri"cite grains 
in thin section. A value of > 0.1% indicates that there are 
no individual grains present. A vafue of '> 0.5% indicates 

·that there are coarse <> 0.1 mm) flakes in thin . s ecti,on. 

• I 

• .. 
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.-

• 
flakes of muscovite (to 4 tllm) were considered b-y1)iekson (1983) to be a 

characteristic of · the Kepenkeck 'Granite and occur alo~g wi'th finer, 

interstitial gl;ains. Most of the coarser grains occur marginal to, or -. ~ . \ 

. . 
within, coarse grained plagioclase crystah (Plate 14) and al&O occur as 

f .•. 

overgrowths or alteration products of biotite (Pl.ate 15) . . Di
1

ckson (19S)) 
0 . ' 

suggested that BOlD~ of the Coarse musCOVite in · this granite may be oe 

' primary magmatic origin. finer grained T¥1e crystals are obviously 

present ~ an alteration product after both plagioclase and biotite. 

A halo oC sericite is present to the north,.., o f . the g·reisen- J 
·• 

mineralized area in the 5.age Pond Granite, and in the Hungry Grove 

Granite. Coarse flakes up to 3 mm may he p~esent if th~ sericite conten~ 

is greater than 0.2 %. The grains in the latter area are obviously 

secondary, replacing both feldspars and biotit~: 

·,\.-. I 

Traces of sericite may be present throughout the s~udy are~d are 

commonly associated with turbi.'d alteration. of feldsp-ar cores. Sericite 
' .ti 

is as . inc'lusions occur~ in also in present and locally quartz, 

fr:.ac tur'es. 

3-2-9 Accessory Minerals 

Sphene, apatite, zircon and opaque iron-titanium minerals occur in 

-most sample.s, and allanite . is co~on. ~inor epidote may be present as an 

alteration of feldspar. Traces of fluorite were noted in the Rencontre 

f_ 
Lake ·Granite; minor tourmaline and fluorite we re noted Ln Bamples from 

the Sage Pond Granite. , 

.. 

) 
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mm 
Plate 14: Irregular flake of muscovite associated with strongly 

chloritized biotite. Altered plagioclase grain above 
muscovite. Large perthite crystal at left with patch 
exsolution and with irregularly orientated plagioclase 
inclusions. Kepenkeck Granite. LD-176. XNic. 

1.0 
, t 

mm 
Plate 15: Muscovite rims on biotite and individual flakes of muscovite 

in perthite and plagioclase. Kepenkeck Granite. LD-095. XNic. 
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Euhedral ~o subhedral crystals and local rosettes of sphene, up to 

3 lll!ll long (Plate 16), occur· throughout the study area and .are. often .. 
associated with coarse grained biotite' or _biotite-hornblende clusters in 

th~ more mafic rock.s. These grains may form more than 1% of the thin 

section. In ·addition; . minor 11phene is associated with opaque mineral!! 

artd chlorite and formed during the alteration of biotite. 

\ 

Apatite is ubiquitous and forms euhedral crystals up to 1 -· mm. It 

occurs as inclus.ions in feldspars (see Plate. 20), biotite and locally in 
Q 

hornblende. 

, 
Euhedral zircon crystals, which are commonly zoned, occur in 

biotite. These z1rcons are surrounded by typical dark radiation . halos 

{see Plate 18). 

• -- - -·----·-·-- ------JL-igtrt-t'1'J"'ar1C brown,-- subhedrai · allanite crystals up to 3 mm in 

·~· 

diameter· (Plate 17) 
• 

were noted in many samples. These c.rys tals 11 re 

· isolated and zoned and appeaT to be an early crystallizing. phase. 

Suhhedral to anhedral epidote grains up to l mm in diameter, occur 

-sporadically in association with strongly altered feldspars and altet~~ 

biotite. The epidote is more abundant in the l<oskaecodde and 

Mollyguajeck plutons. 
. ·-------------

Magnetite is the dominant opaque phase in the granite. It generally 

occurs as · euhe dra1 to subhedral grains in association with coarse • 
biotite cluster.s or biotite-hornblende clusters. Skeletal magnetite may 

.., 
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1-0 
mm 

Plate 16: Euhedral sphene crystals in perthite. Chloritized biotite 
grain present. Hungry Grove Granite. LD-192. XNic. 

1·0 
mm 

Plate 17: Zoned allanite on left. Bent biotite crystal on right. Meta 
Granite. LD-165, XNic. 
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Plate 18: Tourmaline rosette. Sage Pond Granite. 
present in biotite at upper left. Host 
quartz. LD-712. Plain light. 

0·1 
mm 

Zircon halos are 
to tourmaline 1s 
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be present in the aouthern portions of southeastern granite:S and fine 

·grained irregulu.. -8r&ins are col!lllon in biotite, partially altered 

biotite, and in chlorite pseudomorphs after biotite. 

Trace of fluorite is present in several samples from the Rencontre 

.. 

Lake and Sage Pond granites, as irregular interst-itial . g~ains and 1n -; 

frac ture.s. 

Rosettes of t~urmaline (Elbaiite?; Plate 18) were noted in the Sage 

Pond Granite. Minor toui'TIIaline was also noted in a few thin. sec.tions of 

rock samples from the mineralized area at Rencontre Lake. 

3-J MINERAL CUE HI STRY 

3-3-1 Feldspar 
j 

Representative microprobe analyses pl~tted in Figui~ 14 (da~~ in 

Appendix C) s~ow the range of feldspar composition. 

Plagioclase. exhibits a sodium enrichment tre nd towards . areas of 

mineralization on the southern margin . ~ample JT-24 is a 'fresh' granite 

be..tween mineralized veins collected from drill core in the Sage Po.nd 

area, samples 232 and 237 were collected approximately 100 m and 200 m 

north of the Anesty Greisen respectively . Most alkali feldspar analyses 

are . of almost pure -orthoclase and are not presented in Appendix C. 

, . 

() 

.... 

.. 
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FELDSPAR ANALYSES 
LOCATION -

'~ 

I 
' •a71 

I 
I 

I 

tt::J 
I 

------ ·--...548 / ' / 

438 • 

An 

,~ 

\ 

\ 

8 

Or 

Figure 14: Feldspar analyses from the study area. Dashed lines are 
internal boundaries of Dickson (1983). 
A: Location of analyzed samples. 
R: Orthoclase albite anorthite plot of representative 
samples. 



l-3-2 Biotite 

' 

There is a , mark!!d divergence in the correlation trends in the 

various che~Qical plots (Figs. 15, 16, 17, 18) "between th'e samples from 
. ~ -

the Koskaetodde and Mo1lyguajeck plutons and the sampl~s from the Ackley 

Granite Suit·e. These differences occur across a line located 10 to 15 km 

west of, and subparallel to, the trace of the Do~er-Hermitage Bay Fault 

zone (see Fig. 16). Hornblende constitutes less than J% _ of the m~fic 

minerals when present, th~refore, the different trends cannot be 

ascribed sole_ly to the .··co-existence of ho-rnblende and biotire in the 

more mafic rocks. 

Biotite has a relatively constant composition in the Koskaecodde 

and Mollyguajeck plutons (Sio2 range from 60 to 75%) with · an annite 

ratio (FeO(total)/(FeO(total)+MgO)) of 0 . 45 to 0.51 (Figs. 16, 17). The 

three samples from the l< e penkeck ~ranite have annite ratios .of 0.50 t o 

0.52 and plot at the lower end of the trend defined 9y the southeastern 

granites. Analyses of core to rim transects in individual biotite grains 

(Table 5) did not show any consistent trends in the biotite composition 

in these granitoid rocks • . 

-, 
In the southeastern granites (S~02 range from 60 to 79%), annite .... 

ratios exhibit strong Fe-enrichment with values from 0.43 to 0.98. The 

Fe-rich samples occur towards the southern margins and mineralization 

(Figs. 16, 17). This trend is accompanied by an increase in Sio
2 

and a 

decrease in Ti02 . and MgO in wl:ole rock (Figs. 17, 18). Analyses of 

core-rim pairs from biotite 'grains in the southeastern gran(.tes (Table 
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BIOTITE ANAL-YSES 
LOCATION / 

/ 
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Figure 15: Location of analyzed biotite in the study area. -Dashed lines 
are internal boundaries of Dickson ( 1983). Samples 231 and 
237 preceded by 7040 . Other samples preceded by 220 
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BIOTITE 

•Fe /Fe+Mg 

!() ~ 47 I / 

\ • ·h /. / ·-· 
\ 59 !'-..} 

•49,(31) 1 •5;;.~ - -!"' · _,/ Q 
45.1--- · ., ./ 
• ! .53 62,(28) 

~ Q .82 \. 
\ 57. 

Q 
71 • 

Figure 16: Ratios of Fe(total)/(Fe(total)+Mg) * 100 1n biotite. The 
numbers in brackets are ferric/ferrous ratios from selected 
biotite samples (refer to Table 6). Dashed lines are internal 
boundaries of Dickson (1983). HBF- Hermitage Bay Fault, DF­
Dover Fault. Arrows indicate posit ion of boundary between 
areas with biotite showing different petrochemical trends. 
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Figure 17: Bivariate plots of whole rock analyses and Fe/Fe+Mg ~n 
biotites. 
A: Fe(total)/(Fe(total)+Mg) versus Si02· 
B: Fe(total)/(Fe(total)+Mg) versus Ti02. MK - trend observed 
in the Mo llyguajeck and Koskaecodde plutons, AG - trend in 
Ackley Granite Suite. 
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Figure 18: MgO - FeO - Al203 plot for analyzed biotite from study area. 
Solid lines outline field of igneous biotite drawn by 
Nockolds (1947). b/bm is dividing line between field of 
biotite and biotite-muscovite bearing granites in northern 
Portugal (de Albuquerque, 1975). 9 Koskaecodde; 10 
Mollyguajeck; llB - Kepenkeck; 13 - Tolt; 14 - Hungry Grove; 
14A - Rencontre Lake; 14B - Sage Pond; 15 - Meta. 
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5) show slight increases 1n FeO and A1 203 and a slight decrea·"e in Ti02 

towards the crystal rim with no consistent trend observed in M~n. 

Host of .the samples plot within the field " of norm"l mltgmAti.c 

bioti~es as defined by Nock o lds (1947) on the Mgo-Fe0(total)-Al20] plo~ 

in Figure 18, with the samples from the Koskaecodde and Mollyguajeck 

plutons in a tight grouping. The three s .1mp le" fr o m the Kepenkeck • 

Granite are relatively enriched in Al'201 and pl o t ill' the field ,o f 

mtt!'ICovit e-biotite bearing granites as defined by de Alhu querq tu• (197~ ) . 

The compositional trenrl in-t11 biotites of the southeAstern g 'Minite!'l i~ 
• 

also well displayed in this diagram. Sampl e s from the Routhern portion 

of the Hung ry Grove GnmitP, the Sage Pond Gran ite, and Rample tl04 from 

the Rencontre Lake Granite (thi!'l c;a mp l e ts partially chloritized) p lot 

to the Al203 side of the m11 gmnti c trenrJ . The bintites from th e Renc o nfre 

Lake Granite and are s!ightly e nricherl in iron re1 !l t i v t_• t o the other 

samples 1n th e fi e ld of normal i g neous hiotite. 

Fe rric/ f e rrous ratios 1n biotite we re determined on ten p11re 

biotit e A epar,<~tes (Tah le 6, Fig s. 1'3 and 1()), The ferric/ferrmu1 rati n11 

of the molybdenum minPraliz e d Rencont re Lake Granite And thP. 

tin-tun~sten minP.ral i zf'rl SagP. P o nd Granit e are comparable. lnRufficient 

data was collected to define !'!ignifi c ~tnt tro>n<l~. 

The fluorine content of b iotite from th f' tf'n APlP c: t ~? rl s amp l e s 

(Table 6) is p resented in Figure 19 . Hiotitell from thf! Hungry r.rovP. An<l 

• • SAge Pond granites contatns between l.h7 and 1.9f>t F . Tn contr.qAt, th~> 
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Table 5: Core/Rim compositional variation (~icroprobe analysis) 1n bioti~e (cation 
proportions). Sample locations on Figure 15. 

. 
S~mpl~ No. Si Ti Al Fe Mn Hg Na K 

JT231 Core .. 43.01, 1.04 24.89 15.96 1. 23 1. 28 0.57 11.97 
" Rim 42.12 0.91 25.07 . 1 7. 41 1.19 1.25 . 0.06 11.91 

JT237 . Core 38.62 1. 61 22.32 22.68 1. 16 1.89 0. 33 11.37 
II Mid 39.20 1. 56 22.54 21.83 1. 36 1. 79 . 0.4, 11.21 

I " Rim 39.64 1.30 23.26 21.08 1. 27 1. 97 0.18 11.24 
I , 

220226 Core 37.74 2.45 13 .. 76 23.31 0.59 11.54 . 0.35 . 10. 24. 
" Ri• 37.50 2.34 14.03 23.14 0.64 11.52. 0.16 10.62 

220332 Core 42.56 0.98 22.20 13.69 0.44 8.21 0.60 11.32 
" Ri111 41.38 1.01 i2.43 13.99 0.34 8.63 0. 76 11..44 

220353 Core 36.35 2.62 . 15.38 16.59 0.57 17.89 ' 0.21 10.31 
" Midi 37.36 2.. 72 15.18 15.91 0.47 ' 17.82 0.00 . 10.52 
" Hid2 . 37.34 2.74 15.19 16.13 0.26 1.8. 19 0.16 9.99 
" MidJ (37.37 2.64 15.48 15.98 0.49 18.26 0.25 9.47 ) 

" Mid4 36.63 2.80 15.22 16.36 0.50 1·7. 59 0.25 10.57 
( " Rim 35.49 2.6 15.73 16.67 0.55 18.11 0.23 10.53 

" Midi 37.18 2.81 15.44 15.63 0.49 17.83 0.09 10.47 
" Core 37.46 2.67 15.75 15.34 0.51 17.78 0.34 10.06 

220438 Core 3/.!:ll J.Ol 13.72 17.28 0.62 15 ~ 76 0.33 11.42 
" Rim 37.62 2.66 14.85 17.17 0.65 16.01 0. 22- 10.67 

220523 Core 36.36 3.06 16.17t 17.02 0.04 16.43 0.23 10.65 .. Rim 36.93 . 2.21 16.97 16. 16 0.60 17.40 0. 06 9.61 -
220701 Core 36.43 2.31 16.83 16.07 0.19 16.73 0.19 11.21 

" Midi 36.96 2.50 16.74 16.04 0.26 16.04 0.08 11.30 
" Rim 37.05 1.89 16.40 15.88 o. 37- 17.40 0.19 10.78 

• 



Table 6: Analyses of biotite separates. Sample locations on Figure 15. Analyses as per Appendix B-3. 

s-ple No. 87 92 ~ 165 237* 257** 450 464*** 523 548 664 

Major Oxides (Weight Percent) 

Si02 35.9 35.8 36.5 39;-) 29.6 36.1 34.7 36.9 37.9 35.8 
AlzOJ 18.0 15.5 14.9 19.2 15.8 14.9 12.7 14.7 13. 1 16.!: 
re2o3 5.51 ' 5.40 5.95 7.27 . 10.51 10.52 9.03 4.66 5.71 5.82 
FeO 14.55 14.54 12.85 15.34 25.89 16.61 22.36 14.88 20.19 26.83 
HgO 9.06 12.23 13.43 1.18 3.10 4.80 5.09 11.18 8.09 1.80 
C.tO 0.10 1.14 0.60 0.10 0.00 0.26 1.08 0.68 0.24 0.06 

I Na20 0.12 0.09 0.20 0.30 0. 11 0.19 0 .1 6 0.11 0.17 0.16 
1C20 8.92 7 . 84 7.06 8.84 1. 38 7.54 ~ 5.25 8.60 7.96 7.58 CD 

<::1' Ti02 2.47 2.89 2.62 2.03 2.25 2.80 3.56 3.50 2.97 2.58 
MnO 0.88 0.42 0.88 l. 28· 1.20 1.06 0.67 0.67 0.81 0.88 
P2os 0.02 0.13 0.21 0.00 0.00 0.01 0.09 0.20 0.13 .0.04 
LOI 4.41 4.53 5.36 3.79 9. 11 4.92 6. 15 3.74 4.74 4. 70 

TOTAL 99.9 100.5 100.6 98.6 99.0 99 .5 100 .8 99.8 100.0 99.7 

., (pp•) 7710 3695 17012 19575 3198 17332 - 4405 5070 19575 16690 
-~ 

·-- · - --• S&liple--preceeded by 7040 ___ . All other ~amples preceeded by numbers 220 .. Strong chlorir-i-zatio~ <>f sample . ... Moderate chloritization oCsuple . 
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I FLUORINE (PPM) IN BIOTIT 
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Figure 19: Distribution of fluorine (ppm) 1n biotite from selected 
samples in the study area. Sample locations shown on Fig. 15. 
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fluorine content of biotite in the Rencontrt> LakP. Granite iR much lower 

, (0.31 to 0.44%); the biotites from this area arP. chloritized (Tahle f1, 

and see Fig. 20), The fluorine content of biotite in the northwestern 

granitoids ranges from 0.37 to 0.775%. 

3-3-3 Hornblende 

Analyzed ' hornhlende crystalR from the southP.AstP.rn granites havl" A 

higher iron content than those from the northwestern )1;ranitoids (sP.P 

--Appendix C). 

3-3-4 Chlorite · 

, 
ChloritP. analysPs (Fig. 20) indicatP. 11 tr~> n,f of iron Pnrichmt>nt in 

the chlorite para·ltel to that obsPrvf'd in h io titP. Thf' c orrelAtion 

copfficient of FP.O(tot)/(FeO(tot)+MgO) hPtwPen roPxit'lting chloritf' Anti 

biotite is 0.98. 

3-3-5 Muscovite/Sericite 

Mus c ovit~>. a nalyses (Fig. 21A) sho w significant iron and magnesiu111 , 
11nd plot towards the cel!!<lonite position in thl' MgO-A1 2oJ-FP0 disgrllrn. 

Two of the sample!! from thP. l<epPnke c k Granite pl o t in thP. fiPlci of 

predominantly primAry plutonic muscovitP 811 outlinPd hy Mi llP.r et al. 

(1981) in a plot of Ti-Hg-NA c11tion ratio (Fig. 211\). ~owevP.r, two 

samples from muscovite-bearing topaz greisen in the Sage Pond Granite 

also plot in the field of plutonic muscovite. 
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Figure 20: Chlorite analyses. Sample numbers shown on Figure 12. 
A: Distribution of Fe/(Fe(total)+Mg). 
B: Plot of Al - Fe - Mg cation proportions. 
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FiRure 21: Muscovite analyses fr om the study area . Locat i on of anal yz~d 
sAmplPs shown on FigurP 22. 
A! Plot of cation proportions Si - Al - (Fe+HR+Mn). 
B: Plot of cation proportions Ti - Hg - Na. P and S r~fPr t o 
primary and secondary composition fiel,.ds suggested by Hill.l!r 
l'!t al. (1981) . 
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l-4 IIIT!IlPRETATIOif 

3-4-1 PrU..ry Ka~tic Tezturea 

The dominant textural features observed in the post-tectonic 

granitoid rocks are inte~reted as resulting from primary magmatic 

cryRtRllizA.tion . 

The following observations indicate a n~lat ivel y rapid 

crystallization history at high crustal levels near the southern contact 
. .-

in the Rencontre Lake and Sage Pond granites and in the southern part of 

tl,"le Hungry Grove Granite: a) the abundance of fine to medium grained 

granit~> And aAsociated apiite a·nd microgranite; b) the presenc e of 

miarolitic cavitie~; c) seri~tte anct irre guL1r g rain b ?undary contac ts; 

.d) graphic nnd myrmekitic granophyric intergrowths; e) s trong r esorption 

·of quArtz crys~als; f) gene ral lack of we ll f o rme d crystals o r ' g ra in 

boundaries; g) the local preBence of <iendritic m11gnetite and bio tite 

' 'crystals; and h) the abundance of inclusions of var i our:J phase!i' in 

K-fe.ldspar. All of these features· may indicate quenching of a 

pred ominantly liquid magma (Hitlbard, 1965, 197 9 ; Cherry and Trembath, 

1978; Vl'rnon, lq86). A progressive coarsening in grain size northwards 

in the Hungry Grove GrAnite Ancl e astwa rrts i n the Tolt Granite may be 

related to a progressivl' ly. longer c ooling histo ry in the l a tter areas, 

which may i.n turn he i nterpreted to r e lat e to progre ssive ly .. dee pe r 

levels of cryatallizstion. The slower co?ling at d e epPr lev~ ls m11 y 

relate to higher heat flux from below, or thermal and pressure-

insulation at deeper levels due to crystallizstion of the carap11c e o'f 

the magma chambe r . Di!crete phenocryst phsses have not bee n ide ntified 
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in th~ coarser northern portions of the Hungry Grove Granite (although 

their early presence ma'y he hidden by textures related to the llltPr 

stages of crystallization) and it is impossible to assess their 

potential contribution to a process of crystal-liquid 

crystallization. 

fract ion~tl 

There is a general lack of miarolitic cavitie). in th e northwestern 

granitoids, 1n the northern par'\_ of the Hungry Grove GrRnit.-, anrl in th~ 

east part of the Tolt Granite. This su~~ests that these granitPfl 

crystallized at deeper levels relative to the southern ~ranitefl (Hungry 

Grove, Rencontre L<~ke, anrl Sage Pond). However, the northern HunS(ry 

Grove and thf' eastern Tolt granite~ also contain aplite, microscopic , 

fine grained intf'rgranular material anrl l c)CR11y, TllOS t 0f the textural 

·features outlined above. The preRence o f a narrow th •' rm!il R•Jr ~<J l " in the 

northwest (Swinden and Dickson, 1981) alRo indicRtell f'mplAcPmPnt 11t 

relatively high crustal levels. 

The .,.i.despread occurrence of inclusions in alkali fel<ispar an<i the 

c ommon pres<>nce of g raphic int e.rgrowths on the mar~~;ins of the alk11li 

feldspar crystal II' particularly in the southwestern ~~;ran itell, are 

indicative of 'relatively rapid crystAl gro.,.th (Hihbard , · 196'5, 1979). It 

1s also possible that 11ome of the rlendriti r: hinti t l' R)l,)(rf'~atf'R may 

represent a quench texture. 

The sequence of crystallization of the variou8 pha~t~A in the m4gm4 

ch a mb e r and possibl e areal variations in relative appearance of phai!P.II 

il'l diffict1lt t 0 assess with ce rtainty from textural evidence. BiotitP. 
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is pres~nt locally as small inclusions in quartz and remained a stable 

ph~~~ - throughout the cryst.:!llization of the pluton. Alkali feldspar 

exhibits abundant evidence of late crystallization. However, it is 

impo88 ible to. determine the relayve t 1ming of the appearance of this 

mineral on the !iquidus. Similarly, the relative timing of the 

appellrance of plagioclase cannot be determined. 

The distribution of hornblende indicates": a) that mineral isopleths 

cAn he drawn within a magma chamber, or b) that separate intrusive 

phaRes are present. 

The microscopic and tPxtural featurPs o f th e post-tectonic 

granitoid rocks in the study area indicate intrusion at high crustal 

levels with pro~ressively shallower levels exposed towards th~ southern 

"'"rKin o f the s uuthcastern granites (Whalen, 1976, 1980, l9HJ ; Dickson, 

l<lRJ). Thi,; southern margin repre sents a rapidly cooled or quenched .. 
carRpllcP. 

3-4-2 Subaolidua RecrystalliEation Textures 

l'erthite formation, micr<">clinizAtion, alhiti7.Rti0n, sericitization 

and saussuritization of alk11l i felrispar and plaginc lase , 
'v . 

recrystallization of biotite and alteration of biotite to chloritP, And 

less commonly to muscovite, are all featureR of !'IUhAO 1 idus 

recryAtlllliz.ctti0n which are observed. The presence of an llzO-rich fluid 

ph .cue At temperatures is essential to permit 

recrystallization Rnd nuc l eation of the secondary mineral phases. ThuR, 



- 94 

the abundance and distribution of secondary mineral phases ~nd t;xtulea 
0 

provide an index to the relAtive activity of the fluicls which miKraterl 

through the rocks after solidification of the magma ch11mher. 

Microcl ine 1s the dominant alkali feldspar in the KoskaPcoddP 11nrl 

Mollyguajec k piuton n and probably formed as an inversion product from 

orthoclase. This fe atu r e , coupleri with the presence of abundant biotite 

Aggregates in the e astern part of th e Kn flka e c ndrlf' plut on, su~~ests that 

these plutons may have suffered a relatively low-temperature me tamorphi c 

event prior to, or contempo raneous with, thf' intrusion of thP AcklP y 

Granite Suite. 

Pe rthitP e x .~n luti on occurs thr o u gh out t h e study area. ln thP 

" southe astPrn grA n i t e s, l Amellae h ecome progressively coanu~ r, a nd mo re 

'!b!Jnrl'lnt toward<; thP <;f)!J t hP rn p11rt •) f t he n •• ~lgry Gr ove r. r ani tl'! lllltl tn 

the Rencontre Lak e anri Sag e Ponrl granit P 'I. lip to 20% c oa ne p11t c h e 11 o f 

albite may be e xsolved i n the latter two gr11nitPR. This texturp C~t1on~ 

with the Na-ri c h albite compositions) is inrli c ative o f the. lllrg~> nn<"l 

widespread sub-solidus migration anJ reac tion of fl uicls with th~ primary 

min~ ra l phase s tn th e southeastern granites and Also i nclic11tes t h11t 

fluiri r eac tion s we r e pr og~e ssive ly more advanced to the south. 

The norml!l interpre t at ion r"l f fin l' gtain Pcl hi.0ti t e aggregates 1~ 

that t h~>y reAult from Aeconclary recry11t11lli7.11tin n nf pri rn~~ r y hi 0 tit ., · • 

durin JZ; l ow hyrlro thPrmal al te'rllt i on. 

occurrP.nce of biotite 11 gg rfS'g 11tes, the l11 c k of l!!u nci Ati o n o f hi o tit P 

~ -
agg regates with mineralization and arP.I!A Pxhihiting thP. more pron o•Jnc f'cl 

I 
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physical evidence for subsolidus fluid reactions, the location of mony 

aggregates in matrix material, and the local dendritic and poik.il it ic 

biotite texture -may suggest an origin due to rapid crystal! izat ion 

d~ring final quenc~ing of the magma for some of this biotite textur e . 

However, the location of abundant biotite aggregates in the eastern part 
,, 

of the Koskaecodde Pluton supports the suggestion by Dickson (1983) that 

the textures in this.area may have developed due to contact metamorphism 

as a result of the Hungry Grove Granite intruding the cooled Koskaecodde 

Pluton. 

A fluid phase was essential to the f.ormation of th~ grei~en veins 
( 

and vein swarms in the Sage Pond Granite. The halo of microscopic 

sedcite alteration identified for a distance of up to 20 km to the 

north of the minerlllized area (Fig. 13) could possibly be related or 

inclependant of this event (i.e. a fluid related to magmatic 

D 

devitalization and a second related to mineralization) .. It should be 
(~ ~ 

noted _ that .o~eri c ite alteration is not extensively developed t.hroughout 

thE! Rt!ncontre Lake Granite (Mo mineralization) although a zone of less 

than 1 km2 surrounding the Wyllie Hill prospect has abundant secondary 

sericite (Whalen, 1976). 

Chloriti.c alteration o f biotite appears to be more abundant in the 

nort.hwestern granitoids, and is also concentrated in the Rencontre Lake 

Granite. There is no spatial assoaiation of _chlorite alteration with the 

mineralized ·' area.s. Chlorite growth in kink bands in biotite inaicates 

· that chlorite alteration at l e ast in part post-dated fracturing of 

biotite. 
,..-· 
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Alterati•)n of plagioclase is concentrated 1n the northwestern 

granitoids and particularly in the '1coskaecodde and Mollyguajeck plutons, 

which may in part reflect the m<)re c"alcic 'compositions in this area. The 

local presence of extremely altered euhedral cores which . have sharp 

boundaries with surrounding weak'ly altered plagioclase may suKgest that 

the cores reacted with a flui<l phase prior t o final crystallization of 

the magma. 

Fluorite and tourmaline, which are present near the ROtfth.-rn margin 
• 

of the study area, are gener.ally considered to forrn from a ~uhHoli < ltut 

fluid phase ( c f. Manning and Pichivant, \ 9R5). 

In summary, the Koskcaecodde and Mollyguajeck plutonR 

_greater evidence of regional metamorphism and subeolictus re11ction with 

fluids than the Ackley Granite Suite. This indic11ted hy 

chloritization recrystallization ,... and of biotite, alterAtion o f 

pl~ioclase, perthite formation and . microclinization. Muscov i te in thA 

more aluminous rocks of the Kepenkeck Granite 'may by secondary. Th~ 

southeastern granites exhibit a coarsening and irrcrease in abundance of 

perthite texture to the south, which can he interpreted to inrtic11te 11n 

increase in activity · ·of fluids towards the roof of the Ackley Granite 

Suite 1n this area. The sericite halo surrounding the tin-tungttten 

mineralization may be indicative of the importance ·of -the"e fluirls to 

the mineralizing process. Finally the absence of a large sericite halo 

in association with molybdenite mineralization in the Rencontre Lake 

Granite and the presence of chlorite alteration in the latter unit~may 

relat~ndamental difference in the metAllogenic evolution 
, ~ 

,. 
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(particularly fluid development) of the two mineralized areas on the 

Sl)uthern margin of the Ackley Granite Suite. 

3-4-3 Deformation Teaturu 

PerhapR the most import11nt a8pect of the granitoid rocks tn the 

study area ts the absence of penetrative schistosities or lineation 

textures which relate to any regiona 1 de fa rmation. In addition, the 

·· Ackley Granite SuitP cuts across the trace of the major tectonic 

boundary between the Avalon and Gander tectonostratigraphic terranes, 

and no evide'nce ' <.."lf strong fracturing or of mylonitic texture s has been 

reported. Quartz vein swarms and minor brf'cciation of the Hungry Grove 

Granite were noted by the author along the trace of the Dover-Hermit a ge 

Bay Fault at the north end of Big "Blue Hill Pond (Fig. 4). However, 

these de format ion features are weak and may indicate very min o r 

adjustment on this boundary .after granite crystallization. The granitoid 

rocks in the study area display abundant microscopic evidenc e for post 

crystallization fractu.-ing and minor deformational adjustments. 

Late sta~e fractures are common and are locally filled with 

sericite. Kink banda were noted locally in plagioclase and in bio tit e 

(Plate 21) (Plates 20). Quartz invariabl~ displays weak undulose 

extinction which may develop into deformation lamellae in the 

Koskaecodde and Mollyguajeck plutons. It is posslble to interpret the se 

textures as ·resulting from stress related to phase transitions or 

crystallization in the deeper layers of the the pluton, or to subsolidus 

fluid pressures in the upper parts of the granite, or to mild regional 

deformation. 

... 
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1.0 
mm 

Plate 19: Kink band in plagioclase. Strong alteration of plagioclase 
grain at left. Mount Sylvester Granite. LD-084. XNic. 

Q.2 
mm 

Plate 20: Kink band in biotite. Euhedral apatite crystals (high relief) 
in feldspar at bottom left. Mollyguajeck Pluton. LD-353. Plane 
light. 
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A 

8 

Plate 21: Rounded quartz phenocryst in perthite and plagioclase showing 
resorption and disaggregation. The quartz has weak undulose 
extinction, and some of the sericite filled fractures do not 
cut across perthite. Small biotite grains are present 
(brown). Tolt Granite. LD-421. A is a plane light; B is XNic. 
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The distribution of greisen in the Sage Pond ~rer . is controlled in 

part by large joints or fractures near the granite margin Cd Chapter 

4). Widespread jointing of the granite may relate to rele'ase of presaure 

during uplift and ero.sion. 

Quartz grains and phenocrysts in the southeastern graniteA exhibit 

evidence of disaggregati?n prior to crystallization of the surrounding 

perthite and albite (Plate 21). 

3-4-4 Mineral Cheaistry: Magmatic Treoda 

The iron ~nrichment tren~ in biotite, displayed by the southeastern 

granites, . is interpreted t o represent a magmatic compositional trend 

(cf. Volkov and Gorbach.eva, 1980). 

The biotite data inrlicate a similarity in petrogenetic~rocess in 

the southeastern granites which results in Fe-enrichment in biotite. In 

contrast, the consist ency of the"relative ly .low annite' ratios in the 

.!(oskaecodde and Molyguajeck plutons • indicat es that these rocks . are 

petrogenetically distinct from the . Ackley Granite Suite. The i·~herent . 
differences in the structure of biotite between these granitoid rocks is 

emphasized by the . divergence o f trends in a plot of the cation 

proportion· of magneRium in biotite versus the · MgO content of the whole 

rock (Fig. 22). 

I 

The lack of corresponding trends in the ferric/ferrou11 ratios fro11 

the biotite mineral separates suggests that f02 was buffered throughout 

t 
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Figure 22: Plots of Mg-cation proportion of biotites versus the MgO (wt. 
%) content of the whole rock samples. A: Mg in biotite versus 
MgO of whole rock. B: Comparison of data to those of de 
Albuquerque (1975). Crosses are Mollyguajeck and Koskaecodde 
plutons; open circles are Ackley Granite Suite; open 
triangles are data of de Albuquerque. 
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the magma system. In addition, the ferric/ferrous ratios in the 

molybdenum-mineralized Rencontre Lake Granite and the tin-mineralized 
' 

Sage Pond Granite are identical, suggesting that f02 was not It 

significant factor in isolating molybdenum from tin. Alternatively, the 

ferric/ferrous ratios may be buffe~d by the presence of fine hematite 
\ 

or magnetite in the biotitP. which may relate to subsolidu's alteration. 

The distribution of fluorine values in biotite indicates that 

magmatic fluorine concentration <l nd activity was relatively constant in 

the Sage Pond and Hungry Grove granite s. In contrast, the lower fluorine 

concentration in the Rencontre Lake Granite may r e fl ec t a lower magmatic 

concentration in this area. Simi lariy, ' ' the interme diate fluorine 

concentrations 1n the biotites from the northwestern granitoirl11 may 

indicate intermediate and variable fluorine concentrati!)n durin& biotite 

crystallization. Biotites in high-silica _systems can contain up to 4% F 

(Manning, 1981), this may suggest that the Ackl~>y magma system was 

undersaturated with respect to fluorine. 

A plot of tetrahedral alumina against annite composition in biotite 

(F.:i.g. 23) compares data from the study area to datii from min ~> ral i~ed 

granitic - rocks i~ Nova Scotia (Strong and Chatterjee, 1985). There i11 a 

wide range of values - in the data presented here compared to the 

relatively tight data clusters for . mineralized areas in Nova Scoti~. The 
' 

differences are probably due to scale since the Ackley ciata are from 
' 

representative samples over ·the study area -~t700 km2). The Nova Scotia 

samples were collected from relatively small areas proximal to 
"' • 

mineraLization and probably reflect rather restricted ranges of magmatic 

.... 

• 
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evol~Jtion. Analy~es of closely-spaced samples in the study area have 

~ 

. similar valuea, suggeating that samples from restricted areas would give 

tight groupings of data. 

Biotite compositions in the southeastern granites trend from an 
~ 

approximate value of 2.3 for Al IV and 0.5 annite, to 2.1 for Al IV and 

0.9 for annite. The higher Al IV values probably reflect fluid 

interaction and tetrahedral alumina substitution in biotite. Thus the 

tendency for the data trends in mineralized areas to parallel the AI IV 

I axis probably reflect alteration processes in mineralized areas 

suggesting that mineralizing processes can develop at any stage ?uring 

the annite c rystallization (e.g. within the magmatic evolution of 

high-silica systems), and are due to devolatilization during 

cryRtallization. 

The presence of relatively Fe-rich hornblenqe 1n th.e more mafic 

rocks of the s outheastern) granites is in accordance with the more 

extensive Fe-rich biotire cpmpositions and also indicates a different 

genetic regime conw.ared · to the Mollyguajeck and Koskaecodde plutons. 

Thus it is probable that a mineral isopleth can be drawn round the areas 

containing hornblende in the . southeastern granites and also within the 

Koskai'codde and Hollyguajeck plutons. However, the eastern boundary of 

the hornblende-bearing rocks in the Koskaecodde Pluton is probably an 

intrusive .contact as indicated by the textural evidence of biotite 

aggregates and mic~ocline recrystallization in the pluton. 

The correlation between Fe/Mg ratios of biotite and chlorite 

r indicates that the chlorite inherits its Fe/Mg composition from biotite, , 

\ 

·. ,., 
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i.e. that there has not been signific ant metasomatism. This contrasta 

with hydrothermal s~stems in which Fe/Mg ch~nge~ as a result of fluid 

reactions. 

Dickson ( 1983) considered that the mus covit e ln the Kepenkeck 

Granite may be of primary magmatic origin . This view is supported by the 
.. 
location of several analyses on the Ti-Mg-Na plot in Fig. 21B. However, 

muscovite crystals ma·y also have a composition comparable to some of the 

secondary sericite associated with m-ineralization in thP. Sag.~ Pond 

Granit e and these muscovite and sericite may be secondary in ~rigin. It 

is relevant that the Al203 content of whole rocks is highest in th•· 

Kepe nkeck Granite, · with most samples havin~ peraluminous c ompositions, 

and the c ompositional field of muscovite stability is probably greatest 

in thes e higher-alumina rocks. In addition, it is possihlP. th~t 

mus covit e which replaces biotite may inherit the hi gh Ti (and possibly 

Fe and ~g) of the parent biotite. Thus the origin of the muscovite in 

the Kepe nkeck Granite is ambiguous and may represent both primary and 

secondary crystallization. 
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OIAPT!I 4 GEOLOGY OF )(INEiALIZED AUAS IN THE SAGE POND AND llENCONTRK 

LAU GllANITES 

4-1 llfTIDDUCTIOH 

The objectives of this Chapter are to describe the geology and 

mineralization of the significant mineral prospects in the Sage ·Pond and 

Rencontre Lake granites. The descriptions are oriented to highlight the 

similarities and differe nces between style and type of mineralization ln 

the two areas. Semiquantitative microprobe studies were performed to 

identify the mineral species in the greisen veins. The textural and 

petrographic features described in Chapt e r 3 indicate that the host 

granites to mineralization form part of the much larger, possibly 

cogenetic, Ackley Granite Suite. 

The most significant mineralizatio n occurs at th e s ou thern contact 

of the lckley Granite Suite in the Rencontre Lak e (molybdenite) and Sage 

/ Pond 
I 

(tin) granites (Fig . 4· • Tat}le 7). In addition, numerous small 

; occurrences of molybdenite in quartz veins h ave bee n reported by Dickson 
\ . 
\ (l9B3) and include the Franks Pond molybde nite oc curre nce (Whalen, 1976, 

1980; see Fig. 68). Tuach (1984a) reported- ~arrow (lO em wide) tin- and 

tungsten-bearing greisen veins and a quartz pocket with some coarse 

beryl crystals at two separate localities ·. southeast of Big Bl ue Hill 

Pond in the Hungry Grove Gra~ite (Fig 4) . 
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4-2 1'RE SAC! POJm AREA 

4-2-1 Granite 

4-2-1-1 Intrusive relationships: The Sage Pond Granite intrudes both the 

Precambrian Belle Bay Formation (Bradley, 1962) and the Cambrian Cross 

r 
Hills Plutonic Suite (Bradley, 1962; O'Brie n et al., 1984; Tuach, unpub . 

• 
data). In the Sage Pond area, the attitude of the granit e contact varies 

from vertical to gentle southerly, with pos sible roo f pe ndants west of 

Anesty Hill and east of Moulting Pond (Fig . 24). 

In the Sage Pond Granite, gradational to abrupt vari a tion in grain 

size and texture are cormnon, both in Ol! tcrop and in drill core. Finer 

grained phases locally introde the coarser granite. Limited out c r op i n 

the area(< 10%) precludes construction of a detailed t ~xtural map. 

The contact between the Hungry Grove Granit e an d the Sag e Pond 

Granite is gradational. Finer grained, variable rocks a re progressively 

more abundant to the south, across a 500 m wide zone. 

4-2-1-2 Lithology: The Hungry Grove Granite (Fig,s. 4, 24) consists of 

mediwu to coarse-grained,. equigranu-lar, biotite · granite; Minor a lka li-

feldspar - phenocrysts (1-2 em) occur locally. The Sage Pond Granite is 

' sandy weathering, friable, orange, eguigranular to quartz-felds par 
.. 

porphyritic, fine to medium grained. Phenocryst content average s 10-20%, 

but up to SO% phenocrysts are present in granite whi ch hos ts the 

quartz-topaz greisen veins southeast of Moulting Pond. 
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GEOLOGICAL SKETCH- SAGE POND AREA 
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Figure 24: Geological sketch maps from the Sage Pond area. 
A: General geology and distribution of greisen. 
B: Outcrop pattern of the Anesty greisen (stippled). Dip 
strike symbol is attitude of greisen. 
C: Outcrop pattern and location of trenches (lined areas) and 
drill holes (DDH). 
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Gas breccias (tuffisite) and miarolitic cavities are coi!DDon in fine 

gr11ined granite at Long Harbour (Dickson, 1983) ~ In the Sage Pond area, 

these textures are rare and contain minor fluorite in the breccia matrix 

and in associated fracture<J. Small pegmatite patches (crysta ls less than 

3 em long) occur localiy and large . q-~artz crystals (to 20 -em across) 

were noted Rt trree localities at the granite .. contact (Fig . 24). 

4-2-1-3 Petrography: Seriate and granophyric texture is ubiquitous in 

both the Hungry Grove and the Sage Pond granites. Quartz cormnonly shows 

embayed margins and alkali feldspar crystals locally contain zone s of 

graphic intergrowth with quartz. 

The Hungry Grove Granite .contains perthitic alkali (eldspar, 

quartz, plagioclase, biotite and minor magnetite. Accessory minerals are 

zircon, allanite and sphene. Interstitial granophyric and graphi c 

intergrowths are coi!IUon. Alkali fel_dspars contain : up to 20% coarse 
! . . 

strings and patches of albite. ,Plagioclase displays weak normal zonation 

in the albite composition range and cores may be weakly sausaurit ized. 

Minor ipterstitial biotite (2%) occurs as 1-4 mm flakes and shows local 

alteration to chlorite, sericite and magnetite. Magnetite is t'ocal,ly 

altered to hematite. 

The Sage Pond Granite has comparable mineralogy to the Hungry Grove 
t 

Granite; It contains coarse 'patch perthite and less than 5% weakly z~ned ' 

·plagloclase crystals with a composition range of Abgo to Ab100· Biotite 

has ragged outlines and is bronze _to black due to exsolution of opaque 

oJCides. Accessory fluorite is present / Locally, topaz and tourmaline 
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occur. Biotite is a minor phase near the southern contact and is absent 

in the immediate host rocks to the larger greisen veins where muscovite, 

..i topaz and fluorite are accessory phases. 

Fine to coarse sericite is part of an extensive hal.o (in thin 

section) which focuses on the quartz-topaz greisen veins 4n . the Sage 

Pond area (see Fig. 13). The sericite forms after feldps :u and biotite . 

Towards the southern contact and the larger greisen vei.as, coarse 

s e ricite has a weak t o moderate brown pleochroism. 

4-2-1-4 Minera l Chemistry: The composit ~ons of albite and biotite in the 

Sage Pond area pl o t as end members of trends which are present over much 

larger areas in the southe astern granite s . The albite co ntent reaches a 

maximum adjacent to large greisen bodies at the granite contact (s ee 

Fig. 14) and th e biotite analys e s give an annite r a tio of 0.71 t o o,q) 

(Fig. 16) . . Sericite has celadonite-rich c o~positions (MgO-, Feo-be aring; 

Fig. 21). 

4-2-2 AI terat ion and Miner a liz at ion 

4-2-2-1 Introduct"lon: Tin and tungsten value!J (Table 7) o f ec o n om ic 

interest have been rep'Orted from the Anesty and ERso prospect~ 

(O'Sullivan, 1982, 1983; Tuach, 1984b,c). Significant tin minenliiation 

in slflaller greisen veins is confined to the east e rn part of the IHP. II 

near t he Esso prospec t (O'Sullivan, 1982)._ The minerals of ec o n om ic 

interest (cassiterite and wolframite) are generally not viaible in 

outcrop. f>chee 1 i te fluorescence under ultraviolet 1 ight was not 

, 
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observed at the Esao or Anesty propects. The Anesty area was originally 

considered as a molybdenite prospect (Ricketts and Bumgarner, 1954) . 

4-2-2-2 Distribution and General Description: A major concentration of 

quartz-topaz ( topazite) greisen veins an·d Rods occurs in the Sage Pond 

area, at and near the southern contact of the Sage Pond Granite. The 

larger greisen form gray nobs of outcrop or suboutcrop in weathered 

granite till or subcrop. Fre sh greisen is not available due to an 

intense limonite stain on br oken surfaces. Isolated ve1ns of green 

muscovite-rich greisen are prese nt .· 

Quartz-tOPl!,Z veins have bee n no ted as f a r west as Long Harbour 

(over a total distance of 15 km) and hav e bee n observed within granite 

up to 3 k11 from its margin. They increase in concentration and size 

southwards, with the largest qua rtz- topaz out c rops at c onvex undulal:ions 

of the granite contact. Rare, narrow vein s less than 10 em wide may 

occur in rhyolite up to 5 m south of the gnJnite contact. 

Veins follow joints and fractures in the granit e a re podifonn-

elongate with a predominant easterly trend and are gene rally l e ss than 

10m* 2 m. Several localities were noted at ·which small veins (1-2m* 

O.S-1 m) trending 020-040 ' degrees are arranged 'en-eche lon' 1.n a main 

trend of 120 to 140 degrees. These have the appearance of g a sh veins. 

Moat veins are vertical to subvertical. Subvertical l ayering and lami nae 

defined by grain size, relative proportion of quartz, topaz, h ematite, 

or pyrite content may par~llel central fractures i n the veins. 
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· The two largest greisen occurrences are describe.! below: 

A) The Esso prospect: A 50 m * 6 m outcrop of massive quartz-topaz 

greisen located to the southeast o f Moulting Pond at the granite contact 

(Fig. 24) was drilled loly Esso ''Resources Limit e d in 19R2 (O'Sullivan, 

1983). Subparallel quartz-topAz (with pyrite And/o r ht>m11tite and/or 

fluorite) vein swarms, ranging from fracture-fillings to veins J m wide 

underlie the . massive outcrop (Plate 22A). SericitizAtion and hlP Aching 

(commonly with accessory pyrite) of the host granite is 1 imited to 

within 1 m of individual veins and is generally narrower than vein wicith 

(Plate 22A). Gray-green muscovite-quartz-topaz g re is en (Plate 22R) 

occurs marginal to ma~sive quartz-topaz and can occur aR individual 

' ve1ns. Pyrite-bearing fracture networks cbntaining up to 2% fine graineci 

disseminated pyrite are present in the unaltered granite. FrRcturP. 

networks are al~ present in the adjacent rhyolite and contain minor 

epidote, quartz, pyrite and isolated grains o f molybcienite. 

B) The Anesty prospect: This massive quartz-topaz greisen bt1dy outcropA 

over an area of 200 m * 60 m within ·a convex south lobe of the granite 

(Fig. 24). The greisen exhibits both gently dipping (20-40 degree" to 

the south) and contorted layering which is defined by grain sLze 

variation and by variation in relative proportions of quartz and topaz. 

_Up to 10% disseminated pyrite, minor fluorite and rare small grains of 

(to 2 em) and narrow open fractures molybdenite occur. Vugs in the , 

greisen are lined with quartz and lesser amo'unts of fluorite. Coarse 

rosettes of molybdenite occur in green muscovite greisen over an area of 

6 m *2m at the west side. 
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A 

B 

Plate 22: A: Greisen veins and alteration halos in drill core from the 
Esso greisen. Length of core box is 1.52 m. 
B: Close-up of area outlined in A. From top to bottom shows 
brown gossan, green sericite greisen, massive blue-white 
quartz-topaz greisen with minor pyrite, bleached altered 
granite, and relatively fresh granite. Scale in inches (1 inch 
= 2.5 em). 
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Rhyolite outcropping immediately -south and west of the Anesty 

greise~ is strongly sericitized. A 3 em wide quartz vein containing 

rosettes of molybdenite up to 1 em in diameter, outcrops 10 m southeast 

of the gre~en contact and a biotite-rich pegmatite vein (80 em * ~ em) 

was noted ne8r the southwest contact. 

4-2-2-3 Quartz-Topaz Greisen: This rock is white, medium to coarse 

'grained (l-4 mm), equigranular to weakly porphyritic. Locally, coarse 

quartz crystals imp~rt a porphyritic ~appearance texturally comparable to 

the host granite. Green muscovite and white kaolinite may he as sociated 

with the topazite. Vugs, small open cavitiea , and fra c tures are 

ubiquitous in generally massive greisen. These opPn Rpac e s ar e lined 

with crystals .of quartz, dark blue to black fluorite, hematite, sericite 

and kaolinite. Colour banding, due to hematite ~tain, locally occurs 

paratlel to hair-line fractures. Greisen veins located in the north ()f 

the area generally contain less sericite and kaolinite is absent. 

Up to 10% pyrite occurs as dissemi!'ationR and in fractureR in the 

greisen. Isolated grains of molybdenite are common. Malachite Btain and 

m1nor fine disseminated bornite were observed in a 20 em, rountle<i, 

greisen boulder on the east side of Sage Pond. However, copper 

mineralization was not observed.in outcrop. 

Cassiterite crystals (0.1 - 1.0 mm diameter) are visible in hand 

specimen at the Esso prospect, along with dark blue to black fluorite 

and (ine grained hematite . These minerals are disseminated in darker 

patches •in 'the greisen matrix or are concentrated in dark, subvertical 

.. , .. 
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banda. However, cas a iterite is generally too fine grained to 'be observed 

in outcrop. 

The quartz-topaz greisen consists o f quartz (80-95%), topaz 

(5-20%), sericite-muscovite (0-5%), kaolinite (0-5%), fluorite (0-5%) 

and opaque , minerals. The opaque mine'rals are ·predominantly pyrite 

(0-15%), and hematite (0-5%) ~ Fine gr.;~ined cassiterite ( 0 . 1 mm) occurs 

~ 

locally and minor r 'utile occurs as individual grains or as coarse 

intergrowths with cassiterite. Tourmaline (elbaite) was observed in one 

thin section. 

Quartz var1es in grain size from 0.5 mm to 2 mm ,q nd e xhibits 

serrated grain boundaries. Phenocrysts or 'porphyrocrysts' of quartz up 

to 6 mm in diameter are common. Weak undulose extinction may be prese nt 

and the quartz grains are locally fractured . 

Topaz occurs as interstitial euhedral to anhedral · aggregat e s 

. ~ . 
between quartz gra1ns or 1n fractures. Grain size is le s s. than 0 . 2 mm 

(Plates 23, 24). Variation in the amount and grain size of topaz is 

responsible for the subtle layering observed in the Anesty and . o ther 

gre isen. 

Sericite is very fine grained (O .1 rmn). It is associated with the 

. 
topaz and is common in fractures and vugs. Most sericit~ · has a we ak, 

brown pleochroism. Minor white non-pleochroic sericite is also present. 

,/ 
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1·0 
mm 

Plate 23: Topaz (T), cassiterite (C), kaolinite (K) in quartz. JT-239. 
Plain light. 

Q.1 
mm 

Plate 24: Topax (T), kaolinite (K), and opaque minerals 1n fracture. 
JT-239. Plain light. 
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Kaolinite (Plates 23, 24) is very fine grained and occurs 

interstitially to quartz, in fractures, and in vugs. It is associated 

with sericite and topaz. 

Fluorite is common as late \t:regular interstitial grains or as 

aggrP.gates in fractures. It is dark blue t'o black and varies in grain 

Rize up to mm. 

CasRiterite is erratically distrib.uted and generally very fine 

grained ( 0.05 mm), although larger euhed.ral crystals up to 1 mm have 

been observed in vugs in the greisen. The cassiterite is red-brown and a 

pronounced zonation is evident in the coarser grains (Frontispiece). It 

occurs aa interstitial grains to quartz, as aggregates in fractur es and 

is associated with topaz and sericite (Plate 24). 

Red-brown rutile occurs aa sma\1 (<.0.05 mm) grains and as comple>t 

intergrowths with cassiterite. 

Pyrite is present as subhedral to euhedral grains up to 2 mm and 

occurs as interstiti•l disseminated grains and in fractures. 

Hematite occurs as irregular in~erstitial grains, as intergranular 

coatings, as coatings in fractures and vugs, and locally as d endritic 

grains. It may also occur as coarser grains (to 1 mm) in .cavities. 

A single dendritic crystal of tourmaline (elbaite) was observed in 

thin section from sample 2858. 

.. 

r, 
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4-2-2-4 Mineral Chemistry in greisen: Two varieties of sericite occur in 

the greisen. One variety has a significant uon and minor magnesium 

content (the brown pl~ochroic variety), while the second variety has the 

composition of pure muscovite (compare samples 285A and 289 in Appendix 

C). 

Topaz was identified by x-ray diffraction (XRD) and eiectron 

microprobe analyses. The composition is similar to that listed in Deer 

et al. (1962). 

Kao"tinite was identified by XRD an<i elec tro n microprobe analyses. 

The location o f t-he X-ray pe aks an<l the high- alum'ina content of the 

probed grains indicates that the vari e ty o f kao li nite present is 

halloysite. 

Cassiterite was identified by XRD and by Rcanning electron 

microscope (SEM) analyses (Plate 25). It containR up to 2~ FeO and TiOz 

with . a trace of Al203. Trace el ement conte nt is vari ahle (Fig. 25). 

Niobium and tantalum peaks were not ob s erved on three s e par a te 

microprobe spectral scans. The cassiterite commonly has c omplPx 11nci 

intimate intergrowth pattern with" rutile (Plate 26) and the rutile may 

contain up to 5% Sno2• Minor discrete tin-silicate grains up (to 1() 

micrometers diameter) are present as inclusions in cassiterite (Fig. 

26). 

Wolframite is extremely fine grained and has not been identified in 
. 

hand specimen oroptically in thin section. It vas detected by electron 
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VFS = 4096 10 . 240 

168 #1 CASSITERITE 

Scanning electron microscope imagesof cassiterite (white) 
greisens and spectral scan of cassiterite grain. JT-168. 
on photograph is 0.8 mm. 

in 
Bar 
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Figure 25: Scanning electron microscope spectral scans from cassiterite 
showing variable minor element content. 
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Plate 26: Scanning electron microscope image of cassiterite (C) 
intergrown with rutile (R). The light gray grains with white 
halos are topaz (T). From mounted heavy mineral concentrate. 
JT-228. Scale shown on photograph. Lower diagram is a spectral 
scan of rutile. 



123 

......................... ~ ................ . 

A 
L 

........................ ~ ............... . 

........................ : .. ········ 

························!··-··· ':::,' 

························I········· 

········· ··· ··· ·····J=~~ ::i 

........................ :················ 

........................ ! ............... . 

···················--···:········--······ 

........................ ~ .............. . 

........................ :········ .. ····· 

0 . 000 

Figure 26: 

............................ ······· .............. ···~ ........................ E····· .. . 

.... ; .......................... ; ........ .-............ ; ........................ :: ...... .. 
: : .=> ! ! 
~ . N ~ 

~ ; ~ ~ 

:::1::: :: : 1 r 
j ~ ::: :: I I I 

······ · ·······~·····E······· · ·······~················· · ······r- · ·····················j········ ·· · ·········· · ··~·-··· 

~ ~ ~ : ~ 
~ ~ ; ; ; 

..... 4 ..... - .. .._-rf::~,---~ . _ __.,_ 

VFS = 8192 10 240 

Scanning 
microns) 
JT-228. 

electron microscope spectral scans of small 
silicate inclusions in cassiterite from 

(5 10 
sample 



124 -
.0 

microprobe in polished . sections of mounted heavy mineral separ<!tes from 

sacples known to contain tungsten from assay data. The probed wolframite 

haa a FeO/MnO ratio of 2.0 to 2.2 and contains up to 0.3% Tio2 . 

Rutile contains up to 5%~ Sno2 and significant niobium may be 

presfnt. One sample contained 1.1% W03, although mo.st samptes analysed 

did not contain tungsten. 

The hematite contains trace amounts amounts of TiOz and W03. 

A zirconium-cerium oxide (approximately iO micrometers 1.n diameter) 

was noted during electron backscatter imaging of a mounted and po l ished 

heavy mineral concentrate of sample 214 (Fig. 27). 

\ 

4-3 TH! UNCOIITRl LAIC! AREA 

4-3-1 Granite in the Rencontre Late- Area 

4-3-1-1 Intrusive Relationships: The Rencontre Lake Granite in the 

immediate vicinity of the molybdenum prospects intrudes rhyolites 

(banded, possibly welded, ash-flow tuffs) of the Precambrian Belle Bay 

Formation (Bradley, 1962). Contacts between .the various granite 

lithologies are commonly gra<iAtional. Finer aplitic units may intrude 

coarser grained rocks. North trending, porphyritic, aplite dikes intrude , 
. ~ . 

the Belle . Bay Formation and the Rencon tre Lake Granite. 

4-3-1-2 Lithology: The Lithologie s have been de scribed in detail by 

Whalen (1~76, 1980). Haps showing the distribution of litholog ies with 

1 
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respect to the surficial location of .molybdenite mineralization are 

pr~sented -in Figure 2R (after Whalen, 1976, 1980). 
' . 

These rocks consist of variably textured, fine t o coarse grained, 

orange to red, equigranular to porphyritic granite with abundant 

pegmatite patches, quartz segregations and miarolitic cavities. 

Miarolitic · cavities and quartz-pegmatite pockets are common. Whalen 

( 1976) emphasized an abundance of quartz segregations in the vici~ity of 

the Ackley City prospect and tuffisite veins near the Crow Cliff-Dunphy 

Brook prospect. 

4-3-l-3 Petrography: The mineralogy and textures have been summarized in 

Chapter 3 and are similar to those of the Hungry Grove 'lnd Sage Pond 

Granites. The finer graine·d rocks commonly exhibit graphic and 

granophyric intergrowths, quartz is embayed and strained, alkali 

feldspar is strongly perthitic and commonly poikilitic. Normal zoned 

plagioclase is albitic and may show minor sericite alteration. Biotite 

is dark coloured, ragged and variably c~loritized. Accessory zircon, 

allanite, fluorite and tourmaline are common. 

4-3-1-4 Mineral Chemistry: The mineral chemistry:_ of the rocks in the 

vicinity of the molybdenite prospects was not investigated in detail. 

However, biotite has annitic composition (Fig. 16). Fe-enrichment is 

also indicated by the high Fe/Mg ratios of chlorite (Fig. W) . 
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GEOLOGICAL MAPS - RENCONTRE LAKE 
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Figure 28: Generalized geology of the molybdenum prospects 1n the 
Rencontre Lake area (after Whalen, 1976). 
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4-3-2 Alteration and Molybdenite Mineralization 

\ 

4-3-2-1 Introduction: Molybdenum is th~ only c~odity o~ economic 

interest reported from the the prospect~· in the Rencontre Lake Granite 

(Table 7). Molybdenite is visible at all of the prospects! 

4-3-2-2 Description of the Molybdenite Prospects: Four granite-hosted 

molybdenite deposits are located at the granite contact in the Rencontre 

area .. From west to east, these are known as the Motu, the Ackley City, 

the Crow Cliff-~unphy Brook and the Wyllie Hill prospects (Figs. 4, 28). 

A summary description is presented in Table 7. The reader is referred to 

~alen ( 1976) and to Dickson 0983) 

material presented bel~w is summarized 

to:r; more specific details. The 
'\ 

from Whalen (1976, 1980). 

A) The Motu prospect is described as a sheet dipping 30 degrees to the 

south, adjacent to the granite-rhyolite contact. Molybdenite occurs 

predominantly as fine disseminated intergranular grains and as rosettes 

in '1uartz filled miarolitic ~vities. Minor molybdenite occurs in t hin 

quartz veins. The . Q_ost .grani e is pink to orange, and 
1 

predominantly 
' · 

fre11h in appearance, though w ak hematite stain and minor sericite 

alteration of the feldspar is locally present. Whalen (1976) described 

bead-perthite, variable chlorite alteration of biotite, and plagioclase 

dusted with sericite and locally altered to clay minerals. 

Concentrations of muscovite, greisenized' granite, and kaolinite were 

reported in drill logs (Nolan, 1969). 

B) The Ackley City prospect occurs at tl)e granite contact and has a 

steep southerly dip (Fig. 28). Molybdenite ~ccurs predominantly as 2-5 

mm disseminated flakes and is also common in miarolitic cavities, i n 



\ 
- 129 -

quartz and pegmatite segregations, in muscovite greisen pods, in quartz 

veins, and on fracture surfaces (Plate 27). Up to 2% pyrite was noted in 

some\ slightly bleached samples on the adit dump. However, pyrite i11 

generally rare to absent. Fluorite may occur as disseminated grains in 

the granite or on fracture surfaces. Trace amounts of sphalerite, 

chalcopyrite . and pyrrhotite have been reported (White, 1939). The 

.. 
prevalent feature attributed to alteration is an abundance of quartz 

segregations up to l m in diameter. ' Muscovi~e alteration of feldspar and 

pods of coa rse grained muscovite are also common~ Secondary biotite may 

be present near quartz veins. The intruded rhyolite ~s cut by stockworks 

of pyrite-chlorite-filled fracture s for a distance of 100 m to the south 

of the prospect. 

C) The Crow Cliff - Dunphy Brook pr_<?~pects 11re the largest of a series 

of coarse, quartz-alkali feldspa'r, pegmatite. sheets (stockscheider) in 

granite, which outcrop over 1 km at and near the contact (Fig. 2R). The 

contact dips from 60 degrr-es F. at Crow Cliff in the aouth to lS rlegrees 

F. at Dunphy Brook in the north. Pegmatite Aheet!l- (to l m tpick) at Crow 

Cliff and Dunphy Brook have been exposed over a l e ngth of 60 m and 20 m, 

respectively. Molybdenite occurs predominantly tn pegmatite-quartz 

crystals as isolated coarse clu!lters and ro!lett e s (to 3 e m tli ame t e r), or 

as zones of coarse crystals and rosette!!. Minor fine d i AAemin11ted 

molybdenite is locally present in the apliti c ho"t t o the P~"&matite 

bodies. }{are fractures · in granite contsin sparRe ch11lcopyrite, galf>na 

and sphalerite mineralization associ~ted with nRrrow Aericite alteration 

. zones. 

• 

~ 
) 
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Plate 27: Collection of samples from the Ackley City molybdenite 
prospect showing style of mineralization. These are 
disseminated, fracture controlled, quartz vein fill, and in 
quartz pods. 

Plate 28: Coarse pegmatitic quartz from the Dunphy Brook prospect. 
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Quartz t:rystals are commonly very coarse, reaching 50 era ·' 

perpendicular to the c-crystallographic axis (Plate 28). These crystals 
\ 

have vertical orientation with downward pointing terminations. Parallel 

sheets of pegmatite (stockscheider) with intervening aplite are present • 

. D) The Wyllie Hill prosp~ct (Fig. 28) outcrops in two . zones of white, 

altered aplite and fine grained ·granite, separated by northe~ly trending 

faults. Several areas of pegmatite and stockscheider occur at the 

granite . contact. A post-mineralization quartz-feldspar po rphyry dike is 

present to the east of the deposit. 

Mineralization consists of molybdenite and pyrite coatings on 

fractures and joint surfaces (Plate 29) and of fine dissPminated pyrite 

and molybdenite (pyrite/molybdenite m 10). Pyrite-rich aggregates up "to 

3 em are common and locally contain molybdenite, These aggregatP.s attain 
,. 

a density of 4-S/m2 and form rusty-weathering nodules. The moat abundant 

mineralization is be!lt described as .a stockwork sy11tem. Minor 

sphalerite, galena and a trace of gold-bearing pitchble.nde were reported 

by Whalen (1976). A maximum tin c ontent of 30 ppm WIU report etl by 

Dickson (1983). 

The mineralized aplite is white to buff and grade" northward" into 

normal orange-red granite at a distance of 50-100 m from thf> granit~ 

contact: The heavily mineralized s tockworks are accompanied by sericitl' 

zones round the fractures, and kaolinite is locally pre111ent. Thl' 

aggregates of pyrite are locally accompanied by abund,.nt mu~tc ovite. 

Whalen describes a unit of quartz-aplite consisting of aplitP. with 

abundant ameoboid quartz bodies up to 0.5 em * 2.0 em. Abundant barren 
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Plate 29: fracture controlled mineralization and alteration at the 
Wyllie Hill molybdenite prospect. 
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quartz veins occur in the rhyolite adjacent to the mineralized zone. 

These veins have variable attitudes, pinch and swell, and are up to O.S 

m wide. Minor pyrite and molybdenite occurs in fractures in the 

rhyolite. 

4- 3-2-3: Lithology: The coar s e to fine grained granites at the prospects 

(Fig. 28) are comparable to those of the host cc granite (see section 

4-3-1) and have been described by Whalen (197 6, 1980) . In general, 

mineralization is present in finer grained rocks and areas , of abundant 

coarse pegmatite ar e associated with the Ackley City, Crow Cliff-Dunphy 

Brook and Wyllie Hill prospects. HowP.ver, theAe lithol ogies are not 

confined to mineralized areas but may occur thrmtghout the Rencontre 

Lake Granite. Muscovite-greisen pods at the Ackley City pros pect do not 

form mappable features but are presumably rP.lat~d t o mineralization. The 

bleached aplite which hosts the · Wyllie Hill deposit is th~ only 

distinctive, exposed, lithology associated with molybdenite in the 

Rencontre Lake Granite .. White mica alteration is abundant adjacent to 

veins and fractures in the most heavily mineralized parts of the ~yllie 

Hill prospect. 

4-3-2-4 Petrography: This has been described hy Whalen (1976, 1980; see 

section 4-(-1). ,At the Ackley City prospect, microcline is the dominant 

alkali feldspar in granite. This contrasts with orthoclase at the other 
I 

prospects and throughout the Rencontre Lake Granite. Feldspars cont8in 

abundant fine grained hematite. In addition. calcite, h8rite. a·nd 

fluorite have been reported from veins and fr8ctures at the ~ckley City 
.. 

prospect. 
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The area of bleached feldspar at the Wyllte Htll prospect contrasts 

with · the no.nnal pink to orange colour. The feldspar does not exhibit 

pervasive alteration to sheet silicates, but minor saussuritization 1s 
,; \ 

present. 

4-3-2-5 Mineral Chemistry: The molybdenite polytype 2Ht occurs at all 

four prospects and slightly disordered orthoclase is the pegmatitic 

alkali feldspar at the Ackley City, Crow Cliff-Dunphy Brook and Wyllie 

Hill prospects (Whalen, 1976). 

I 
4-4 THE !IIVIIWNHEIIT OF CKYSTALLIZATIO• AND METALLIZATIOlf 

4-4-1 The Geological KnYirooment 

The variable, coarse to fine grained rocks in the Rencontre Lake 

and Sage Pond granites have been considered to represent the marginAl, 

or roof, facies of the Ackley Granite Suite (White, 1939; Wha l en, 1976, 

1980; Dickson, 1983; Tuach 1984a). Rapid" variations in grain size and 

texture, along with pegmatite, are interpreted to reflect rapid change s 

in nucleation rates and crystal growth rates which occurred in respons e 

to local variation in vapour pressure and/or cooling rates at the roo f 

and margin of the granite. These textural variations collectively de fine 

the 'roof facies of the granite, but individually h ave 1 ittle direct .., 
influence on the locale 

v 
of mineralization. The internal intrus ive 

c on~acts in the granites are not considered to be t emporally or 

genetically significant and individual textural faci e s have no direct 

correlatio~ with mineralization. 
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4-4'-2 For.ation of the Molybdenite Depoeita 

\ The main prospects occur in shallower dipping concave festures. (" 

the generally steeply dipping contact of the Rencontre Lake Grsnlte. 

Thus they represent areas where mineral bearing fluids or magmstic 

precursors to mineralization were trapped against the contact (Whit_e, 

1939.; Whalen, 197o·; 1980) . The deposits have been classified (Whalen, 

1976, 1980) as aplite-pegmatite 'type', collectively exhibiting f eatures 

which repre s ent the transition from molybdenite deposition in· the 

ma gmatic and partly Ackley to the 

pneuomatolytic e nvironment (Crow Cliff-Dunphy Brook) to the dominantly 

hydrothermal environment (Wyllie Hill and parts of Ackley City). The 

magmatic environment is t e xturally ind icated b y the granular 

disseminated molybd enite and a lack n f l ow temperature alteration 

features, the hydro thP.rma 1 environment ts charac terized by s e c ondary 

alteration and the stockwork mineralizati on (Wh a l e n, 1976, 1980). 

The miarolitic c aviti e s and the pegmatite indi c at e that the 

magmatic environme nt waR flui d satura t e d at the f our sites o f mineral 

deposition, a feature i n commo n with l a rge a~ e as o f t h e Rencontr e Lake 

Granite. The quartz pods whi c h are most 11bund a nt at th e Ackl e y Ci t y , 

• .J ..... 1 prospect have margtns of quartz-fE>ldspar anu m11 y s tmp y reflect an 

·excess of silica in the final st ages of cryRtallizAtion of the fluirl-

rich magma . Th e downward t e rminati o n of quar tz c ryst.<1ls in the Crow 

Cliff-Dunphy Brook a r e a i nd i c at·e dolo70w!!rd- groJth fr om the rhyo lit e r oo f 

(Whalen, 1976), or from early chilled marg i nAl Aplit e pha11 e 11 nea r th e . .., 

roof. Parallel sheets of stockRcheider with interve ning aplit e may hf> 
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developed, indicating rapid variations in fluid pressure 1n the roof 

zone during crystallization, with the pegmatite formed under high fluid 

preeeure and the aplite formed by pressure-quenching due to loss 

(through fracturing?), of vapour (Jahns and Burnham, 1969). 

The low tempersture alteration featureA (mu·scovite · and sericite 

alteration) at the Ackley City and Wyllie Hill prospects indicate a 

continuum of higher to lower temperature alteration as the granite 

cooled. The stockwork alteration and miner~lization at the Wyllie Hill 

prospect indicate a low temperature overprint (pdssibly by meteoric) of 

magmatic features. Bleaching of feldspar in the Wyllie Hill area has 

been attributed to leaching of iron from the feldspars to form pyrite 

(White, 1Q19) and to reduction of ferric to ferrous iron hy addition of 

sulp~ur to the rock (Whalen, 1976)\ The bleaching is alRo partly due to 

fine sericite alteration of feldspar. 

Whalen (1980) suggested that the aplites intruded the coarser 

grained granite and ~hat the aplite and associated mineralizing fluids 

were a final product of liquid-crystal fractional crystall i zRtion 

• 
processes (cf. McCarthy and Hasty, 1976). Whalen (1983) suggested that 

liquid-state magmatic diffusion processes (Hildreth, 1979, 1981) could 

have also been important in the generatioi of the molybdenite prospects~ 

4~-3 For.ation of the Sage Pood Creiaen 

The predominant subvertical E-W trend of the smaller greis 6n veins, 

the presence of en echelon sets of veins and the internal verti cal 
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layering in these small veins, indicate that the mineralizing fluids 

rose along pre-existing fractures 1n a solid granite body. The presence 
/ 

of quartz phenocrysts 1n adjacent greisen and host granite suggest that 

these veins formed by alteratio~ of pre~existing granite. Stockworks of 

hair-1 in.e fractures in the Granite w'ith minor alteration and 

miner~lization, indicate that the process of hydraulic fracturing 

(Burnham,.-1979) may have assisted in formation of the larger fractures 

and mineralized veins. The relative absence of kaolinite and sericite in 

small greisen veins from the .north part o f the Sage Pond Granite, 

suggest that temperatures of yein form~ tib n were hi gher in this area, or 

that low temperature modificntion ' of high tempe rat ure veins did not 

occur. 

The largest greisen are loc ated in outward (R Otlthwards) convex 

·lobes of the granite contact and the ' presence of ahallo..., so uthe rly-

dipping quartz-topaz layering lit the Anesty prospect auggeRtll that this 

greisen formed from a fluid ponded 1n ·an emb~yment at the granite' 

margin. Alteration a ·f the intruded rhyolite to the sou th o-f the Anesty 

prospect suggests that the ~reisen forms a sheet or body which extends 

under the rhyolite.1 

The erratic distribution of minerals of economic int e rest t a 

-
typical of many . granophile deposits (Pollard and Taylor, 1985). The 

difficulty in identification of the tungsten-bearing phase i~ the Sage 

Pond area is thought to b~ due to its erratic distribution and its fine ( 

grained habit. Significant concentrations of tungsten were n o t rec ~ rded 

during analyses of the other mineral phases . 
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A model is envisaged Ln which fluorine-tin-tungsten-bearing 

magmatic fluids evolved frotn tf , rapidly crystallizing, highly 

fractionated, high level marginal phase of the Ackle y Gr ani te Suite and 

rose along predominantly E-'W trending fractures in the solidifie<l 

granite carapace to collect in embayments at the granite margin and 

roof. Comparable. models have been presented for Sn-W granitoid 

mineralization in many parts of the _world (eg. Richardson et al:, 1982; 

Eadington, 19"81; Kleeman, 1985). 

Most authors acce pt that t o paz-rich greisens form by- hydro;hermal 
! / . 

alt~ration caused by aqueous solutions~ although Eadington (1983) argued 

that ma~sive topazite ~reiserls in easter·n Australia fo~med from residual 

fluorine-rich silicate magmas. This latter . proposal was opposed . by 

.. 
Kleema~:t· 0985) cfn the basis of field evidence. The greisens in the Sage 

Pond area provide ample field_ evidence for hydrotherma-l alteqttion'of 

. the host granite and are · considered· to have' formed by hydrothermal 

alteration of the par.::nt rock. 

4-4-4 C<Nparison Between the Sage Pond and ltencontre Lake Areas 

The rmilarities irt lithology, petrography, and texture of the host 

granites"" to mineralization in the Rencontre Lake and Sage Pond granites 

are striking. In addition, the deposits all occur at the granite contact 

in convex: lobes, vith the most widespread mineralization located at 

areas af shallow dip of the rhyolite-;granite contact. These features 

indicate that the petrogenetic and crystallization history of the 
• 

separate gra'nites and mineral deposits are· simi-tar and that the large 

t ' -. 
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scale controls over location and morphology of the different deposit:~ 

are ident ica 1. 

Differences betweer. the Rencontre Lake and Sage Pond granite• •re 

m1nor. The Sage Pond granite contains relativdy fewer .111iarolitic 
.............. 

cavities and pegmatite. Mj,lscovite alteration of biotite and feldspar is 

'!idespread in the Sage Pond area, while chlorite alteration of biotite 

• 
1s dominant in the Rencontre L~ke GraQite. Tie textural differences may 

be related to the degree of water · ' saturation or pressure of 

crystallization of the solidifying magma. Differences in alteration 

mineralogy reflef:t differences it;t the subsoli<lus history which may be 

controlled by different fluid composition and temperature. 

,, .• 
There is also a difference in the sty'le of mineralization between 

the two areas. Small Sn-W greisen ve1ns occur throughout the Sage Pon<l 
' " 

Granite, with the largest mineralized greisen ·at the granitP margin. In 

contrast, molybdenite mineralization and associated alt'eration in the 

Rencontre Lake Granite are generally confined to the gran.ite margin. 

However, isolated, small quartz veins are present over large areas of 

the Rencontre Lake Grani_te · and may be an equivalent to the smaller 

greisen veins in th~ Sage Pond Granite. 

..-
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C&APTIR 5 - IIA.JOB. OXIDE AHD TUCE ELEMENT GEOCHEMlSTllY 

5-l IIn'llODUCTIOW 

,. 
' 

This chapter: (l) defines regional geochemical trends based on the 

data of Dickson (1983), (2) describes the geographic relationship of 

these trends to areas of known mineralization and to textural and 

mineralogical variations in the study area, (3) surmnarizes and compares 

geochemical data from the mineralized rocks ~nd host granite at Sage 

Pond and at Rencontre Lake and (4) compares the geoc~emistry of the 

study area to that of granites associated with significant 

mineralization and to high-silica volcanic systems in other parts of the 

world. 

Dickson (1983) presented analytical data for the major oxides and 

21 trace elements from 357 samples collected systematically on a grid of 

4 _::) spacing over the study area (Appendix B-1). These data were 

collected 88 part of a regional 1:50,000 scale mapping programme 

currently .J 
under t ·aken by Newfoundland Mines betng the Department of and 

Energy. A major advantage of the large body of systematically collected 

data is that it can be used to show statistically valid . geographic 

trends in the geochemical variation, both for the body as a whole and 

for the individual lithological units. Much of the data analysis was 

per formed on sample groups outlined by Dickson 0983). There fore, 

reference is made to the original units in some of the data 

presentation, particularly where signi fie ant features diverge from them. 

- 140 -
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Instru1nental neutron activation analyses (INHA) for rare-earth 

e leme nts .<REE), As, Co , Cs, Hf, Sb, Sc, Ta, Th , U and W were performed 

on 20 sampl e s from throughout the study area (Appendix B). These data 

are listed in Appendix F and the r a re-earth ._:>leme nt dat~ are discussed 

in Chapter 6. In addition, the 357 samples ..coll e cted hy Dickson we re 

analyzed for HzO, S and C02 at the Newfoundl'and Department of Mines and 

Energy Laboratory, 

5-2 AREAL PATTERNS OF GEOCHEMICAL VARIATION 

5-2-1 Regional Variations 

The average compositions o f the s ample groups, or 1 ithological 

units, recognized by Dickson (1983) are pr e sented 
....... 
1n Table ~·. · {lnd 

summarized in Figures 29 and 30. These figures show the sarnpd groupA 

. 'plotted in order of increasing mean SiOz content from left to right, an 

arrangement which mimics their ~eographic distribution from west to 

.east • . Silica 'content throughout the south1eastern granites is very high. 

The five lowest- silica sample groups occur in the Gander Terrane to the 

>t 
we st of the proje c ted trace of th.e Dover-Hermitage Bay Fault zone. The 

othe r gro ups eithe r ov e rlap the Fault zoqe (Meta Granite) or occur in 

the Avalon Terrane. The differ ent terranes ' are als o reflect ed in the 

other major ·oxides which are higher in the n o rthwest than i~n th •~ 

southeast ~ The concentrations of V, Zn, Sr and Ba are s ignifica'nt ly 

/ higher in the granitoid rocks intruding the Gander Terrane, while Rb, Y; 

Nb, Th ' and U are highest in the granites intruding the Avalon Terrane. 

Other trace elements (Li, Be, Cu, Pb, Ga, Zr, Sn and Mo) do not 

exhibit systematic variations w respect to the Fault zone. 
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Table 8: Mean Composition of the lithological units recognized by 
Dickson, (1983). 

Pluton Total Popn. Koskaecodde Hollyguajeck,. ·· 
Unit 9 10 
No. Samples 357 29 22 

Statistic X 8 X 8 X 8 

Oxide wt.% 

Si02 73.7 3.8 68.4 5.5 68.9 4.6 
Al 2o3 13.11 1.30 14.53 . 1.54 14 . 44 l. 27 
Fe 2o3 0.53 0.42 0.95 0.62 0.84 0.66 
FeO 1.09 0.68 \2 .o9 1.13 1.81 0.96 
HgO 0.45 o·. 51 1. 31 0.86 1.15 0.82 
CaO 0.92 0.76 2.10 1. 20 1.93 1.17 
Na 2o 3.45 0.37 3.17 0.55 3.09 0.26 
KzO 5.00 0.52 4.90 0. 71 5.02 0.86 
TiOz 0.39 0.18 0.56 0.29 0.46 ~.25 
HnO 0.05 0 . 02 0.08 0.03 0.06 0.03 
Pz05 0.06 0.06 0.16 0.10 0.23 0.10 
LOI 0.83 0.32 1.18 0.46 1.32 0.51 

P:lement g/t 

Li 43 22 ; 37 17 38 14 
He 0 3 4 1 No 

Analyses 
F 737 548 769 359 498 238 
v 20 26 56 40 52 36 
Cu .. 3 3 4 3 5 5 
Zn 16 16 31 20 22 20 
Ga 17 3 15 3 16 3 
Rb ; 274 95 232 51 217 48 
Sr 112· 134 167 96 198 ' 103 
y 55 28 44 15 29 9 
Zr 159 58 185 70 159 64 
Nb 34 18 2} 8 16 7 
Mo 4 5 3 1 4 3 
Sn 2 13 1 1 l 0 .. 
~· > 308 243 504 328 ·521 246 
Pb 27 10 29 8 32 11 
Th 40 14 28 12 22 11 
u .4 3 4 2 3 1 

, 
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Table 8: (Cont.d) 

Pluton Sylvester Kepenkeck N. A.. 
Unit llA llB 12 
No. Samples 28 20 . 1 'i 

Statistic ~ s X s X s 

Oxide wt .% 

Si02 71. ') 2.0 72 . 4 1.5 70.6 4.3 
Al203 13.75 0. 79 14.11 0.50 14.09 2.25 
Fe203 0.67 0.55 0.50 o. 28 0.69 0.40 
FeO l.l4 0. 39 1.06 0.28 l.62 0.43 
MgO 0.63 0. 29 0.56 0.26 0.86 0.42 
CaO 1.16 0.36 1.16 0.32 l. 53 0.80 
Na2o 3.53 0.28 3.68 o. 25 3.20 0.27 
K20 4.69 0.56 4.62 0. 34 5.21 1.02 
Ti02 0.35 0.10 0.38 0.09 0.45 0.15 
MnO 0.06 0 . 02 0.06 0.01 0.06 0.02 

-p2o5 0.09 0.04 0.09 0 . 02 0.01 0.06 
LOI 1.01 0.37 1.01 0. 7& 0.96 0.25 

Element g/t 

Li. so 20 78 21 51 19 
Be 6 l . 7 3 5 2 
F 626 365 538 169 707 251 
v 29 12 23 12 41 27 
Cu 4 5 2 1 2 0 
Zn 19 14 18 6 25 15 
Ga 16 ? 3 17 2 18 5 
Rb 2~4 65 222 22 295 117 
Sr 230 128 297 68 119 52 
y 36 14 22 5 45 16 
Zr 146 35 114 22 184 59 
Nb 24 10 18 3 28 10 
Mo 4 2 .,. 4 1 4 1 
Sn 1 1 1 0 1 1 
Ba 420 158 579 129 384 186 

&., Pb 28 6 29 3 36 ' 29 
Th 26 10 30 10 30 10 . 
u 4 2 5 ' 2 5 2 
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'Table 8: (Coot .d) 

Pluton Tolt Hungry Grove Rencontre Lake 
Unit 13 14 14A 
No. Samples 80 84 49 

Statistic X 8 X 8 X 8 

Oxide wt .% 

Si02 74.6 2.5 75.7 2.2 75.5 2.3 
Al203 12 . 78 1.08 12.40 (j. 79 12.65 0 . 82 

• Fe203 0.47 0.30 0.42 0.28 0. 33 0.26 
FeO 0.91 0.49 0.89 0.40 0.90 0.44 

. HgO 0.29 0.15 0.22 0.16 0.16 0.12 
CaO 0. 77 0.38 0.52 o. 23 0.49 0.29 
Na20 3.34 0.31 3. 49 0.26 3. 77 0.23 
K?O • 5. 21 0.44. 5.01 0.29 4.9 0.27 
T102 0.26 0.11 0.21 0.11 0.18 0.11 
HnO 0.04 0.01 0.04 0.02 0 . 04 0.01 
P205 0.04 0.03 0.04 0.03 0.03 0.03 
LOI 0.67 0.15 0.70 0.14 0. 71 0 . 11 

Element g/t 

Li 40 15 46 19 30 13 
Be 5 1 7 3 5 2 
F . 675 365 1022 697 533 412 
v 11 7 13 23 9 19 
Cu 3 3 2 2 2 2 
Zn 10 10 12 16 20 18 
Ga 16 3 18 3 18 3 
Rb 255 60 334 88 .263 76 
Sr 93 192 63 68' 47 54 
y 54 21 70 28 75 24 
Zr 153 57 168 56 164 71 
Nb 31 11 46 18 44 20 
Ho 5 8 4 3 4 2 
Sn 2 1 2 1 3 2 
Ba 293 180 206 216 175 182 
Pb 24 8 27 7 26 11 
Tb 28 14 40 13 32 9 
u 4 2 7 3 7 3 
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Table R: ( Cont.d) 

Pluton Sage Pond Meta Whalen 1q76 
Unit 14B 15 Part of 14A 
No. Samples 9 21 31 

Statistic X 8 X 8 l( 8 

Oxide wt .% 

Sio2 76.9 0.8 75.1 2.2 76.5 1.9 
Al 2o3 11.99 0.22 12.93 0.85 12.25 0.67 
Fe2o3 0.39 0.37 0 . 50 0.34 1.17 0.42 
FeO 0.55 0.33 0.67 0.31 (TOT) 
MgO 0.10 0.04 0.31 0,13 0.20 0.13 

·" CaO 0.33 0.11 0.61 0.25 0.43 0 .l q 
Na2o 3.52 Q .18 3.')7 0.42 3.44 0.44 
K20 4.98 0.14 5.06 0.45 4.80 0.-16 
TiOz 0.11 0.03 0.24 0.10 0.22 o. 22 
MnO 0.03 0.01 0.04 0.01 0.05 0.02 
Pzos 0.01 0.00 0 .04 0.03 
LOI o. 77 0.09 0. 76• 0.15 

Element g/t 

Li 87 31 23 9 
Be 12 5 3 1 
F 2016 987 328 162 
v 5 0 9 . 7 
Cu 2 0 2 1 4 11 
Zn 12 11 12 10 25 37 
Ga 21 2 l3 2 
Rb 556 46 207 48 313 61 
Sr 11 3 93 46 60 40 
y b 96 42 32 12 
Zr 154 17 141 48 176 52 
Nb 76 12 23 4 
Mo 5 2 4 1 
Sn 29 80 ' 1 0 
Ba 56 24 295 178 138 86 
Pb 35 9 25 7 
Th 65 7 23 6 
u 14 4 4 1 
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Figure 29: Major element distribution in the study area based on the 
units of Dickson, (1983). Horizontal line is mean, vertical 
range is one standard deviation, and width of box is 
proportional to number of samples in the unit. Unit numbers 
are shown on the horizontal axis of the plots. Arrows on 
right of diagrams are means of other data sets for 
comparison: W - Whalen (1976); W(A) - Whalen (1980); T -
Tischendorf (1977); SMB(U) and SMB(Sn) Chatterjee and 
Strong (1983). 
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Figure 30: Trace element distribution in the study area based on 
units of Dickson ( 1983). niagram e xplained in caption 
Figure 29. 
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There are also some clear differences displayed in Figures 29 and 

30 between the Sage Pond Granite and the other granites in the 

southwest . It has highest silica . content and has higher concentrations 

of Rb, Nb, Th and U. The concentrations of Be, Ga, F and Li are double 

those of all other units. 

The geochemica·l differences between granitoid rocks in the 

northwest with lower silica and higher Ca-Femic oxides and those in the 

southeast with higher silica and lower Ca-Femic oxides, are seen in 

Figures 31 a nd 32 to occur ac ross a line located approximately 10-1~ km 
• 

northwest of the project.ed trace o f the Dover-Hermitage Fault zone·. The 

projected t;ace is not highlight~d by the chemi cal maps, nor are th~re 

distinct differences across this line. These features suggest that th e 

magmatic systems indigenous to the Avalon Terrane overlappe d ont o th~ 

Gander Terrane. 

The ma1.n chemical boundary between the northwest and southeast 

granitoids bisects unit 12 established by Dickson (1983). This boundary 

1.s also indicated from the petrographic data by the presence of 

hornble nd e on the northwest side and by changes in compositional trends 

of biotite across this line. The distribution of Al203, Li, F, Nb, Rb 

and Th (Figs. 31, 34, 35, 36), indic at e s that the sou theast half of unit 

12 forms part of the Hungry Grove Gran i te and the maj or oxide maps (Fig. 

31, 32) indicate that the granitoi d rocks in unit 12 il!ltledi at e ly we st of 

the chemical boundary belong to the Koskaecodde Pluton. 
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Figure 31: A: Sample location map and computer contoured map of 
1n the study area. The area studied by Whalen (1976, 
1983) is outlined (see frontispiece). 
B: Map distribution of Al203 1n 
contoured, computer plotted data 
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Figure 34: Map distribution of Li, Be, F, Nb, Zn and Pb 1n the study 
area. Details as on Figure 31B. 
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Maps 'G-f-Na20 and K2D do not exhibit clear trends with respect to 
\ . 

t"he other oxides and elements. There~is a tendency for _Na20 t-o -- have 
. - I 

· 1 · 1 · s- • \ htgher va ues 1n the northern and southwestern_ Ack ey Gran1te u1te ; 
' \ 

\ 
There is no evidence for _ extensive albitization (Na-metasomatism) or 

K-Felrlapar alteration associated with ' the main mineralized areas. 

Highest values for H20 (Fig. 33) occur in the biotite-rich, relatively 

mafic rocks and slightly higher values· occur in the Rencontre Lake 

Granite relative to the Sage Pond Granite. Ca~bon, dioxide is highest in 
. / . 

. I .-
the mafic portion of the Mollyguajeck Pluton/ (unit 10)'- and is elevated 

along the trace of the northwest margin of , the Hungry Grove Granite_ and 
I / 

in the Meta Granite; elevated values also occur ;in the Sage Pond Granite 
i 

in the southeast part of the To,lt and Granite. 

erratic and are highest in the Koskaecodde Pluton. 
(:II ; 

I 

Sulphur values are 

In the northwest granitoids, values for Si02 are lower, and for 

other major .oxides . are higher, in the -granodioritic parts of the 

Koskaecodde and Mollyguajeck plutons. These rocks have correspondingly 
I 

low values for most large ion lithophile (LIL) trace elements (F, Ga, 

Rb, Y, Zr, Nb, Mo, Sn, Th and U) and higher values for Ba. ·strontium is / 

I 
higher in the Mollyguajeck Pluton ' relative to the Koskaecodde Pluton' 

- v / 
(Table 8). Strontium and Ba values in the more felsic rocks of .the 

Kepenkeck Granite are at a cofup~rable level, or siightly higher.l.han 

valueo in mafic rocko of tM Kookaecodde and Molly~uajeck p/on• and 

/ are significantly highe~ than those for the latter ~uton0t the s~me 

Si02 levels (Dickson, 1983; ' Figs. 31., 3S). ' This latter feature implies 

that the Kepen kec k Gr ani t~ is genetic a 11 y unrelated ~;(,• g r a nod ior it e-

granite plutons. ~ 
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Within the southeastern granites, ~here is a trend to higher values . . \ 
of LIL trace elements (enrichment trend) and to lower values o.f CaO, 

MgO, Ba and Sr (depletion tre~d) which ~ulminates at the areas of known 

? mineralization at Sage Pond and Rencontre Lake. The concentrations of Mo 

and Sn (Fig. 36) are generally at or below the analytical detection 

limit and it is not possible to map their regional distribution. 

Nevertheless, the higher co~centrations of Sn occur 1n t.he Ren'fontre 

Lake, Sage Pond and southern Hungry Grove granites. 
I 

\ 
The , elements Be, F, Ga, Rb, Y, Nb, ~hand U are shown in Figures 

34, 35 an'd 36 to be distinctly higher in ' he Sage Pond Granite compared 

to the other granites. This is also apparent from the geochemical . ~apa, 

·but the enrichment of these elements can .be seen as part of a broad 

trend 'lhich includes all of the Hungry Grove Granite and the wester 

parts of the Tolt and Meta granites. Several of the element 

(particularly F, Rb and Li) continue into the northwester~· granitoids. 
-----

The values and . patterns of major elements, Ba, Sr andY are similar 

in the Rencontre Lake Granite and in the Sage Pond Granite. Hdwever, 

there are significant differences in other trace element concentrations. 

Rubidium, Nb, Th and U have · elevated background values in the Rencontre 

Lake Granite but do not show the strong enrichment . trends which are 
\ 

apparent in the Hungry Grove and Sage Pond granites. Fluorine is 

relatively depleted in the Rencontre Lake Granite and strongly enriched 

in the southern Hungry Grove and Sage Pond granites . 

.. 
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The trace element enrichment/depletion trends do not correspond 

exactly with silica enrichment ami major element tr~nds. High-silica 

rocks of the Meta Granite _and the east part of the Tolt Granite are not 

enriched in the LIL elements or depleted in Ba and Sr. Contour lines and 

major oxide and trace element trends, clearly cross the defined 

lithological boundaries and there is a greater complexity of 

distribution of the trace elements relative to major oxides. These 

features indicate, a form of trace element-cryptic layering throughout 

the southeastern granites. 
( 

5-2-2 Di•tributioo _of Ele.eot Ratioa 

The distribution of Rb/Sr ratios, shown in Figure 37, demonstrates 

the extremely differentiated (Rb/Sr ~ 50) nature of the southern part of 

the Ackley Granite Suite and shows a trend of increasing values towards 

the main mineralized areas. K/Ba ratios (Fig.· 3'7) also show the extreme 

differentiation. Both the Rb/'5r and · the K/Ba are relatively high 

throughout the southeast granites. 

U/Th ratios _do not form a trend in association with mineralization 

and do not indicate U-specialization in the study at:ea (cf. Chatterjee 
I 

et al., 1J83). These elements have a strong correlation and both show 

strong enrichment towards the Sage Pond area. 

Ferric/ferrous ratios are erratic, although those in the Sage Pond 

Granite are higher than those associated with molybdenite in the 

Rencontre Lake Granite. Some ~f the highest values occur to the north of 

the tin-tungsten mineralized area at Sage Pond • 

• i 
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5-3 STATISTICAL AJIALYSIS OF CEOCHEKICAL DATA 

5-3-1 Introduction 

The data has been subject to statistical treatment to assess its 

accuracy and precision and estimates of the~e parameters were pr~sented 

by Dickson (1983), and .are summarized in Appendix B. 'Examination of data 

from duplicate and replicate samples and from resampling by the author 

indicates that the results are highly reproducible. The SPSS .package 

(version 9.0; Nie et al., 1975) was used for the data analysis. 

The r~ge of data in many of the bivariate plots could be 
I 

considered' to result from problems associated with the coarse-grained> 

nature of many of the rocki. However, the large samples coll~cted ( 2 

Kg), the scale of the sampt'ing project and the reproducibility of the 

data in small areas indicate that the poor covariation between many 

element pairs is due to inherent variability in th~ chemical prodesses 

which operated to produce the gran_ite compositions. kny trends which are 

evident from the large body of data are therefore considered to be real. 

The results of three of the statistical procedures used to analyze 

the data are pre_sented and discussed below. Spearman non-parametric 

corr.elation matric~s were constructed to assess the .co-variation of 

elements. R-mode factor analysis was chosen in order to .summarize the 

large numbers of variables in the dat a file.· Discriminant function 

analysis was selected to assist in classifying the granitoids in areas 

of ambiguity. 
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5-l-l Spear.an Correlations 

0 
Spearman non-parametric rank correlations were calculated Ior 

selected groupings of the data. Thi~ technique• was s.elected since some 

element distributions are neither normal or lognormal and apnrious 

values in a small aa~ple population may strongly influence the ~pparent 

population distribution and the calculated covariance, This latter 

feature m~y affect ~omparison of data between sample populations of 

j, different size. The covariance values for the Spearman and the . more . 

commonly used Pearson correlations vary within a range of 10% for the 

larger groupings of samples. 

f .. 

The covariance of elements in the Rencontre Lake Granite and the 

Hungry Grove and Sage Pond granites are presented in two 11epar11te 

correlation matrices i'n Appendix E-1 and E-2 respectively. Correlation 

coefficients at less than the 90% confidence level have been omitted 

from these tables for clarity. The observed element covariance& are 

considered normal for evolving granitic magma systems with a ne"'ative 

correlation between Si02 and the Ca-Femic ox ides and 11 positive 

~orrelation between Si02 and the LIL trace elements; these element 

associations are generally stronger in the Rencontre Lake Granite than 

in the Hungry Grove Granite. K20 and Na20 have weak covariancea in bot~, 

matrices and are either independent or show a only weak covariance with 

the other eiements in the Hung.ry Grove and Sage Pond granite a. However, 

there is a moderate negative correlation of both of thue oxidea with 

Sio2 and· the LIL incompatible trace elements and a moderate positive 

correlation with the compatible trace elements (Ba, Sr) in the Rencontre 

Lake Granite: 
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A subsidiary correlation -matrix based on 14 samples for which REE 

and INAA analyses are available is presented in Appendix E-3 . The 

samples were selected . as representative of the southeastern granites; 

data from the Rencontre Lake Granite was omitted since there are 

significant differences in trace element concentrations (Figs. 34, 35, 

36). \ 

The covariance of many elements in the main table (Appendix E-2) 

and in the subsidiary table are of similar sign and intensity, while 

other elements show significant differences. For example, Sio2 has 

covariance& with most other elements in the main table and does not show 

significant covariance with FeO, CaO, K20, Ti02, F, Rb, Y, Nb, Th, or U 

in the subsidiary Table. In addition, F and Li are independent of the 

other variables in the subsidiary data-set .while showing weak to 

moderate covariances with other trace elements in the main data. These 

features, resulting from the differences in size of the populations, may 

mean that the subsidiary set lS inadequate to realistically sample 
f 

characterize the geochemical variations in the Hungry Grove and Sage 

Pond granites. Nevertheless, ~here are some notable features. 

The elements Li and F are commonly considered to be retained in the 

melt during magmatic differentiation, to partition into late aqueous 

phases, and to be concentrated via hydrothermal fluids (Strong, 1980, 

Manning and Pichivant, 1985). Thus the indepe ndent behavior of these 

elements from the ' other LIL elemen.ta and from each other in the 

subsidiary mat'rix may reflect their behavior in the magmatic system. The 

larger data base may reflect the compatible behavior of Li and F in.the 
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magmatic stage, while the subsidiary data base, ...,hich is ...,eighted with 

samples in proximity to mineralized areas, reflects the hydrothernal and 

th~refore erratic, ~oncentration of these elements . 

• 

Significant covariance of the light REE (La, Ce, Nd) and 

significant covariance of the light REE wit.h other variables is not 

evident. A moderate negative .covariance of' Nd ...,ith CaO, V .and Sr is 

present. This latter feature is unusual since the tr.ivalent RRE are 

thought to substitute most readily for Ca (cf. Taylor and Fryer, 1983), 

a6 ~oes Sr. In contrast, the heavy REE (Tb to Lu) and Sm exhibit some of 

the strongest inter-element covariances and correlate strongly with most 

other LIL elements. The _heavy REE also have a positive covariance .... ith 

KzO, a negative covariance with FeO, MgO, CaO, TiOz, MnO and PzOs and 

are independent of Na20. These features sug~est that the controls over 

the distribution of the light REE are more complex than the controls 

· over the heavy REE. 

Tantalum and Hf, as e xpec ted, have a strong positive correlation 

with the--~ents Rb, Y, Th, U and As, while Co and Sc correlate 

po,:~itively with the compatible elements Sr and Jla, and with thP. Cs-Ff>mic 

oxides. W. shows a moderate covariance with both Li, F and As and haR a 

negative covariance with KzO and HnO. 
I . 

5-3-3 Factor Analysis .. 

5-3-3=1 A Factor Model: The statistical technique of R-mode factor 

analysis provides a method of combining the chemical data into a smaller 
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tnumber of correlated variables ("factors") which can be calculated for 
'--; 
•' 

each sample and thus assessed in terms of their spatial distribution. 

This technique, using principle component analysis requires no a priori 

assumptions about the underlying structure of, or relationship between, 

the variables. 

The results of a four-factor model for the sample suite from the 

study area are shown in Table 9, The elements Sn, Mo and Be_ have been 

omitted from this model because a large proportion of the values for 
... 

these elements are at or below the analytical detection limits. 

Communalities for each variable are also shown in Table 9 frQm which it 

can be seen that the model aet::ounts well for the variance of ·all 

elements except Cu, which is near the analytical detection limit. 

Together the four factors of · the model account for 72% of the 

combined variance in the data. Factor 1, which accounts for almost half 

the variance, has high loadings for all the -~;ajor oxides except KzO and 

Na20, with the loading for silica being opposite 1n sense to that of the 

other oxides. This factor summarizes the trends shown in Figure 29 and 

in the map distributions of the major oxides (Figs. 31, 32, 33). The 

trace elements V, Sr, Ba. Zn, Zr and Cu all have positive loadings 

greater than 0.4 and Nb, Pb, Th and U n~gative loadings;le s s than -0.4. 

Therefore, these elements contribute significantly to this fac tor. 

Fact.or can be interpreted to represent the oxide and element 

correlation and associations related to crystallization of the major 
,. 

silicate phases in the granitoid rocks. 



• 
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Whereas major element· oxide loadings· of mag~i. tude greater than· 0. 4 

are associated solely with.Factor 1, some trace ele!Uents are associated 

with two factors. Factor 2 is a posi~ive association of the trace 

elements which·· are thought to be char~~teristical.ly enriched in magmas 

~(hiring crystallization_', together with a negativ~'-association of Sr and 

Ba. The fact that all of these elements (except v·; F and Li) are 

si·gnj. ficant contr ibuters to both Factors and 2, which are by 

de .finition independent of each other, suggests that there are at least 

two distinct. , processes which account for the main geochemical variations 

in the granitoid r .ocks. .., 

Foetor. l and 4 "e muoh !e., important in """""' ing fo{th•. 

overall variance and demonstrate the independent behavior of K20 ancl 

NazO, both from each other ·and from the other oxides. The associAtion of 

Pb with K20 and Ga with Na20 suggestA a substitution of Pb for K in 

alkali felds.par and (;a for Na in plagiocla~'e respectively. 

5-3-3-2 Factor Scores and Areal Distributio.1: Fro: the factor model . 
presented 'in Table 9, factor scores have been computed for each s11mp l e 

for each,.:?f the . four factors, - which can he mapped as shown in Figure 3R. 

The relatively smooth patterns observed wer.e obtained by hsnrl-contourins:; 

Mld succinctly summarize the major and trace element trendB in FigureR 

· 29 to 37. 

Factor 1 1s generally low (less than medi11n valHe) in the 

southeastern granites. The enrichment in the L!L ,trace e lement I! in the 

Sage Pond Granite and the southern Hungry Grove Granite is . clearly 11hown 

-, 
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FACTOR 1 (-Si02} 

(+ Ti02 ,Mg0, P20 5 ,Mn0,AI20 3 , 

LOI, FeO, Fe20 3} 

(+V,Sr,Bo,Zn,Zr} 

foetor scores percentile 

~ <-2.0 <2 

l!:i:3 -1.5 to -2.0 2 to 5.5 

D -0.75 to -1.5 5.5 to 21 

I I o to -0.75 

D >o 

N 

~ 
0 

km 

FACTOR 2 -
( + Nb, Rb, U, Th, Y, Be,Ga, 

F, Li,Sn) 
(- Sr ,Ba) 

factor scores percentile 

m >2.25 >93 

m 1.5-2.25 89-93 

[[] 0.75-1.5 84-89 

bd 0-0.75 

D <o 

N 

I 
0 

km 

Figure 38: Map distribution of Factor 1 and Factor 2 scores for samples 
in the study area. 
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by· · F~.c.tor 2 in Figure 38. Anqther ·fe·ature of the areal distribution of 

Factor 2 is that it sh6ws little relation to the area of low· Factor 1 

-..values. In particular, the high Factor 2 values trend in a northwesterly 

direction across the fault zone, almost at right angles to the Factor l 

trend. The difference in Factor 2 scores between the Rencontre Lake · 

Gran~te and the Sage Pond Granite reflects the lesser enrichment in the 
~ 

former in ' incompatible trac~ ele~ents and its depletion in fluorine, · 

altho~gh both granites show depletion trends in Ba and Sr. 

5-3...:3-3 Enrichment/Dept"etion tr~ends: The • dominant control over the 

relative enrichment or· depletion of elements during differentiation in 

magmatic systems may be partitio~ing of trace ele~ents b e tween Frystals 

and liquid- (Hanson, 1978), or alternatively, relative diffusion ratP.II 

for the ele ments (Hildreth, 1979, 1981), or relative density contrut 

. between silicate-melt-polymers and crystals. (Sparks et al., 1984). A 

quantitative estimate of the degree of e lement enrichment and de.pletion • 

may b8 useful "in assessing the relative importanae of the mechanisms 

noted above. 
.... 

A problem with the evaluation of enrichment/depletion factors lies 

in the: subj e ctivity in choice ~f ~arall\.eters used to measure them. For 

e_!tample Hildreth (1979) was able to use physical boundary conditions·, 

based on the assumption that the lowest (earliest') mater.ial e rupted in 

the Bishop Tuff represents the uppermost parts of the s?urce magma 

,cham5er and that the upper (later) erupted material came · k"om 

corre~pondingly deepe; parts. Whalen (1983) selecte d a few samples which 
I 

he considered ··to be "representative ·chemic.'ll r!ata" an.d his enri"chment/ 

•. 
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, 
depletion diagram is based on -the ratio of analysis of chemically 

evolved granite divided by least evolved granit~. 

\ 
The factor l.oadings which ·have been calculated and mapped provide 

an index of the enrichment and depletion of the · range of elements. 

Q"uasi-enrichment/depletion diagrams can be constructed for the data 

which are ana log01Js to . early/late enrichment/depletion diagrams 

presented by Hildreth (1979) and such a diagram is shown in Figure· 39. 

This is a plot of the element loadings for· Factor 2, arranged as 

positive above and negative bel.ow a zero line. The patterns are 

remarka~ly similar to those observed by Hildreth (Fig. 39). 

Element loadings · (Fig. 39) were als.o calculated for the Rencontre . ' 

Lake Gran.ite which is associated with · molybdenite min!!ralization, and 

for • the combined ct~ta for the Hungry Grove and Sage Pond granites . 

associated with tin-tungsten minera.lization. Comparison of the two sets 

of loadings . shows most of. the features descri.bed from the geochemical .. 
maps. Manganese and F at;-e depleted and Zr is slightly enr.iched in the 

Rencontre Lake Granite compared to the Hungry Grove and Sage . Pond 

granites. Host of the other elements show the expected contrasts in 

degree of enrichment, with the Rencontre Lake Granite exhibiting a 

lesser·degree of enrichment in . the LIL elements and a lesser depletion 

in Ba and Sr. Sodium exhibits an enrichme nt tre nd in the Hungry Grove.· 

and ~age Pond granites and K20 exhibits a strong depletton trend · in the 

Rencontre Lake. Granite . These latter features a re not readily apparent 

from the map distribution of these elements. 
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Figure 39: A: Relative enrichment and depletion of elements in the study 
area based on element loadings for Factor 2. Hatched bars are 
Hungry Grove and Sage Pond granites (Sn-system), solid bars 
are all data, and .open bars are Renc?ntre Lake Granitf> 
(Mo-system). ) 1, 

B: Shows enrichment-depletion factors calculated for the 
Bisho.p Tuff (Hildreth, · 1979). 
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The similarity between patterns based on factor scores and those 

· base'd on physical boundary conditions- suggest fli'il: factor analysis mi!Y .. --. ' . ---- --- --- . 

provide a powerful means of quantifying and comparing enrichment/ 
' 

depletion ·processes as wet'l as trends · in granit-oid systems. This 

approach 'sununarizes the inherent trends in the whole body of data ~r 

consideration . and req.uires few assumptions and no bias. Comparison of 

data · between different granites may be facilitated by comparing trends 
I 

between specified silica levels, : or between specified .levels of 

differentiation as defi~ed by various differentiation indices. 

·5-3-4 Diacriminant Function Analyais 

It became apparent from the .geochemical maps and from the .-

petrographic features described in Chapter 3 that some revision of the 

boundaries and _g_~_Q_I,Q_g !_ c ~~;_l t,!l)_i_t!L .e .. r.ec.t.e..d .- by n i c kson ( 198 3 ) -i-a-r-eq·~:~-i-re-"'-.---

Unit 12 in particular is comprised of rocks which are characteristic, of 

the surrounding plutonic bodies. In addition, it is a_ useful exercise to 

test the internal geochemical consistency of the individual granitoid 

bodies. Discriminant function analysis was applied to the problem of 

clusification in order to determine if the plutons and their boundaries 

could he consistently defined. 

The discriminant functio.ns were c·&lcuhted using all the 

geochemica 1 variables for seven spe~ if,ied 'training sets' of sa~ples 

which ·were considered to unambiguously represent individual granitoid 

bodies. ·these training sei:s are illustrated by the small symbols · in 

Figure 40 . The Kepenkeck and Sage Pond granites were considere~ to be 

' I ' 

/ 
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Figure 40: Classification of the granitoid rocks in the study area based 
on discriminant function analyses. Small symbols are selected 
'training groups'; large symbols are assigned units based on 
the discriminant analyses. Dashed lines are boundaries of 
Dickson (1983). Solid lines are boundaries indicated by 
discriminant function analyses. 
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well defined ·and" not in ' need of revision and were . omittf!d from the 
.• 

analysie. ·samples from problematical . areas which were not included iri 

' 
the training sets wer-'>e sub~e~tly" assigned to one or other of the 

training sets usi:ng the calculated discriminant functions. Th'ese 

auigned samples are shown by ~he larger symbols in Figure 40 .. 

The method of analysis used was difect, whereby all the variables 

' ~ 
were entered simultaneously and required no assumptions. Stepwi·se 

methods wer~ also tried and gave 1sl.milar results, as did other functions 

w~ich were calculated using all of the units recognized by Dickson 

(1983). 

Six discriminan~ functions were c•lculat~d using the seve~ training 

sets. -The o:ide and element correlations with each of the aix functions 

a-presented in Table 10, along with the -percentage of,.the variance 

described by each function. A "territorial map" of the data based on the 

first two functions (which account for 58.31% of the variance) is 

presented iri Figure 41 and shows a clear separation between the 

•SOutheastern granites (Tolt, Meta, Hungry Grove and Rencontre Lake) and 

the Ko.-kaecodde, Mollyguajeck and Mount Sylvester plutons. The group 

centroids also show this cluster effect (Table 11). 

The results of the internal classification of samples in the 

discriminant function analysis ~re shown in Table 12. Overall, 85% of 

the training sets were classified back into the correct units. Most o( 

the mis-classification occurred within the two maJor territorial 

aasociat ions described above and results from _the gross internal 
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Table 10: Rotated correlations between discriminat~ng variablee 

and canonical discriminant functions (Variables ordered by 
size of correlation within function). 

Function 1 Function 2 Function 3 Function ., 4 Function .5 Function_, 6. 

~ · MgO 0.51824* -0.03917' -0.03304 -0.07743 -0.05262 0.16192 .. P2o5 0.49084* ·-o .0458o 0.02587 0.00460 -0.05427 -0.05599 
CaO 0.42843* 0.01392 -0.12575 0.06801 -0.20245 0.19982 . FeO 0.41480* -0.05157 0.01605 0.18570 -0 . 11321 0.111.% -Ti.o2 0 ~ 39211* -0.02741 :-0.05002 -0.03044 -0.13076 -0.03295 Sio2 -o. 37449* -0.08977 0.12462 -0.06590 0.04821 -0 . 12918 
MnO 0. 37087* -0 . 01420 0.01553 0.04169 0.16449 -0.04525 v 0.36707* 0.02143 0.08980 . 0.00193 0.016Z5 0.1689q · 
Al 2o3 0.29611* 0.09165' -0.18251 -0.00342 0.03986 0.05699 
Zn 0.26549* -0.05414 -0.01679 0.13970 0.16425 -0.07115 
Fe 2o3 0 . 22327* 0.02224 0.01794 -0.07872 0.00498 o.O"i3R3 
~ 0.17046* 0.12874 -0.13376 -0.06073 -0.07402 -0.03329 
Sr 0.02409 0.30851* -0.08352 -0.03015 0.07783 -0.03264 
Rb ..,..Q,07388 0.00605 0.59497* 0.04871 0.0 1699 0.07468 Th 0.00350 -0.12384 0.53818* 0.03673 0.05894 0.02648 u 0.00699 -0.13126 0.47144* 0.16621 0.18707 0.07939 Nb - 0.06857 -0.11302 0.45563* 0.27219 0.11593 -0 .01744 I F -0.00491 0.03522 0.44260* . 0.06730 -0.12346 -0.01614 
Li -0.06797 ' 0.35476 0.41885* 0.06111 0.08364 -0 .·01492 y 0.00275 -0.07938 o. 30764 0 . 54710* -0.02988 · -0 .13963 
Ga -0.04059 0.14992 ~ 26597 0.394 27* 0.18111 0 . 12020 
Zr 0.10242 -0.09379 ' .09690 0 .13257* -0.03349 0 .03646 
Na2o -o . 22809 -0.02252 -0.05830 ·.0.06695 0.46493* -0 . 10987 
K2o 0 .01742 -0.11879 -0.06627 -0 .. 00666 -0.28855* 0.00644 Pb 0.12837 0.06314 0.16210 -0.07633 0 . 21730* 0.14S72 
Cr 6. 22189 -0.12652 0.0937;3 -o .o1109 ·. -0.07573 0.36413* 

'\ 
% 
varianc e 37.6 20.95 . 13.74 11.24 11.16 5.55 

/ ) 

.. 
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Table 11: Canonical discriminant functions evaluated at Group MeanA 
(Group Centroids). Func • Function. Group 9- Koskaecodde; 
Group 10 - Mollyguajeck; Gioup 11 - Kepenkeck; Group 13 -
Meta; Grou~ . 14- Hungry Grove; Group 15- To1t; Group 17-
Kepenkeck. 

Group Funct 1 F~nct 2 Funct 3 Funct 4 Funct 5 Func t 6 

9 4.37920 1.29139 -0.10590 -1.05734 -0.93475 -0.02611 

10 3.25867 2.31562 -1.007.49 -1.02819 -0.52392 2.20079' 

11 2.03595 2.99447 -0.95448 -1.24330 1.33954 -0.13210 

13 -0.55464 0.27510 -0.72844 0.17191 -1.24899 -0.47110 

14 -1.02611 -0.488"62 1.53969 0.04848 -0.10329 -0.15880 

15 -0.89124 -0~85294 -1.36368 -1.62775 0.43425 -'-0.19917 

17 -1.07294 -1.61792 :..0.41710 1·. 58868 1·.46462 -0.0843R 

.• 

-
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-Table 12: 1';1 ass i ficat ion results . for .cases selected for use in the analysis 
group numbers as in Table 10. 

No. of Group Membership 
Actual. Grou2 Cases 9 10 .. · 

· Group 9 18 

Group 10 22 

Group ...U 16 

Group 13 53 

Group 14 81 

Group .15 19 

Group 17 50 

"' 

,Percent of "Grouped" Cases 

Ungrouped Cases 62 

11 13 

14 2 I. 0 
77.8% 11.1% 5.6% O.Oi. 

0 18 3 0 
0.0% 81.8% 13.6% 0.07. 

0 2 14 0 
O.Oi. 12.5% ' 87.5% 0.07. 

0 0 ·o 45 
0.07. 0.0% 0.0% 84.9% 

0 
r' 
0· 1 2 

0.0% 0.-0% 1. 2% 2.5% 

0 0 1 '1 
0.0% O.Oi. 5.37. 5.37. 

0 0 0 0 
0.0% 0.0% 0.0% 0.0% 

Correctly Classified:"''t.-5.33% 

8 
12.9% 

... 

7 
11.3% 

9 
14 .57. 

14 

0 
0.0% 

0 
0 .07. 

0 
O.Oi. 

6 
1. 3% 

67 
82.7% 

0 
0.07. 

2 
4.0% 

26 
41.9% 

15 

1 
5.6% 

1 
4.5%. 

0 
0. Oi. ' 

2 
3.8% 

5 
6,. 2% 

17 
89.57. 

2 
4.0% 

5 
8.1% 

17 

0 
0.0% 

0 
O.Oi. 

0 
o.oi. 

0 
0.0% 

6 
7.4 

0 
O.Oi. 

46 
92.0% 

1 
1.6% 

... 
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j. 
s}miladties in .these .two fields. Mi~-class'i.fication Across these fields 

is minor:. 

.. . 
There is a _"clear distin-ction .. between the Rencontr:e Lake Grllnite and 

J 

the other 'southeast granites, since only t. ~ samples were misctassified. , . . 
1 The major: differenc-es bet~ee·n the Rencontr:e Lake Gra~tt': 'and the Hun~ry 

. 
Grove Granite are in function ·4 (Table 11) w~ich ~s dominated by Y, Ga 

and Zr:. There 'is also a heavier loading foJ:-- function 'i which is W 

by 

function. 3 

· Granite. 

Na2o, and K20 and _a relatil~ly 

(incompatible element-domin4ted) 

' 

smaller: infl~ence from 

in the 
. 

Rencontre - Lake 

. .. 
. t ,.. 

The res~lts . of the c 1 ass i fi c'a t ion o·f the unassigned samples is . ... 
shown in Figure 40. The southeastern P!lr t of unit 12 of T)ickson 0983) 

• 
has been reassigned to the Hungry · ~rov.e Granite . and the northwestern 

half has been rea~signed to the Koskaecodde and Mr.illygi.I?jeck plu~on11. 

The functions for these two plutons are very s'im"ilar (Table 10). ·ThuA 

the roc ks formerly described as '· the no rthwe st part of unit 12 ap~ 

regarded as part o f th~ Ko~aecodde Pl~t on. The ieclassificatio~ of unit 

12 using discriminant function ~ nalysis _18 ~ons-tdered to h~ a l).e_l:.ter 

" 
method than the arbitrary definition of bounda~ies using eleme~t 

contours or · isolated pe t rog r:aphic. criteria. 

~ ix samples from the- southern part of unit llA (n ick.Aon, 19R1) werP 
. 

cla.ssified with the Hungry Grove Granite and one s.ample w11s cl-assif(erl 
. ~ . 

with the Tolt Granite. This suggests tpat unit llA is composite, 'w,ith 

the northern part related t o the Koskaecodde-Mollyguajeck plutons and 
';L 

• i 

I . 

•· 

• 
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the 11outhern Part associated with the s o utheastern granites of the 

Ackley Granite Suite. The author considers that further work is required 

to subAtant1'ate this possih.Oity and therefore unit llA ,(Dickson, 1983) 

wu 11imply rPnamed the Mount S'ylvester Granite. 

Most of the samples located between the training sets for the 

Hungry Grove Granite and the Tolt~Granit_e (Fig. 40) were assi g ned to th e 

ffungry Grove Granite (three samples wf>re assigned to the Meta Granite). 

--The geochemical signature ucribed to the Hungry Grove Gra-nite therefore 

croseea the textural boundary between the porphyriti c Tolt Granite and 

thP. eq1sigr11nular Hun~ry Grove Granit~ . The fun c tionR for the two . I ~ 
traininR sets RrP. 11imilar (Table 11), with the exception of fun c tion . 3 -
which is dominated by the Pleme nts F, Li, Rb, Th and U (Table 9). Thus 

the discriminant function analy~is a lso supports the argument that th e 

boundaries within thP !'IOutheaHern part o f the Ackley Granite Suite are 

grAci tlt ional. The boundary between th.~ Hungry Grove and Tolt Granites as 

definl' cJ by Dickson (1983) for units 13 nnd 14 has been retained stnce it 

is ba~ed on textural differences observed in thP: fi e l d . 

~-4 VARIATION DIAGRAMS 

~-4-1 Iatroduct ion 

\ 

Rivariate plots, i<ientlfying individual units of all th e maj o r 

oxides and trace elements pl otted aga i nst the 'Thorn t on-Tu t t 1 e 

DiffPrentiation Index (TTDI; Thornton and Tuttl~ 1960), were presented . 
by Dick"on ( 198J). Covariance of elPmt>nts is summarized in the 

correlation tahlf's presented in Append ix E and i11 brie fly dis c ussed in 
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Section S-3. Selected diagrams to illustrate previously unrecognized 

features of the data are presented·below. 

5-4-2 Harker Diagr&llls 

Plots of total alkalis against Sio2 are pre11ented in Fig11re 42. In 

the data from the Koskaecodde and Mollyguajeck pluton11, thP.re i11 no 

significant correlAtion between total alkalis and silica. Thill contra11t11 

with the dat11 from the higher-silica, Rencontre Like, Meta Rnct Tolt 

~nites, where there is a strong to mocteratf' negative corre lation of 

alkalis with SiOz. The · cluster of data from the Hungry r.rove arid Sage 

Pond granites does not show convincing trend c;. 

The variations of KzO and Na2o with increa11ing Sio2 in RelPc:t .. ct 

parts nf tht> 1iturly area are illustrated in Figure 43. The Ko11kaecodde 

and Mollyguajeck plutons hav P a strong positive correlation of K
2
o with 

Si02 a~d no correlation is evident fnr Na2o and Sio2 . The Rencontre Lake 

Granite has a Rtrong negative correlation of hoth R lka 1 is with Sio
2 

and 

a weak negative a!lsociation iR t>vident from the Meta and Tolt gr11nites. 

As with the plot of total alk11li.;, the H•Jngry Grove and Sage Pond 

Granites do not show an'y clear ' trends. The tren('h' 0 h~t>rve•f in th e 

Koskaecodde and Hollyguajeck plutons could bP. .1~; c r ihf'>rl to pl~tgioc 1.""" 

fractionati on, while_ those in the Rencontre Lake, Met.tl 11ncl Tolt gr11nite11 

may bP. interpreted t () result from K-feldspar fractionation, but· where 
-, 

does the K-feldRpar g o? Alternatively, the trends of the alkalis in thf! 

latter granites may he Aimply derivPd hy Si02 dilution in the upper part 

·' 
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of the magma chamber. However, the variations in c"Oncentrations of the 

• ~ther major oxide.s indicate that processes other than simple dilution 

were taking 8lace. The lacl< of trends in the alkalis in the' Hungry Grove ·. 

and Sage Pond granites may be partly due to the restricted range of Sio
2 

observed over much of the area and a.n inherent geochemical variation 

over the large area sampled. 

Figure 44 shows that for the whole .study area and also for the dat,q· 
• 

from the Hungry Grove, Rencnntre Lake and Sage Pond granites, there is 

greater variability and highe r concentrati-ons of Rb at above 74% SiOz. 

Similar patterns are present at above 74'!. Si02 for the elements Be, Ga, 

Y, Nb, Th and IJ. A trend to lower values is evident at above 74% Si02 in 

Sr and Ba (e.ll;. Fig. 45). Flunrine Rhn1o1s ~ trenci to enrichment in the 

Hungry Grove and Sall;e Pond grsnitf'B and a trend to depletion in the 

'R.encontre ' Lake Granite at above 74% SiOz. The difff'rences in e lemPnt 

concentration11 above and below 74% Sio2 suggest that the same procPss 

caused· the extreme Sr and Ba depletion as caused the LIL enrichment and 

also led to mineralization assoc iated with the high-silica rocks. 

' Although 74%: Si02 seems to be a critic al value separating . 
specialized (LIL enriched) from urispeci11li7.ed r o ck.s in the Ackley 

Granite Suite, there is no 11 pritri reason why this shnuld he so,Jor 

example, Tiscfiendorf (1'977) suggests a · value of 72! Si02 RR a c ritical 

minimum value for tin-specialized granites. 

\... 
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Figure 44: Rb-SiOz diagrams for: 
A: Northwest granitoids (MoJlyguajeck, Koskaecodde, Mt. 
Sylvester, Kepenkeck). 
B: Meta and Tolt granites. 
C: Crosses - Hungry Grove Granite; triangles - Rencontre Lake 
Granite; diamonds - Sage Pond Granite. 
D: Squares- Sage Pond Granite, triangles Rencontre Lake 
Granite, crosses rest of data from the Ackley Granite 
Suite. 
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5-5 GEOCJimuSTRY IR MllfltRALlZ!D AcRKAS 

5-5-1 Sage Pond Area 

5-5-1-1 The Sage Pond Granite: The locations of 21 AAmples Analyzed from. 

the Sage Pond Granite are shown on Figure 46 and analytitAl reAultR Are 

lis,ted in Appendix D-2. Six of the samples are of relatively freRh 

granite between greisen veins an·d were obtained from drill core at the 

Esso drill site. These dAta arP surmnarized in Table l3 and compared to 

the mean of 8 previous analyses from thP same gtailite (Dickson, 1Q83; 

unit 14B). Values obtained for the two Rllmpl e Rets are remarkably 

similar, indicating that the data are reproduciblP. PetrochPmical 

fPatures arc similar to those described by DickAon ( lq8)), with AgpAitic 

indices ranging from 0.89 to 0.96. 

Background radioactivity in the granite increases towards t'he 

southern contact and is higheRt in the vi c inity o f the Anesty ~re isen 
I 

where scintillometer counts are 1.5 to 2 ·~ times thoRe observed in the 

north of the study area. Anom~tlouR r11d ioact ivity up to 'i times 

background was not~d in -local patcheR (maximum 'i m <iillmPtPr) in Roi l in 

the Anesty area, and probably reflect surfic ial concentr11tion of uranium 

leAched fr o m the granite. Greisen has a radioactive re11pon11e comp~trRhle 

to or lower thAn the h os t grAnite. 

The m11p distribution of el emP nts from both the sampleA 11nalyzed 

during this work 11nd sAmples analyzed by Di c ks on (1983) are illustrated 

in Figures 47 and 48. The rPgionlll depletion trPn<'1" of Mg(), CaO, Sr, Ba 
I 

and possibly Pb continue and 
,. 

become morP. extreml! tow~trriA the m1.1 in 

( 



- 187 -

SAMPLE LOCATION- SAGE POND AREA 

.325 

X X 

X 

X 
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281-294 (508- 658) 
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MAJOR• TRACE ELEMENT ANALYSES 
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e -DICKSON (1 983) 

~ -REE ANALYSE-NEW DATA 

234 x -FLUID INCLUSION SECTION 

Figure 46: Sample locations (solid symbols) 1n the Sage Pond area. The 
locations of analyzed samples (in boxes) and samples used for 
fluid inclusion studies (small x) are also shown. X - Sage 
Pond Granite; v - Precambrian volcanic rocks. 
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Table 13 : Summary of geochemical datA, froin the Sa~e Pond Granite. 

FINE CD GRANITE JT-83-175 JT-83-180 UNIT 14A 
TUFFISITF. VEIN MARGIN DICKSON 1983 

ALT. GRAN 

N ,. 21 ~,. N "' 1 N • R 
X s 

Oxide wt.% 

Si02 76. 5 1.1 81.0 76.5 76.9 A1 2o 3 12 .0 0.4 9. 1 11.6 12.0 Fe 2o3 0.45 0.37 0.08 1. 72(TOT) 0.10 FeO 0.46 0.29 0.38 0. 62 MgO 0.46 0.03 0.05 O.OA 0.11 CuO 0.30 0.18 0. 10 0 . 47 0.12 Na2o 3.52 0.37 2. 61 2.13 3.51 
K2o 4.93 0. 59 3.94 4.97 4. 99 Ti02 0 . 1 7 0.03 0.16 0. 18 0.11 
MnO 0 .03 0.01 0.03' 0.02 0.01 ... P2os 0. 02 0 .01 0.01 0.01 0.01 LOI 0.78 0.19 0.68 l. 56 0. 77 
·~oTAL 99.2 ; 0.7 98. I 99.4 99.7 

Element g/t 

Li 87 44 52 171 R7 Be 12 9 2 49 R F 2491 '1507 2263 4 1'148 216 2 v 5 2 5 ') 
Cr . 2 0 1 24 'i Ni 3 1 
Cu 13 22 2 Zn 20 8 20 43 12 Ga 2 1 2 16 21 
Rb 572 ISO 5 'i69 560 
Sr 7 4 1 8 11 y 80 31 ')8 99 
Zr 152 14 126 1 54 
Nb 79 16 'iR 76 Mo s 
Ag 0 0 0 
Ba 29 25 3 69 57 
La 4 4 1 7 '!l 6 3 
Ce 176 63 17'> 
Pb 19 10 1 5 31 35 

-Th 71 1 ') 49 67 66 
u 11 'i 5 IS 

\.· 
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grei~t~n outcrops. Notable enrichment trends in· Rb and F highlight the 

areas of known minera\ization. Nb and Li are also enriched close to the 

gr~>isen. Sodium has · slightly higher valueA .<~round the Anesty greisen. 

Other element~ do not show clear contourable trends and are n~ t 

presented in plan form. 

These features demonstrate that the ch emical enrichment/depletion 
,. 

noted by Dickson ~83) and nave nport et al. ( l9R4) and described tn 

above, focus directly on are as of known tin- turyg s ten 

miner.<~lizRtion. These trends are a form . of c ryptic chemi c al vari a t.ion 

which must be relat ~ d t o the mineralization pro~ess. 

'i-5-1-2 Greisen: Geochemical anAlyse!'! of 23 samples fr oni ~reisen veins 

are surtrnarized tn Table 14. DickRon (l9R3) and Mc.Connell (1984 ) have 

reported 19 of these analyses and 4 samples were an a lyzed -by t" author 

(Appendix D-2). Four sets of avera~es of data are presen ~ed in Table 14 , 

thesP are: 1) from the F.sso greisen, 2) from the Ane s ty gr e isen, 3) fr om 

1 
other 

1 
gre iRen wh e r e mine ralization ts not in<i icate d and /~) from 

muscovite-ri ch greil'len. 

Enrichment/depletion of elPmPnts in the g r e 1sen r e lative t o-the 
I 

mean o f the 21 fresh samp~es of S~ ge Pond Gr anit e are shown in Figure 

4Q, Most samples consist predominantly of Sio2 and A120) with mi nor CaO 

and F re flec~ing the quartz~topaz-fluorite-k.<~olinite mineralogy . Samples 

with K20 c ontain sericite . Samples from thP g rei sen veins drilled by 

F.:s11<;> And fr om the Anesty outcrop, are hi gher in iron ( <l u e t o the 

pr@sence of pyrit~) than samples which are no t ass ociat P<l with 

, · 
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I 

Table 14' ~"".' ry of geochemi.:.c~l llnR1yses of greisen ' . the Sag~ Pond tn , 
antte. 

Esso Anesty Other "fuse ov it e 
N = 6 N • 3 N "' 1 1 N •·) • X s X s X !i X 8 

Oxide (wt.%)• 

Si02 82 . 4 5.2 82.8 7.0 83.) 3.6 • HO.O 4.3 
Al203 11.4 3 3. 05 8.96 4.44 12.oo 3. 21 10.42 l. 'i l 
Fe203 1.77 -1. 7 3 2.37 1.88 0.41 0.49 2. 10 0.80 
Feo 0. 11 6. 14 l. 70 l.RJ _0 . 20 o. to . 
Mg0 0 . 05 0.06 0.03 0.01 0.04 0.04 0. 16 0.07 
CaO 0. 38 0.54 0.88 1.40 O;H<} 1. 18 . O.Ao 0.7~ 
Na20 0.02 0.01 0.0) 0.01 0.04 0. 0 1· 0.20 0. 20 
K20 . (). 33 0,30 0. 19 0. 15 0.28 0. 19 3. 16 0.60 
Ti02 0. 14 0.05 0.17 0.10 o. to 0.07 0. t ~ 0.08 
MnO. - 0.02 0.01 0.02 0.0 0.02 0.01 0.2~ 0.17 
P205 0.03 0.02 0.02 0.01 0.01 0.0 0.01 0.01 
LOI 1.84 l. 60 2.96 " l. 21 I. 2 7 0. 70 2.28 0.9~ 
TOTAL 98,1) 1.5 99.5 1 :o 98.7 0. 7 99.8 0,8 

Element (g/t) 

F 20063 9124 10224 1';flli I 11i'i 7 '• 7'1 5 9970 -1108') 
Li l 3 10 'j 2 32 28 10() 35 
Be 0* I 0* () 10 28 )7 
v !+ l '• I 'i 2 'i 
Ni 2 0* I 0* 3 
Cu II () 7 4 lO 5 15 7 
Zn 14 4 I 'i R 10 4 M 27 
Ga ) .'i 4 0* ) ~1* 16 0* 
Rh 37 28 23 19 52 34 ()29 28() 
Sr 2 '2 5 () 4 3 6 1 
y 21 12* 42 36 3* 74 ' 
Zr 145 26* 11 0* I £;5* 
Nh 91 61 80 71 13* 95 
Mo 113 98* 190 212 59 65* 28 2'• * 
Sn 1440 2976 511 'j 88 23 30 159 ~ 15 
w ? 

658 1119* 5 2* 6 ~ 10 4* 
A?. o · 0 7 0 0 0 0 0 
Ba 7 11 26 9 30 27 37 4fl 
Pb 1 5 l () ' 8 () 12 22 I J 9 
u 3 0 5 0 J 1 
Th 27 14 1 I 0 10 7 

* Incomplete ciata IIPt 

1 . ' 

_ "\ 
J 
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Figure 49: Enrichment and depletion of elements in greisen relative to 
the mean of the data for 21 unaltered samples in the Sage 
Pond area. 
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mineralization. The samples from the Anesty greisen do . not contain 

significant tungsten, which probably· reflects the erratic distribution 

of fine grained wolframite in the outcrop. Fluorine t>nrichm••nt ts 

strongest 111 the tin bearing greisens. The dl'!ta do not Rugge:lt ttny 

significant differences in the processes which formed th~ d i ff~rent 

quartz-topaz greisen. 

5-.5-2 R.encontre Lake Area 

Geochemical data presented bJ Whale11 (1976, 1980, 198)) were 

obtained from an area of approximately 
( 

10 km2 around the molybdenite 
I 

prosl'ects 1n the Rencontre Lake Granite (Fig. 3IA)· and averages Qf 

Whalen's data are presented in Figures 29 and 30 and in Table 8. The11e 
\. ... 

strong chemical gradients which culminate ..... at molybdenite-

mineralized areas (Fig. 50). 
~ 

A.llowing for the fact that the r~gional samples from the Rencontre 

Lake Granite represent an area of 190 km2 and Whalen's results are from 

a small area with steep chemical gradients, there is good agreeruent in 

the data sets, with the exception ()f Y. Analysis of samples from 

approximately the same locality which bel o ng to the separate data sets 

also deruonstrates good agreement . 

. ..'JI 

.5-.5-3 Belle Bay Foraation 

A su~m~ary of analyses of repreqentative 

; 

rocks froru the 

predominantly volcanic Belle Bay Formation is presented 1n Table 15, 

... 
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GEOCHEMICAL TRENDS- RENCONTRE LAKE AREA 
-------~~-:....-.:...;:FR~O=:-M-:.:--W:....; HALE N (1980) 
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Figure SO: Sample locations (dots), and trend surface maps of 
geochemical variations in the Rencontre Lake area from Whalen 
(1980). The locations of samples analyzed by Dickson (1983) 
are shown by an x. Numbered samples are those for which REE 
analyses are available (see Chapter 6). 
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Table 15: Summary of geochemical clata from the Belle Bay Formation 
in the Sage Pond area, and comparison to data_ from the 
Rencontre La_ke area (Whalen, 1976). 

MAFIC ROCKS RHYOLITE FELDSPAR TUFF RHYOLITES 
PORPHYRY (WHALKN 1976) 

N "' 3 N • 4 N • 1 N • 13 N • 44 

X 8 X 8 X 8 X II 

Oxide (wt.%) 

Sio2 45.9 2.5 79.0 0.9 70.1 69.9 2.4 76.0 2.2 AI 2o3 13.65 l. 32 11.12 1.02 14.3 14 . 48 1.43 11.76 l. 39 
Fe203 4 . 97 l. 61 0 .84 0.24 2.34 2.31 0.98 2.12 1.0'5 FeO 7 .49 . 0.96 0.56 0.10 1.16 0.81 0.39 o. '58 0.36 MgO 7 . 52 2.21 0.15 0.09 0.78 0. 72 0.42 0.08 0.07 CaO 2 . 67 1.42 1. 29 1.4 7 1. 7 5 1. 71 o. 78 0.14 0.21 Na20 2.83 0. 97. l. 56 0.82 5.41 4.10 0.86 3.64 1.13 K20 1.16 0. 58 4.14 0.97 2.18 3.41 1. 18 4. 'iS 0.92 
Ti02 2.19 0.68 (). 1 7 0.02 0.47 0.54 0.17 - 0·.22 0.08 MnO 0. 26 0.05 0.04 0.02 0.10 0.08 0.02 0,06 0.04 
P2os 0.42 0.10 0.02 0.01 0.13 0.10 0.06 
LOI 1.41 0.29 1.00 0.4 7 0.95 1. 34 0.47 0. 'i9 0.42 TOTAL 99 .o 0.7 98.8 0.4 99.7 99.5 0.5 99.7 

• 

Element (g/t)' 

Li 45 18 239 19 15 24 19 ' 
Be 3 1 4 2 2 3 1 
F 1298 382 461 263 225 393 210 v 345 79 8 6 30 35 1 5 
Zn 11~ 35 31 16 68 64 21 112 105 
Ga 21 5 19 5 15 17 4 
Rb U2 69 171 73 52 122 40 174 48 
Sr 331 81 79 69 210 207 97 24 40 y 45 21 '- 66 23 47 56 28 145 45 Zr 166 82 335 160 215 314 137 945 334 ; 
Nb 10 1 29 11 12 ~~ a 50 . 25 
Mo 8 0 
Ag 0 0 0 0 0 0 0 

.Ba 68 92 160 164 536 833 346 191 218 
Pb 1 0 50 65 5 25 38 41 29 
Th \ 7 2 24 7 7 15 3 
u 4 2 3 0 
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along with data presented by Whalen (1976) from the Rencontre Lake area. 

The volcanic rocks from the Sage . Pond area have considera,bly higher 

values for Ba, Sr, Zn and Zr and have significantly lower values for the 

incompatible elements Li, Be, F, Rb, Nb, Th and U than the Sage Pond 

Granite and the Ackley Granite St.~ite. No areal chemical trends wf!re 

observed in the volcanic rocks in relationship to the contact of the 

Sage Pond Granite. 

The observed chemical features in the ' country rock and adjacent 

Ackley Granite Suite do not indicate any contamination of the Ackley 

magma chamber l>Y the country rocks either through bulk assimilation or 

element exchange. Comp11rable conclusions were reached by . Whelan (J976, 

1983) for the rocks in the Rencontre Lake area. 

5-5-4 Caapari•oo between the Sage Pond and Reocootre Lake Areas 

The chemical patterns in the Rencontre Lake Granite are similar to 

trends in the Sage Pond area. However, there are some differences. 

The enrichment trends of the. LIL elements r e cognized 1.n the Hungry 

Grove 4nd Sage Pond granites are areally mach more extensive than those 

in the Rencontre Lake Granite and can be recognized up to IS km from the 

l"ineralized area (Figs. 34, 35h36). Those in the Rencontre Lake area 

occur within .2-3 km~f the contact and are not detectable for most 

elements on a regional scale. On a local scale, enrichment is less 

extreme in- the Rencontre Lake area, For example, values of Rb in 

proximity to mineralization in the Rencontre Lake area range from 332 to 
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450 ppm while those tn the Sage Pond area range from 500 to 800 ppm. 

Both mineralized areas exhibit Ba and Sr depletion~ but the depl~tion is 

extreme in the Sage Pond area. There is also a trend to low yvaluf'A 

(10-30 ppm) in the Rencontre Lake area compared to average values of RO \ . 

ppm in the Sage Pond area. 

5-6 IJrl'KRPRETATION OF GF.OCH!MICAL· DATA.. 

Three distinct geochemical suites have been defined. These are: 1) 

The Mollyguajeck and Koskaecodde plutons with relatively lower SiOz and 

LIL elements and higher Ca-Femic oxides, 2) The Kepenkeck Granite with 

higher AlzOJ and Sr co12centrations, and 1) The southern Ackley Granite 

Suite with relatively high SiOz and LIL concentrations. The southern 

Ackley Granite Suite exhibits remar~ably similar geochemical signatures 

over an area of approximately 2100 km2 an~ was intruded~ross,the trace 

of the Dover-Hermitage Bay Fault zone. 

Regional trends in enrichment and depletion of elements culminate 

at the Sn-mineral ized greisen in the Sage Pond Granite and at the Mo 

prospects in the Rencontre Lake Granite. These trends are best developed 

in the Hungry Grove-Sage. Pond granites. 
I 

However, in both areas, the 

steepest geochemical gradients are developed at the margin of the 

granite 3round mineralization. These signatures are interpreted to 

reflect large, magmatic, geochemical systems involved in the primary 

ore-forming process. 

' 
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The Rencontre Lake Granite when compared to . the Hungry Grove-Sage 
I 

Pond Granite exhibits comparable major element geochemistry but more 

e rratic LIL concentrations. In addition, LIL enrichment trends and 

trencis to low value&' in Sr and Ba are less extreme. Thus significant 

differences in trace element signatures of the granit e s hosting 

- mineralization are present and may be related to the processes of 

mineralization. 

5-7 CEOCRlKISTRY OF OTHER HIGH-SILICA SYSTEMS 

Published geochemical analyses from selected, mineralized granites 

and high-silica volcanic and ' subvolcanic rocks are presertted in Tabl e 
• 

Hi. In addition, the me ans for specialized granite!\ (Tischendorf, 1977) 

and for granitic rocks associated with mineralizatioq in the South • 

Mountain Batholith of Nova Scotia (Chatterjee et al., 1983) are plotted 

in Figures 29 and JO: 

~ 

The important features of the chemistry of the mineralized granite 

sxstems are the high-silica · content, relatively high sodium and 

potassium values, low v a lue s for Ca-Femic oxides, Ba, Sr and K/Rb and 

high values for incompatible trace elements: The most important variable 

ia Al20J which is highest in peraluminous, muscovite-r~ch, tin- and 

tungsten- bearing, S-type granites . .. 
The southeastern Ackley Granite Suite shows almost identical major 

and trace element values to r e latively unaltered granites associated 

with the major Climax-type ore de"posits which are increa'singly • 
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Table 16: ( Cont .d) 

Oxide 

Si02 
Al203 
Fe203 
FeO 
MgO 
CaO 
Na20 
K20 
Ti02 
HnO 
P205 

Element 

Li 
se 
F 
v 
Cu 
Zn 
Ga 
Rb .-· • 

Sr 
y 

Zr 
Nb 
Sn 
Ba 
Pb 
Th 
u 

N • 

· Erzgebitge4 
most evolved phase 

X 

(wt.%) 

74.5 

0. 13 
0 .40 
3.5 
4.6 
0.06 

(g/t) 

600 
11 

7000 
2 

32 
1200 

35 

4 Tiachendorf, 1977 
5 Hines et al., 1978 
6 Alderton et al., 1980 
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•s• Types t S I Type6 
Koakiuako Batholith Cornubian Batholith 

X 8 X s 

" 

73.9 1.4 71.44 .47 
13.03 .57 14.98 .55 
0.36 0.29 1.06 .37 
1. 28 1.05 .85 . 35 
.55 .35 .44 .02 

1.49 .48 .73 .08 
2.62 0.12 ' 2.72 . 21 
4.25 .)7 5.46 ' . 19 

. 24 0.07 .24 .04 

.04 .• 02 .04 .01 

.11 .02 .24 . 02 

95 27 

5 3 
36 16 

214 39 4 65 190 
92 37 86 21 
31 3 

116 v 41 86 18 

343 146 

15 4 21 3 
3 1 

5 5 -



Table 16: (Cont.d) 

'Peralkaline•7 
Granite 

Oxide (wt:%) 

Si02 
Al203 
Fe203 
FeO 
MgO 
CaO 
Na2o 
K20 
TiOz 
HnO 

P205 

E 1 e men t ( g It ) 

Li 
Be -
F 
v 
Cu 
Zn 
Ga 
Rb 
Sr 
y 

Zr 
Nb 
Sn 
Ba 
Pb 
Th 
u 

X 

74.4 
11.7 
1.8 
1.6 
0.1 
0.6 
4.2 
5.1 
0.4 

0.1 

789 

141 

255 
20 
95 

715 
65 

154 

23 

37 

! 
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Bishop Tuft8 

E L 

X 

74.4 
12.3 

0.7 
0.01 
0.45 
3.9 
4.8 
0.07 
0.04 
0.01 

38 

190 
40 
25 
85 

725 

10 

21 
7 

75.5 
13.0 

1.1 
0.25 
0.95 
3.35 
5.55 
0.21 
0.02 
0.06 

40 

95 
110 
12 

140 
25 

465 

13 
3 

Tin Rearing9 
Rhyolites 

X 

76.2 
13.00 
l. 41 
0.16 
O.ll 

.46 
3.29 
').16 
0.12 
0.03 
0.01 

s 

0.9 (13). 
0.40 
0.2R 
0.24 
0.08 
0.25 
0.46 
0 . 45 
0.07 
0.01 
0.02 

2590 (2 samples) 

~ 
54 5 

27 

181 

48 
15 

216 (11) 
32 

1'37 

A 
D 1 73+( 10) 

13 
5 

15 

7 Hill and Thomas, -1983 
8 Hildreth, 1979. E - Early erupted tuff; L - Late erupted tuff. 
9 Huspeni et al., 1984. Bracketed numbers are number of analyses. _ 

- I 
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recognized as A-Type granites ()ofutschler et al. 1 19~1; Taylor et al. 1 

1985; Stein and Hannah, 1985). Peralkaline grani-tes, which have still 
I 

lower •lumina values, have comparable to extreme LIL enrichment trends. 

Allowing for the inherent variability in any data set and system 

analyzed, there is a rema rkable consistency in data between the 

different 'types' of high-silica granites~ 

As noted by Strong ( 1980), Hildreth ( 1981) and Mutschler et al. 

(1981) -comparison of data fr orn high-silica ash-flows with those from 

high-silica, mineralized, granite systems implies a strong genetic 

association between magma chambers responsible for major ash-flows and 

for significant mineral deposits. There is also a remarkable similarity 

between data from the high-fluorine t opaz-bearing rhyolites (Burt et 

~ 1982; Huspeni et al.,l984) 1 from the Ackley Granite Suite, and from 

the A-type mineralized granites in general. Included in the A-type suite 

of granites are the Proterozoic rapakivi granites (Haapala, 1985). 

There is .a large scatter in the data from the study area which 

make s direct comparison of the granitic and volcan~c systems difficul~ . 
• 

Nevertheless, there is some c'onsistency 'in the data, and Figure 51 shows 

that the Ta-Th values are similar to, and also higher than, the 

( tuffaceous systems describec;t by · Hildreth (1981). The granitic 

.. nvironment presumably enhanced the LIL enrichment trends due to 

retention of volatiles in the magma, whereas the volcanic 'rocks may have 

erupted prior to onset of significant LIL enrichments (c f. Hildreth, 

1981). 
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' 

TT 

LCT 

•• 

Figure 51: Plot of Ta against Th for samples from the study area. 
Symbols are described in Figure 17 or Figure' 53. BT- Bishop 
Tuff, HRT- HuckleberrJ Ridge Tuff, LCT- Lava · creek TIJff, TT 
-Tala Tuff; P...., Pantalleria Tuff (Hildreth, 1981 ). 
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CIAPTEil 6 - RARE KARTH !~.EMERT CltOCimKI STRY 

6-1 IIITIODUCTIOtr 

The objectives of this Chapter are to summarize the distribution of 

the rare earth elements (REE) in the study area and to discu'ss the 

significance of these variations. Modelling of the REE data in terms of 

crystal fractionation has been done by Whalen (1983) and wa~ not 

repeated during this study. Conceptual and philisophical problems which 

are discussed ih Chapter 10 (ie. non~equilibrium due to extra degree of 

freedom as result of de~sity contrasts) prevent realistic modelling. REE 

·analyses are avai lahle for 41 samples (35 new analyses in Appe~diX" F, 

" and · 6 from Whalen, 1983). All of the available d'ata are discussed 

below. The REE analyses obtained by Whalen are indicated by W on the 

diagrams and are similar to those presented here for samples from the 

same general area, a feature which promotes confidence in the data. 

Results and conclusions from the investigation of specific topics 

(ie. reg ion a l var is tion's, molybdenum-mineralized area, and tin-

mineralized area) are presented separately. A detailed discussion 

section at the end of the chapter draws co~clusions from comparisons 

between the different study areas . 

The distribution of samples from the regional surveys for which REF. 

analyses are available ia shown in Figure 52. All of t.he REE patterns in 

the following diagrams were normalized using the chondritic values of 

Taylor and Gorton (1977). 

- 205 "'-
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RARE EARTH ANAL YS~S 
~ . /'0 

. / '· _~ · 8 1 
I * WHALEN ( 1983 jO 

• THIN FILM XR "\ .. 
94 

0 INAA 
0502 

501 /f - ·- '0 ----- . -. / 1 8 7 

0 I _I 

. I 

3 54 it:::} 
l__ 0 

523 
/ 

/ '\ ./ 

/ ·,-

I *\. 
4 6 8 \ 0 

377 * 462 

0 5 15 
t::===±===i::=:::::::::::l 

Km 

Figure 52: Location of rare earth element (REE) analyses. Circles are 
new instrumental neutron activation analyses (INAA), crosses 
are thin film - XRF data, and stars are INAA data of Whalen 
(1983). Additional samples from the mineralized areas are not 
numbered. 
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The relat.ive enrichment of REE lighter than europium (LREE) and REE 

heavier - than europium (HREE) within and between rock samples is 

cone ide red to be, an important index to the processes and controls over 

the REE distribution (e.g. Hanson, 197R; Taylor and Fryer, 1983)). 

Value'! for- the more abundant HREE, Gd and Dy were not obtained by INAA 

and values for Tb and Hoare too low to be accurate ly determined by' the 

thin-film XRF technique. Therefore , comparison of variation between 

total LR'F.E and total HREE is not possible. The pl,ot of La (ppm) versus 

<tl. Yb (ppm) shown in Figu;re 53 allows some comparison of the relative 

enrichment and depletion of LREE and HREE within samples. The plot is 

• 
also an approximation ·of the relative concentr ations of REES between 

.analyzed samples. The enrichment or depletion o f F:u reia'tiye to the ' 

trend of the other ~EF: in the normalized REE pattern d e sc ribes the Eu 

anomaly (P:u/Eu*), where: · 

Eu/Eu* • Actual N"ormal ized Eu/Expected Normalized Eu 

Expected normalized F.u is obtained by averaging the normalized values 

for Sm ·and Gd. By convention, the anomaly _is positive if the r a tio is) 

and negative if the ratio is< 1 . 

. 6-2 UES Ilf THE K:OSL\!CODDE Aim MOL~YGUA.JECJC PLUTONS 

6-2-1 lle•ulte 

• 
. Chondrite normalir:ed RF.E patterns. from the_ Koskaecodde Pluton have 

.a etee_p negative slope and a small but variable Eu ·anomaly (Fig. 54) .• 

Sample 701 is the least differenti4ted (60.3% Si0
2

) and has a slight 

positive Eu ·anomaly (Eu/~u*.;. 1.12). Sample s M7 ~65% •Si02) and 354 

(69.3% Si02) have a weak negative Eu anomaly .(Eu/Eu* • 0.54 and 0.31 
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Figure 53: Plot ' of La against Yb. 
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0 
0 
N 

MOLLYGUAJECK PLUTON 

B 

L.o Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb 

0 
0 
N 

c 

KEPENKECK GRANITE - 094 
MOUNT SYLVESTER GRANITE - 501,502 

502 
501 

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb 

81 
61 

Figure 54: REE patterns from the northwestern granitoids. Chondrite 
normalized using values of Taylor and Gorton (1977). Samples 
analyzed by INAA. 
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respectively) and are slightly enriched in the heaviest REES compared to 

sample 701. Sample 354 is also slightly enriched in the light IU:ES 

compared to 701. Sample 523 (69. 4 Si02) has l':u/F:u* • 0.45 and is 

enriched in both LRF.E and RREE compared to 701. 

The patterns for samples lil (72.4% Si02) and 81 (6q.J% _Si02) from 

the Mollyguajeck Pluton have negative Eu anomalies of 0.53 and 0.75 

respectively and are similar to the pattern for sample 697 from the 

Koskaecodde Pluton (Fig. 54). 

The low total REE content of the Koskaecodde and Mollyguajeck ) 
.. _/ 

in Figul'P_.-plutons, relative to the Ackley Granite Suite is illustrated 

53. Sample 523 ha s highest REE and ts significantly enriched in La and 

Yb relative-to the other samples from the Koskaecodde Pluton. 

6-2-2 Discussion 

I 

The REE patterns in the Mollyguajeck and Koskaecodde plutons are 

similar. This supports the interpretation from petrographi~, ma jor and 

trace element data that thes e two granodiorite-granit~ plutons have a 

similar petrogenetic history. 

\ 
The changes· in the REE patterns are not directly related to the 

degree of differentiation as indicated by the silica content or by the 

Thornton-Tuttle Differentiation Index · (see Dickson, 1983). Thia is 

illustrated by the variability in total REE content compared to the Si02 

content of the samples. A Spearman rank correlation matrix of the 6 

'-
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1. • 

samples for which RF.E are available also shows no significant 

covariations with the REE and most major oxides, the exception being Eu 

which hu a negative covariation with Si02 and a strong pos\tive 

covariation with the Ca-Fe':lic oxides (including P20.5 ~nd Ti02), Gromet 

and Silver (1983) have shown that in granodiorite, the bulk' of the HRE\ 

occur in sphene, and the LREE reside in apatite. Thus variations in 

·-concentration and origin of these accessory minerals may account for the 

observed variations in the Koskaecodde and Mollyguajeck plutons. Apatite 

and sphene are generally euhedral indicating early cr;ystallization. 

6-'3 U!S IN THE ACKLEY GRANITE SUITE 

6-3:-1 lle•ults 

• 
Sample 94 from the Kepenkeck Granite (Fig. 54) has the lowest total 

REE concentration (Fig 53) in an unmineralized granite analyzed ~from the 

Ackley Granite Suite and has Eu/Eu* • 0.22. The two other samples (#501 

and #502) analyzed from the northwestern granitoids belong to the 

southern part of the Mount Sylvester Granite and have REE patterns (Fig. 

r· 
54) which are similar to thos'e from the Tolt and Hungry Grove granites 

(Fig •. 55). Samples 501 and 502 have negative Eu/Eu* • 0.46 and .0.28 

respectively. These two llamples have slightly higher Total REE content --.. 
(especially HREE; see Fig. 53) than do the granodioritic plutons atld the 

Kepenkeck Granite. 
) 

) 
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A HUNGRY GROVE GRANITE B 

META GRANITE - 187 
TOL T GRANITE - 377,416, 462 

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb 

La Ce Pr Nd 

156w 
642 
604 
605 

Sm Eu Gd Tb Dy Ho Er Tm Yb 

La Ce Pr Nd 

La Ce Pr Nd 

Figure 55: REE patterns from the southeastern 
Chondrite normalized using values 
(1977). All samples analyzed by INAA. 
(1983). 

Sm Eu Gd Tb Dy Ho Er Tm Yb 

SAGE POND GRANITE D 

Sm Eu Gd Tb Dy Ho Er Tm Yb 

Ackley Granite Suite. 
of Taylor and Gor ton 
W - analyses of Whalen 
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The Meta Granite is represented by the analysis of sample 187 (Fig. 

' 
55). This sample has approximately median values for LRE~, low values 

for HREE and highest La/Yb ratios (Fig. 57) compa~ed to other granites 

from the southeast. It also has moderate negative Eu/Eu* • 0.37. 

J 
REE patterns from the Tdlt Granite (samples 462, 416, 377) and from 

' -·-
sample 468 from the Hungry Grove Granite are similar, with moderate 

negative Eu/Eu* varying from 0.24 to 0.40 (Fig. 55). Sample 664 from the 

Hungry Grove Granite has a similar REE pattern but has a · much larger 

negative Eu anomaly (• 0.07). These samples, along with the samples from 

the Mount Sylvester Granite, all exhibit a moderate enrichment 1n 

heaviest REE and a higher total REE concentration relative to the 

granodioritic plutons. Sample 664 also has high LIL concentrations and 

i's included in the trace element enrichment trend which culminates at 

/ 
mineralization . . Sample 707 has both elevated HREE, a large negative Eu 

anomaly (• 0.10) and is geochemically specialized. Samples 332, 720 and 

" 721 · from the Sage Pond Granite have similar LREE and elevated HREE, 

compared to the relatively unspecialized samples from lthe Hungry Grove 

and Tolt granites (Fig. 55). These sample s also have a large negative Eu 

anomaly (0.14, 0.01, and 0.12 respectively) similar to sample 664 and 

707. There is no systematic variation of REP.: between the Sage Pond 

Granite and the other granites with major elements. However, the s 'amples 

from the Sage Pond Granite are all relatively enriched in LIL elements 

and depleted in Ba and Sr. Sample 720, ~rom the Sage Pond Granite, has 

elevated values for HREE and HREE, highest value for Yb (Fig. 53) and 

the largest negative Eu anomaly. This sample is partly sericitized and 

kaolinized, with high KzO (7.17%) and AL203 (15.5%), relatively ·low Si~ 

(71.5%) and highest concentrations of Rb, Y, Nb, Th and U. 
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In •contrast to the So-mineralized Sage Pond Granite, samples 156, 
' 

642 and 604 (Fig. 55), from the Me-mineralized Rencontre Lake Granite 

have sma~ler negative Eu anomalies (• 0.42, 0 . 27 and 0.34 resp~ctively), 

similar LREE, and slightly lower HREE, when compared to the 

unspecialized Tolt and Hungry Gro·ve gr a nites. Sample 605 (see Fig. ')Q 

for location) which has the lowest total RF.F. and the smallest Eu anomaly 

(~ 0.60) is heavily chloritized. 

6-3-2 Discussion 

The low total REE content of sample 94 supports the whol e -rock data 

(Al20J and Sr in particular) which indicates that the Kepenkeck Granite 

is petrogenetically ~istinct from the other granitoid rock~ in the s t udy 

are a. 

The similarity in REE patterns o.f samples . SOl and 502 fr om the 

Mount Sylveste r Granite and patterns from the Tolt and Hung: y Gr ove 

granites s upport s the results of the discriminant function analyRis 

reported in Chapter 5. The se results correlate the southern part of the 

Mount Sylvester Granite with the Hungry Grove Granite. 

The covariation of the REE with respect to the other geochemical 

variables is presente~ in Appe ndix ~- 3. Tht HREE have neither negative 

or positive covariations with Zr and Ce and have -negative covariationa 

with P205 and Ti02. This suggests that crystallization of zircon, 

allanite, apatite or sphene may not be the the cause of enrichment of 

th·e REE and the othe r LIL elements . These features contrast sharply with 

, 
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the LREE (excluding S~) which have weak covariations 0.5 at the 90% 

level) with the other variablea.and ·do not exhibit significant inter-REE 

covariations. Thus the controls over the distributio!l of the LREE are 

different than those of th~ HREE. The lAlck of covariations suggests that 

simple fractionation involving the main silicate phases in the granite 

(all of which ahould create positive covariations of the REE) do not 

control the REE distribution. The · strong positive covariations between 

· HREE and the LIL elements sugge·st that all of these 'peralkaline' 

elements are easentially incompatible· with respect to the main crystal 

phases in the granite. 

In conclusion, the . Koskaecodde and Mollyguajeck Pl~tons, the 

Kepenkeck Granite and the rest of the Ackley Granite Suite exhibit 

significantly different REE patterQ.s which suggest different 

. petrogeoetic histories. In addition, there is a general trend to 

elevated HREE concentrations with geochemically specialized rocks 

associated with the tin-tungsten mineralization in the Sage Pond Granite 

and this trend is . emphasized by an abrupt drop in Eu content of the .,.. 
granite. There . are significant differences between the Rencontre Lake 

and Sage Pond granites, with three patterns in the former comparable to 

unspecialized granite from the Tolt and Hungry Grove granites and one 

depleted in all REES. 

' 



6-4 REES AT THE ~LYBDEMITE PROSPECTS 

6-4-1 Introduction 

The REE patterns f'rom the molybdenite prospects (Figur.e 56) were 

obtained from three sources. REE data for samples 6 and q8 were 

published along with whole ~ock geochemical analyses by Whalen (1983); 

the other samples were analyzed at MUN. Powders f o r analysis from .. 
samples 7, 14, and 120 were taken from the sample-powder library at MUN 

(thesis samples of Whalen, 1976) and whole rock analyses and sample 
i 

descriptions are listed in Whalen (1976). Powders from sample11 1160 t o 

1163 were obtained from the A7alytical Laboratory at the Newfouncilancl 

Department of Mines and Ener!J:y, and whole rock analysefl Rnd sample 

descriptions have been published by Dickson (1983). , 

6-4-2 Results 

The molybdenite prospects collectively have lo~P.r LRP:P: 

concentrations and most samples have lower HREF. concentrations than the 

presumed parent Rencontre Lake Granite. The Eu anomalies are variable 

with values ranging from 0.10 to 1.03 and there is a marked depletion in 

the Middle REE (MREE), particularly in Gd and Er, with reference to the 
. . . ,....,. 

regtonal granite patterns. 

At the Ackley City prospect, samples 6 and 98 ar"e described as 

aplite by Whalen (1~83) and show comparable patterns to sample 605 from 

the , Rencontre Lake Granite, These patterns are depleted relative t~ 

samples 156, 642 a:nd 604 from the Rencontre Lake Granite and to other 
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Figure 56: REE patterns from the mineralized areas 1n the southern 
Ackley Granite Suite. Chondrite normalized using the values 
of Taylor and Gorton (1977). Solid symbols- INAA data. Open 
symbols- XRF analyses. W- analyses from Whalen (1983). 
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s•mples from the southern Ackley Granite Suite. Samples 7 and 14 are 

described as granite-pegmatite and show relative depletion of TREE 

(total REE) and loss of the Eu anomaly (• 0.87 and 1.03 respectively). 

The samples from the Motu prospect (1162 and 1163) are fine grained 

-- •and contain minor rosettes of molybdenum. These sampleR are strongly 

depleted in MREE relative to the regional samples from · the Rencontre 

Lake Granite and have Eu/Eu* • 0.89 and 0.47 respectively. 

Sample 110 is a fine grained granite near the pegmatite 11t Crow 

Cliff. It has depleted LREE compared to the Rencontre Lake Granite, more 

normal HREE when compared to the Motu samples and a relatively large 

&egative Eu/Eu* a . 0.10. 

Samples 1160 and 1161 from the Wyllie Hill prosp&ct consist of 

slightly bleached fine-grained granite with mtnor disseminated 

molybdenite and pyrite. These samples show physical evidence for 

hydroth~rmal alteration, have a characteristic U-shaped REE pattern, the 

same low negative Eu anomaly (• 0.81), and exhibit the greatest amount 

of depletion in HREE of the samples from the molybdenum prospect~. 

The samples from the Motu and Wyllie Hill prospects have very 

high-silica contents, as also reported by Whal e n (1976). 

6-4-3 Di•cuaaion 

In the samples from the molybd~nite prospects, where miaroltic and 
v 
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pegma~ite features are common, the U-shaped REE patterns are thought to 

result from crystallization of the silicate phases in the presence of a 

separate fluid phase (Hanson, 1978; Taylor and Fryer, 1983). Comparable 
' 

genetic histories are suggested for the four main molybdenite prospects 
~ 

by the similarity in . REE patterns and this supports Whalen's (1976, ' 

1980, 1.~3) interpretations that the different style11 of mineralization 
• .' 

are part of a continuum of ~rocesses. Detailed examination of the REE 

patterns from the prospects (Fig. 56) and comparison of these ' to the 

patterns fro.m the Rencontre Lake Granite (Fig. 55) suggest that three 

stages of alteration can be recognized. 

The first indications of alteration (Stage 1) are demonstrated by 

samples 98 and 120 which do not contain sulphide mineralization or 

visible sign~ of alterati~. These are probably the least altered rocks 

analyzed from t~e molybdenite prospects and exhibit a r e lative depletion 

of LREE and a slight increase in the Eu anomaly (from 0.27 to 0.42 tn 

the parent Rencontre Lake Granite to 0.10 in sample 120). Stage 2 is 

illustrated by samples 1162 and 1163 which contain minJr molybdenite . .. 
J .; 

These show. depletion in all REES and also a large dec rease in the size 

of Eu/Eu* (from 0.1 to values of 0.47 and 0.89). Sample 6 may be from an 

fntermediatP. stage with low\LREE and intermediate values for HREE and 

Eu/Eu*. Stage 3, illustrated by the Wyllie Hill samples, is the 

continued relative depletion of total REES, while the characteristic 

U-shape is maintained and Eu/Eu* changes from weakly negative to 

slightly positive (samples 1160, 1161). This latter stage ia · accompanied ' 

by silicification an4 minor sericitization. 
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6-5 IUS ASSOCIATED WITH QUARTZ-TOPAZ GREISEN 

6-5-1 Iatroductioo 

R~E patterns from greisens and from granite adjacent to greisen in 

the Sage Pond area .are shown in Figure 56. Samples 13, 22, 24, 223, 229 

and 289 were collected by the author and samples 11.51, 1153, 1165, U70 

and 1171 form pa!t of the sample set analyzed by Dickson (1983). The 

locations of the analyzed samples ~reshown in Figure 46. 

6-5-2 Results 
0 

Sample 289 is a relatively fresh, fine grained granite, ad.fiicent to 
; 

an . isolated quartz-topaz greisen vetn on surface. It hRR REE 

concentracions similar to those of the Sage Pond Granite and trace 

• 
ele'ment-eqriched portions of the Hungry Grove Granite (Fig. 55) . Samples 

· 13, 22 and 24 were collected from Esso dri 11 core. Sample 24 iB a fresh 

fine-grained, miarolitic granite, located 1 m from a ' 2 m wide qt~artz-. 

topaz greisen :vein within a · swarm of greisen veins (Plate 31). ThiA 

sample exhibits depletion of all REE, a U-shape and a relative decreaae 

in the Eu a_nomaly (from 0 .I to 0 .39) •. Sample 22 is a sericite-rich 

greisen marginal to one of the quartz-topaz veins '(see Plate 22) and has 

a pat'tern simila-~ to 24 with lower -REE concentrations. Sample 13 is a 

quartz-topaz greisen and exhibits extreme depletion in all REP:S and 

'Eu/Eu* """0 .2. 

· REE patterns from various samples of qbartz-topaz greisen are al~o 

presented 1n Figure 56. All of the sam,ples are characterized by lower 
C' 
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HREP: and a srpaller Eu anomaly than sample_s from the Sage Pond Granite . 

. No syl!tematic correlation has bee.n observed between REE and major oxide 

or trace element concentrations (including F). The samples from the 

la-rger' F.sso (#13) and Anesty U!229 and 1165) greisen bodies show the 

greatest depletion of total REE in the · analyzed quartz-topaz greisen 

although there is no apparent direct relationship between the REE 

concentrations and the Sn and W concentrations of the analyzed samples. 

6-S-3 Diacueeion 

The features noted above indicate th11t- the loss of REES ftom the 
\ 

host granite is spatially ( <s m) restricted to the ·areas of abundant 

greisenization or fluid activity~. The intermediate stage of the 

alteration process is reflected by sdmple .~ 22 and · 24 and results in a 

U-shaped REE pattern . 

.. 
The association between total REE depletion and quartz-topaz 

greiae~ which contains significant conc entrations of Sn has also been 

noted at the East Kemptville· tin deposit in Nova Scotia by Chatterjee' 

and Strong ( 1983). 

6-6 SmtiARY AIID DISCUSSIOR OF REE BEHAViOR 

6-6-1 M~tic Signatures 

The observed REE patterns (Fig. 57) are characteristic of those · in 

many high-silica granitic systems (Fig. 58). A straight negative slope 

vith a weak to moderate · negative Eu anomaly is charac t eri s ti c of many of 

·. 
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Grove Granite. M and G are averages of the Mumba llo and Gabo 
'A-type.' granit·es (Collins et al., 1982). Cis average of 5 
samples from the Cornubian Granites (Alderton et al., 1980). 
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1979). 
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the S- and 1-type systems as shown by the Cornubian Granites (Alderton 

et aL, (1980), South Mountain Batholith (Muecke and Clarke, .1981) and 

by the calc-alkaline granitoid r ocks of Peru (cf. Athtton and 

Sanderson, 1985) . The anorogenic post-tectonic granites commonly exhibit 
() 

a slight U-shape due to enrichment in HRF.F. :a shown by the A-type 

granites on Figure 58 (Collins et al.; 1982), similar systems in the 

' Mount Pleasant area of New Brunswick (Taylor et al. 
1 

1985), the Quartz 

Hi 11 area of Alaska (Hudson and Arth, 1983), anct the Proterozoic 

rapakivi granites studied by Weihe (1978). High-silica peralkaline 

granites show moderate to extreme enrichment of thP HRF.F: (cf. Taylor and 

Fryer, 1983). Similar U-shaped patterns with weak to strong n egative Eu 

anomalies are present in some anorogenic high-silic a volcanic sy~tems 

such as the Bishop Tuff (Hildreth, 1979; Fig. "iR) and topRz-bearin~ 

rhyolites (Huspeni et al., 1984). 

Within the study area, the rl"lative concentrAtionf'l of RF.P.:S 

demonstrate the independent genetic evolution of the Koskal"co<tde 11nd 

·, Mollyguajeck plutons, the " Kepenkeck Granite and the rest of thl'! Ac!<!ey 
.... 

Granite Suite. These REE patterns emphasize thf! regional chemic11l 

consistencies in the southern Ackley Granite Suite and demon11tr.11te th11t 
\o 

the HREE are concentrated along with other LIL trace P.leme nts. P:uropiurn 

is strongly depleted ln a large halo surrounding known 

mineralization in the · sage Pond Granite. ThP differences ( in t i L P.lP.mPnt 

behavior ·between the Rencontre Lake Granite and the Snge Pond r.r11nitP 

..... 
are also mirrored by the REE behavior since the former i11 not marketlly 

enriched 1.n HRgE nor depletP.d in Eu. 

-
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Comparison of the vhious REE patterns from the Ackley Granite 

Sufte show that the U-shape, or relative enrichment, of the HREE results' 

from magmatic processes · (i.e. ind-ependent of hydrothermal processes) . ~, 

during differentiation of the magma system (assuming sample 187 and 720 

are genetically related). This feature was also observed in the Bishop 
\ 

Tuff (Hildreth, 197~~. 

6-6-2 Bydrotheraal Signatures 

Taylor and Fryer (1~83) have recently reviewed the behavior of REE 

in hydrothermal systems and the following selected points are summarized 

from them. Flynn and Burnham ( 1978) determined ,experimentally that the 
I 

REE do not partition significantly into simple aqueous solutions. 

However, they indicate that in Cl--dominated aqueous systems, the LREE 

preferentiillly partition into the fluid phase, thus causing a LREE-

depeleted pattern in the parent rock. Flynn .and Burnham (1978) and 

• 
Taylor and Fryer (1983) also suggest that the presence of other anionic 

....... , 

species such as C032- or F- in the aqueous fluid will alter the 

silicate-aqueous fluid part it ion coefficients such that the HREE are 

prefere~tially depleted from the parent rock. Conversely, redeposition 

of the mobilized REF. may have the opposite effects with LREE enriched in 

Cl--dominated systems and HREE enriched in co2--dominated systems. In 

weakly acid F--dominated aqueous systems, the s tabill.ty of REE fl\:oro­

tomplexea at lower fluoride concentrations (<. 10-3 M) has a maximum at 

Yb (Bilal et aL, 1979; Bilal and Becker, 1979). Bandurkin (1961) also 

recognized that the stability of these fluoro-complexes in the fluid 

phase is enhanced by the prescence of Al3+, a condition restricted to 

r 
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those fluids producing phyllic and argillic alteration (Guilbert an<i 

~ewell, 1974; Taylor and Fryer, 1983; Strong et al., 1984). 

The molybdenite mineralization in the. Rencontre Lake area ia 

accompanied by a decrease in total REE and ,._ marked decrease in mi<1ci le 

REEt The widespread pegmatite and miarolitic cavitiel!l indicate th11t R 

fluid phase was present during crystalliz~tion, and the decreaAe in MRF.F. 

can be i~terpreted to result from silicate-aqueous fluid equilibra. The 

observed REE patterns in the mineralized areas at Rencontre Lake can 

thus be explained by assuming that crystallization and possible hi~h-

temperature hydrothermal !ilteration of the Rencontre Lake Granite took 

place 1n the presence of . a fluorine-ciominated aqueous fluid . 

Alternatively a fluid cont7ining both Cl~ anci C02 may have been present. 

The largest depletions are noted at Wyllie Hill where sericit~ 

altetdtion is visible and a large r fluid-ro ck ratio may be responsible • 

for the greater amount of REF. depletion. Le~ching of ~he HREF. and MREP. 

would not affect the concentration of bivalent Eu and the observed 

decrease 1n the size of the Eu anomaly would result. 

Samples 6 and 98 from th e Ackl e y City prospect were used by Whalen 

(1983), in conjunction with siimple 468, to assist in modelling crystal-, 

liquid frsction11ti·on processes throughout ' .the Ackley Granite Suite. 

Comparison of the REE patterns from the Ackley City prospect with the 

'--./; 
regtonal patterns for the Renc ontre Lake Granite (Fig. 5S) indicate that 

samples 6 and 98 (Fig. 56) are r e latively depleted in all REF.. The 

REE plutons have been modified by 11 fluid phase and there for e do not 

result directly from crystal fractionation. 

I 
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The REE pattern for sample 605, located approximately 1 km north of 

the Wyllie Hill prospect, is aho interpreted to have resulted from 

silicate-fluid interaction. Thill indicates that the hydrothermal systems 
, 

in the Rencontre Lake Granite were of moderate dimensions. 

The characteristic U-sh~ped depletions noted in the altered granite 

and greisens in the Sage · ?ond area may also be interpreted to result 

from leaching in the presence of a low-fluoride aqueous phase. The 

relative decrease in the Eu anomaly. compared to the regional samples 

from · the Sage Pond Granite, however, cannot be explained by continued 

leaching of the other REE, and must' involve some redeposition of Eu from 

the hydr.othermal fluids. These hydrothermal alteration pro~esses are 

restricted to the greisen bodies and their inmediate proximity. 7he 

presence of hematite in the greisen may indicate higher fluid .f02 than 

in the magnetite-bearing parent granite, perhaps enhancing the stability 

of Eu in the greisen. However, this would imply a distinct difference in 

the behavior of Eu in the aplite-pegmatite and' the greiaen environments. 

Feldspar, and in most samples muscovite, has been completely 
Q 

deat·royed during the formatio~ of the quartz-topaz· greisen. Thus the 

implication ~f the interpretation that the changes in the REE . . 
concentrations respl t from a leaching process indicates that the REES 

reside in refractory accessory minerals (possibly sphene). Gromet and 

Si-lver (1983) shoved that the bulk of the whole rock REE content of 

granodiorite· ·is resident 
\ . 

and sphene. Alternatively, in apatite the 

alteration process may have caused complete local redistribution of the 

REE between the old and new mine ral phases without significant changes 
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in the bulk REE content. The d~pletion of REF. in the larger greiaen may 

simply reflect a more efficient leaching of the postulated REE-bearifig 

refractory phases in areas where the hydrothermal fluids have been 

ponded at high temperatures. Alternatively, larger volumes of fluid have 

passed through. 



CIIAPTII 7 - u-sa and 40ARJ39n snmn:s 
I 

7-1 IIITRODUCTIOII 

The Ackley Granite Suite provides an opportunity to evaluate 

tempor~l relationships of the distinct styles of mineralization to their 

host granites. Geochronological studies assist in determining the areal 

extent .and cooling history of the magmatic system, and Rb-Sr studies 

provide some information on source rock variation. Fourteeh new Rb-Sr 

and thirteen new 40Arf39Ar analyses are presented. 

Recent geochronological studies of mineralized granitoid plutons in 

the Appalachian - Caledonian Orogen indicate variable time intervals 

between pluton emplacement and mineralizing episodes (Strong, 1985). For 
} 

example, Selll et al. ( 1985) have shown that magmatism and hydrothermal 

activity (Sb, W, Au) • at Lake George, New Brunswick were essentially 

contemporaneous, while Halliday (1980), Jackson et al. (1981) and Bray 

and Spooner (1983) have documented a protracted period of hydrothermal 

activity for the Cornubian Sn-W province of southwest England. Zentilli 

and Reynolds (1985) have suggested that So-bearing greisens in the East 
I. . - • 

Kemptvil1e deposit of Nova Scotia were formed 60 Ha after emplacement of 

the host South Mountain Batholith. 

7-2 PUVIOUS GKOCBROitOLOGICAL STUDIES 

Published ages from the study · area (Fig. 59) include three 

conventional K-Ar biotite ages (recalculated using the decay constant~ 

- 229 -
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Figure 59: Sununary of published ra\iiometric ages from the st udy arl!a. 
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·, 
recommended by Steiger and Jaeger, 1977) of 374 t 3lt}'fa (Lowden, 1961), 

399 t 32 Ma (Leech et al., 1963) and 405 t 17 Ma (Wanless et al., 1972). 

There are large errors on these ages such that they cannot be used ·eo 

differentiate possible units within the granitoids. 

" Bell et al. 0977)· reported an Rb-Sr isochron age of 355 t 5 Ma (2 

sigma; recalculated using • 1.42 * 10 -11 yr-1). These data were 

obtained from six samples from different granitoid units which were not 

recognized in the study area at that time. Five of the samples were from 

the Tolt, Meta and Hungry Grove granites and one sample was. from the 

Kepenkeck Granite. The implication of th~ age is t'hat all of the 

granitoid rocks in the study area (their Ackley City Granite) repre sent 

a single cooling event and a single magmatic system. 

A K-Ar date of 338 :t: 7 Ma was reported by, Whalen ( 1980) on 

hydrothermal muscovite from the Ackley City molybdeo i te prospect in the 

Rencontre Lake Granite. This age was .considered by Whalen to be in. 

agreement with the previously reported age of Bell et al. (1977) and was 

thought to represent the age of crystallization of the granite and its 
: I' 
I contained mineralization. 

Three 40Arf39Ar spectra from biotite and a biotite-hornblende pair 

were obtained by Dallmeyer ' et al. (1983). The samples were located at 

the eastern margin of the Tolt Granite and the spectra gave integrated 

age a of 352, 357 and 355 Ma respectively (all :t: 10 Ma) which were 
I 

interpreted to represent the approximate ake of emplacement and 

subsequent rapid cooling of granite, 
. I 

similar the These! ages are to the . I 
I 
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Rb-Sr age reported by . Bell et al. ( 1977) and are 

\ conventional K-Ar age reported from the eastern margin 

et al., 1963). 

7-3 WHOLE llOClC 2&-SI. GEOCHRONOLOGY 

7-3-1 Introduction~ 

younger than s 

(Fig. sq ;. Le4h 

The Rb~Sr isotopic system and {ts application to g~ological 

problems has been reviewe'd by Faure (lq77). Details of the analytical 

t~chniques are provided in Appendix B. The locations of fourteen whole 

rock sampl e s analyzed to provide information on possible Anurc e and age 

variations iri the study area are shown on Figure 60, a long with the 

locations o f the 6 samples analyzed by Bell et al. (lq77). The Rh an~ 

Sr concentrations and Sr-isotope ratios are surm~arized in Table 17. 

Samples were selected on the basis of absence of chlorite alteration in 

thin s.ec t ion. 

7-3-1: l.eeults 

Results of we ighted lea~t squares regression analyses ar~w-shown in 

the accompanying Figure s for combinations of the new data along with the 

data of Bell et al. (1977). Errors are quoted are at the sigma level. 

The regressed lines on most of the plots ~ave a mean square of weight'ed 

deviates (MSWD) gre ater than 2 and are errorchrons aa defined by BrookA 

et" al. .(1972). l'f evertheless, there are signifi<:ant variations in the. 

indicated ages and the initial 87srf86sr ratio~ between the northwestern 

granitoi~s and the granites from the southeast. 

I 

, 
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Table 17: Rb-Sr isotope data. Sample location on Figure 60. 

v 
Sample Rb Sr 8 7Rbf8.6s~ 8 7 Sr ;86:sr 

87 235.3 263.8 2.585 0. 718 88 
92 " 192.9 277.5 2.015 0.72172 
94 245.5 253.6 2.805 0. 72028 

164 186.0 162.6 3.316 o. 72298 
353 283.~ ll6.4 7.079 0.75151 
397 311.6 65.6 13.844 0. 77647 
438 257.1 182. 1 4.094 0.72757 4'64 150. I 99.4 4. 377 0. 72733 
SOl 312.8 109.7 8.29 0.74819 
502 322.6 82.6 11.36 0.76371 
523 214.5 172.9 '3.600 0.73148 
605 241.8 65.6 >10.720 0. 76095 
701 164.8 316.8 I. 507 0.71819 

Be 11 et al. (1977) 

CD 462 214 75 8.3 (}. 74.19, 
468 294 35 24.5 0.8280 
q69 250 24 31.1 0.8618 
494 248 84 8.5 0.7493 
495 220 74 8.6 0.7497 
499 212 344 L. 78 0 . 7115 



1\11 data. fro•n the nprthwestern granitoids. are plotted on Figure 

61A. This sample· grouping gives an age of 359.5 Ma, which·i~ mel,lningle.ss 

1ince it has a large· error o"f ··57. 9 Ma and ·a MSWD of 522. Howeve.r, the 

sample' plot as two trends. Hornblende-bearing samples (92, 3S3, 523 and 

701) fJ'om the Koska~codde and Mollyguajeck, plutons form the upper and 

. . 
steeper line and samples ·from the Kepenkeck and Mount Sylvest7r gran~tes 

\87, 94, 4_99, 501 and 502) form the lower trend. 
\ . . ) 

.-; 

Hornblende-bearing samples from the Koskaecodde and Mollyguajeck . . 

plutons give a reasonably acceptab{e.age of 426.9 ± 12.1 Ma with an MSWD 

of 6.3 and an initial etr?ntium ratio of 0.7092 ;Jig. 61B). 

The combined · samples 'from the Mount Sylvester and Kepenkecj< '· 

granites have an indicated age of 370.4 :1: 15 Ma, ... a large MSWD of ..19 and . 
an initial strontium ratio. of 0. 7049 (Fig. 62A). This is an unaccepta'ble 

age due to the large MSWD. A 1 ine through the 2 sample pointe from the 

Mount Sylvester Granite gives an age of 356 Ma and an initial. strontium 

ratio of 0. 706. The 3 muscovite-bearing samples (Fig. 62B) from the 

Kl!penkeck Granite give an indicated age .of 465.9 ± 3.6 Ma with an MSWD 

of 0.05 and an ~nitial strontium ratio of 0. 7017. This latter line is 
' . 

the ~mly isochron from the new data set, but the very low initial 

strontium ratio indicates ' anticlockwise rotation of the isochron, 

possibly due to subaoiidus mobility of Sr ¥or Rb. Alternatively, it is 

possible that incomplete homogenizat ioJil · of Sr-isotopic ratios from 

variable sources (cf. .Juteau et al., 1984), resulted in the low initial 

I 

strontium ratio. The low initial ratio . indicates that this isochron· is 

%nacceptable with respect to age and initial ratio. 

J 



A 

B 

- 236 -

·
77 

NORTHWEST GRANITOIDS- ALL DATA 
( Mo l lyguajeck, Koskaecodde, 

<D 
CX) 

0:::: 
(/) 

r::: 

. 75 

CX) .73 
0:::: 
(/) 

·71 

0 

Mount Sylvester, Kepen kec k) 

• 0 
• 0 

G 

2 

• 

• e 

AGE = 359.5:!: 579 M.A. 
I. R. =0.70883 :t o .00227 
M.S.W.D. = 522·0 

4 6 8 10 
R887/SR86 

'76 KOSKAECODDE 

<D 
OJ 
0:::: 
(/) 

r::: 
CX) 

0:::: 

·74 

(/) ·72 

AND 
MOLLYGUAJECK 

PLUTONS - NEW DATA 

AGE = 426.9 ::t 12·1 
I. R. =0.70922 :t 0 -00041 
M.S.W.D = 6 .267 

e 

12 

~0~--~----~--~----k---~----~--~--~ 
0 2 3 4 56 7 8 

RB87/SR86 

Figure 61: A: Isochron plot of all data from tne northwest granitoids. 
B: Isochron plot of data from the Koskaecodde and 
Mollyguajeck plutons. 



A 
·77 

·75 

<0 
tO 
0:: 
(/) 

~ 
·73 tO 

0:: 
(/) 

·71 

0 

- 237 -
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Figure 62: A: Isochron plot of data from the Mount Sylvester and 
Kepenkeck granites. 
B: Isochron plot of data from the Kepenkeck Granite. 
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The 5 new analyses from the southeast granites provide an 

errorchron age of 357.6 ± 11.8 Ma with an initial strontium ratio·- of 

0. 7063 and MSWD of 9.9 (Fig. 63A). This is comparable to the isochron 

(indicated age of 348.5 + 1.9 Ma with an MSWD of 0.27 and an initial 

strontium ratio of 0.7070) obtained by regression of a line through the 

5 data points of Be 11 et al. ( 1977) from the southeaRt gran i tea (Fig. 

638). Combining the new data and the data of .Bell et al. ( 1977) results 

in an errorchron age of 353.2 ± 4. 7 Ma (l sigma), an initial strontiQm 

ratio of 0. 7063 and an MSWD of 4.2 (Fig. 63C). This latter age is taken 

to be the most acceptable Rb-Sr age for the southeast Ackley Granite . 

Suite, and the age and initial rati6 obtained from the two samples from 

the Mount Sylvester Granite also plot on this line. If a 2 sigma error 

is used to regress the 10 data points, the age error is doub le<i to 9 Ma 

and the MSWD 1s reduced to 2.4 such that the regressed line .clln 

essentially be considered an isochron. 

7-3-3 Disccussioo of llb-Sr Data 

The data from the Koskaecod<ie and Mollyguajeck plutons . support the 

·petrological and geochemical observat ion11 which indicate that - they are 

distinct from the Ackley Granite Suite. These plutons have a Middle 

Silurian (W~nlo_#) Rb-Sr age of 

Harland et / (1982). Samples 

426.9 + 12 Ma, using the time scale of 

from the southern Ackley Granite Suite 
' 

give a Lower Carboniferous (Tournaisian-Visean), Rb-Sr age of 353 + 5 Ma 

~Hart'and et al., 1982), These dates would indicate that th.e Ackley 

Granite Suite is approximately 60 to 80 Ma younger than the Koskaecodde 

and Mollyguajeck plutons. 
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A: New data from the Meta, Tolt, and Hungry Grove granites. 
B: Data from Bell et al., 1977. 
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The initial R7srf86sr ratio of the hornblende-bearing granodiorites 
I ' 

is 0.7092 which indicates either a relatively enriched, possible mid-

crustal source for these rocks, or alternatively, a large amount of 

contamination ''of mantle-derived magma with ~elatively evolved, 

radiogenic, crustal material. This value is comparabte to that for the 

Mount Peyton Suite (87sr;86sr • 0.7091; Bell et al, 1977) and lies At 

the higher and younger end of the spectrum .of initial ratios presented 

for the calc-alkaline plutc;>nic rocks of the central Andes (McNutt et 

~ 1985) and of the Mesozoic plutonic rocks of California (Kistler and 

Peterman, 1973). These higher ratios occur on the continental or inboard 

side of the orogen. llowever, systematic areal variations in Sr-isotope 

ratios have not been documented for the plutonic rocks in Newfound land 

(Strong, 1980). 

In the Ackley Granite Suite, the initial ratio of 0. 7063 indicates 

a relatively depleted, possibly lower crustal or upper mantle source for 

the southern g~anites. The fact that the data fron1 the southeast 

granites (~ 2100 km2) plot essentially on an isochron, suggests: that the 

Sr-isotopic ratios were homogenized during the magmatic eve nt. This ~ay 

reflect a homogenous source, or h~mogenization in a ~agma chamber in the 

source region of the granite, or homogenization in the high-level Ackley 

magma chamber prior to crystallization of the granite. The disturbance, 

or inhomogeneity of the Rb-Sr 11ystera in the Kepenkeck · Granite· 

unfortunately pre v.ents comparison of the initial ratios with the rest of 

the Ackley Granite Suite. 
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Ages were obtained from 8 biotite, 4 muscovite and one hornblende 

mineral separates, by the total fusion 40Ar/39Ar dating technique 

(Merrihue and Turner, 1966; Dalrymple and Lanphere, 1971). The samples 

were irradiated together in the reactor at McMaster University, Ontario 

(see Berger and York, 1979; Archibald et al., ' 1983) and were fused and 

analyzed by Dr. D. Kontak (see Kontak, 1985) at Queen's University, 

Ontario. 

7-4-2 Reaulta 

The analytical results are presented in Table 18 and Figure 64. The 

error presented with the data has been calculated t o include the error 

in the J-v~tlue in order to compare the data to previous results. The 

error for the J-value can be omitted for internal comparison of data 

since all the samples were irradiated together and this results in a 

reduction of the error in the age ~ate by approximately 50%. The two 

oldest ages, 410.4 + 4.4 Ma and 392.5 + 7.6 Ma were obtained from 

magmatic biotites belonging to the Koskaecodde and Mollyguajeck plutons 

respectively. These ages are significantly older than the ages obtained 

from the Ackley Granite ·suite· which range from 378.4 + 4.8 Ma to 366'.9 + 

3.9 Ma. 

1 Magmatic biot itea separatecl from the Ackley Granite Suite provided 

the· following ages: 



Table 18: 40Ar - 39Ar total fusion ages (Refer to F{gure ·64). 

Samp. No. 8 (40Arf39Ar)mb ( 37 Ar f39Ar )mb. (36Arf39Ar)cC 40Ar rad. Age :t 
(%) 2 (Ma) 

' 7040237b 16.023 0.00223 0.0055/j 95.99 368.4 :t 4.2 
221168m 16.579 0.00355 0.00368 93.82 371.3 :t 4.5 

·7040214m 17.008 . 0.00486 0.00494 91.71 371.4 :t 5.4 
220257b 21.881• 0.02182 0.01112 70 . 95 368.8 ± 9.6 
220548b 16.006 0.00222 0.01800 95.99 367.7 :t 4.3 

7040397m 16.2-29 0.00207 0.00027 96.30 373.5 :t 4.0 
220664b 16.084 0 . 00258 0.00893 95 . 38 367.3 :t. 4 . 2 
220523b 17.691 0.00114 0.03665 98.10 410.4 :t 4.4 
220087b 15~835 0.00176 0.04718 96.7~ 366 ; 9 :t 3.9 N 

~ 

220087m 16.323 0.00158 0.00089 97 .17' 378 . 4 :t 4.8 N 

220464b 16.473 0.00307 0.09378 94.66 372.3 2: 4 •. -8 
220464m 16.018 0.00238 4. 3112o 97.91 374.7 :t 3.8 
220092b 17.070 0.00121 0.05326 97.84 392.5 :t 7. 6 

, 

JL-90-3b 20.465 0.00265 0.00317 96.09 451.7 
JL-9o-2b 20.081 0.00209 0.00616 96.84 451.7 
JL-90-lb 20.619 0.00358 0.00483 94.78 .451.7 

• b • biotite; m • muscovite; h • hornblende 

b meaeured ratios 
~ 

c corrected for decay of 37Ar during and after irr•diation. 

37 • 1.975 x 10-2 day -1. 

-· ·-
J • 0.01455 for all Ackley samples and 0 . 014 for standard 
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Kepenkeck Granite 366.9 ± 3.9 ~-
Hungry Grove Granite - 367.7 ± 4.3 Ma 

II - 36 7. 3 ± 4.2 Ma 

Sage Pond Granite - 368.4 ± 4.2 Ma 

Rencontre Lake Granite - 368.8 :t 9.6 Ma 

II - 372.3 ± 4.8 Ma. 

These ages are st~tistically indistinguishable from each other, aithough 

ommision of the error for the J value may imply a slightly older age for 

one sample from the Rencontre Lake Granite. This latter sample also 

provided an almost identical age of 374 . 7 :t 3.8 Ma from hornblende. 

A muscovite separate was analyzed from the Kepenkeck Granite Rample 

and gave a n age of 378.4 + 4.8 Ma, which is significantly older than the 

age obtained from coexisting biotite. The muscovite may be of primary 

magmatic origin, althollgh a hydrothermal origin is also possible (see 

Chapter 3), and the Rb-Sr system is disturbed in this area. 

Hydrothermal muscovite from the Ackley City prospect gaye an age of 

373.5 + 4.0 Ma. Hydrothermal muscovite from quartz-topaz greisen at the 

Anesty prospect and from an outcrop located km P.ast of the Anesty 

prospect, gave almost identical ages of 371.4 + 5 . 4 Ma and 371.3 + 4.S 

Ma respectively. These ages ere again indistinguishable from e ach other 

and from the ages of the magma,tic minerals in their host rocks. 

All of the above data demonstrate that the Ackley Granite Suite and 

its contained miner;Tization are contemporaneous. The similar ages from 
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the hornblende-biotite pair j.n the R.encontre '' take Granite and from the 

hydrothermal muscovite ' indicate very rapid cooling in this area since 

· the closing temperatures of these minerals ranges from 500 to less than 

Joo•c (Purdy and Jager, 1976; J~er, 1979; Harrison and McDougall, 1980; 

Harrison, 1981). Rapid cooling of the eastern part of the Tolt Granite 

was also indicated by the mineral ages obtained by Dallmeyer et al. 

. 
(1983). In contrast, there is a _ slight discordance in ages between 

coexisting muscovite and biotite i~'' the Kepenkeck Granite (378 and 367 

Ha respectively). The different .argon blocking temperatures for 

muscovite (ca. 3so•c) and biotite (250-30o•c) possibly indicate a slower 

ra.te of cool,ing' of s•c/Ma. 

7-4-3 Di•cussion of 40Arf39Ar Data 

The ages of •410 and 392 Ma obtained from the Kepenkeck and 

Mollygu~jeck plutons suggest that emplacement and crystallization of 

these granitoids occurred in the Late Silurian to Early Devonian, (time 

scale of Harland et al. 1982). These ages must be considered as minimum 

dates since partial degassing of the minerals in response to the 

intrusion of t~e younger Ackley Granite Suite may have occurred. The 

Upper Siluria~ age of 410 + 4.4 Ma may be a better approximation of the 

earlier event , since it ' is further removed from the later granites. This 

age is in agrpement with the Rb-Sr whole rock isochron age .of 427 + 12 

Ha obtained from the same plu_tons, and ·.both ages support the geochemical 

and petrological evidence which differentiates these granitoids from the . 
Ackley Granite Suite. 

.· 
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The Ackley Granite Suite gives Middle-Late Devonian ages (Harland 

et al., 1982) of 369 to 378 Ma. Discordant muscovite-biotite ages in the 

Kepenkeck Granite give an indicated cooling rate of s•c/Ha and suggest a 

relatively deeper level of intrusion (and hence slower cooling) in this 

area. In contrast, hornblende-biotite pairs indicate rapid cooling and 

thus high level of emplacement of the Rencontre Lake and Tolt granites. 

This rapid cooling in the south is consistent with the teKtural evidence 

(variable fine to coarse 'grain size, miarolitic cavities, aplite) . The 

data suggest that cooling through the biotite blocking temperature wRs 

essentially 'instantaneous' 1n the Ackley Granite Suite and the rapi c1 

cooling may suggest that magma emplacement and crystallization occurred 

during a relatively short time span. This short time span is unlikely t<J 

eKceed the range in the obse rved ages of 5 million years since" there 

would probably be a greater age-variation due to differences in cooling 

history and crystallization of granite if the magma was maintained at 

high crustal levels for longer periods of time. 

The Rb- Sr i sotopic system 1n the Kepenkeck Granite appears to have 

been disturbed, which may also indicate that the 40~r/39Ar system in the 

granite was disturbed. Consequently, it is entirely possible th11t the 

40Arj39Ar ages of 366 .and 378 Ma in the Kepenkeck Granite reflect a high 

temperature hydrothermal event related to emplacement of the other. 

granites of the Ackley Granite Suite. However, the gravity data (Fig. 1) 

suggest that the Kepenkeck Gran~te is contiguo us with the rest of 'the 

Ackley Granite~ Suite; lacking further information, the 40ArJ39Ar ages 

are tentatively interpreted to represent post-intrusive cooling' ages • 

. " 
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The similar ages. ob.t.ained from the Ackley Granite Suite and its 

contained mineralization are in agreement with the magmatic associations 

proposed for the genesis of these deposits (Whalen, 1976, 1980, 1983; 

Dickson, 1981~ Tuach, 1984a) and temporally confirm the physic~! 

correlation of lithogeochemical trends and mineralization. The 

hydrothermal systems responsible for the alteration and mineralization 

were relatively short-li•ed compared to those systems documented in the 

Cornubian batholith (Halliday, 1980; Jackson et al., 1982; Bray and 

0 

_Spooner, 1983). In the Cornubian batholith, it is possible that long 

lived hydrothermal system, 
' 

overprinted mineralization and 

clevolatification textures related to magm.a ·crystallization. 

7-5 PREVIOUS AND RKW AGES - A COMPARISON 

The 40Ar/39Ar ages of the Ackley Granite Suite (369-378 Ma) are at 

or above the limits of overlap in error with the previously published .. 
ages of 355 + 10 Ma (Bell et al.L 1977; Dallmeyer et al., 1983) and are 

older than the Rb-Sr ages reported above. These fe~tures may be 

significant and may indicate a protracted low temperature cooling 

' 
history such that the Rb-Sr system closed approximately 15 Ma later than 

the · 40Arf39Ar system. This interpretation implies that subsolidus 

recrystalliza~ion of alkali feldspar continued to low temperatures in 

the presence ·of aqueous fluids. It is possible, but considered unlikely, 

that the low temperature ( <.. 250.C) hydrothermal event relates to a 

magmatism around 355 Ma, as suggested by the 40Ar/39Ar ages from the 

eastern part of the Tolt Granite. 
l ~ . ' 
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The ages pre:Jented in this thesis are .in ·agreement with ·the IC:-Ar 

age of 405 ± 17 Ha (Wanless et al., 1972) obtained from biotite . from 

Koskaecodde Pluton (and the new ages from the Ackley Granite Suite are 

within the large error-r~Wtge of the K-Ar ages presented by Lowden 

(1961), and Leech et a1. (1963). The ·K-Ar age of 338 + 7 Ha presented by 

Whalen (1980) is ~ignificant1y younger than the new 40ArJ39Ar ages and, 

assuming the data are valid, may indicate a later low temperature event 

involving either fluid a~tivity or argon loss. 
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8-1 I!mWuUCT 10M -· 
) The application 

~ocks and associated 

· , Taylor (1978, 1979). 

C'IIAPT!R 8 OIYGER ISOTOPES 

of oxygen isotope data to the study of granitic 

hydrothermal mineral 'deposits has been reviewed by 

Information can be obtaiped from these data about 

the po~sible source of the granitic magma, the extent of subsolidus 

s i~icate-fluid reactions during cooling of the pluton and the nature of 

the fluid involved in these subsolidus reactions. Oxygen is~tope data 

are ·particularly useful in evaluating the extent of magmatic versus 

·meteoric fluid iitvo 1 vement in mineralizing systems. Additional 
~ 

information may be obtained concerning the evolutionary history of these 

mineralhing fluids and the temperatures of mineral deposition. The 

objectives - of this study were to investigate . possible magma-source 

variations, and to delineate the · natur~ and extent of subsolidus fluid . . 

interaction with the granites with special reference to the mineralized 

areas. 

Twenty .three whole rock ·samples from throughout the study area were 

_l{l1alyzed for oxygen is-otope composition, and quartz and feldspar ~ineral 

!'leparat~s w~re anaiyzed from l7 o,f those samples. fhese samples. were··~ 
selected to test for possible variation due to source-signature and 

large scale subsolidus reactions. con'iposite . samples of the Gander and 

Avalon terranes were also· prepared and analyzed in order to test foe 

isotopic inter-relationships between host rock and gra · e. Two samples 

· of miarolitic quartz were analyzed to evaluate 
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poss le variations in 

;. 
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oxygen ~sotope· composition between quartz in the ·host granite and quartz 

precipitated from hydrothermal fluids in the miarolitic cavities. Thirty 

seven mineral separates were obtained and analyzed from 9 samples from 

the prospects to investigate ' the fluid regimes involved in 

mineralization • 

The analyses were performed by Dr. R. Kerrich at the tiniversity of 

Western Ontario. Details on sample preparation, analytical method, 

accuracy and precision are summarized ' in Appendix H. 

8-2 UCIONAL l8o VARIATION 
J).. 

8J2-l Results 

The data are presented in Table 1 q. In general, granitoids in the 

northw ·~st are characterized by higher b 18o whole-rock than the 

granites in the southeast (Fig. 65A). However, data in Table 19 reveal 

that some quartz-feldspar (q-f) fractionations are disturbed from the 

primary magmatic trend given by _ d q-f • + 1.0 ± 0.5 per mil (Fig . 66A), 

indicating that the whole rock values are the ·result of primary magmatic 

and secondary subsolidus signatures~ Quartz is resista'nt to .oxygen 

isotope exchange at temperatures of less than 600"C, whereas feldspars 

readily undergo retrograde isotopic re-equilibration 
( 

down to tso•c 

(Clayton et al., 1968; Taylor · and Forr ester, 1979; C~iss and Taylor, 

1983; Giletti and Yund, 1984). Accordingly, 0 18o quartz is used as an 

estimator · of primary w!lole rock composition,. where 

quartz 1 (cf. Taylor, 1968). This approach ~ is end<1rsed by the 

observation that ' quartz b lBo values cluster tightly within. individual 

I ; 
•. 
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Table 19 : Tilt OxyatD iaotope COIIpo.aition of vholt rocltl aad aineral teparatet . 

Unit 
Detcrip.tioa 

ltoakaecoddt 
Crani te 
Grani tt 
Granite 
Granite 

SaaJile 
Nuaber 

~06 

~23 
697 

. 701 

bpenkeck 
Cr an ita 
Gran ita 
Granite 

Tolt 
Granite 
Granite 
Cranite 

_), 
Granite 
.. icrolitic Quart& 

Hungry Grove 
Granite 
Granite 
Granite 
Cranite 
llicrolitic Quartr 

Heta 
Granite 
Granite 
Granite 

ltencontre Laltt 
Granite 
Granite 
Granite 
Gran it~ 
Granite-AC 
Peaatite-AC 
Aplite:tMo-AC 
Mu-ar• i~en:tMo-A 
Stockwork py-1111. 
Pepatite-CC 

268 
397 

23 
)70 

732 
268 
438 
443 
450 

Ill 
187 
188 

252 
60~ 

604 
266 
369* 
)61* 
344~* 

349* 
378A* 
461* 

vt.% 
-sio2 

74.6 
69.4 
65.0 
60.3 

7~.5 

73.4 
70.7 

97.8 
74.7 
73 . 4 
69.3 

79.3 
74.7 
73 . 1 
71.4 

79.8 
72.1 
69.8 

78.2 
75.9 
74 .8 
70 .. 3 

180 
wr 

8.6 
10.0 

9.7 
9.3 

180 180 
1• kip 

10. 6 
10.7 
10. ~ 

8.3 
9.8 
9.8 

9.1 9.5 8.2 
9.2 9.8 8 .3 
8 . 6 9.1 7 . 8 

7.8 7. ) 1.1 

8 . 1 
5 . 9 9. 0 6.3 

8 . 1 
9.4 

10.1 
8.2 

9.3 
7.9 
8.) 

7 .I 

7. 4 

7. 9 8.6 
8.6 10.0 
8 . 9 12.2 
8. 5 7 . 9 
8.0 

8.3 8.0 
8 . 8 8. 2 

6.5 5.8 7.5 
6 . 6 
6.1 6. 7 5.5 
7.0 7.2 6.9 
6.6 7.6 6.2 
~.8 6 . 9 ~.0 

6. 2 4.4 
8. 3 5.2 

~ . 6 6.8 4 . 8 

180 
bi/ch 

q-k 

+2. 3 
+0. 9 
+0.7 

+1.3 
+1.5 
+I.) 

-0.4 

+2.7 

-0.7 
-1.4 
-2.3 
+0. 6 

+0.) 
+0.6 

-1.7 

1.4ch +1.2 
5.5 1 . 7bi 

1
+0 . 3 1.7 
+1,4 

1.9 J.O c h +1.9 5 . 0 
2.8 +1.8 3.4 
3.8 +3 . 1. 4 . 5 

+2.0 

q-bi 

5. 3 
5. 5 
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Table 19: (con't.d l 

~pie r? 
Unit vt.l 1s0 180 180 180 180 q -k q-.u q-bi 
De ec r i pt ion Hu~H SiOz vr q& kop ~u bi/ch 

Sase Pond 
Granite ( reaional) 716 17 .II 8.6 

332 75 . 8 A.) 8.5 8.1 ) . ~., i -0 . 2 LO 
Granite-!: 284* 6.) 6.4 6.0 3. ~-I l.'lbi +0.4 2. 'I 

2.9•2 ) . ~ 
Topaz sreiun- ! 170* 6 . ) 6.4 4.9111 1.2 

(900 ppc Sn) 2. q,.2 ).2 
Topaz greioen-AR 220* 7 . 9 4 . 5.1 ) . 4 

(I ppa Sn) 4.o.l 1.9 

Gander Composite• 
Regional Gl 12.6 
Marginal G2 9.l 
Roof Pendant G) 7.2 
De forced lntruaivea G4 8.7 

Avalon Coapooitea 
"'tetaeed i111ent AI 4 . 7 
Roof p.,ndant• A2 ~-" 
Volcanic Al 4 . 5 

wr- whole rock; qt- quart£t Kap- alkali feldepar; rau- rtu a covit~i hi - hioti.tli 
chi - chlorite; Mo- •olybdenite; Sn- tin ; AC- Ackley City proap .. ct; IJH- Wyllo 
Hill proopect; ·cc- Crow Cliff proopect; ! - !ooo proopect; AR- Aneoty Ridge; c­
granite aaaple~ 

Sampleo with on * wero collected by J. Tuoch in 198J; . the other 1a11pleo ore froc 
the regional collection of Dickoon (1983) . 

See text for e•planation of aupere c riptl in -.ucovite co lu11n . 
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Figure 66: A: Oxygen isotope fractionation between quartz and feldspar. 
B: Plot of the oxygen isotope compositions of coexisting 
quartz and feldspar. 
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lithological units whereas whole rock and feldspar are more dispersed, 

reflecting excursions about the magmatic quartz-feldspar trend (Fig. 

66). 

The Koskaecodde Pluton has b 18o quartz"' 10.6 :t 0.1 (J a-) and 

these are the highest values in the granitoids from · the study area. The 

Ackley Granite Suite has average 6 18o quartz values (per mil; 1 cr) as 

follows: 

Kepenkeck 9.5 :i: 0.3 \.. 

Meta 8.5 :i: 0.3 

T'olt 8.1 ± 1.2 

Hungry Grove 8.5 * 0.5 I 

Sage Pond (Sn-bearing) 8.5 ± 0.3 

Rencontre Lake (Mo- bearing) - 6.2 :t 0.6 

The Kepenkeck Granite has the highest 018o quartz in the Ackley 

Granite Suite. The Q'18'o quartz values from the Hungry Grove, Sage Pond 

~nd Meta granites can be considered to be isotopically homogeneous, w~h 
./ 

no significant inter-unit variations. The Rencontre Lake Granite hu 

significantly lower b 18o quartz .(per mil) composition. Thus the 

, ~•timated b lBo whole rock compos it ions are sa follows: 

Koskaecodde 9.1 
~ 

Kepenkeck 8.5 

Hungry Grove, Meta; Tolt, 

and Sage Pond granites 7.5 

Rencontre Lake 5.2 
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The composite of metasedimentary rocks from the Gander Terrane 

collected from the Trans Canada Highway is cons ide red to be 

representative of the regional Gander Terrane rocks and possesses · a 

whole rock oxygen isotope composition of 12.6 per mil. The composite of 

samples peripheral to the granitoids of the study area has an oxygen 

isotope composition of 9.3 per mil and the composite of s~mples of 

Gand~r Terrane ~ocks in roof pendants in the Ackley Granite Suite has a 

value of 7.3 per mil. (Table 19). The trend to lower b lRo is ascribed 

to the incur-sion of !So-depleted meteoric waters accompanying 

intrusion of the plutdns in the study area. In contrast, the Avalon · 

Terrane is characterized by uniformly low S 18o,. with peripheral 

metasedimentary composites 4.7 per mil, peripheral metavolcan1cs 4.5 per 

mil, and roof pendants 5.6 per mil (Table 19). A reconnaisance study of 

quartz-feldspar on rocks from within the Av.t~lon. Terrane has failed to 

identify significant fractionations (R. ~errich', personal COJTUTlunication, 

1985) and this low 8 18o si~nature is interpreted to he an inherent 

feature of Avalon Terrane roc.ks. 

A composite of deformed granitoid intrusive rocks from the Eastern 

Meelpaeg and North West Brook complexes (Table 19) h~s a S 18o whole 

rock value of 8. 7· per mil, 1.Jithin the range of isotopically "nor111al" 

felsic plutonic rocks (cf. Taylor, 1978). This value is slightly higher 

than the value·for the Gander Teriane litholog(es in roof pendants. 

Most samples from the study area plot in the field of normal 

granites on Figure 66B. Two samples (23 and 506) located negr the margin 

of the plutonic rocks in the study area have relatively large positive 
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quartz-feldspar values and are displaced to the left of the magmatic 

field. Many of the samples from the · so1.1theastern Ackley Granite Suite 

have negative f>.l8o quartz-feldspar values and are displaced to the 

right of the magmatic field. In addition, there is an apparent trend of 

increasingly negftive ~18o quartz-feldspar values from the area of tin 

minera\ot.zation in the Sage Pond Granite, towards the northern part of 

the Hungry Grove Granite (Fig. 66). 

8-2-2 Source •• Iadicated by 18o Variation 

In the magmatic environment, the variability of § 18o value of 
v 

primary melts is thought to reflect the oxygen isotope composition of 

source regions due to the l~w magnitude of inter-mineral or mineral-melt 

fractionations at elevated temperat.ures. Melts originating in the mantle 

tend to possess tightly q>nstrained primary composition~ reflecting 

mantle . uniformity with respect to 6 18o (Taylor, 1968; Kyser et al., 

1981, 1982), whereas those generated in - crustal regions dominated by 

metasedimentary or altered volcanic rocks may ~cquire eleva·ted 

values due to 'prior interact ion of source rocks with the hydrosphere. 

Taylor ( 1978) suggests th~t normal granites have 6 ..(.. 18o whole rock< 

10 and that values in excess of 8 per mil require a crustal component in 

the source region. Consequently, most of the samples are within the 

range of · normal granites. The estimated whole rock values for the 

Koskaecodde Pluton (9 . 1 per mil) . and the Kepenkeck Granite (8.5 per mil) 

are indicative of a significant crustal component in the genesis of 

these granites. In contrast 0 the . estimated whole rock d 18o value for 

the Hungry Grove, ~eta, Tolt, and Sage Pond Granites (7.5 per mil) 
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indicates derivation of t~e rocks from a crustal igneous source which . 

has not interacted with the hydrosph~re. or from a mantle source. 

The Koskaecodde Pluton exhibits petrographic and chemical features 

of !-type plutons, yet its oxygen isotope signature i11 that of a 

crustally derived S-type pluton (O'Neil and Chappell, 1977). The 

relative oxygen isotope signatures of the more aluminous Kepenkeck 

Granite and the rest of .the Ackley Granite Suite conform to the normal 

relationships between oxygen isotopes and chemical-source parameters as 

described by O'Neil ann Chappell (1977) • 

. Magmatic processes have been recognized to increase primary ~ 18o 

values by as much as l.3 per mil during differentiation (Taylor. 1978; 

Muehlenbachs and Byerly, 1982). The data from the Ackley Granite Suite 

are from evolved granitic bodies. Therefore. the oxygen ia~ope 

compositiona~ differences between the Kepenkeck Granit e and the other 

granites cannot be related to such a process. In addition. the 6 l8o 

values from the less evolved Koskaecodde Pluton are higher. indicating 

real differences in source-signature. 

The Rencontre Lake Granite has an estimated magmatic whole rock 

value of 6 18o • 5.2. This estimate is below tne normal field of 

magmatic· rocks (Taylor • 1978). Lo- 6 1Bo volcanic rocks h.sve been 

described by Hildreth et al. (1984) from the Yellowstone Plateau 

Volcanic Field. These low values were ascribed to the msgmatic 

assimilation of meteoric waters during caldera collapse prior to final 

emplacement and crystallization of the volcanic rocks • 

.. 



- 259 -

• 
Alternatively, assimilation of low- $ 18o country rocks at the 

magmatic stage may result in low- 8 18o magmatic values (Taylor, 1978). 

Depletion by assimilation of country rock .with an measured whole rock 

values of 4.7 and- 5.6 per mil (Avalon composites), from . an estimated 

'normal' value o .f9 7. 5, to a value of 5. 2 per mil would require total 

melting of the intruded rock with only minor primary magmatic input. 

Comparison of major and trace element data from the Rencontre Lake 

Granite and its host rocks does not suggest extensive assimilation. The 

mechanism of lowering the 8 18o valui in the Rencontre Lake Granite by 

a89imilation of meteoric water during er_uption and caldera collaps e 1.s 

preferred. The tight grouping of {) 1Bo quartz within individual 

granitoid units throughout the study area also argues against high-level 

assimilation or melting~f the co~ntry rock. 

Within the Ackley Granite Suite, the isotopically heavier Kepenkeck 

Granite ( S l8o 8.5 per mil) intruded the higher- 18o Gander Terrane 

( S 18o • 9.3 to 12.6), whereas the rest of the Ackley Granite Suite, 

possessing lower S 18o occurs predominantly within the relatively 

lower- 18o Avalon Terrane. This relationship raises the poss ibility 

that the Kepenkeck Granite and the remainder of the Ackley Granite Suite 

and Avalo~ 

I 

inherited ~eir isotopic (and chemical) characteristics 

melts -- ~f ulterial isotopically comparable _to the Gander 

from partial 

( '-- ! 
t_!Jranes ):'espec t i ve ly. The high 8 18o-signature of the Koskaecodde 

Pluton would likewise suggest a Gander Terrane source. 

The analyses of the composite samples provides the best available 

estimator of bulk 5 18o for specified lithologies of the two terranes. 
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Such values may not be representative of equivalent rocks at greater 

depth and may also have been modified by isotopic exchange with near · ,. 

surface meteoric waters accompanying granite intrusion. 

The value of S 18o .. 12.6 obtained. from th• cogionol oompoo ;,, nf 

• ) 
Gander metasediments is within the range of isotope compoa it ion for 

metasediments. However, both metasediments and metavotcanics of the 

Avalon Terrane have extremely tow 6 18c) relative to any plausible 

primary precursors ~nd it is clear that these lithologies have 

experienced a history of · ~ l8o depletion. Quartz and feldspar 

fractionations 1n Avalon rocks do not indicate exchange with an external 

aqueous reservoir, and accordingly, it is likely that the 

!So-depleted character of the Avalon Terrane existed prior to intrusion 

of the Ackley Granite Suite. This low signature may be related to 

Precambrian Pan-African intrusive activity, a deduction supported by the 

observation that the granite itself, specifically the eastern domain, 

does not record significant n~gative ~ quartz-feldspar. 

Although there 1.s a general correspondence between S lRo of the 

granitoid rocks and the terranes whicH the-y intruded, the source-magma 

fractionation ·.wuld be -0.3 to -3.6 per mil for the Gander Terrane, as 

against +2 . 4 per mil for the Avalon Terrane (Table 18). The gross 

correspondence of ~ 18o granite with 
.. 

source terrane may signify a 

source rock control on magma compositions. However, the differences in 

sign and scale of source-ma~a fractionations imply th<tt the estimated 

terrane values are unreliable and the most likely source o f error is the 

\ 
estimated low S 18o for the Avalon Terrane. 
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" This study has been orientated towards identifying an 'Avalon' 

isotopic signature in the southeastern Ackley G~anite Suite. The 

arguments pfesented above .do pot preclude the possibility that the 

granites of the Ackley Granite Suite with b 18o between 6 and 8 per mil 

originated - from a mantle source. 

8-2-3 Regional sufsolidus Fluids 

It has been shown that for most igneous roc ks emplaced ,..,ithin 7-10 

km of the terrestrial surface, oxygen isotope exchange occurs duri'ng 

incursion of external fluid reservoirs, whi.ch act to dis~rb the primary 

magmatic signatures. (Taylor, 1968~ 1978; Taylor and Forrester, 1979; 

Gregory and Taylor, 1981; Criss and Taylor, 1"983). In general, low-

18o meteoric waters tend to deplete magmatic rocks relative to primary 

values, whereas evolv~d formation brines or mar i ne waters at low 

temperatures (Wenner and Taylor, 1976) and subsolidus exchange with C02 

. (Higgins . and Kerrich, 1982) shift rocks to higher- S 18o values • 

Feldspar is preferentially exchanged relative to quartz, and departures 

from magmatic quartz-feldspar frac.tionations of +1.0 :!: 0 . 5 per mil 

indicate subsolidus exchange with external fluid re servo irs. 
. . 

The samples from the Koskaecodtie Pluton and from the Kepenkeck 

Granite plot in the field of magmatic values on Figure 69. Conseque ntly, 

possible subsolidus interaction of fluids with an extraneous oxyge n 

isotope reservoir canno t be recognized. Both of these units exhibit 
I 

abundant textural and petrographic evidence for S"UbsoHdus reactions . 

The fluids responsible for these alterations may therefore have bee n of 
\ 

,_() 
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magmatic origin, as opposed to low to intermediate temperature meteoric 

fluids. In addition, the lack of evidence for low temperature fl.uid 

interaction may indicate a relatively deep level of emplacement in the 

crust,:tbelow the level of extensive, meteoric, hydrothermal activity. 

In the southern Ack!ey Granite Suite, quartz in miarolitic cavitieR 

has a ~ 18o clo8~ to that of quartz in,~ontigu6us granite (Fig. 65B). 

. This indicata-s that , crystalliza.tion of the misrolitic quartz occurred at 

near-solidus temperatures tn the presenc·e of magmatic fluids exsolve~ 

from the granite. A corollary to the·' correspondence of S .lRo quartz 

from cavities and granite is that . participation ri f a signific~n( 

component of an external aq1f~us reservoir in miarolitic growth can be . ·· -' .. 

ruled out. 

Sample 50{; from the Koskaecodde Pluton and sample 23 from the Tolt 
< 

Granite are located within 50 meters of the external intrusive contact 

and are shifted to the left of the magmatic field. This feature is 

interpreted to result from exchange with an external reservotr of low-

18o me teoric water during cooling of the Granit es. 

In the southeastern granites, most samples are shifted t o ~he right 

of the magmatic trend, by up to + 4 per mil. This shift 1s evident 

throughout the Tolt and Hungry Grove granites, as well aR in all rocks 

analyzed from the Sage Pond Granite, and in one of two sample• from the 

Rencontre Lake Granite (Fig. 65B). Shifts to the right of the magmatic 

,' trend are attributed to exchange with a relatively restricted volume o f 

meteroic fluid which collapse d· into the . carapace of the cooling 

/ .... 

-

' L . 
.. , 
i 
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granite (ver}'· Jow water/rock ratio). These fluids became 1ncreas1nqly 
L 

enriched in &18o .due to progressive exchange with the qranite as th~y 

penetrated deeper into the- carapace. The observed max,mum shif~ to the 

right of ttie maqmatic trend occurs in sample 438 which- has a . . G lf~q 
feldspar value of 11.2 per miT. This valu'e ·may have been qenerated by . 

..... ~ ... 
exchanqe of feldspar with a fluid ranqinq in composition from 6'1Ro = + 

4 at 250"C to 618o = - 2 at 150"C .. Alternatively, low temperature 

fluids of magmatic·ongin mily be der _ived from depth. 

''A halo of secondary muscovite (Fiq. 13), a!ld an increase in 
. ' 

coarseness .' and amount of pert hi te occurs towards the southern· contact at 

Saqe Pond: These features c·ould be interpreted to result from 
e 

interaction of the carapace with an encroaching meteoric system but the 

observed quartz-feldspar fractionations are opposite to those expected. 

Enrichment of feldspar relative to quartz may also ·i:1dicate the presence . 

of a saline aqueous reservoir. However, this conflicts wtth the 

interpretated presence of a non~saline depleted meteoric reservoir 

responsible for reqional depletions in the Gander Terrane . and in the 

marqins of the granites . . Alternatively, the shifts to the righ_t of thE! 

magmatic trend could by a~cribed to preferential subsol idus exchanQP. 

with heavier.:. ' lj18o fluids such_ as C02. For example Allard (197q) 

~"resented 618o~COt values in qases emitted from a volcanic fissure of 

- -· 7.8 to 8.2 per mil and values :of 15.9 to 20.8 per mil in qas exsolved 

from lava flows. These hjgh posit~ve 618o values would permit h1qh 

temperature exchanqe at low · fluid/rock ratios and would require passaqe . 

of a flux of C02 through the qranite from deeper in th& d'ust, or from 

the mantle. There is little evidence to support this sugqest1on. 
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• 
The wide range of observed shifts in S·.l8o feldspar throughout the . 

grGte. is in common wi~h other studied examp lee of granit'ic rocks that 

hav.e e.xperienced variable degree~ of exchange with . aqueous fluids 

(Taylor, 1971; Wenner and Tayl~r, 1976). 

8-3 18o VAlUATION IN KIMERALI~ED AREAS 

8-3-1 Reaulte 

The data from the mineralized areas ar e summarized in Figure 67 and 

li,s~d in Table 19. Data are presented (Fig. 67)· from both the Rencontre 

Lake Granite which is described. as a molybdenite mineralizing system and 

from~th; ,south)rn Hungry Grove and Sage Pond granites, described as a 

tin mineralizing. system-:- Within the two mineraiized areas or systems, 

the data from the regional granites is plotted on the left .and data from 

m~ralized and/or' altered samples 1s plotted on the right. This 

arrangement permits rapid comparison of the oxygen isotope signatures 

between, and within the mineralizing_ systems. 

8-3-l-l Rencontre Lake Area: The $ 18o quartz values of 5 .. 2 to 7.6 per 

mil at the molybdenite prospects (F.ig. 67A) are comparable to those in 

the l)ost-Rencontre Lake Granite (5.8 t,o 6.7 per mil). These estimated 

initial whole rock D· 18o \lslues ar~ at the lower limit of, or below, 

normal magmatic vAlu'es (Taylor, 1978). 

Samp~e 369, of _ gra~rom the Ackley City molybdenite prospect, 

plota in the field of magmatic . qt~artz-feldspar fractionation (Fig. 67B) 

along with regional sample 266. Samples 349 (coarse muscovite greise n) 

.. 
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Figure 67: Oxyge n isotope c omposition o f silicates from the Renco ntre 
Lake and Sage Pond areas . 
A: Comparison of data from pr ospects to data . fl"T'1ITI host 

, granites: 
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B: P1ot of the oxygen isotope c~mpoaitions of coexistin~ 
quartz and feldspar. 
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and 361 ( pegmat'ite) from the' Ackley City prospect (llso plot · in magmatic 
. ·, 

trend (Fig. 67B). Sample 461 of pegmatite from ' the Crow Cliff prospec~ 

- . 
~nd samp1e 349A ~f aplite from ,the Ackley qty prosp;ct _ plot slightly '\o 

the left ~\ the magmatic trend indicating minor .exchange with low- b 18o 
~ . 

fluids·. Sample 378A from the Wyllie Hill prospect is a sericitized, ~fine 
grained granite containing stockwork mineralization and has a ~q_uartz-

feldspar value .. 3.1 per mil. 

.... 
tn· the Rencontre Lake Granite, the A feldspar-biotit-e values of 

S.3 and 5.5 per mil from samples 266 and 369 respectively, indicate 

temperatures of biotite· crystallization in excess of - 700"C, .assuming 

equilibrium. The. 4 quartz-muscovite value of 1. 7 per mil from~ ~ample 
J 

369 also indicates a temperature of crystallization in ex•:ess of 700"C. 

Samples •349A, 378A, . and 461 plot to the left of th~ field of 

• magmatic .L\ ~artz-feldspar (F·ig. 67B), indica'ting rea<;tion of ·the 

samples with low:- S 18o fluids. Therefo-re, fractionations. between quartz , 

and other mineral specie's in these samples do not represent temperatures 

of · equilibrium crystallization. 'Neither is there any indication of 
r - ···) 

':'< . 
equilibration between feldspar and muscovite. The indicated equilibrium 

tempera~ure for .6. quartz-muscovite from sample 349 is . around 460".c,. but 

the indicated equilibrium temperature · for A feldspar-muscovite is 250 

to • 270"C, again suggesting disequilibrium in the sample. T!'!erefore,...-

while the relatively high S 18o values from muscovite and biotite .. 
suggeJt moderate t~high crystallization temperatures in the· mineralized 

• f 

areas, they do not provide relia~le temperature estimates. 



• 

J 

... 

• 
- 267 _ 

8-3-l-Z~age Pond Area: Sample 284 (grani~e collected from drill core at 

·. . 
the Esso prospec"t) plot.s, in the magmatic ·quartz-feldspar field.:'(Fig. 67, . . 
and sample 284 and 170 (greisens) from the Esso prospect are depleted by 

1.5 to 2.2 per mil relative to other greisen samples and to regional 

samples from the Sage Pond Gra~ite. 

t 
Two varieties ~f mu,covite ~ere ~e~arated from samples 2R4 and 170 

and three different muscovites were ·obtained from sample 220. The 

fractionations of quartz-Ml, quartz-M2 and quartz-M3, as"uming 

J 
equilibrium, may relate to tempe.l'ature &1\d compositiol)oSl.variables. . --

In the Sage Pond Gra.nite, sample 332 is displaced · to the right of 

the magmatic quartz-feldspar trend (Fig. 66B) indicating . that the 

observed mineral fractionations may not represent magmatic equilibrium 

values •. The quartz-biotite fractionation i'ndicates a c;:rystallization 

temperature in ~xcess of 700"c. A . comparable high temperature is 

indicated from sample 284 by. the quartz-biotite value qf 5.4 per mi~, 

butAquartz-muscovite. (two separate varieties of muscovite) indicate 

temperatures of 520 and 455"C and 4 feldsp,ar-muscovite indicates 

temperatures around 150"c.· Therefore; the mineral assemblages pr\sent 

are not equilibrium assemblages. 

\. The presence of equilibrium assembiages cannot be estlJbrished in 

samples 170 and 220 of qullrtz-topaz greisen. However, quartz-muscovite . .. 
fraction·ations g~ve temperature estimates from ·37o"c (MZ, · ~ample 220) to 

~90"C (M2, sample 170), .with one muscovite variety (Ml, aample 284) 

indicating an unlikely temperature in excess of aoo·c. 

... ~ .· 

. . 

J 
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18o ·variation in Mineralized Areas 

1., 

In the Rencontre Lake area, the •estimated S l8o whole rock and · 

mineral fr~ctionation values between quartz, feld?par, biotite, 'chlorite 

and muscovite, indicate that the bulk of the mineralizing fluids were 

derived f.~:om a magmatic reservoir at high temperatures. the s· 18o 

quartz values indicate that both the host granite and the rocks at the 

prospects equilibrated with the 
I 

same magmat.ic reservoir. Sample 378A 
. .. 

shows evidence of low temperatu·re alteration with an exte.rnal low- S 18o 

aqueous reservoir and ·tnis agrees with the observations that the Wyllie 
. ' 

Hill prospecthas low-temperature 'porphyry' affinities. Smaller shifts 

to the left of the magmatic trend exhibited . by samples 461 and 349A also 

( ~ 
indicate minor exchange with low- U l8o fluids. 

Compa-rable high temperature fluids are 'indicated in 'the Sage ' Pond 

___ ______ ., . --~.e.a..L _ However, 

values compared to the regional indicating ttlat high 

temperature incursion of low- meteoric fluids may have occurred. 

Equilibrium conditions for oxygen isotope exchange between the different 

mineral species were not established in many samples and estimated 

temperatures probably represent minimum values. 

The data from the prospects do not indicate extensive involvement 

y .. of low temperature ( <. 300"C) meteoric fluids ;n---'tne genesis of the 

mineralizing systems (cf. Taylqr, 1979), a feature in agreement with 

available data from o.ther comparable s'ystems. For ~xample, the estimated 

s lRo whole rock values for granites associated with · Clima~-type 

( 

' 

' · 

, 
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deposits range from 8.2 to 8.8 per mil (Stein and Hannah, 1985) and are 

·heavier than estimated values of 6.9 to 7.6 per m~- ~ from the Hungry 

Grove and Sage Pond granites, and distinctly heavier than e19ticated 

values of 5.1 to 6.1 per mil in the Rencontre Lake Granite. Devono-

Carbopiferous plutons associated with mineralization· - iQ. the Mount 

Pleasant area of· New Brunswick have $ 1 Bo whole rock values ranging .. 
froui8 . 0 to8.9 per mil (Taylor et al., 1985). 
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CHAPTER. 9 FLUID INCLUSiof STUDIES 

~- · 

9-1 IIITIWDUCTION 
I 

~ . .. . 
~ 

- Roed-der (1979, 1984), Eadington' ·and Wilkins (1980) and· H0llister 

and Cr.awford (1981) · have recently reviewed the techniques and problems 

'involved in the study of fluid inclusiqns, includ~ng the application of 

these techniques_ t9 the identific~tion---of ore f;;rming fluids and the 

'physical co,nditions of mineral d~position. 

\ 

./ 

,-

In the A~kley Grl!llite Suite, fll,lid inclusions are abundant in 

quartz-topaz ~relsen, quartz vein~, pegmatites, and in miarolitic 

cavities. Howe'\•er, most ·inclusions are less than 10 micrometers in 

J 

diameter and consequently are rarely suitable for detailed study (and 

ppotography). In particular, the small size made determination of 

~phase:changes during freezing . ru~. difficult to impossible . 

Nevertheless, . some conclusions as to· the nature. of the subsolidus and 
. . . 

mineralizing fluids in the Ackley Granite Suite are offered which may 

serve as a basis for mor~ d~tailed studies. 

A total of 83 polished thin sections were examined and 40 were 

found to. , have suitable inclusi·ons to permit he-ating and freezing -

studies. A description of techniques and equipement: is presented in 

Appendix B. · A brief description of ~ample~ and a summary of the data 

obt~ned are presented in Appendix G. 

- 270. -
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9-2 RESULTS 

9-2-1 Regional Samples 

Fluid inclusions from quartz crystals in miaroliti~ cavities were , . 
studied in ~everal samples from the soUthern P.arts of the Ackley Granite 

Suite (Fig.· 68). · Most inclusions were less than 10 micromete'rs .in 

diameter. Nevertheless; many of these inclusions appear lo be of p_rimary 

origin 85d consist predominantly of .liquid and 10-20% vapour (L+V), 

co-existing with vapour-only (V) inclusions. 

Several large L+V inclusions with a uniform proport.ion of 20% V 

were observed in a beryl crystal from a small quartz pocket (10 em * 10 

.. em) approximately 2 km southeast of Big Blue Hill Pond (Fig. 6R). In 

addition, several samples of' quartz vein material from the Franks Pond 

.. . 

molybdenum occurr~nce lo~ated approximately 5 km north of Rencontre Lak~ 
t 

(Fig. 68) contain two-phase L+V inclusions . 

studies 

" 
Heating-freezing inclusions performed 14 and were on 

heatini-only on another 36 inclusions from these regional samples. Only 

4 samples from miarolitic quartz p~rmitted heating-freezing studies aq~ 

an additional 4 samples were subject to heating studies. 

·-
Homogenization temperatures ranged from less than 70 up to 4to•c 

' (F'ig~. 69), .. with a possible mode in. the range at 340 to 390•9. The 

inclusions ·from .the 'Franks Pond quartz veins had a homogenization 

temperature of 80 to 26o•c. 

,. 
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SOUTHERN ACKLEY 
P Es FLUID rNCLUSION STUDIES LOCATION OF SAM L -

10 

Figure 68: Location of samples used for fluid inclusion studies. Numbers 
refer to regional samples. Inverted triangles are significant 
prospects. ES - Esso; An - Anesty; WH - Wyllie Hill; CC-DB -
Crow Cliff - Dunphy Brook; AC - Ackley City; MO - Motu; FP -
Franks Pond; BHP - Big Blue Hi 11 Pond. A detailed sample 
location map for the Sage Pond area is presented in Figure 
46. 
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·-. FLUID JNCLUSIONS-"I~CKLEY GRANt TE SlJITE 
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:.": 

.. provided final ' melt Freezing runs on most of · inclusions 

"' t~mperatures between 0 and -ll.6•G (Fig. ___ 70A). These· temperature~ , 

·indicate an ·equivalent weight _percent NaCl in the · fluid of less than 

. '17. 5, with most samples containing le~s than . 10% eqt!ivalent wt. % NaCl. 

Inclusions f"rom the Franks Pond quartz vein"s and one inclusion from 

miar~l-itic quartz h!id lower final~melt temperatures d.own. to -3o•c and' 

commenc_ed melt·ing (eutectic) at temperatures down t d -55. 7•c (Fi_g_ . .JOB). 

0 ' 

9~2-2 _Rencontre Lake Molyb4enite· Prospects 

Twenty-five . sa_mples of vein and pegmatite material were exarcined 

from the molybde.ni te prospects. ·samples from the Wyllie Hi 11 prospect 

did . not contain inclu~.i:-ons of suitable si:~;e for· heat'ing~freezing 

studies. Samples from the Motu, Crow Cl i ff-Dunphy Brook and Ackley City 

prospects contain abundant small inclusions and rare large inclus ions. 

Most inclusions are· similar to thos-e from the regional miarolitic 

cavities (Plates 30, 31). ifowever, smal-l solid (S) cubes of halite occur 

. along with vapor and liquid (L+V+S) in rare, isolated inclusions . .. 
Pouib~ouble •, rings suggesting the p'lesence .o·f _minor co2 we.r~ o~served 

i .n sev~al inclusions from samples 646 and CC-1. The~e rings are wery 

narrow and it is dif+i~it tg d~fferentiate them from optical effects . 

. ( 
Primary' V+L inclusions homogenize to both liquid and vapor between 

275 and 4oo•c .with most homogenizing betwee.~ 350 and 4oo•c (F}g. 69). 

Several runt were made in which homogenizat i_on occurred to both 1 iquid. 

and vipour within ' lO . degree interval in coexisting inclusions within 

the same field of view. 



- 275 -

FLUID INCLUSIONS 
MELT TEMPERATURES 

REGIONAL 
0 M IAROLITIC QUAR T Z ci f ~ BIG BLUE H I LL POND 

,. -
RENCONTRE LAKE 

• FRANKS POND 
BERYL 

n 

6 0 CROW CLIFF • DUNPHY BROOK 

4 • ACKLEY CITY 

2 
~--~----~--~~.U~L 

SAGE POND 

FLUID INCLUSIONS­
EUTECTIC TEMPERATURES 

REGIONAL 0- M I AROLITIC QUARTZ • - FRANKS POND 

~[ •n ~ q m • ' DO p 

RENCONTRE LAKE 0- CROW CUFF• DUNPHY BROOK • ·ACKLEY C ITY 

~f • • n 
I • • .II n!3nn• ~ j 

SAGE POND 

!~ 
0- ESSO · - ANESTY ~ - OTHER 

~ ~ .fl rza t:jl ¥' fB ~J 8 0 Qll ~~ ~ • 
-60 -50 -40 -30 -20 -10 
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B: Eutectic temperatures of fluid inclusions from the Ackley 
Granite Suite. 
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A 

B 

Plate 30: Fluid inclusions in quartz from the Rencontre Lake molybdenite 
prospects. 
A: Vapour filled inclusion ( ::::1' 20}/) with smaller V+L and V 
inclusions in background. JT-393. Dunphy Brook. 
B: V+L inclusion (~lSf). JT-370. Ackley City. 
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A 

B 

Plate 31: Fluid inclusions in quartz from the Rencontre Lake molybdenite 
prospects. 
A: Irregular V+L inclusion (~30~) surrounded by abundant small 
V+L inclusions. CC-1. Crow Cliff. 
B: V+L inclusion (':625)1) with smaller V+L inclusions. CC-1. 
Crow Cliff. 
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A 

B 

Plate 32: Fluid inclusions in quartz from the Sage Pond greisen. 
A: V+L+S inclusion (15#) with negative quartz outline. Note V 
inclusion at top of photo. 
B: Abundant V+L, V+S+L and V inclusions. Largest inclusion 
151'. 
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A 

B 

Plate 33: Fluid inclusions in quartz from the Sage Pond greisen. JT-
138. Esso greisen. 
A: Large (~40}1) irregular inclusion with a minimum of 3 solid 
phases. Note variability of smaller inclusions in background. 
B: Enlargement of inclusion in A showing dark red subhedral 
solid phase and rounding of edges of other solid phases. Again 
note variability of inclusions. 
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• 

Freezing experiments gave final melting temperatures above -7"C 

(Fig. 70A), with most above -t•c. These indicate low salinity fl~ids 

with leu than 10% equivalent wt. % NaCl. Final melt temperatures above 

o•c wen~.' recorded from 2 inclusions. TemperatJres down to -20 .s•c were 

recorded for beginning of melt from the Ackley City prospect and down to 

-21.9•c from the Crow Cliff-Dunphy Brook prospect. The avai:ytble data 
- ' 

from the Motu, Ackley City, and Crow . Cliff-Dunphy Brook molybdenite 

prospects are similar • 
... 

9-2-3 Sage ·Pond Creisens 

Forty Ramples of quartz-topaz grei11en fro~ the Sag~ Pond area were 

exAmin.ed. In contrast to the inclusions from the Rencontre Lake area, 

co-existing inclusions in quartz grains from the ~reisen are extremely 

variable from solid (S) to liquid (L) to vapour (V) only .(Plates 32, 

33). Up to 5 solid phases are observed. Abundant Sm!lll inclusions are 

present, most are leR8 than 10 micro~eters in diameter. Negative quartz 

o_ptl~es are.common (Plates 32, 33). Many of the large r inclusions have 

.1 necked subsequent to their form~on (Plates 32, 33) and thP.refore 

P\ovide unreliable data . Small i."'rrclusions are also present in topaz and 

locally in fluorite. However, none were large enough to provide. 

significant data. \ 

With - respect to possible multi- st~ge alteration and mineralization, 

'I 

thP author ~a~ only quote Hallet al~ (197'; ~age 894) : 

' 
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"we have been unable· to associate any di11tinctive 

type or variety of inclusion with 11 particul11r 

intrusion, stage of molyb~enite, or alterati.on". 

This statement applies to the ciifferent greisen veins and to different 

greisen type~ in the Sage Pond area. 

The daughter minerals in the inclu!!ions are isotropic anci mo!lt have . ' " 

a cubic habit, i~dicating the predominnnce of NaCl or KCl. Tabulllr, 

rhombic, hexagonal. acicular nnd platy minerala are a'tao common nnrl may 
~ 

be sulphates or carbonates. In many inclusions, the daughter minerals 

have sli~htly round~d corners and a subhedral shape (Plates 32, 33). The 

rounded crystals su~gest that many of the inclusions .excfnged . with an 

external aqueous reservoir after form~tion and are secondary. A variety 

of small (less than micrometer), ' red, trl'lnslucent crystnls arP common 

(see Plate 34), w~th hexagonAl, platv, 11cicular, tabular anci irreg11lar 

shap~q. ThesP. are. probably hematilte, although rutile and casAiterite may 

also occur. Thin double rin~s .wer(' noteci in isolated inclusion11 in 

several samples and su~~est the presence of m1nor C02, and rare 

~ - inclusions~were noted with up to 20% C02, 

Inclusions with primary features . gave a w.l.rle rangf' o f 

homogenization temper~tures (Fii. 69) b e twr en 50 anJ grr ater than ~oo"c 

(the upper range of the heating stage) with moAt samplPR homogenizing 

between 200 and 400"C. Cof"xillting vapour-ric h inclus
1
ions wf're tlf!f"n to 

• 
homogenize to both liquirl and vapour within a 20"C te~perature ran~~. 

I 
i 

r. 
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Freezing studies (Fig. 70B), showed that some aqueous L+V+S and ~+V 

incluAions began melting at temperatures as low as -6o•c a.nd had final 

' 
melt temperatur:s "belo~ -21•c. Five inclusions had a final melt 

tempersture above o•c with dne i~clusion melting at 3•c. A wide range in 

salinity is indicated (Fig. 70) with some inclusions .containing up to 70 

wt. % equivalent NaCl. 

Q 
A• double ring· in a single inclusion from sample l23A indicates the 

presence o f co2 • This inclusion had a eutectic temperature of -55.4.-:_c 
- . ~ 

.. , 
and homogenized . to vapour at 2s•c, continuing · .. "\ . 

the presence o f co2 • The ) 

inclusion decrepitated on heating at 224•c. 

9-3 DISCUSSION 

9-3-1 lencontre Lake Area 

The data from the molybdenite prospects indicate 'that ~uartz 

pegmAtit e JJnd ass o ciAted molybdenite formed in the presence of a low 

s11linity flui-d. Local ulinity inc reas e may be the r esult o f boiling. 

" The data lie on " and near the critical point for l ow s 11 li-nity fluid s 

(critical point for pure water • 221.19 bars and 374.l5°C). The r e fore 

the fluids in the Rencontre area could have . been trapped at 

unrJirtermined, but higher, aupercritical temperatures and pressures. The 

prese~ce of pegmatite and . the style of mineralization in this area, 

s11ggest closed depositional conditions under lithostatic pressur~. An 

assumption that the fluids were boiling would suggest a minimum depth of 

formrtion of ROO to 1000 me ters . This seems an unrealistically high 

level. 

( 

) 
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9-3-2 Sqe Pond Area 

The co-existence of such a wid~ range of inclusion-types again 

suggests that ·the fluids responsible for greisen formation were bo iling. 

Detailed studies of inclusions ilt quartz from quartz-topAZ greisen in 

New South Wales, Australia (Ead! ngton, 1983) , · and from the Clim11x 

deposit&, Colorado (Hail et al., 1974) have yielded compsrable result A 

" and Eadington (1983) suggests that quartz trapped secondary inclusions 

throughout hydrothermal activity, making identification of primary and · 

secondary inclus·ions difficult to impossible. Temperature and pressure 

estimates cannot be made on the available data from the Sa~~;e Pond area. 

9-3-3 Compo&ition and Variability of Fluids 

The low eutectic teinperf:t res and final melt temperature11 below 

-21•c" indicate that signifiG t proportions of species .other tlian Na+ 

are present in the fluids involved in the formation of miaroliti<: quartz 

and the mineral prospects. Carbon dioxide vapour-liquid rings werl! not 

observed ln the s e RampleR, The · eutectic 

is at -57•c (Crawford, 
(> 

1981) 

in the 

and is above the 

recorded eutectic temperatureR in two inc lusion". However, it is 

suggest~d that Hg2+ and ca2+ are important co\J'tit•Jents of the fluids. 

This conclusion is consistent with the formstion of Mg-rich hydrothermal 

muscovite . (greisen) and secondary fluorite (plus calcite at Ackley City) 

from the fluids. 
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The final melt temperatur_es above o• may reflect the presence of 

C02-clllthrate in isolated fluid inclusions at the prospects (Higgins, 

1979; Burruss, 198la, b) and are consistent with the observation of rare .. 
double rings reflecting liquid HzO- liquid COz - .Yapour COz inclusions. 

The extent of involvement of COz in metal_ transport cannot be eval_uated. 

Carbon dioxide-rich fluids are also ~ggested by the presencf of calcite 

at the Ackley City prospect. 

-· 
A ' significant contrast exists between the fluids considered to be 

responsible for mineralization in th~ Sage Pond, area and those in the 
.. ' . 

Rencontre Lake area. The fluids in the Sage p6na· area were highly saline 

and possibly boiled either periodically or continuously, while the 

fluids in the Rencontre'Lake are a had a uniform l ow-salinity c omposition 

and possibly boiit>d during prec ipitation of the quartz in pegmntit e s a nd 

vein!!. 

The data from the different prospects in the Rencontre Lake area 

are similar, as are data from different ~reisens in the Sage Po nd area. 

These features may reflect the internal homogene it-y of processes which 

occurred· i-n the two areas. 

The similarity of fluid inclusions in regional I ' 
samples and those 

from the magmati c-molybde nite ' pro spec ts may suggt> s~ that the y f o rme d 

from .'f. comparable fluid ~hich W/19 evolvPd directly fr om the mAgm,q during 

cry1tallir:ation. This in turn suggests that the more compl e x fluidA 

' preserved in the hydrothemal greisen deposits resulted from reaction 

.with country rock during fluid transport and migration along rest~cted 

• 
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channelways. The-trace el'ement enrichment in the graniteli associated 

with the greieen deposits may have resulted in the partitionin~ of ll 

greater concentration ,_of Na, K, Mg, Cl, F, etc. into the fluid phase 

(se~ Flynn and Burnham, 1978). Alternatively, the physical evidence for 

a greater amount of aqueous fluid in the Rencontre Lake Granite c o•npare (l 

to the Sage Pond Granite, may luggest that there waR a relative dilution 

effect of the evolved fluids in the forme r area . 

\,· 
J 
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OIAPTEK 10 - THE ACKLEY ·MAGKATIC/IIETALLOGEliiC SYSTEM 

10-1 IIITRODUCTIOR 

The objectives of this Chapter are to e_xplore the nature of the 

Ackley Hf~atic/Hetallogeni~_ Syste~ (AMMS) which formed the Ackley 

Granite Suite and its associated mineral deposits. 'The Koskaecodde and 

Hollyguajeck plutons have been shown to be temporally independent from 

the Ackley Granite Suite and are therefore excluded from the discussion. 

10-2 MAGMA SOUllCE 
:I 

The r~latively low initial R7sr/86sr of 0. 7063 and the eRtijted 

lRo whole rock values of 6.9 to 8.0 per mil in the Hungry G~ove, 

Meta, Tol~~ Rencontre La~e and Sage Pond granites indicat~ a relatively 

unevolved, possibly lower crustal source . Alternatively, the granites 

may have originated in the up~er mantie, and the strontium and , oxygen 

isotopic signatures may have . resulted fro m crustal contamination. The 

realionabl.e HSWD indicAteR thAt the source region waR homogenous with 

• r~spect to the i~itial strontium ratios, or that vigorous convection and 

mixing occurred in a mllgmli chamber either at depth or in the Ackley 

magma chamber. Minor heterogeneity is evident from the l8o quartz 

values. 

The Xepenkeck Granite has a low initial Sr ratio (0.7017) ,;,hich 

probably reflects pout- emplacement mobilization of Sr or Rb. The 

Pllltimated initial o xyge n isotope ratio of 8.6 pe r mil requires ;• 

- 286 -
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• significant sedimentary component in the source region. 

The association of the high- $'IS~ Gander Terran~ with the· highe r-

18o Kepe~keck Granite and the low- 6IRo AvAlon Terrane with the r e st 

of the lo~er- o ·l8o Ackley Granite Suite 'may ~lso reflect - the nature of 

the source' regions. While"it-is fully recognized that the surfac e ro~k" 

may have no relati~nship to rocks at depth, it is possible that melting 

. . 
of the relativ~ly ~nhomogeneous, predominantly met8sedimentary rocks, of 

the Gander Terrane could give rl.se to the aluminous, high-

~ranite s with i nhomoge neous init i al stro ntium rat ioa, whil e melting ,,f ~ 

pluton ic and v o lcani c-rich s ource analbg ous to the Avalon Terrane c ould 

result in more homogenous isotopic ratios. Thus a direct melting 

relationship between . the Gander Terrane and the Kepenkeck Gr anite and 

between the Avalon Terrane and the rest of the Ackley Granite Suite is 

postulated t o have resulted from a lower crustal thermal event 'Wh i c h 

transected the boundary between the Aval o n and Gander te c t o no-

strat_igraphic t e rrane s. These observa ti on !'~ arf' in harmo ny with thf' 

c o nc ept o f I - an<'! S- type source t t> rtanf'A formulated hy Chappell an<i 

White (1974), although their terminol ogy woulr! not strictly apply . . 

The overlap of the geochemi cal · and isot o pic signature& which are 

characteristic. o f the AMHS in the .Avalon Terrane onto the r.ander 

Terrane implies that the magma from the Avalon Terrlne Rource-roc ks 

- flowed into the Gander Terrane. Alternattv·ely, the Dover-Hermitage Bay 

Fault zone may be a steep southeast facing thrt~at a n d Aval on eourct! 

rocks o c cur under the Gander Terrane . 

' 
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I o-1 EMPUCi!Jmltf OF Tlllt Acu.EY GRANITE SUITE 

10-1-1 Iatroductioa 

A fundamental problem relating t6 · the study of large plutonic 

bodies is the room problem (Read, 1957). In other words, how does ' the 

mAgma chamber develop? The alternatives are __ displacement of country 

rocks upwa~d~, downwards, sideways, or in situ·melting And assimilation. 

In the case of high level, cross cutting plutons such as the Ackley 

Granite· Suite, the geological, 'chemical and isotopic features indicate 

that assi,ilation or in situ .melting are unlikely, leaving the 
4 

alternl'ltive that magma is dt>rived from depth and emplacement was by 

cli11placement. The sharp geological cont;icts with country rocks end the 

tross c';ltting attitudes of the contacts indicate t\lat sideways,~ 

In many cases forcfl'ful clispll•c~meont of the country rock do.es not · occur. 

tectonic· batholiths · 

of areally extensive and thick, hj~h level, post-

are intermittehtly exposed . ( c~ Co;nubian 

where the roof zones 

Batholith), the geological relationships indicate a stratigraphic 

~continuity across the upper surface of the pluton which prec lude~ 

extensive upwards dillplacPment. Thus doW'flwards diRplacPme nt of the 

country rocks would 11ppe11r to be the moRt likely mechani.sm of 

emplacement. 

Models for the empiacement of large ~ranitoid bodiea _fr~m their 

. 
aourc·e region into ' the upper crust have been discussed by Pitcher 

(1979) and Hildreth (1981), amongst others. These authors tnvoke low 

denaity contrasts between magma and host rock and envisage a process of 
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diapirism and coalescence of diapirs at high crust-al levels to .form the 

large /lutonic 

demon~rate~ that 

bodies. Bridgewater et (1974) convincing'ly 

crustal downwarping occurred under the large rapakivi 

' _granites of Greenland. Cauldron subsidence (Anrler~on, 1936) is also seen 

as a mechanism of empl~cement of high level plutons and ~le 

cauldron subsidence to permit extensive high level magma charube'rs has 

heen documented tn parts of thP Annes (Bu"ssell, 1985·; Bussell ·anti 

Pitcher, 1985). Lineaments, or major. fault zoneA are commonly HP_t>n :111 
·~ 

lines -of cr~stat weakness which permit as cent and PmplacemPnt of 
.:. 

granites .into the upper crust (Leake, 1978; Pitcher 1979) 

Examination of the contoured Bouguer gravity plot presented in 

Figure 3 (:-iiller_, 1986a) · an1_ reproduced below. offers · some insight to 

the mechanism and tectonic controls of emplacement of the A~S, and hi~h 

lev e l gr~nitc q in gcnrral. •. 

, . 
10-3-2 Geophysical Survey& 

A relatively detailed ~ravity survey over the Aturiy area Willi 

recently completed (Miller, l'J86a). A contot4ot'ed plot of Bouguer 

anom~lies showing the location of the data stations an~ the outline of 

the pluto nic rocks is presented in Figure 71. Preliminary modelling hy . 
Mill~>r, u~dng a conAtilnt riPnAity ''cc1ntrRAt of 0.1 g / cm1 hilA provicierl 

• 
~? e st,i~ates of grRnitP thickn~lt·, sncf thl";~ Ill"<" ;1;10 inrli c lltf'<i on Figur~ 

7l. The rn:t~niturleR of :rhe gr'lvity anlmalieA ag~ee with tho91" obt11ined by 

Weaver (1967) in the regional gravity Rurvey of Newfoundlsnd. 

J 

/ 
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ACKLEY BATHOLITH GRAVITY SURVEY 

BOUGUER CONTOURS 

Figure 71: Computer contoured plot of Bouguer gravity anomalies in the 
study area (Miller, 1986a). Dots are data stat ions. Thick 
dashed lines are interpreted linear structures. 
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The boundary of the Ackley Granite Suite as currently exposed is 

gener~lly marke? by a steep gravity gradient and rapid 1ncreaae \n 

l3ouguer gravity values. This fea-ture suggests that the outer contact in. 

these areas is steep. Subsurface granitic bodies may be present to tht! 

southwest and to the north. 

The contour map shows considerable additional topography or gravity 

variation within the granite and it is reasonable to assume that this 

topography reflects changes in depth t o the fl oor of the granite from 

the current erosion ,surface, ie. changes in the present thicknes~ of tht> 

granite. The axu; of the Urge8t negative gravity anomaly, which 

pre s umably reflects th e thickest granite, extench 1 0 a north-south 
( \ 

direc tion acros s the tr a ce of the Dove.r-Hermitage Bay Fault and 11crou 

the geochemical and isotopic boundary to the west of this ,trace. The11e ... 
\ , 

obse rvations support the interpretations that large parts of thE' Ackley 

• • Granite Suite may represent a single magma chamber and that empla c ement 
=-> 

o f the magma chamber occurred after movement on the Dover-Hermita g e Bay 

Fault had cease d (Blackwood and O'Driscoll, 1976) . There is a sP-parate 

gravity-low anomaly over the Tol t • Granite. However, the true 

relationship betwe en the these main anomalie!t may b~ maskell by gravit y 

effects related to the large roof pendants which se~ate the two areas. 

The largest Bougue r anomalies occur in the south of the Ackley Granite 

Suite , associated with areas of mineralization. 

:S 

Superimposed on, or at least complementing the main nor~h-south 

~-
parallel northwest trends (Figure ,71) with an trend, are a set of 

approximate separation of 10 km which are pTesent in both the Avalon and 

Q 
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trends are defined by steep contout gradients 
• 

which are interpreted to represent internal subvertical walls within the 

magma chamber. 

It might be argued that the northwest trends are an artifact of the 

sample distribution and · the contour package. However, new gravity data 

collected on northeast lines .has confirmed the presence of the northwest 

linears (Miller,. personal communication, 1986). Furthermore, the 

northwest gravity trends are parallel to and essentially in the same 

location a~, strong northwest 1 inear features . . de fined by second 

derivative analysis (4 km. spacing) of the total field magnetic data ovet 

the !ltudy area (Fig. 72). The total field magnetic data frorn the 

1:50,000 scale magnetic series published by the Geological Survey of 

e 
Canada wa·s digitized and . processed using a procedure described by Mill e r 

and Weir (1982') and these processed data we re then used to compute the 

second derivatives (Henderson and Zietz, 1968). In addition, Miller 

(personal ,communication, 1986) has confirmed the . location of the 

northwest lineaments by modelling the magnetic · data. Therefore, the 

combined evidence from gravity and magnetic datfl indicate that the 

northwest trends are re1ll and that they exercised considerahle control 

on the subsurface shape of the Ackley Granite Suite. 

There is also an implied sel)se of sinistral movement displayed by 

the northwest trends (Fig 71). These northwe11t trends are not apparent 

from the regional geology maps in the immediate vicinity of the Ackley 

Granite Suite, ·nor are they readily apparent from the 1:250,000 uale 
./ 

tota·l field magnetics maps (Fig. 73), suggesting that sinistral faulting 

1 

• 

' .. 

·-
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Figure 72: Plot of contoured second derivative (4 km) magnetic patterns 
from the study area (Miller, 198 7, In Press). Thick dashed 
lines are interpreted linear structures shown on Figure 71. 
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5350 ACKLEY MAGNETICS 

5340 

5300 

Figure 73: Sunnnary of total field magnetic patterns in and around the 
study area (Miller, 1987, In Press). Thick dashed lines are 
interpreted linear structures from Figure 71. 
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~s not a significant structu:al feature in 1. t.he area. This implies that 

the pattern of sinistral mo;r~ment suggested by the block pattern is a 

result of the relative vertical movements of blocks to di~ferent depths 

and does not result from movement along strike slip faults~ 

10-3-3 ~placement Model 

The northwest trending grav~ty anomalies can be interpreted to 

represent internal subvertical walls at the b"ase of the magma chamber. 

These walls must have developed in response to faulting or fracturing of 

the upper crust prior to, or durM-tg emplacement of the magma. The 

pref~rred interpretation is that the AMMS devel"'?ed in the upper crust 

due to the downwards displacement of large parallel crustal ' blocks with 

approximate plan dimensions of 10 by 20 km. The inferred proce~s is here 

termed 'megablock stoping'. 

' The north-south anomaly, representing the deepest part of the 

Ackley Granite Suite, is interpreted to represent the axis of the major 

crustal displacement and must also represent the axis of the major 

thermal event which led to emplacement of the granites. Displacemept of 

magma from a postulated melt zone in the lower crust upwards around the 

downward-atoping blocks probably occurred in response to an east-west 

regional t~nsional regime (possibly related to opening of the Atlantic 

I 
Ocean) and to buoyancy differences resulting from relatively cold 

crustal blocks overlying hot, relatively siliceou1 melts at depth, 

' 

) 
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Considerable density contrast is envisaged between the magma (2.2 

g"/cc) and t,he intruded rocks (2.7 to 2.9 g/cc). This contrast would be 

sufficient to cause an 

approximately 1 Kb in a 

excess lithos1tic pte""'" (buoyancy force) of 

20 km column o rock. The tot a 1 pressure acting 

to return magma, to the top of the ck column in a 10 * 20 km area 

(megablock) from a magma chamber at its base is approximately 3 * 108 N. 

This pressure may be sufficient to overcome frictional forces between 

blocks and resistance to flow caused by possible tfigh viscosity of 

retatively silicic magma. The viscosity of the silicic magma is 

difficult to estimate. It 1s envisaged that a high temperature heat 

source can cause. extensive to total melting of crust .at temperatures 

above the granite 1 iquidus (c f. 9.00 to lOOo•c) and may form a granitic 

magma with relatively low ·viscosity., permitting r&pid flow through 

available conduits. High viscosity in eilidc magmas with low volatile 

content may be a feature that is restricted to surficial · or qear 

surficial environments at relatively low temperatures. 

Schematic sections (Figure 74) show the possible mechanism of .. 
~ 

emplacement of the AMMS. The depth from surface to the roof of the 

pluton ia inferred from studies by Whalen (1981·), and Dickson (1983), 

. frolll the presence of narrow thermal aureoles, and ~rom the presence of 

miarolitic cavities and aplitic phases in the southern outcrops of the 

granite. The depth to the floor of the magmal chamber and hence the 

asaumed vertical extent. of the stoped blocks is take-n from preliminary 

• calculations baaed on the gravity and magnetic dat'·a (H. Miller, p~rsonal 

co11111unication, 1986). 

7 
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Figure 74: Schematic drawings of postulated mechanism of intrusion of 
the Ackley Granite Suite. A-B line of s ection shown in Figure 
71. Caldera speculative (see l ater discussion). Dotted lines 
are estimated isotherms. 
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It is assumed that the magma chamber o·btained a state of isostatic-

or buoyancy-stability with overlying intruded rocks. The scale and style 

of emplacement u e imilar to that described by Bri~ater et a 1. 

(1974~~ for the rapakivi granites in Greenland. However, block stoping 

to permit magma emplacement was in this case more important than ciustal 

.. 
downwarping and it is possible the downwarping described by Bridgewater 

et al. (1974) may result from frictional drag caused by downward , 

displacement-of crustal blocks. The boundaries of the Ackley Granite 

Suite are not defined by lineaments. Therefore, some secondary expansion 
• 

of the magma chamber outside the confines of the downward moving blocks 

• 
must have occurred. 

0 

Bridgewater et a 1. ( 1974) and Emslie ( 1980) · postulated that a 

r 
series of stacked, mushroom-shaped, magma chambers developed in the 

crust to permit empldt:ement of the Proterozoic rapakivi-anorthosite 

suite. These auJhors suggested that graben-type faults and str~ctures 

may develop above) each chamber permitting emplacement of magma to a 

higher crustal level and eventually onto the surface in graben or 

caldera basins. This may be 11 reasonable model for, the development of 

the AHMS. However, it will be argued below that the primary s~uctural 

controls over emplacement and shape of the AMMS relate to orogen-scale 

' fr~ctures which penetrate the total thickness of the crust. 

The mechani•m of emplacement proposed is different from the 

eolllllonly acce-pted processes of d{apirism and coalescence o.f diapirs at 

high crustal levels t~ form the large plut~nic bodies (Pitcher, 1979; 
· ' 

Hildreth, 198IL However,· contr~l of magma' uprise by parallel fractures 

-
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or faults is comparable to that envisaged by Shaw ( 1.980) and Hildreth 

(198lt. Cauldron subsidence is another common •eehanism of emplacement 

(Bussell and Pitcher, 1~85). It is possible that the proposed mechanism 

of megablock stoping is dominant in the middle to upper crustal region 

while cauldron subsidence and caldera collapse may take place in the 

upper crust. 

10-3-4 Speculation• on the Tectonic Control• on Magaatism 

The Ackley Granite straddles the Dover-Hermitage Bay Fault which 

implies a direct relatj.onship between movement on the Fault and the 

tectonic controls over emplacement. Possible antithetic structural 

relationships may be envisaged between th~ fAult ·and the nortl\west and 

north-south trends. However, the gravity patterns a.long with tfil't . -

geological relationships indicate that emplacement of the Ackley Granite 

• post-dated movement on the 
/ 

Dover-Hermitage Bay Fault. 

Northwest-trending topographic, structural and geophyRical fea~ures 

·are present throughout Newfoundland (Weaver, 1967; Hibbard, 1983; see 

· / 
Fig. 82) in rocks of all ages from Proterozoic Grenville' gneis• to the 

Carbonif"erous sediments, and are present in the three main 

tectonostratigraphic terranes in Newfoundland (Humber, Dunnage and 

Avalon; Williams and Hatcher, 1983). The Bonne Bay - Placentia Bay 

Lineament (Swanson 'and Brown, 1962; Scott, 1980) extends from Bonne Bay, 

through the Buchans area, to ~ortun' Bay on the southeast coast of 

Newfoundland and is the most prominent northwest-trending feature. It i• 

defined by changes in geology, gravity, magnetic, and topographic 
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, 
trends. Detailed gravity surveys show th~ presence of northwest trends 

(usually coincident with magnetic trends) in the northwest Gander 

(Miller and Weir, 1982; Miller, l986a), St-Mary's-Conception Bay 

(Miller, 19R6b}, Trinity Bay (Miller et altz 1985) Deer Lake Basin 

(Miller and Wright, 1984) and St. Georges Basin areas (Miller, personal 

communications, 1986). These 1 ineaments have a separation of 

approximately 10 to 15 km. Thus the linear trends with an amplitude of 
• 

10 km, defined by gravity in the study area, are part of a regional 

tectonic trend which cuts all of the dominant northeast Paleozoic trends 

in Newfoundland . 

• . 
North-trending topographic, geophysical .and structural trends are 

; #• 

also common in Newfoundland (Weaver, 1967; Hibbard, 1983). However, 

north-trending structures are less well defined than the northwest 

structures: The Late Silurian Skull L~ke Syenite (Kean and Jayasinghe, 
. '· 

1982) and the peralkaline, Carboniferous, St. Lawrence. Gr4nite have a 

linear north-trending outcrop pattern, which cuts the normal tectonic 

trend. Both of these plutons are high level and post-tectonic. 

Emplacement of the St. Lawrence Granite was controlled by north and by 

northwest lineaments (Teng and Strong, 1975). 

Thus the hypothesis is that emplacement of post-tectonic plutons 

J 

after the end of the Acadian Orogeny was controlled by orogen-scale 

(cf. Tapponier and Molnar, 1976; Strong, 1980) fracture sets or 

megajointa. Periodic relaxation in an east-west ' direction caused 

locali~ed thermal pulses into, and melting of, the lower ' crust. 

· Eaat-weat extension and northwest megajoints permitted emplacement into 

· the upper crust. 

. . 
, 
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Devon ian-Carboniferous, post-tectonic, biotite granites in 

Newfoundland, co!JIIllonly with A-type or anorogenic affinities (Strong, 

' 1980; Wilton, 1985; Tuach et al. 1986; Chorlton and- Dallmeyer, 1986) 

appear to occur in association with' major tectonic breaks. It is 

possible that the Dover~Hermitage Bay Fault and other major structures 

had a fundamental influence over .the generation of these plut<)ns, 

possibly as a line of weakness to the mantle which permitte~ an increase 

uf thermal and possible fluid activity at the base of the crust (cf. 

Leake, 1978; Thompson et al., 1984). 

I 
10-4 THE MAGMA CHAMBER 

. ) . 
10-4-1 S1ze and Shape 

The Ackley Granite ·suite occupies an area of approximately 2,400 

km2 . The thickness estimates of granite modelled from the gravity and 

magnetic data by H. Miller (personal co11111unication, 1986) are summarizerl 

on_ Figure 3 and indicate an approximate volume of 8000 km3. This is 11 

minimum estimate for the volume of magma itt the AMMS since Bignificant 

erosion of granite may have occurred in th~ northern and western parts 

of the exposed area. 

The radiometric ages indicate that "most of the granites cooled , 
'instantaneously' within the error limits of the 40Ar-3 9Ar dating 

/ 

technique (± 5 Ma), The geochemical and isotopic characteristics 

throughout the southern granites indicate a coot inuity of magmatic 

processes .across · geological boundaries which have been identified on the " . 
basis of texture and mineralogy. Statistical analysis of the chemical 

·' 
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data also indicates , that the boundaries of the Hungry Grove, Meta and 

Tolt gragites are artifacts of the crystallization history of a single 

large magma chamber rather than the result of intrusion of separate 

magma pulses or phases. This concept may also include the j<epenkeck 

Granite in the north which appears to be rel.ated to the same thermal 

event .• 

There is some indep~ndence in the trace element behavi or between 

the Rencontre Lake Granite and the rest of the AMMS. However, this is 
I 

thought to result predominantly from· variations in l)igh leve{ mag~ 

processes (see below). The similarities · in major element patterns and 

the continuity of the gravity. patterns attest to the close · genetic 

relat ionsh1 between 

II' 

' 

the two areas, 

The data are consistent with a model which invokes filling of a 

large magma chamber through separate underlying conduits. Undetected 

differences in ag~ of crystallization between the member granites, and 

possible differe?ces ~ue to shifts in the axis of ~he major deep cr~stal 

or mantle thermal event, may have given rise to some of the observed 

variations. For example, it is possible that the 'Polt Granite to the 

east of th~ north~tre?ding line of roof pendente Tepresents a slightly 1 
~ 

younger and · independent pulse of magma and that · the Kepenkeck Granite 

may be independent. However, the AMMS is thought to have . develope'd in 

response to a relatively short lived tectonic and thermal event in this 

part of the Appalachia~Orogen. 

\ 

" 
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10-4-2 Pressures and T~ratures 
"? 

The precise physical conditions of empl~ement of the AMMS remain 

enigmatic. The presence of rel~~i~ly fine grained miar~litic varieties 

of granite in the south and the southerly trending chemical gradients 

suggest that the "AMMS is eroded to a deeper level i~nor.thern part 

of the Hungry Grove Granite and in the Tolt and Meta granites. The 

gravity data also indicate thinner granites in the latter areas relative 
' , 

:,:. 

to the southern part of the Hungry Grove Granite and the Rencontre Lake 

Granite. However, thickness of preserved ,granite may be indepe~dent o/ 

the paleos_ur face. Finally, the narrow therma 1 aureoles tn the country 

rocks adjacent to granites along the southern contact indi c ate a · high 

• crustal level of emplacement. 

Whalen (1980) sugg~sted that the tncrease in degree of 

·1 fractionation towards the contact in tbe ·Rencontre Lake area resulted 

from in situ differentiati on ,of a granitoi·d magma. with a near minimum 

melt composition in the system quartz-albite-orthoclase-wat e r · at Pt{
2

0 

(total) between 0.5 and kb. Dickson ( 198 3) presented a sirn il1:1r 

argume nt for data from the liungry Grove , Meta, Tolt, ··~· ._Lakf' and . ~ ,..~ 
• . lj 

Sage Pond granites. 

Analogi~~with modern high-silica volcanic fields which are thought 

to be underl~·in by large active magma chamberS' sugge11ts a depth to thf' 

roof of the.· chamber .of _5 to 10 km (Hildr e th, 1981; Hill et al., 19R5; 

Boden, 1986). Depth estimates for the format ion of Climax- type orP. 

systems associated with small stocks which may represent 'pimp\.el!l' on 

'.,_ _"""' 
' · j - 'K_ _ . 
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) the surface· of larger underlyi~g batholiths range from 1 to 3 km (White 

/ 
/ et al, 1981). Assuming · that the Sage Pond greisen system represents 

c 

conditions in the l 'ower parts of the Climax-type system, estimated depth 

of form'ation is in the ran~e of 3· to 5 km. 

1-iuscovite, from the Kepenkeck c·ranite has a significant Fe and Mg 

component and -may be of primary origin. Experimental studies combined 

with thermodynamic considerations - has led Miller et al. (1981) and 

Anderson and Rowley ( 1981) to suggest a minimum depth of formation of 

9.6 to ll.S km for celadonitic muscovite. Therefore, the available 

pressure estimates also indicate that the AMMS is exposed at deeper 

leveLs to the north. 

The magma must initia~ly have been undersaturated in water to 

perrnit its emplacement · at sh;ilow depths (Burnham, 1967, 1979; Brown and 

Fyfe, 1969; Strong~ 1980). EKcess water is : indicated by the presence of 

miarolitic cavities, pegmatit€!s, and gas breccias. The water saturation 

is commonly consi<tered to resu.lt from differentiation and/ or 

crystallization in the upper portions of the magma chamber. 

Temperature estimates are also e1usfve . Hematite-ilmenite pa1.rs 

suita!>le for application of the Fe: Ti-oxide geothermometer ( Buddington 

a~ Lin4;ay, 09f14) were not found, and fOz has not been determine~, ~-

thus preventing use of the phlogopit.e-Annite ge9thermometer (Eugster and 
' . 1 

!olones 1 1965). Le Bel 0979) prop-osed a geottiermometer ' based on the Ti 

t 
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content of biotite. However, the data from the study area · sltow a wide 

range of temperatures of cr)\stallization between 800 and 3oo•c and the 

data for individual granitoid bodies do not cluster or form realistic 

patterns. A major assumption of these proposed geothermometers is that 

the relative variation in absolute temperatures determines the' 

compositional gradients in the magma. This seems rather unlikely. It is 

probable that temperature gradients influence the development and 

magnitude of compositional gradients. Consequently. the compositional 

gradients in ·'the study area may be int repreted to represent magmatic 

temperature gradients (cf. Volkov and G~rbacheva, 1980). Howeve r, if 

cooling and cr};stallization is a dynamic feature· relat ed to progre ssive 

heat los s to deeper levels in the magma chamber, the t emperAture 

recorded by the mineral may not be ·re prese ntativP of the tempe rature of 

form:t'lion of the compositional gradients, nor the final solidus 

temperature of cry s talliz.'l ti o n. 

Est-imated temperatures of cry s tallization of phenocrysts in high­

silica ash flows r a nge from 650 to 9oo•c based on the Fe- Ti-oxide 

geothermome ter (cf. Hildreth, 1979; Boden, 19R6). Experimentlll lltudies 

( c f. Dingwe ll, 1985; Mann ing and Pich i vant, 1985) show that the granite . . \ 
liquidus 'and s olidus. is depressed to ' 65o•c in the presence of F, B, and 

Li, and that silic a te me lts can persist to temperatures of 5so•c for 

appropriate volatile-rich composition~ . Homogenization temperatures_ from 

primary fluid inclusions in topaz (Eadington, 1983) indicate a trapping · 

temperature of SOO to 62o•c (Earlington, ·1983; Kinnard et al., 1985). The 

presencergdesen and the fluorine-rich composition indicate ~hat the 

final solidus tempe~ature of the AMMS in the southern part vai in the 
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range 600 to 7oo•c while higher temperatures may be expected in the 

north. Thia study placed no constraints on the temperature of 

emplacement of the All!MS into the upper crust. 

10-4-l Chemically Zoned Mapa Chaaber 

In the preceding chapters, the argument was presented that coarse 

gr~ined varieties of granite in the northern part of the Hungry Grove 

Granite and iri th e eastern part of the Tolt Granite, when compared to 

fine grained, miarolitic vari e ties 1n the Rencontr~ Lake and Sage Pond 

granites, indicate a dee per l_evel of erosio n in the no rth and east. 

Sharp pl;lys .ical boundaries have not been observed b e tween the different 

granites of the Ackley Granite Suite and the g eochemical and _gravity 

gradients trend across the gradational cont a cts betwee n the memher 
' 

granites. Furthermore, REP., Rb-Sr, 40Ar-39 Ar and oxygen isot ope da ta 

independently demonstrate an internal homogeneity betwee n the Hungry 

Grove, Meta, Tolt, Rencontre Lake and Sage Pond granites. These feature s 

lire consistent with the concept that Ackley Granite Suite ·and as oociated 

mineral deposits were generated and emplaced through large scale 

procl!!sses operating to form an extensive · tnagma chamber. The element 

enrichment/depletion trends, and the size of the Ackley Granite S'{ite 

suggest thllt these. rocks represent\ a frozen, geochemically stratified, 

• 
m8gma chamber analogous to those modelled -by Hildreth (1979) as a .... 
precuraor to large volume ( > 100 km3) high-silica ash flows (se~ Fig. 

7). 

'. 
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The analogy with the p~ysical moo;lel of the magma chamber envisaged 

by Hildreth (1979, 1981) is,remarkable. The geochemical trends which .. 
culminate in the Sage Pond area are readily in_terpreted as reflecting a 

vertical geochemical gradie nt. These trends, the greater variability and 

higher concentration; of the incompatible elements • and L o~ 

" concentrations of fla and Sr. at above 74% Si02, 11re c onsiRtent with· the 

concept of a high-silica 'enriched' roof z o ne . 

-Supe rimposed on the general ge ochemi cal tre nds are thE> st t> Ppe r .. 
geochemical gradients adja ce n t to the mine rAlized arell fl at RE> nc ontre 

Lake and Sage Pond, which are int e rpreted t o re fleet magmatic 

. 
differentiati.on processes focussed at the w11lls of thf' AMMS. The se are 

compatible with the suggestion by Hildreth (198,1, I'· 101): 

"an ascending chemical boundary laye r probably forms 
' 

a low-density counterflow and rises slowly Along the 

walls •• •• and helps to enrich the growing roof zone 

in such volatiles". I 

The larger cellular patterns of less silicic composit i ons observed 

in the element distribution plans (Figs. 31 to 38) 'might represent areas 

of upwelling via convection cells in the m.<tin magma chamber. while areu 

of lower 

areas of 

silica , adja~en~ to the marg ins 

magma replenishment from below. 

of the AMMS might represent 

Assuming that ~he Kepenkeck 

Gran~te was a part of the AMMS, possible convec tion was not on a scale 

Jarge enough, or did not last long enough. to destroy the contrast• with 

the rest of the A.t.{MS. The homogeneity . of the initial stront i um ratio• 
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may support the argument for vigorous convection and mixing in the 

•outhern AMHS. 0 

10-4-4 Speculation• on The iuult• of Eruption 

The · Rencontre Lake Granite s.hows similarities to the Hungry Grove; 

,.. 
Tolt, Meta and Sage Pond granhes, particularly in major element 

concentrations and mineralogical and textural features. However, there 

are also significant differences which /equire ·explana tion. The 
<-

Rencontre Lake Granite has rela-tively low values for the incompatible 

elements, . lowest fluorine values, and enrichment/depleti?n trends are .......___ 
leRs extreme at the granite margins. ;rhe e s~imated 0 18o values are 

below the normal magmatic range and are ,lower than the values f or the 

remainder of the· Ackley Granite Suite but 6 Q-F . values are magmatic. 

Chlorite alteration of the mafic minerals is a cotmnon feature in the 

~ 
Rencontre Lake Granite and is rare in the rest of the southern AMMS. 

Mineralizing fluids were less saline and molybdenum (as <ipposed to tin 

and tungsten) is the element of economic interest • 

• 

In the Yellowstone Plateau Volcanic Field, silicic flows which 

post-dated caldera collapse exhibit depletion of ~18o quartz ranging 

from l to 6 per mil relative to more normal magmatic values in extensive 

ash flows (Huckleberry Ridge Tuff, Mesa Falls Tuff and Lava Creek Tuff), 

which accompanied caldera . collapse (Hildreth et al., 1984). Caldera • 
collapse occurred at intervals of 0.7 and 0.6 Ma. Post-collapse 

volcanism recorda a temporal recovery towards pre-collapse isotopic 

values. Hildreth et al. (1984) suggested .that the depletions resulted 

.. 
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from contamination of the magmatic system by meteoric water during • 

periods of explosi~ act-ivity which sustained access and mixil\& of water 

with the magma. 

The Rencontre Lake Granite can be conside.red to represent 8 frozPn 

magma chamber which was in ·· the process of. recovering from c.<tlderll 

collapse. Mixing of meteoric water with the magma could account for the 

lower S lRo in this area. In addition, the abundant physical evidence 

for satu;a~ion of)he magm1 with water is readily expla.ined by post­

emplacement H2o ingestion and the requirement for saturation due solely 

to postemplacement fractionation of an anhydrous parent would not be 

necessary. 

, 
The concept - thllt the Rencontre Lake Granite was quenched 8S it wu 

undergoing a pLOcess of post-collapse recovery can explain other 

features of this granite. The absence of steep and highly evolved 

incompatible element tr.ends can be explained by loss of the upper magma 

laye r during eruption. The mote erratic element distributions in the 

Rencontre Lake Granite relative to the Hungry Grove and Sage . Pond 

granites (e.g.· Ba, Sr, Y) can be explained by turbulence in the magma 

chamber due to caldera collapse and the weak trends observed are those 

fwhich form during the' initial attempt pf ·magma chamber to re-attain 

equilibrium. The higher element covariations coul4 be related to the 

fact that the differentiation processes were· extremely active after 

collapse in an attempt to regain equilibrium in the magma chamber. 

U~we ut· g ~f the more mafic areas may result from the turbulence due to 

erupti and collapse. Partitioning of fluorine into the volatile phase 
... 

~ 

·' 
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' 
and its loss to the magma system, may have occurre'1:1 during caldera 

collapse, with the addition of excess water post-dating this event. 

Minor fluorite mineralization at the Rencontre Lake Prospect~ therefore 

relates to the magma recovery process and not to the regional 

geochemical patterns in the Rencontre Lake Granite. In addition, it is 

possible that the medial trace element concentrations in the Tolt and 

Meta granites reflect intermediate to late stages in the post-collapse 

recovery proc;ess. 

Thus the relative iiTI11aturity of the Rencontre Lake Granite when 

compared to the Sage Pond Granite is possibly due to dynamic features of 

the magmatic-volcanic cycle. Alterna~ve explanations are (i) different 
,.,.~ ... 

source rocks or (ii) other, more evolved granites had a lorrger 

• emplacement and fractionation histor.v. There is no evidence for 

different source rocks, and the lower oxygen isotope ratios are not 

explained and the ambiguities in the behavior of water and fluorine are 

more difficult to reconcile using an emplacement model • 
..... 

10-5 FRACTIONATION PROCESSES 

10-5-1 Introduction 

0 

The similarity of geochemical trends froien in the AMMS to those 

inferred for the Bishop Tuff magma chamber (Hildreth, 1979, 1981) 

implies a similarity of processes. The following discussion will attempt 

to evaluate the possible mecharN.sms of chemical fractionation using fhe 

data presented from the Ackley Granite Suite. 
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L.. 
0T)e of the fundamental requirements of a chemical fractionation 

mo<tel is to explain the differences in behavior of the ·trace elements 
' 

above and helow the 74% Sio2 _level. These. differences in both scatter 

and,degree of enrichment/depletion of elements were ill~strated by the 

Harker diagrams and by the factor analysis. By definition, Factor 

(major elements) is independent of Factor 2 (trace elements), which 

implies different processes. 

10-5-2 High-Lev.el Cruatal.Meltin.g ana Aaai•ilation 

The availab!e geochemical data from the host rocks to; the Ackley 

Granite Suite (Whalen, 1976; Chapter 5) indicate that assimilation and 

element exchange of the country rock cannot produce the observed trends 

in th~ AMMSr The values for incompatible trace elements in the country 

rock are too ·· low and the values for the compatible elements are too 

high. 'There 1s no evidence for partial melting of the country rocks 

adjacent to the AMMS and partial ·melting at depth would stilt require 

emplacement and geochemical fractionation to produce the observed 
C I 

trends. 

10-5--3 Cry.cal/llelt Fractionation 

Trends like those •observed in the Ackley Granite Suite have 

generally been attributed to .crystal-:melt fractionation accompanied by 

filter pressing (McCarthy and Hasty, 1976). Whalen ( 1983) modelled 

crystal-melt fractionation in the Ackley Granite using selected data 

from his study area and a selected sample located 20 km to the north 

from the Hungry Grove Granite (the REE pattern from the Rencontre Lake 

(. 
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' 
J,ake ~~rea used by Whalen (ibid,) to model crystal liquid fractionation 

indicates that the REES have been depleted by magmatic fJuids). Whalen's 

(ibid) conC'lusions were that crystal-liquid fractionation with 18rge 

melt/crystal partition coefficients could produce the observed 

variations. 

Published melt/crystal partition coefficients for the REE in 

feldspars from high-silica systems (Hanson, 1980) indicate that the melt 

should be enriched in all REE during crystal-liquid fraction, assuming 

that feldspars were the &ain fractionating phase. This is not the case 

since the LREE do not show a consistent trend, The possibility that 

fractionation and removal of hornt,lende at depth may contribute to 

observed trends cannot be evaluate~. However, hornblende is absent from 

much of the exposed granite and therefore does not di~ectly contribute 

to generation of the observed geochemical trends. The possibility of o 

producing the observed REE patterns by fractionating accessory minerals 

remains, but fractionation of accessory minerals is unlikely to produce 

the observed behavior in highly incompatible elements such as Rb, Nb and 

Ta. ln addition, Gromet and Silver (1983) arg'~e that the bulk of the REE 

reside in accessory phases such as sphene and ·apati~ which form early 

in the crystallization sequence; REES are therefore unlikely to serve as 
. ' 

a good fractionation index in the granitic environment. 

. . 
The differences in behavior of the trace elements above and below 

74% SiOz would require either a sudden change in bulk partition 

coefficients in the upper portion of the AMMS, or the _ appearance of new 

phases for both fractionation and accUIIlulation. It is possible that the 
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former could happen, e.g. due to me~t depolymerization and co~plexing of 

elements of high ionic potential (Watson, 1979; Hess, 1980). There is no 

evidence for the fractionation of IJ)inerals which would be neceuary to 

bring about the observed ch~mical va~tions. 

Much of the southern exposures of the Ackley Granite Suite are 

equigranular an1 textures do not suggest cumulate proces;es. Rather, th~ 
'- . 

textures are considered to represent rapid quenching of alkali feldspar 

and 'possibly quartz in response to lcrss of fluid pressur~. Furthermore, 

it is unlikely that a process of separation of residual liquid coul't'l 

produte such consistent geochemical patterns over such a large area, Of 

the enrichment and depletion patterns adjacent to the magma chamber 

walls. Therefore, -a simple process of crystal-liquirl fr.c1ctionation 

cannot explain the observed features in Ackley Granite Suite. , 

10-5-4 Volatile Transfer 

Burnham (1967) has demonstrated that a number of elements of 

interest ·would be partitioned into a volatile phase coexisting with the 

melt, especially in the presenc~ of Cl, and it is reasonable to suggest 

that such a process operated in the AMMS. Such a suggestion is 

especially attractive with the abundance of physical evidence for the 

separation of a volatile phase in the southern parts of the AMMS, i.e. 
I 

where the incompatible elements are most enriched. Nevertheless, in the 

Hungry Grove and ~age Pond granites, these ~nrich!llents and volatile 

textures are the end-products of smooth trends over a much larger area, 

where the physical evidence for volatiles is not present. 
I 
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REE concentrations do not indicate widespread separation of a 

-volatile phase during crystallization, but indicate that volatile 

activity is concentrated in areas of known mineralization. It is also 

difficult to explain now magmatic devolatilization could produce the. 

extreme depletion of Ba and Sr. These elements substitute for K and Ca 

in the silicate phases and are unlikely to · partition strongly into' 

pouible fluid phases. An upward flow of volatiles and incompatible 

elements· would require a downwards migration of Ba and Sr unless these 

elements were removed from the system completely. 

Volatile activity is not considered to be a viable mechanism to 

explain the overall geochemical trends in the AMMS, although 

partitioning of ore elements and fluorine into, Mtd deposition from, / a 

fluid phase was necessary to form the mineral prospects . Volatile 

C, exsolution was a of, rather than a cause of , magltic 

concentration mechanisms in the magma chamber. · ' 

Subsolidus hydrothermal alteration features include albitization, 

perthite formation, chlorite alteration of biotite in the Rencontre Lake 

Granite, and minor 'IDU8covite alteration in the· Sage Pond and Hungry 

Grove granites. Visual evidence of alteration is absent exc.ept . for an 

area of less than 1 km2 around the Wyllie Hill prospect. The magmatic 

oxygen isotope signature of mineralization.and adjacent granit e prec;lud-e 

transfer of elements below a te_mperature of Jso•c. Arguements against 
-(" 

volatile transfer of elements in the AMMS are also applicable to high 

temperature subsolidus transfer amd there is no evidence to indicate 

that 'Bu and Si:' were removed from the system by a sub solidus . fluid 

phase. 

\ 
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_ lQ-5-S Liquid-State Diffu1ion 

As the evidence. does. indicate that the AMMS waa .a layered. mag11a 

chamber like that envisaged by Hildreth (1979) with a hi~h-silica cap 

overlying a less silicic magma, it could be that his propo1ed 

fra~tionation model of liquid-state ther~ogravitational diffusion (TGD) 

is the most acceptable one for the AMMS, a suggestion also made by 

Whalen (1983). This ~odel invokes temperature-induced element-diffusive 
.,.. 

gradients in the high-silica stagnant roof zone above a vigorously 

convecting magma chamber, with supply of elements to the static z•ne 

aided by convection in the main magma chamber. This process i~difficult 

' to evaluate arid has been opposed from. both experimental (Lesher et al., 

1982) and theoretical (Michael, 1983) perspective_s . 

. 
Transport of elements across an interface with a static high- silica 

roof zone may have o cc urred by diffusion a nd may account for the 
~ 

differences in element concentrations above and below 74% Si02. The 

steep trace element ' gradients in the mineralized areas are a lao in 

agreement ~ith aspects involving chemical specializat~on at the walls of 

the magma chamber (Hildreth, 1981). 

10-5-6 Convrctive Fractionation 

Convective fractionation (Rice, 1981; Sparks et al. 1 1984) is 

defined as "any fractionation. proce~s involving convection of fluid away 

from crystals". Sparks et al. (1984) suggested that as crystals_ grow in 

' a closed system thef l~cally deplete the adjacent fluid in the denser 

•• 
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compositions, and that the resulting less dense fluid would rise 

convectively and accumulate at the top of the s,riJtem, In a magma system, 

the leas d~qae material would essentially consist of the felsic 

components (commonly interpreted to represent "petrogeny's residua 

system"; Bowen, 1956), ' along with the LIL elements. The 'residua' 
.. 
components . would .retain their identity and remain separate from the main 

magma chamber d~e to the low·chemical diffusivity and density contra~ts. 

These authors emphasize that such a process would be particularly 

effective at the .walls of . the m~gma ¢hamber where cooling is fastest, 
1 

and would allow for effective fractionation of crystals at the boundary 

layer to produce major changes in the resulting liquid which then 

migrates upwards along the boundarf. 

This hypothesis removes one of Hildreth's (1979) major objections 

to cryatal fractionation, ie. the necessity to remove unreasonably large 

proportions of crystals . Michael (1983) pointed ;ut that fractionation 
... 

of 65 to 70% of the observed phases could explain the variations iu the 

Bishop Tuff (e.g. extremP. Ba and Sr depletion)". Sparks et al. (1984 ) 

show that sidewall crystalliz~ion and crystallization in · the lower 

regions of the magma chamber could provide a physical and chemical 

mechanism of fractionation. 

' The convective fractionation model of Sparks et al. (19841 could be 
·"j ... ~ 

self-enhancing in that magma in the zone of crystallization would become 

progressively depleted in Ba and Sr and enriched in LIL e lements. Later, 

least dense material to rise to the top of the magma chamber would be 

the most evolved, accounting for observed zonations 
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f''\ 
\.._iand the contrasts 1n element behavior around 74% Sio2 . in the case of 

. ~ ·~-" ·~ .... •. 

.... 

the AMMS, the geochemical trends in the mineralized areas would 
, 

represent areas· of uprise of low density enriched liquid~t. 'rhe low 

density residual could also be depolymerized (Hess, 1980), thus 

enhancing its eventual stability at the top of the system. The local 

abundance of feldspar in the less silicic compositions in the AMMS might 

represents areas of crystallization at the base or along the lower walls 

of the magma system. 

In the southern parts of the Hungry Grove Granite and in the Sage 

Pond Granite, highes.t silica values are spatially separated from the 

highest incompatible element values.' "This suggests that concentration of 

the Sio2 and these trace elements was in pa..rt independent, or more 

probably that a proce~s of segregation occurred at the. roo~f the magma 

system. For example, diffus~on of the trace elementR ~o the m~rgins o~ . . 
the ch.amber may have been superimposed on the main segregation process, 

~ or silica enrichment through magmatic or volatile processes may occu·r 

towards the 1oof of, the system while the trace element enrichment 

processes may be more effective along the margins of the system. : 

It 1.s cbh~luded that a process of convective_ fractionation (Sparks 

et al., 1984) coupled, with the physical model presented by Hildreth · 

(1979, 19811 can adequately explaln the chemical and physical aspects of 

the. zonations in the AMMS·. 

• 

() 
0 

.. 
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10-6 TBI KDitRALIZING PiOCESS 

From a metallogenic viewpoint, the geochemical trends in the AMMS 

can be . considered to represent large magmatic systems which ultimately 

evolved to form Mo-b'earing deposits in the Rencontre Lake Granite and 

Sn-W bearing deposits in the Sage Pond Granite. The culmination of the 

chemical trends at the areas of most significant mineralization, 

together with the magmatic oxygen isotope signature of th,e host granite 

and of the alteration associated with the mineralization, indicates that 

the minerals of economic interest and . the fluids which caused their 

formation originated in the AMMS. In addi_~i~n, the mineralizing ., 
\ 

processes may have operated Titost efficier}tly at the margins of the magma 

chamber to form deposits with similar morphology. The contemporaneity of 
' 

mineralization and the host granite is also indicated by the 40Ar-39Ar 

ages. Segregation of Sn and Mo therefore originated in the AMMS. 

It is envisaged that mine-r a 1 iza'tion was formed through a 

combination of primary ore element concentration in the carapace and and 

at the walls of the magma chamber , followed -by further concentration and 

depoaition of ore ~lements by fluids directly 'evolved from a quenching 
-~ 

magma. The fluids were commonly ponded at the walls and roof of the 

chamber. Crystallization of the" magma at slightly dee per levels may have 

provided addit_ional fluids and metals to the mineralized areas. It is 

again emphasized that the chemically evolved, mineralized granites are 

not considered as late . differentiates. Ra.ther, they are formed along 

with the main granite batholith, and crystallization may eve n precede 

that in the main chamber. The high-temperature, magmatic, oxygen iao.tope 

, 
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· sign_atures indicate that extensive meteoric circulation wu not · an 

important aspect of the mineralizing process~-

Patterns of variation in mineralogy, texture and major element 

trends (plus Ba and Sr) are identical in both areas, indicating that the 

large scale petrogenetic processes which led to the spatially sepnr1tecl 

Mo and Sn-W deposits were similar (i.e. convective . fractionation 

dominated by' crystallization of K-feldspar and plagioclase at depth). 

Therefore, controls over the final product ( ie. Sn or . Mo) were developed 

late in the magmatic l!volution of the AKMS. 

Fluid inclusion stuciies indicated that s;ompositions of the fluicl11 

associated with mineralization may ·be similar, but that fluid11 in thP 

'" greist'n veins are considera':lly more sill ine than thm~e from thfl 

molybdenite deposits. Accurate elltimates of temperature and pressurf> - ~f 

fluid entrapment cam'lot he made. However, minimum ··tr11pping tempf'rAt•JreA 

above 37o•c are common. 
/ 

't'he association of topaz · and fluorite · with the grf'isen and thP 

enrichment of fluorine in the host granite nt Sage Pond indicat,. thP 

importance of fluorine to the Sn-W~ mineralization procesA. In contrAAt, 

the relative lack :Jf fluorine in the RentontrP Lake area is reflec'ted by 

the abs,ence of topaz, trace amount" of fluorite auociatecl with 

mineralization, and the relative geochemical irmtaturity of the Rencontre 

Lake Granite. ·Therefore, it is probable that the differences in 

mineralization relate directly to the observed chemical feature11 in the 

host granites. For example, fluorine may have been unavailable in the 
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Rencontre Lake Granite for t ransport and concentration of Sn-W by 

fluorocomplexes, w"hile · Mo may ' be complexed by Cl-rich aqueous phases 

(Tingle and, Fenn, 1984; Candela and Holland, 1984). Molybdenite 

deposition might aho reflect lower f02 in the Rencontre Lake Granite 

(as suggested 't!y the whole rock ferric/ferrous oxide ratios) or higher 

fS2 as compared to the Sage Pond area. It has been suggested that 
f 

fluorine escaped into the vapour phase, and water was added to the magma 

system, during eruption and caldera collapse in the Rencontre Lak~ area. 

This suggestion implies that physical aspect of the magmatic-volcanic 

cycle are important controls over mineralization. 

10-7 HYPOtHaiCAL MODEL OF THE AHMS 

A conceptual model of the AMMS is presented·· in Figure 75 and 

· incorporates the features discussed in the previous sections along with 

those shown in . Figure 74. The upper diagram (7SA) has vertical 

exaggeration and shows sidewall crystallization and trace element 

enrichment. patterns towards the chamber walls and roof in the Sage Pond 

and Hungry Grove granites a t silica l evels greater than 74% .. Deeper 

l evel of erosion is thought to have occurred t owards the north. The 

lower diagram 05B) approximate s true sd~l e ; the large conv e ction cells 

ate hypothetical. .. 

The heat source depicted in Figure 76B ts modelled afte r the 

basaltic input (mafic unde rplating) e nvisaged by Hildre th (1981). It is 

also possible that the h e at s"rce was generated in the anoroge ni c 

environment by uprise of mantle mater i al in an exte n s ional env i ronment 
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Figure 75: A: Model of the Ackley Magmatic/Metallogenic system. 
K-Kepenkeck, MS - Mount Sylvestor, M - Meta, T - Tolt, RL -
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(cf. Thompson et al., 1984); the possibility of manf:1e input to the 
I 

chemistry of the ~ cannot be evaluated on the basis of the current 

datil. 

\. 
, 10-8 SUBSOt.fDUS R_ISTORY 

In the southeastern granites, ubiquitous perthite textures, which 

' coarsen southwards, ·attest to the presence of pervasive subsol idus 

hydrothermal .systems throughout the AMMS. This conclusion is supported 

by tfe secondary muscovite in the Sage Pond and Hungry Grove granites 

and chlorite in the · Rencontre Lake Granite. 

The available 40Ar/39Ar ages from biotite-hornblende pairs arP. 
I 

identical. Thus significant age differences between cooling through the 

blocking temperature of hornblende to biotite (ca. 500 to less than 

JOO'C) (Purdy and Jager, 1976; Jager, 1979; Harrison and McDougall, 

' 1980; Harrison, 1981) cannot be recognized. The Rb-Sr ages are 

apr~oximately 15 Ma younger than the 40Ar/39Ar ages. Rb is presumed t9 
··-..... ___ ' 

rea ide predominantly 1.n . alkali feldspar which is subj e ct to 

recrystallization down to ISO'c, and it has b~en suggested itt Chapter 7 

that cooling through the . temperature interval 300-150'C may have 

occurred over 15 Ma. Widespread deviation of the ~ quartz-feldspar 

values from normal magmatic values has been attributed to water-rock 

equilibration in large, low temperature, low- ( 18o meteoric 
0 '" 

hydrothermal systems which devel?ped in the cooling granite. Postulated 

large scale meteoric hydrothermal systems may have developed during the 

low temperature interval of reladvely slower cooling. 

\ 
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The subsolidus textural features focus on mineralized areas, which 

implies a direct relationship between the subsolidus systems and the 

mineralization processes. However, oxygen isotope signatures of the 

mineralized systems are high-temperat~re and dominantly magmatic. It iA 

suggested that these magmatic oxygen isotope signatures were preserved 

because of rapid cooling below the blocking temperature for feldspar 

t exchange (lSO"C) at the granite marginA. Low temperature meteoric 

systems could have been most ext~nsively devPloped in the cen-V'Al 

port ions of the soulh eastern granites where cooling may have been 

slower. Consequently the subsolidus crystallization is a relatively high 

temperature event. 

The spatial correlation of subsolidus recr..,stAllizlltion · textnres 

with the 

reflect 

mineralized ;Portions 

the probabilty that 

of the magma chamber are considered to 

the largest volume of · high temperature 

magmatic fluids passed through the roof zone. These textures are 

independ_ent of the amount of deviation 'from the msgmat ic trend shown by 

the .6 quart:~:-feldspar values, supporting the conclusion thst the low 
' . ~' 

temperature systems were not involved in mirierajization. 



CHAPTER 11 - DISCUSSJ:OW Aim COIICLUSIORS 

"All cases are unique and very similar to others" 

T. S. Elliot 

11-1· DISCUSSION 

11-1-1 The Equilibriua State of the Syatea and Controls on Metallogeny 

Implicit in the model pre~ented above are the evolutionary or 

dynamic aspects of the AMMS. These suggest that with slow cooling 

through time, the system ulti:mately evolves to a chemical and density 

layered, stable configuration, with the quartzo-feldspathic compgnents 

and incompatibte elements concentrated 

chamber (cf. Hildreth, 1979. 1981). 

\ 
l 

in the roof zone of the magma 

. . 

The progression to an equilibrium state can be interrupted by 

cooling across the solidus, or by pressute quenching across the solidus 

. due to loss of vapour. Altern~tively, as has been suggested for the 

Rencontre Lake Granite, catastrophic events such as caldera collapse and 

eruption could interfere with the equilibrium configuration, and may 

ultimately lead to sglidification. These catastrophic events may be due 

to volati,le O'l.ersaturation· in the roof of the system, thus the process 

is self-destructive. 

\ 
Mo~t of the large, high-silica a~h flows that have been adequately 

studied are chemically zoned, as are many of the high-silica granitoid 

- 324 -
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plutons (cf. Hildreth, 1981; Boden, 1986) lending credence to the 

universality of the process of zonation in high-silica systeme. 

The inferred relationship between Mo mineralization and leis 

mature, .water saturated magma, and between Sn-W mineralization· and 

chemically mature, anhydrous magma, also implies an evolutionary process 

related to the development of the magma sy'stem, with Mo mineralization 

preceding fluorine rich Sn-:-W mineralization. As the system develops and 

as fluorine and incompatible element concentrations build up in the roof 

zone, a greater tendency to produce Sn-rich greisen depositR- can be 

expected. This temporal relationship is also indicated in the classic 

_Climax-type environment where the Mo-W ore shells ar~ cut by later 

topaz-rich Sn veins (White et al, 1981) and at the Mount Pleasant 

deposit in New Brunswick (Kooiman. et al., 
' 

1984). Climax-type syatemA 

also show the effects of excess water by the abundance of brecci'a pipeR 

associated with molybdenite minerali:>:ation. The magma syBtem may aho 

become progressively more, anhydrous if H20 is lost from the magma 

chary~ber, either through eruptive or diffusive _processes. 

Thus there would appear to be significant temporal and physic11l 

'controls over the primary mineralizing process in high-silica magmu 

which are essentially related to the ~egree of maturity of thP. 

chemically zoned system. It is envisaged that F ± B t Li enrichment in a 

water-undersaturated · magma may eventually lead to the .format ion of 

"'topaz-tin-bearing granites and to topaz-tin-bearing rhyolitP. when the 

LIL-rich magma is erupted. Burt and Sherridan ( 198'5) and Taylor et al. 

(1985) . emphasize the physical and possibly genetic differ{'nces between 
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the topaz bearing high-,ilica systems, Climax-type systems, . and 

auociated plutonic rocks. However, the •similarities are more compelling 

' to this author, Taylor et al. 0985) report the presence of adjacent 

biotite granites and topaz granites from the Mount Pleasant;rrea which 

are presumably petrogenetically related to the larger, 'A-type', St. 

George\ Batholith (Whalen, 1986). The . observations from the AMMS are 

applicable to this discussion since minor topaz is present in granites 

adjacent to the larger greisen veins in the Sage Pond area, confirming 

the direct genetic association. Undoubtably, there are additional 

chemical and volatile controls which serve to partition the elements of 

economic interest. 

The crystallization history of the • granite body will also a f fect 

the apparent relationship between the different intrusive phases. For 
I 

example, a chilled carapace may be intruded by either less evolved or 

more evolved magma which subsequently freezes. However, the general 

assumption that the most evolved granite is the youngest intrusive phase 

requires careful consideration due to the dynamics and the temporal 

variation in maturity of the cooling magmatic-volcanic system. ·while the 

preserved mineralization discussed in this · thesis is focussed at the 

margins of the magma chamber, .other areas (cf. Cornubian Batholi'th; 

Stone and Exley, 1985) indicate extensive mineralization in cupolas on 

the upper surface of the magma chamD"er . This may relate to fluid and ' 

economic-element accumulation at tte upper surface of the magma system 

which locally may be aided by the internal topography of crystallized 

carapaces in the system. 
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The geochemical and oxygen isotope evidence _indicates that ore 

metals are derived from the magma, and the scale of the proceu 

envisaged can readily convert parts per billion in the magma to ore 

~-grades and tonnages at the roof of the magma chamber. Therefore, trace , 

element signatures of source rocks may not be a : critical factor. 

However, LIL-element enriched source rocks would undoubtably enh~tnce 

mineralizing processes and depress the solidus, thus permitting 

emplacement of the magma to very high crustal levels, as elaborated in 

the model of Strong (1981). 

11-1-2 Hineralizatio~ and ThickOeaa of the Magma Column 

The negative bouguer gravity anomalies indicate that the chemically 

evolved granite~ in the Rencontre Lake and southern part of the Hungry 

Grove granites are thickest. These areas are also the locale of the 

mineral depo::~its. Gravity studies in other large mineralized plutons 

show a similar relationship. 

This relationship may partly reflect the fact that the roo f facies 

will be preferentially preserved in areas of shallow erosion. Such an 

inte rpretation is possible for the Ackley Granite Su,ite, sinc e the 

ava\1able evidence does suggest that d ee per levels are e xposed to the 

north and east. The relationship between thicker h~gh-silica granite11 

and the strong trace element enrichment/depletion trend11 may therefore 

suggest a d epth or pressure control ove r the fraction li tion procP.u . 

Perhaps depolymerization and volatile compl ex ing is retard ed at great~r 

depth~, causing large deposits to occur at high crustal lev~l•. 

, 
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An alternative interpretation is that the thickness of the magma 

column relate11 strongly to the ability to , produce zoned . high level 

systems. Thus a thicker fractionation column would result in a greater 

concentration of incompatible elements at the roof. 

11-1-3 Claeaification of the AHMS 

Dickson (1983) considered the northwestern granitoids to be 

petrogenetically distinct and less evolved than the southe~tern 

granites which 

noted that the 

show/ relatively greater degree of differentiation. H( 
Koskaecodde and Mollyguajeck plutons have calc-alkaline 

affinities and that the other granites do not. The southeastern granites 

have alkaline affinities (Peaco~k,·l931). Dickson (1983) noted that most 

of the AMt-fS may be considered as I-type (Fig. 76), while the Kepenkeck 

Granite has some characteristics representative of S-type plutons. 

Whalen ( 1980) noted also that the grl!ll-ites in the Rencontre Lake area 
( 

may be classified as I-type and ' in 1983 noted that these rocks are 

similar.to anhydrous, alkaline, anorogenic, A-type plutons described by 

Loiselle and Wones (1979). 

All of the samples from the southeastern granites and the samples 

from the Kepenkeck Granite plot in the field of A-type plutons on the 
. 

Ga-Al 203 discriminant diagram and most samples plot in the A-type field 

on the Na2o-K20 plot (Fig. 77; White and Chappell, 1983). Figure 78 

shows the regional geochemical data summarized on a trace element ' 

diecriminant diagram constructed by Winchester and Floyd ( 197].). The 

data from the southern granites, particularly the Rencontre Lake and 
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Mount Sylvester and Kepenkeck, 13 - Tolt, 14 Hungry Grove, 
14A (open triangles) - Rencontre Lake, 14B (solid diamonds) -
Sage Pond, 15 - Meta. 
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Figure 78: Plot of Zr/Ti02 * 104 against Nb/Y for data from the study 
area. 9 Koskaecodde, 10 Mol1yguajeck, 11 Mount 
Sylvester + Kepenkeck; 13 - Tolt, 14 - Hungry Grove; 14A -
Rencontre Lake; 14B - Sage Pond; 15 - Meta. Field boundaries 
are those of Winchester and Floyd (1977). 
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S11ge Pond gr&nites, show a slight overlap into the commendite fi e ld. 

These diagrams suggest an 'evolutionary ~rend ,towards peralkalinity in 

the most evolved. parts of the Ackley Granite Suite. 

Host samp•les from the study area. plot in the field of Within Plate 

Granites (WPG) on the Nb-Y diagram {Fig. 79A; Pearce et al., 1984) 

assuming that the geological setting precludes an Oce'an Ridge Granite 

(ORG)-environrnent for the study area. The Jlrb-Y+Nb diagram is the best 
I • 

discriminator (Fig. 80A), with most . samples plotting in the field of 

WPG and samples from the Koskeecodde and Mollyguajeck plutons plotting 
/ 

in th~ field of Voleanic Arc Granites · (VAG). The Ta-Nb diagram (fo'ig. 

I ~ . 
798) ahows an overlap between the WPG, ORG, VAG and also has one .sample 

each from the Mollyguajeck, Kepenkeck and Mount Sylvester pluton_s In the . 
field of Syn-Coll is ion Granites (SYN-COLG). Finally, the data plot in' 

both the fields of SYN-COLG and WPG on the Rb-Yb+Ta discrimi'nant diagram 

(Fig . BOB). In con~lusion, the plots indicate (somewhat ambiguously) 

that the Ackley Granite Suite has the chemistry of a post-tectonic WPG, 

with some components of a syn-COLG. }'he more mafic samples plot in the 

field .of VAG and syn-COLG. 

The high K20 content and .the elevated values of U and Th in the 

southeastern Ackley Granite Suite classify these rocks as High Heat 

Production granites (cf. Halls, 1985). Granites enriched iQ these 

elements have potential for hydrothermal power generation. 
. ~ 

The geochemical features described ab9ve demonstrate an !lnorogenic 

signature to the southeasten·· granites of the Ackley Granite Suite. 
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However, geological information is necessary to interpret the da'ta. 

While the Ackley Granite Suite exhibits A-type affinities, . it is 

questionable whether this description is an improvement on the 

petrological classification of alkali- feldspar granite. 

11-1-4 Metallogenesis and Other Granitic Sya tems 

The q~est ion arises whether the · convective fraction at ion proceaR is 

applicable to the genesis of granophile deposits asociated with S-type 

or aluminous granites. Un(ortuQately, detailed studies comparable to 

those in the AMMS are not currently available and direct compari~on ia 

not possible. 

Ti s chendorf (1977) divide d the granite s relate d t o mine ral de posits 

in the Erzgebirge into an Older and Younger complex. Th e younger complex .. 
was further divided into intermediate and chemically specialized 

granites. The implications are that there is a genetic progression from 

less evolved to highly evolved mineralized granite . Data from deep drill 

~I 

holes have .. shown that there is a vertical chemical gradient underlying 

mineralized areas with least spec i alized rocks at the bottom of the 

hole • 

The geochemistry of the peraluminous, South ·Mountain Ba tholith 

(SMB) in Nova Scotia has been disc ussed in some de tail by Chatterjee . !!. . 

al. (1983). This batholith is ho s t to the re,cently d i scovered Eut 

Kemptville tin deposits which a re tocated in a lobe of specialized 

gr an i te on t he ge n e rally steep contact .{)f the granite wi th the country 
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rocks (Richardson et al., 1982), aga~n implying an important sidewall 
I 

component to magmatic-metallogenic development · of this deposit. Data 

fro~ the SMB are summarized in Table 1 and Fig. 2. 

A plot of Rb versus K2() f or data from the SMB is presented in 

Figure IH and there is a clear distinct ion between specialized and non-

specialized g~anites. Also shown ·on this diagram are the data from 

various units of the study area, along with data from · the granites 

adjacent to the g:reisen veins in the Sage Pond area. Although none of 

the regional sa~ples from the study area reach the low background K/Rb 

ratio -seen for the SMB specialized granit e s, data from the Sage Pond 

Granite tend towards those ratios. Data for samples adjacent to the 

greisen veins overlap, and fill the gap between specialized and 

(j 

non-specialized granites of the SMB. Thus data taken in isolation from 

the SMB suggests separate processes or origins, whereas comparison to 
. , 

the data from the AMMS indicates a continuity of processes. This feature 

along with the gross chemical similarities shown in Table ,6, Figures 29 

and 30 and the physical aspects of the East Kemptville deposita indicate 

that th,e same processes that were active in generating the AMMS were. 

responsible for mineralization in the South Mountain magmatic system. 

The author is unawar e of syste ma tic c hemical data from the 

Cor nubian Batholith ~oo~hich . may be of relevance to this problem. However, 

the physical aspects of mineral deposition from a magmatic syste m are 

Extensive 

in the fonn of tourmaline-breccia pipes and stockscheider. 

secondary alJration and mobilization may have obscured many 

of the magmatic signatures of deposition in this area. 

abunda!lt 
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The inferred lower crustal or mantle influenced source for the AMMS 

di ffera s igni ficandy from that of the peraluminous 'S-type' SM.B where 

the protolith is thought to be mid-crustal sedimentary sequences (Muecke 

and Clarke, 1981). The processes responsible for ptimary granitoid 

related minerali z ation may therefore operate independently of source 

composition· in high-silica granite systems. An imp<?rtant requirement may 

be the development of a magma chamber, at intermediate to high crustal 

levels and the thermal and tectonic stabilizatio~ of that magma chamber 

for a sufficient time interval to permit the magmatic-metallogenic 

process to occur. For this reason, attempts to. apply source-related 

schemes to either classification or metallogenic interpretations of 

granitoid rocks, f. g. with the suggestion that Mo mine ralization is 

associated with I-type and Sn with S-typ~ (eg. Beckinsale, 1979) are not 

considered to be generally applicable. 

Hildreth (1~9, 1981) and Mahood and Hildreth (1~83) suggested that 

magmatic processes of trace element and ore element enrichment also 

operate in peralkaline magma chambers ~and may generate peralkaline 

111agmas. These processes precede any volatile activity and metasomatic 

alteration and may be ·the reason for the volatile enrichment. Similar 

conclusions were reached by Drysdall et al. (1985), from a study of 

Zr-Nb-Y minerali~.ei! ·granites in Saudi Arabia ; 

11-1-5 The bpaltivi ·eonnection 

~ 
The similarity in size, shape and mode of emplacement between the 

AMHS and Proterozoic, anorogenic, rapakivi granites (Bridgewater et al., 
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1974) has already been noted and the geochemical signatures of these 

granites (Weihe, 1978; Emslie; 1978, Horse, 1982), and metallogeny 

(Haapala, 1985), are similar to those of the Ackley Granite ._suite auch 

that a common genetic history is implied. In the AMHS, rapakivi textures 

were noted in some samples from the Tolt, Meta and Hungry Grove 

granites. The Proterozoic rapakivi granites have a ran~.e of major oxide 

and trace element concentrations comparable to the Ackley Granite Suite 

and to A-type granites i.n general (Haapala, 1985) 1 with a mineralogical 

.i 
range from hornblende-biotite granite, to rapakivi granite, to biotite 

granite, to topaz-bearing biotite granite. Mineral deposits typically 

consist of greisen-associated and pegmatite-aplite type granophi le 

elemen,t concentrations. Total" REE concentration are similar to tho11e in 

the southern AMHS (Weihe, 1978) and show almost )dentical F.u depletions 

and relative enrichments in HREE. Changes to larger Eu anomaly and 

increasing HREE are associated with mineralized granites (Haapala, 

1985). 

The rapakivi granites are spatially associated with anorthosite 

massifs and related K-rich monzqnite, mangerite and charnock.ite 

(Bridgewater et al. 1974; Emslie ', 1978, 1985). Charnockites, which are 

confined to granulite facies terranes, are high-silica rocks and may 

have comparable major , oxide and trace element concentrations to rapakivi 

granites. Information on the origin of the anorthosite massifs and of 

the related rocks may therefore .; provide insight to the genetic h.istory 

of the high-silica systems such as the AMMS. I 
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11-1-6 A Diatinct Isneoua Pra.i~ce in Wevfoundland? 

DistinctiVe, tDevonian-Carboni ferous, post-tectonic, alkali-

feldspar, biotite bearing, high-silica granites in southern and eastern ( 

Newfound(and are identified in Figure 82 (Tuach and Miller; In 

preparation). These granites all sho~o~ similarity of texture, mineralogy 

and composition to the southeastern Ackl e y Granite Suite (Strong et al., 

1974; Strong, 1980; Wilton, 1985; Chorlton and Dallmeyer, 1986, Poole. ~ 

..!!.:...J_ 1985; Furey, 1985; ' Furey and ·Strong, 1986; . O'Brien et al., 1986; 

Tuach, unpublished data). The Strawberry and Isle Aux Morts Brook 

granites have provided a whole-rock Rb-Sr age of 362 :t 15 Ma (Wilton, 

1985) and biotite from the Chetwynd Granite has provided an 40Arf39Ar 

age of _372 t 5 Ma (Chorlton and Dallmeyer, 1986). These ages are similar 

to those from the southern Ackley Granita Suite (Chapter 8). 

It is suggested that the cross-cutting alkali granites form an 

'· 
igneous province related to a thermal-magmatic pulse ~o~hich resulted in 

Rb-Sr and 40Ar-39Ar ages bet~o~een 375 and 350 Ha. Other post-tectonic 

plutons such as Kepenkeck Granite, the Middle Ridge Granite (Bell et 
\ 

~ ~77) and the Ironbound Syenite (Charlton and Dallmeyer, 1986) may 

have"een generated in the same igneous event. 

11-1-7 Magaa-Source Considerations 

The controls on the genesis .of the large high-ail ica syste ms must 

be related to the consistent, post-orogenic, continental, tectonic 

setting. Previous · discussion concerning the Ackley Granite Suite 

) 
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~ 
focuued on the local features in relationship to the Dover-Hermitage 

Bay Fault zone. However, the similarity of the alkali-granites in the 

Late Devonian-Early Carboniferous ~gneous province in Newfoundland (Fig. 

82) provides further insight to the problem. These plutons occur in the 

Avalon, Gander and Dunnage terranes. This implies: 1) all granite 

systems evolve to.comparable high-s~lica compositions, or 2) the lower 

crustal source is consistent throughout the Dunnage, Gander and Avalon 

terranes, or 3) there is a considerable contribution of granitic 
~ 

material to the magma systems from a much larger mantle reservoir. 

The first alternative is not realistic since considerable variety 

in high-silica sys~ems can develop (Table 16). An ultimate source from a · 
! 

homogenous lower c.·'rust may be possible. However, a lower c·rustal sour<;e 

I 
previqusly undergone melting (Loiselle and Wones, 19H; 

I 
which has 

Collins et al., }982f St,ein, 1985) and has produced comparable granites 
I 

over such a lar~e area also seems unlikely since it would require almost 
I 

identical geolbgical histories for the different terranes. Partial 

melting of a t 'arger, homo.genous, enriched mantle source, with variable 
; 

crustal conta~inati0+1 (cf. Thompson et al., 1984), possibly accompanied 

c transport of elements from the mantle into the lower 

crust 1980) may provide a more realistic origin for these 

granites, 

been suggested that the anorthosite-rapakivi granite suite 

was by partial melting ·, of the upper mantle and lower crust 

or that the granites represent melting of the lower 

mantle-derived mafic magmas (Emslie, 1985). 

l 
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Resolution of the source problem with respect to anorogenic 

granite~quires much further work. A comparative study of th~ 
anorogenic granites in sou.thern and eastern Newfoundland may provide 

further insights. 

11-1-8 Iap1ications for Mineral Exploration 

In the Ackley Granite Suite, the observed geochemical tr~nds which 

culminate at miner~lization imply that it is possible to predict the 

direction to significant mineral deposits. The secondary enrichment 

trends of incompatible elements to higher and more variable values which 
.... 

are superimposed on the· main magmatic trends reflect the mineralization 

process, and can possibly be recognized at lower threshold levels. This 

ts demonstrated in Figure 81 which shows a field repr~senting the 

operative metallogenic system in ad<iition to the field of specialized 

samples proximal to mineralization. Samples plotting in the operative 

field would ill~strate that the 
1 

granite system was fertile and a 

detailed search for associated . specialized plutons may be warranted. 

Regional negative gravity anomalies may indicate areas of thickest 

granite, where specialized, roof zone f)cies are most likely to occur. 

From a detailed exploration perspective, it has been shown that 

highest Rb and lowest Ba and Sr values occur immediately adjacent to the 

mineralized greisen and aplite-pegmatite bodies. This provides a 

powerful direj:tio!lal in.dicatqr for the location of such deposits. While .,. 

I 

major elements, F, U and· Th, along with other incompatible elements 

(inCluding the HREE) provide useful regional 'guides to the pouible 
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presence of granophile mineralization, they are not as effective in 

lo~ating precisely the targec of economic interest. 

I 
v 

'-' 

The low F co~tent of tbe Rencontri Lake Granite agrees with 

experimental evidence indicating that Mo is not necessarily transported 

by fluoro-complexes (Tingle and Fenn, 1984; Candela and Holland, 1984). 

This indicates that regional fluorine anomalies are . not necessarily 

correlated with molybdenite mineralization and may not reflect the 

presence of significant Mo. 

On a regional ~cale, the alkaline granites which are shown on 

Figure 82, and which are included in the Upper Devonian-Lower 

C~rboniferous ign~ous province suggested above, have potential to host 

Climax-type and granophile mineral deposits. The most significant 

analogy in the Appalachians, is the Mount Pleasant deposit 1n New 

Brunswick fTaylor et al., 1985). In Newfoundland, most of these granites • 

host minor fluorite and molybdenite mineraliz~tion (Strong ei al., 1974~ 
f 

Chorlt9n, 1983; Wilton, 1984; P~ole et al., 198~; Furey, 1985; Furey and 

Strong, 1986; O'Brien et al., 1986). 

\ 
. The high LIL content of these granites enhances their ability to 

rise to high crustal levels (Strong, 1980, 1981). This in turn enhances 

the possibility of generating hydrothermal systems in the surrounding 

country roc~a and provides an environment favourable for the generation 

of epit.hermal· gold-silver deposits ;- Indeea, the common association ofF, 

B, W, Mo, Sb, etc. with epithermal systems suggests such a relationship, 

and ia the norm rather than exception ( cf. Berger 

. 

) 
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and Eimon, 1983). Therefore, area~ surrounding the high-level anorogenic 

granites anq particula~ly structures intruded by or associated with the 
~ 

granites~ provide a favourable ~old-silver exploration target. 
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11-2 COBCLUS.IONS 

1) Petrological, geochemical and isotopic criteria indicate that the 

study area (the Ackley G_ranite of· Dickson, 4Pl983) consists of two 
, 

distinct post-tectonic biotite-bearing granitoid suites. Two separate 

calc-alkaline granodiorite-granite plutons, occupying 450 km2, occur a~ 

the -western and northeastern ·extremities of the study ~rea and have 1>een 

~-
named the Koskaecodde Pluton and Mollyguajeck Pluton resp~tively. The 

remainder of the study area has been renamed the Ackley Granite Suite 

(2,415 km2) and consists of high-silica granite~ (sensu stricto) with a 

·predominance of alkali granites. 

2) The calc-alkaline Koskaecodde and Mollyguajeck plutons contain 

microc line and have minor h.ornb lende • in the more rna fie compoSitions.-

· Biotite has a Fe/Fe+Mg ratio of 0.45 to 0.49 and chlorite alteration of 

.--~Jotite is ubiquitous. An Rb-Sr age of 427 ~ 12· Ma is essentially in 

agreement with an 40Ar-39Ar age of 410 ± 4 Ma. suggesting a Middle to 

Upper Silurian age (Harland et al., 1982). An initial strontium ratio of 

0. 7092 and estimated S 18o · who.le rock ratios of 9. 5 to 9 .• 7 per mi 1, 

indicate a significant crustal component in the genetic evolution of the 

·plutons. 

3) The Ackley Granite Suite has been subdivided into 7 member granites 

. which are slightly · modified from .the units of" Dickson (1983). 

Muacov_ite-biotite ~~ing granite to th.; northw_est of a line joining the 

Koakaecodde and Mollyguajeck plutons has been called the Kepenkec:k 

Granite and possible associated biotite granite has been · named the Mount 
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Sylvester Granite. Southeast of this line, biotite-granites have been 

·.named the Hungry Grove, Meta, Tolt, Rencontre Lake and Sage Pond 

granites based on ' their textural appearance. The Rencontre Lake and Sage 

Pond granites, occur in the so'uth, host signifi'cant aplite-pt>gmatite Mo 

1 de'posits and greisen Sn-W deposits respectively., and represent roof zone 

facies of the Ackley Granite Suite. 

Perthitic orthoclase is the dominant · feldspar and perthite textures 

coarsen southwards. Minor Fe-rich hornblende occurs in the most mafic 

compositions, and biotite shows a range of Fe/Fe+Mg ratios from 0.43 to 

0.96. The highest ratios (annite) occur in proximi:ty to ' the mineralized 

area,s. Chloritic alteration of biotite is ubiquitous in the Rencontre 

Lake Granite, in comparison to a weak sericite alteration halo around 

I . 
the greisen deposits in the Sage Pond Granite. 

Most ·of the high-silica grani-fes in the Ackley Granite Suite · have 

anorogenic 'A-type' affinities with moderate to low alumina and 

relatively high alkali and incompatible element content. The Kepenkeck 

Granite has relatively ;higher alumina content and correspondingly lower 

alklai content compared to the rest of the Ackley Granite · Suite, and 

shows characteristics of sedimentary derived granites (S-type). / 

An ·Rb-Sr age of 358 ± 12 Ma i.s in agreement with a previously 

publi s hed Rb-Sr a ge of 349 ± 2 Ma ·(Bell et aL, 1977) and previous 

40Ar-39Ar ages of about 355 ± 10 Ma (Dallmeyer et al 1 , 1983). New 

40Ar-39Ar data from throughout the Ackley Granite Suite provide ages of 

around . 370 ± 5 Ma. The initial strontium ratio of 0. 7063 froca the 
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~outhern Ac.kley Granite Suite and the estimated 8 18o. whole rock value 

around 7.5 ·per mil in- much of this area ' indicate a lower crustal source 
• 

for these granites. An initial strontium ratio of 0.7017 from the 

Kep~n~eck Granite indicates source inhomogeneity or secondary fluid 

activity. although the estimlfted 0 18o ratios 8.1 to 8. 9 ind~cate a 

mid-crustal sedimentary source. 

4) The petrographic. chemical. isotopic, and gravity signatures of the 

Ackley Granite Suite do not define the trace of the Dover-Hermitage Bay 

Fault: zone which separ.~tes th~ Gander ·· and Avalon tectonostratigraphic 

terranes • . There is a tentative· correlation between higher-· 0 18o. 

predominantly sedimentary rocks of the GaMer Terrane and a sedimentary 

source for the high- S 18o Kepenkeck Granite and between lower- S 18o • 

predominantly volcanic rocks of the Avalon Tl!rrane and lower 

values in th~ granites intruding the Avalon Terrane such that a direct 

corre~ati.on may .be construed. The . . signatures indigenous t; the Avalon 

Terrane over lap the Gander Terrane by a distance of 10 to 15 km and 

indicate that the Dover-Hermitage Fault is steeply dipping to the 

northwest. or that magma derived from the Avalon Terrane flowed into the 

Gander Terrane. These data confirm that movement ceased on the Fault 

prior to intrusion/of the Ackley Granite Suite. 

5) The Ackley Granite Suite is steep sided. and varies from 2-8 km 

thick. A north-south keel of thicker granite crosses the Dover-Hermitage 
r 
( 

Bay· Fault at a moderate -~ngle. indicating that the thermal event 

·responsible for magmatic intrusion was independent of the Fault. and 

resulted from east-west • post-orogenic extension. Emplacement to high 

• 

\, 



- 349 -

crustal levels may have occurred by" a process of megablock &toping, or 

foundering, of crustal blocks to lower crustal levels and, tectonic 

controls over the st.oping process may relate to a system of orogen 

scale, post-orogenic megajoints. 

6) The 6 18o quartz values from the mi.neral prospects in the Ackley 

Granite Suite are similar to those in the host granites. These oxygen 

isotope data indicate that the mineral d.eposits - [or.med from magmatic 

fluids at magmatic temperatures, with posi!ible minor lower· temperaturl' 

meteoric incursions at a stockwork deposit · in the Rencbntre Lake &rea . 

40Ar-39Ar ages from secondary muscovite associated with mineralization 

in the Rencontre Lake and Sage Pond areas, are statistic~tlly 

indistinguishable from the ages of their host granites. These data 

indicate a contemporaneity of magmatic and mineralization processes. 

Fluid inclusion studies indicate that the fluids which formed the 

aplite-pegmatite M:o ·deposits had a low salinity << 5% Eq .• wt. % NaCl). 

These fluids have a homogenization temperature of 35,0-400•c and m11y h!lve 

originate!1 at higher temperatures. In contrast the ftuids from the Sage 

t Pond greisens were extremely salinP- and __ have homogenization temperatures 

from 100 to .. sso•c. M_any of the latter inclusions may .have nec~ed 

• down or reequilibrated. during subsequent cooling, and low ~utectic 

\ 
\ 

temperatures indicate the presence of Ca and Mg in the fluids. 

7) Analysis of. the map distribution of major oxides and trace elements 

reveals syste!l'atic che10ical ~ariations in thf Ackley Granite Suite which 
l 
i 

.. 
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~minate at the areas of miner11lization in the Rencontre Lake· and Sage 

Pond granit_es. These patterns are interpreted to indicate that the ... 
southern Ackley Granite Suite, and in particular the Hungry Grove and 

Sage Pond granites, represent a . frozen equivalent to the density and 

geocheraically stratified magma chambers which have been modelled by 

Hildreth (1979) as producing large-volume, high-silica, geochemically 

stratified ash flows. 

8) The model of convective fractionation proposed by Sparks et al. 

(1984) accounts well for the observed enrichment of the roof zone of the 

magma -chamber in LIL elements and the depletions in Ba and Sr, and also 

explains the geochemical trends which are locally concentrated at the 

steep walls of the magma chamber. Marginal and roofwards enrichments of 

the LIL eventually led to volatile exsolution and transport to form the 

Sn-W-bearing greisens _in the Sage Pond Granite. The chemical trends show 

greater variability and greater degrees of enrichment or depletion at 

above 74% Sio2 , supporting the concept of magma depoly;ner~zation and 
.­

volatile element complexing in the upper regions of the magma chamber. 

Diffusion processes such as those discussed by Hildreth (1979, 1981) may 

also have contributed to the element enrichment . and depl etion trends. , J The mineralized areas are spatially associated with the thickest parts 
\_. . .l . . 

of the granites indicating that depth of the magma '· column may be an 

important factor controlling elemeQt zonation. 

· 9) The Rencontre Lake Granite has depleted magmatic 0 1.8o values of 

4.7 and 5.8 per niil which are i'lterpreted to result from incursion of 

meteoric water to the magma chamber. These depletions together with low 
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fluorine values, abundant physical evidence of water saturation, 

disturbed major.and trace element contour trends and lower incompatible 

element concentrations, when compared · to the remainder of the Ackley 

Granite Suite, suggest that Rencontre Lake Granite .represent/ a portion 

of the Ackley Magmatic Metallogenic System which crossed the solidus, 

(ie. underwent resurgent boiling), while undergoing a period of 

postcaldera-collapse recovery. 

. ( 

10) High-silica magmatic systems continually mature · to a che111i.cal, and 

lensity stratified, equilibrium state, with the volatile and ore: 

elements concentrated · at the roof of the system. Variations in .the 

metallogenic 'process in high-silica systems may relate to the dynamic 

and temporal state of maturity of the system. Topaz-bearing granites and 

rhyolites are seen as the end product of the process. A temporal 

relationship is also implied which suggests that aplite-pegmatite 

associated Mo mineralization should precede Sn-W-bearing greiAen 
·····-... __ 

mineralization. Different sources are not considered to be importan~ to 

· the generation of the differing styles of mineralization. 

11) Important practical considerations to mineral exploration are the 

unidirectional enrichments of the inco~patible elements, and depletions 

in Ba and Sr. The most effective 

perha~s Ba. Fluorine may not be 

molybdenite mineralization. 

tracer elements being Rb, Sr, 

a reliable traoe~ 
and . 

.for 
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APPERDIX ·A: !'OMERCLATOU OF TRE GRANITOID ROCkS 

The objectives of this section are to propose nomenclature an4 to 

redefine existing units in accordance with the recommendatiMA of the 

North American Commission on Strati~raphic Nomenclature (NACSN, 1983) • 

. ' 
History of Ba.enclature and Defined Areas 

John W. Ackley was a • mining engineer who supervise ci o exploration 

efforts in the Rencon~re Lake area cluring· the late th.irtiell (White, 

1939, 1940). The exploration 'camp ' on th'-e .west !tide of Rencont;P Lllkl' WAll 

named Ac.kley City in his honour and' subsequently the adjacent miner11l 

~eposit became known as the Ackley City prospec~. 

The name Ackley Batholith was first used by White (1939, l940) to 
( 

des c ribe the bio tite granites and alaskite in the Rencontre Lake to Long 

Harhottr River ..... are.<~. Graniti c rocks in the Gi sborne Lake and 

Terre-nceville map At;Pas were included hy Rr.o1dley (1962), and gr11nitic 

q>cka as far north as Fogo in northern RonaviAta Ray were inclu~f>ri in 

the batholith by Jenness (1963). Further definition of the _il\ckll"y 

"Batholith in the Belleorum map · area was made by Ander8on (196'i) 'and by 

Williams (1971); Granitic rocks in the Gander Lake (west half) map area 

• were assigned to the Ackley Batholith by Anderson and Williams Cl970). 

The Ackley Batholith (see Figs. 1 .qnd 2) 

i 
i 
i 
i 

as delineat~d on the 

geological compilation map of the hlanri of N~wf,H_Jnrilanct tiy Willi.,.mll 

(1967), provide d 11 geographic b11~ i11 f or work repor t~>d hy S~'rong et al. 

I 
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09'74) and by Whalen (19/6, 1980,1983). Strong et al. (op. cit.), used 

the names Ackley Batholith .and Ackley- City Batholith in their report. 

Whalen (op. cit) has used. tRe name Ackley City Batholith throughout his 

' 
work. Bell et al. (1977) refer to the Ackley City Batholith and to the 

Ackley City Granite. Clearly, the term Ackley should have precedence 

over Ackley City. 

Dickson (1983) di1vided the area outli~ed by Williams (1967) into 

three main pl_utonic units, which he named the North West Brook Complex, 

the Eastern M'eelpaeg Complex ancl. the A~ley Granite (Fig. 2). He defined 

the Ackley Grllnite as consisting predominantly of medium to coarse 

grained, uniform to porphyritic, massive biotite granite. The North West 

Brook and the · Eastern Meelpaeg complexes are strong_ly foliated 

. 
granitoids and metuedimentary rocks of diverse composition. The North 

West Brook Complex is not b.ounded by the outline of the Ackley Batholith 

as shown by Williams (1967; dashed line boundary on Fig. 2), but 

continues along strike to the southwest and can be correlated with 

unnamed granitoids and ' metasedimentary rocks mapped &y Col~an-Sadd 

(l976) .. Dallmeyer et al. (l9A3) refer to the Ackley Granite as d~finect 

by Dickson (1983). 

In addition to renaming and redefininR the Ackley Batholith, 

Dickson ( 1983) subdivided his Ackley Granite into 10 separat~ subunits 

(Fig. 2) on the basis of mineralogy and texture (see Chapter 3). 
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.._, to Abandon 

Ackley has precedence over Ackley City (White, 1939, 1940) and all 

stratigraphic names using Ackley ·city should be abandoned. 

The names ending in- the term batfiofith shou ld be abandoned f o r the 

following reasons: ( i) A batholith is defined 1111 an area of grAnitoid 

rocks larger than 100 km2 (Bates and Jackson, 1980) and the name hu 

different genetic implications for various workers; (ii) tnere is no 

provision for the term bath-olith in the recommended stratigraphic code 

for North - America (North Ame rican Co mmiRs i o n on Stratigraphic 

No n'lenclattJre, 1983); iii) Ackley Batholith hail hee n used to cl escribf' 

huge areas of granitoid rocks (Jenness, 1963) which are phyl'lically and 

probably genetica~ly independent 

understood to represent the Ackley 

of i unit 

mag1tic s y stem . 

which 

Boundary Revision and Rank Elevation to Ackley Granite Suite 

currently 

The wo r k repo rt eq irt this the sis has gene rally confirme cl th f> 

suhclivi~o~ionR of the study an~a which we r e e st.llhlil'lhed h y Oiclo1on (1983), 

and has Rh own the need for mino r revisi ons. Ackle y. ie a well .recognized 

and ac cepted name in the literature and should be retained. Accordingly, 

'the ' Ackley Granite is elevated l.n r11nk to the Ackley Granite Su i te to 

permit naminR of the subunits. 

-
There are significant 1r 0chemical, geochronological and geophysic al 

differenc es with i n the Ackle y Granite as defined by Dickson (1983), euch 

a 

j 

' 

( 
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'· 
that the hornblende-bearing granodiorite to granite plutons in the 

western and northeastern extremities of the granite (The Koskaecodde and 

Mollyguajeck plutons, Fig. 2) may be unrelated to the thermal and 

mllgmlltic . pulse which wlls respons.ible for generation of the granites in 

the remainder of the study area. The boundaries of the Ackley Grani.-te 

Suite are revised from those of the Ackley Granite (DicksQn, 1983) to . . . 
exclude these granodiorite-granite plutons (Fig. 2). 

\ 
The Ackley Granite Suite 1s now defined as an area of predominantly 

post-tectonic, b.iot i te-b.rar ing, anorogen ic granites (sensu stricto; 

Streckei~en, 1976), which exhibit sharp and discordant intrusive 

contacts with the country rocks. These granites appear to h11.ve bef>n 

~enerated in a large thermal and magmatic event which has been dated by 

K-Ar, 4°Ar-39Ar and Rb-Sr systematics to have occurred ~et~en 350 and 
.. 

375 Ma. 

Except ·where noted, internal contacts between granites of the 

A~kley ,Granite SuitE=> are approximate, since outcrop 1s cormnoaly poor and 

confined to isola-ted lo~lying ridges. 'tn 11re11~ with abundant outc rop, 

internal contacts are diffuse and gnRdational. 

Rev H..ea 

Granites of the Ackley Granite . $uite: Names ·for the members of the-· 

Ackley Granite Suite are presented 'in Figure 2 and in Table 1. Unit . 
dellcrij)ti.on~~, unit numbers, and their boundaries are generally those of 0 .. 

' 
Dic1utpn 1983). HowPver, unit 12 ia thought to be composite and best 
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ass.igne,d to other units (see below). Further boundary revisions may he 

necessary in future. 

The Mount Sylvester Granite is named after Mount Sylvester in the 

northeastern part of the Ackley Granite~Suite. Additional outcrop areas 

are present to the nort!i of the KepenkE>...ck- Granite defined below. This 

granite was formerly referred to as unit llA and consist"! o·f gray, 

~ive, coarse grained biotite granite. 
'· 

The Kepenkeck Grani.te is a new name for unit llB which is located 

1n the northern part of the Ackley Granite Suite to the east of 

'KE>penkeck Lake. It consists of gray, massive, medium grained, 

porphyritic, biotite-muscovite granite. DickRon (1983) noted that there 

LS a coincident aeromagnetic low associatpd With thiR granitP Eind thllt 

it may repreAent a separate pluton which has intruded t~ Mount 

Sylvester Granite. 

The Tolt Granite is equivalent to unit 13, and is the eastern 

member of the Ackley Granite Suite. This area was initially named the 

Tolt FacieA of the AckleytGr11nite by Dickson et al. (1980), after a 

prominent hill in its northern extremi~y. It consi11ts of . pink, co.'lrse 

grained, porphyrit~c, maAsive, biotite granite with minor Rre1111 of 

medium grained, equigranular, biotite gr11nite. The oun:rop_s exposed on 

the Burin Peninsula highway (Route 210), at the eastern margin of the 

. ' granite, are,atyp1cal of much of the Tolt Granite and the Ackley Granite 

Suite in that they are relatively mafic and contain hornblende. 

\, • 



- 383. -

The Hungry Grove Granite is naUied after · Hungry Grove Pond. It 

conllists of pi.nk, coarse grained, equigranular, biotit e granite and is 

located in t'he central and eastern part of the Ackley Granite Suite 

(unit 14). The southeastern half of unit 12 has chemical, petrolog i cal 

' 
and isotopic characteristics which indicate that the rocks are 

equivalent to unit 14, and consequently these . rocks are included in the 

Hungry Grove Granite. 

Separate outcrop-areas of fine grained , variAbly t e xtur e d granite._ 

in the Rencontre Lake area and in the Sage Pond are a were de9crib e d a s 

unit l4A by Dickson. There 
,·f 
are significant .geochemical and P,oss ib ly 

genetic d_i_fferences· between the two areas, despite an overall · similarity 

in physical appearance and two separate names are required. The 

·Rencontre Lake Granite is locate~ in the southwest part of the Ackley 

GrAnitP S"ite ~n~ is name d aft e r Re nc ontr e Lake at its so~thern margin. 

It is predominAntly a p ink to orAnge, fine t o medium grained, miarolitic 

biotite granite . Abundant fine grained aplite, 11nd l oc al 
~ . 

pegmatLte 

patches and occasional stockscheider may be preAent t oward~ the southe rn . 

' contact . and the significanl: molybdenit e prospects are present at the ··"' 

southern contact. In the northwestern part of this unit, the roc ks 

contain relatively less silica (70 to 72% versus 72 to . 78%) and may 

contain minor hornblende: Variably textured fine grained .rocks between 

Long Harbour and Gisborne Lake are named The Sage Pond Granite~ after 

Sage Pond, And ho~t massive, quartz-topaz greisen. The Sage Pond Granite 

grade1 northwards to the coar8 e graine d Hungry Grove Granite. 

, 

( 
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The Meta Granite refers to pink, medium grained,. equigranul.u to 

coarse grained, porphyritic, biotite granite, formerly called' unit 1'>. 

The granite is locat~d in the east-central part of t'he Ackley Granite 

Su,ite and is named after Meta Pond . . Very few oub;:rops are pre'sent in 

• I 

this area. 

Granodiorite-Granite PlutonB: The Ko ska e codde Pluton r e fers t o coarse 
' 

grained, massive,· porphyritic, biotite-hornblende granodiorite with 

subordinate ~ranite (unit 9). The Pluton is located to the west of the 

·-
Ackley Granite Suite in the Koskaecodde Lake !Ires. Granodiorite anct 

granite previously included in the northern half of unit 12 have been 

assigned to this Plut;n . 

' 
The Mo llyguaj ec k Plut o n r e f e r c; to roc kc; l oc ated t o the nn rthPast o f 

the Ac kley GrRnite SuitP, formerly aRc;igne<i to unit 1(), wnich 'Ire 

comparable to the Koskaecodde Pluton. Part of 'the contact hetwef'n the 

Molly(uajeck Pluton and the Aokley Granite Suite is shown by Dickson 

(1983) ' as a north-trending fault and thf entire contact may be faulted. 

The nature of the contact between the Koskaecodde Pluton and the Ackley 

Granite Suite is less obvious and requires further work to permit . ) 
accurat e de fi n ition. 

\ 
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APnlmlX B 

SU'HHAJlT OP' SAMPL! P~PARATIO!f TECHNIQUES, AlfALYTICAL TECHNIQUES, 

· PIECISIOR ARD ACCURACY. 

B-1 Sample Collection And Preparation 

B-2 Microprobe Techniques . 

B-3 Major and Trace Element Analyses (Dickson, 1983) 

B-4 Instrumeytal Neutron Activation Analyses (Rare Earth Elements, As, 

Co, Gs, Hf, Sb, S~, Ta, Th, and U) 

B-5 Thin Film XRF Analyses (Rare Earth Elements) 

R-6 Rb-Sr Analyses 

B-7 40Ar/39Ar Analyses 

R-8 Oxygen Isotop~ Analyses 

B-9 Fluid Inclusion Techniques 
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I 
B-1 SAMPLE COLLECTION ARD PREPARATION 

/ 
The regional rock sampling program was conducted by Dick~on (1983) 

on a ·2 x 2 km sq~are grid follow in~ a technique out 1 ined by R ._G. Garrl!tt 

of .the Geological Survey of CanadA, Numerous cells could not be sampled 

due to lack of outcrop, and details of th~ project are provided b)ir 

Dickson (1983). Approximately 2 kg of sample were coll~>cted as frf'11h 

chips from outcrop using a sledgehammer, and a . fresh, fist-~ized sample 

was collected from each sample site. The chips were reduced ~to les~· than 

5 mm in a j1w crusher, and approximately 1oo g were_ powdered to -300 

mesh with a ceramic disk pulverize r in preparation for analyses . ~Each 

hand ·sample was stabbed,. a thin se c tion was prf'pRred, and hal(~ ~as 

assigned to a reference collection maint~ined by the nl'partm~nt of Mines 

and Energy in St John's. The ann lyt ical data ill ·1 illtNI in Dick11on 

(1983), and is avails~le from the ~ewfoundland nepartment of 'Mines and 

Energy on request. 

Samples of granite collected by the curr,n't author from the Sage 

Po nd ~rea ~e re o f 8imilar siz~ and we re prepared. in ~he 

outcrops of grei~en ar e severely. ~e athe red and 

encountered in obtaining fresh material. The litho l ogy 

aa~e manner. The 

diffi<ult~ ~· 
o f . the greisen in 

drill core is variable · and large con~iguous Rl!rnples, of 11n individuAl 
6 

greisen-typ~ were unavailable sine~ much of the corPd mRterial was ~~nt 

for assay. 
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'&-2 KlCIOPIWBI T!aullQUES 

Qua.ntitative electron microprobe analyses of minerals in polished 

• 
thin aectiorte were -performed at the Earth Science Department of Memoria l 

University. In all samples, the largest and best formed crystals ~ere 
1.' 

analyzed. A three spectrometer JEOL JXA-SOA automated electron 

microprobe microanalyeer with Krisel q>ntrol through a PDP-ll 

:..ini-computer vas used for the analyses. Operating conditions were an 

accelerating voltage of 15 Kv, a beam current around 0.022 microamps, a 

beam diameter of 1-2 micrometers, and a counting rate of up to 60,000 
< 

with a default time of 30 · seconds. The alpha correction program was used 

for• the analyses. 

Acceptable analyses totalled between 98 . and 102% for non-hydrous 

silicate phases . The analyses of the hydrous silicates were moni t ored by 

frequertt rean~lyses of the standards, and. were used if the vaiues for 

the standara were acceptable. Prec ision is estimated to be within 5% and 

~ 

accuracy · to be within 10%. The simila~ity of values obtained from 

biotite frora repeat analyses wfthin grains, and b e tween grains in the 

same sample, (Appendix C) testify to the validity of the data presented. 

In addition, there is good agreement between microprobe analyses and 

AA-whole rock analyses of b _iotite separates (see Table 6). 

A Hit4.chi S-570 scanning electron microscope with a solid state 

backscatte r . detector, and a Trachor Northern 5500 energy-dispersive 

X-ray analyser was used to assist in mineral identificatipn. 

Accelerating· voltage owas 1.5 kv . 
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B-J MA.JOR. AliD TRACK !I.JUIKNT ANALYSES 

B-3-1 Aa.alytical Techniques 

9 

Most major elements', Li, Mo, total Fe as Fe203, and Sn were 

determined by atomic absorption spectrometry, FeO by titration, P20') was 

analyzed colour imetr(cally, S, C02, and H20-+- were analyzed uainK 

.. ,infrared detection apparatus, F was · determined by the ion-selective 

electrode technique, U by neutron activation analyses, and other trace 

elements by X-ray fluorescence. Loss on ignition was determined by 

heating samples in a muffle furnace to ,llOQ"C for 2 hours and measuring 

weight 1 os s . .. 

The X-ray fluorescence analyses were performed on pressed pellets 

at the Earth Sc ience Department of Memorial University using a Phillips 

1450 X- ray flu~rescence . spect-rometer 
\,' 

with a rho d ium tube. U 

conc e11trat i on wa s de termin';;d hv At om ic f.n e rgy o f Canad a Limited ant'! all .. 
other a nalyses were performe d at the · De partm~nt of Min e s and F.nergy 

Laboratory in St. J ohn' s . The atomic absorption analyse s we re performed 

on a Varium Model 875 atomic absorption spec trome ter with digital 

readout. 

' · 

, 

~ -- -- -- - - ·- ----- - - - - - - - -

0 
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&-3-2 Detection Liait•, Accuracy aDd Preci•ioa 

\ 

with reference 

of analytical detecti~ limits, acc~racy Bnd 

to international stlndards were · presented by Dickson 

prec1s1on ·Estimates 

(1983). The accuracy and precision of the major elements is estimated to 

be within 2%. Only those trace elements with an estimated accuracy and 

precision of z 5% were used in this thesis. Values for Cu, Ni and Cr 

were at and Qear the detection limit and are not considered useful. 

Re sults f o r La and Ce were poor and were therefore omitted from the 

" c urrent discussion. 

----·-
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B-4 IIISTRUMllfTAL RF.UTRON ACTIVATION ARALYS!S 

Instrumental Neutron"' Activation Analyses we re perf<\ rn1t>d o n 20 

samples for the rare earth elements and f o r As , Co, Cs, Hf, Sh, -Sc,• Ta, 

)'h, U, and W. -This work was done by Or. R.P. Tayl o r at the !1niver11ity 

of Montreal. : 

B-5 THIN FILM 1-llAY FLUORESC!IICE TECHNIQUES 

Rare earth element analyses were carried out on 14 samples at F:arth 

Science Department of Memorial University, using the thin film X-ray 

fluorescence technique developed by Fryer (1977) . In this method, -1-2 gm 

of sample was leached using HF, .a_nd th~ resulting solution was paned 

through an ion exchange column . The RF.E . were e~uted by 2N HCl; H2so4 was 

added to remove Ba, and the solut i on was dried on ion exchange paper. 

This paper was then ahalyzed on the X-ray fluorescence spectrometer. 

The data are accurate within ± 10% or O.lt, whicheve r is ~reater . 

B-6 lb/Sr ANALYSES . 

Rb/Sr analys~s were carried out on 14 samplea ... in the Department of 

Earth Sciences at Memorial · University . Replicate Rb and Sr analyeu, 

sufficient to provide a _ precision of approximately t 0 . 3% on the Rb / Sr 
\, 

ratio, were obtained usihg standard trhole rock preeaed pellet X-ray 

fluorescence techniques (computer controlled -· Phillips PW1450). The 

estimated 2 cr error for Rb and Sr concentrations .is t 1%. 
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Aliquota of each sample were dissolved 1n HF-HC104 mixtures 1n 

teflon 6eakers, and Sr was separated by standard ion exchange methods. 

The separated Sr was loaded as the phosphate on singli\Ta filaments, and 

analyeed for ita isotopic composition on a Micromass 30B thermal 

ioni2ation·mass spectrometer. Data acquisirion and filament current was 

cc.aputer controlled, The intensity of the 88sr beam was maintained 

between 1 and 2 volts (Gain 1), and collected 1n a Faraday 'cup' 

detector • 

• 
Data wen~ fi. tted to isochrons using the regression method Qf York 

(1969), with modifications from Btooks et al. (1972). The decay c~nstant 

recornn,tended by Steiger ~nd Jager (1977) ·,~38Rb • 1.42 * 10-11 yr-1, was 

used for computation. 

The analyses were performed by Dr. D. 'Kontac. The 40Arf39Ar dating . 
technique (Herd hue and Turner, 1966) has been described in detail by 

Dalrymple and Lanphere (1971) • 
. I . 

Pure mineral separates were prepared from 11 samples from 

throughout the study area using conventional magnetic separation and · 

heavy liquid techniques. Samples were double wrapped in aluminum foil 
~ 

and together with• three minefl age standar~ (JC-90) were irradiated 

for 60 hours at 2 HWH ... in tt McMaster University re~tor. (see Berger 

and York, . 1979 and Archibald $!t al., 1983). After . irradiation and 
.. 

removal . from the umpl~ holder, mineral separates were loaded into 

• 
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ta~t a lu•n containers, and subject to an 18 hour bake-out at 

Samples we re then fl){jed 10 a~ stainless steel turret system, . and 

analyzed using the mass spectrometer at Queens University. Details of 

d 
. l • l . . / 

re uct1on, a ong Wlt 1 correct>1on proct>dures f o r data collect ion and • interfe~ing i so topes, are g iven by Kont a k (1985). 

The J. values for the monitors and the 40Ar/39Ar ages have bf'en 

' calculated using expressions given by Dalrymple and Lanphere (1971 ), and 

the decay constants and isotopic abundances recommended by Steiger and 

Jager (1977); all errors are quoted at the 95% confidence level. The J 

values for the monitor range from 0.014466 to 0.014629 (mean of 

0.014551-0.505%) in a random fashion, which fndicates that there was no 

) s~stematic variation in the flux g r adient within the reactor. 

The errors presented with the data include the calculated error in 

the J value; OIIITiision of this factor from the error calculation would 

approximately half the uncertainty in age. The maximum ~rrors have b·een 

. presented to allow absolute comparison of the resu l ts to previous data. 

Ommission of the error in the J value is valid for interna l comparison 

of the data since all the samples were irradiated together. 

\&-8 OXYGEN ISOTOPE ANALYSES 

The preparation, and oxygen 
1

isotope analysis, of 23 samples from 

the study area were per~ormed at the Univer~ity of Western Ontario by 

Dr. R. Kerrich. Oxygen was extracted from mineral• · with bromlne 

pentafluoride • and quantatively converted pri0_r to mass 

11 
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spec.tro~tric analysie (Clayto~ and Mayeda, 1963). Isotope data are 

reported as b 18o ~in per mil rel~ttive to SMOW (Standard Mean Ocean 

Water). The overall reproducibility of b 18o whole rock values has 

averaged -0.16 per mil 00"). Analysis of NBS-28 gives 9.8 per mil. 
( 

Fraction'ations or differences in t;'l8o among minerals are ,quoted 

as, de fined as:-

CX A-B .. 1000 ln A-B Nb A ~ B 

where()(. is the fractionation factor for the . coexisting minerals A and B. 

Mineral separates were pr~pared using conventional magnetic 

separation and heavy liquid techniques. Quartz was isolated from 

quartz-feldspar mixtures by digestion of the latter in HzSiF6 . ·The 

quartz-feldspar mixtures were reacted with BrFs first at 2so•c and 

subsequently at 600"C to oxidize quartz. b 18o values obtained from 
' 

quartz separates and independently from the high temperature reaction 

were generally within ± 0. 2 per mil. 

Composite samples were prepared by thoroughly mixing 2 g powders of 

selected samples listed below. · The regional Gander sample was collected 

by Dr. D. F. Strong and was made. up of a composite .of 6 powdered hand 

specimens of achi1tose metasedimentary rocks collected froiD the Gander 

Group at 5 km int~rvals along the Trans Canada Highway. 
•' 

I , 
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Samples tMed to .make up compositeal reprl!senting country rock 
. lithologies are listed below: 

GANDER COMPOSITES 

G-1 Regional He t ased inient s 

G-2 Marginal Metasediments 

G-3 Roof Pendant Gran itA 

G--4 Deformed Intrusives Granite 

AVALON COMPOSITES 

A-1 Mar g inal Het a serl iment 

A-2 Roof Pendant Schist 

A-3 Mar g inal Volcanic rocks 

Collected by D.F. Stron~ 
at ~ km intervals on 
Trans Canada Highway. 

' 220648. 220589. 
220341, 220110, 220505, 
2z'os Jo. 

2201'31. 220194. 220197 . 
~ 

220141. 220722. 220656. 
220234. 220223 

220120, 220455, 22020 
JT-1068 220134. 220220 

220115, 220392. 220594 
220399 

1940302. l94029), . JT-65, 
JT-487 

Samples preceded by 220 from collection of L . Dickson. Samples 
preceded by 1940 from collection of S. O'Brien. 

' 

\ 
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J-9 FLUID IICLUSIOR TECHNIQUES 

Doubly poli.shed wafers were pre pared for opt ica 1 
. .I 

exam1nat Lon of 

fluid inclusions. Relative 'phase v o lumes in the fluid inclvsions were 

estimated from optical study. Heating 4nd fre e zing of the fluid 

inclueions were perfprmed in the F.arth Science Department of Memorial 

Univereity using a . Chaixmeca• heating-freezing stage. Ideally, 

temperature measurements with this stage are possible within ± 0.2•c, 

but the small size of the inclusions lead to errors in the order df 1 

degree for freezing, and 0.5•c for freezing temp~ratures. Inclusions 

were not heated above 8 temperature soo·c. 

, 

• 
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APP!WDIX C 

llKPilKSKIITATIVB ELECTRON MICIOPROBI ANALYSES Of' MIDIAL PHA.SIS 

~IX C-1: Representative electron microprobe analyses and structural 
formula of feldspar. , 

SAMPLE NO. 
• No Anal. 

Type 

7040024 

K-Perthite 

7040024 
1 

Na-Lame 11ae 

Major oxide (weight percent). 

Si02 
A1 203 
FeOt 
CaO 
Na2o 
KzO 

TOTAL 

65.90 
17.40 
0'.07 
0.00 
0.62 

14.73 

98.73 

72.02 
19.79 
0. 11 
0.00 

1i.28 
0. 11 

104.35 

7040024 
2 

Plag 

72.44. 
19.73 
0.04 
0.28 

10.86 
0.21 

103.57 

No. n~ cations on r he basis of 32 oxygene. 

Si 
Al 
Fe 
Ca 
Na. 
K 

Ab 
Or 
An 

• 
12.216 
3.803 
0.011 
0.000 
0. 223 

~ 3. 484 

Hole proportions. 

6.01 
93.99 
0.00 

12.059 
3. 907 
0.015 
0.000 
3.987 
0.024 

99.41 
0. 59 
0.00 

.. 

12.151 
3.902 
0.006 
0.050 
3. 533 
0.045 

97.37 
1. 24 
1. 39 

122008 7 
1 

K-l'erthite 

65.91 
19.03 
0.03 
0.00 
1.02 

15.77 

101 . 86 

11.946 
4.067 
0.005 
0.000 
0.359 
3.647 

8.95 
91.05 . 
0.00 



.. . ·~. ----
- 397 -

APPENDIX C-1 : (Cont.d) 

SAMPLE NO. 1220087 1220087 7040232 7040237 
No Anal .• - 1 1 5 2 

Type Plag-core Plag-Rim Plag Plag 

Major oxide· (weight percent). 
-;:._} X • 

· SiOz 66.05 67.94 70 . 59 o. 74 66.87 
Alz03 22.39 20 . 72 19.64 0.33 20.21 
FeOt 0.01 0.03 0.04 0 . 03 0.03 
CaO 2.30 0.48 0.39 0.29 0.07 
Na2o 10.68 11.80 12 . 54 0.46 11.62 
KzO 0.28 0.18 0.18 0. 10 0.32 

TOTAL 101.81 101.36, 103.52 0.59 99.87 

:;• 

No . of cations on the basis of 32 oxygens . 

Si 11.443 11.776 11. 974 11. 775 
Al 4. 574 4.235 3.928 4.196 
Fe 0.001 0.004 0.006 0.004 
Ca 0 . 427 0.089 0.071 0.132 .. 
Na 3.588 ~.996 4 . 125 3.968 
K 0.062 0.040 0 . 039 

I 
I 

0.072 

Mole pro port ions. 

Ab 88'.01 96 .85 97.41 95. 11 
Or l. 52 0.97 0.9 2 1. 72 
An 10.47 2.18 l. 67 3.17 

.. 

/ 

' 



· I 

, 
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APPENDIX C-1: (Col}t.d) 

I. 
SAMPLE NO . 1220450 1220450 1220464 1220464 
No.~a1. l 1 1 2 
Type P1ag-core P1ag-Ri rn K-Perthite P1ag . 

Major ox ide (weight percent). 

Si02 67.54 71.64 67.41 65.97· 
A1203 20.03 ·~'. 65 

18 . 51 21.66 
FeOt 0.03 0.08 0.08 0.13 

• - CaO "0.48 0.23 0.07 2.22 
Na2o • 11.98 11. 33 3.S8 10.43 
K20 - 0. 15 0.18 11.88 0.83 

' 
TOTAL 100.50 102.10 tor. 6lf . 101.40 

No. of cat_ions on the basis of 32 oxygens. / 

Si 11.826 12.215 12 .. 068 11.512 
A1 4.135 3.749 3.907 4 .457 
Fe 0.004 O. Oll 0.012 .. o. 019 

• Ca 0.090 0.042 o:ou 0.415 
Na 4.068 3.746 1.243 3.529 
K 0.034 0 . 039 2. 71 4 0. 185 

.... 

Hole proportions ·. 

" Ab 97 . 05 97.88 31.31 85.47 
Or 0.80 1.02 68.36 4.48 
An 2 .15. 1.10 0.34 10.05 

' 

L 

' 
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APPENDIX C-1: (Cont.d) 

SAMPLE NO. 1220523 1220521 1220523 . . 
No. Anal. 1 1 1 
Type Microc line P1ag-Core P1ag-Rim 

Major oxide (we'ight pe r cent). 

s i02 66.71 
Al203 17.78 

· FeO . t 9.03 
CaO 0.00 
Na2o 0.24 
~20 14.96 

TOTAL 99.71 

~ 

No. of cations on 
A 

Si 12.222 
Al 3.841 
Fe • 0.005 
~a 0.000 
N11 0.085 
K· 3.497 

Hole proportions. . , -Ab 
~ 

2.38 
• Or 97.62 

An . 0.00 

\ 

' 

the 

\ 

\ 

57.76 
26.04 
o; 18 
8.96 
5.95 
0.17 _t 

99.07 

basis of 

10.430 
5.544 
0.027 
1. 734 
2.0R4 
0.039 

54.03 
1.02 

44.96 

61 . 5 7 
24.05 
0 .06 
6.49 
8 . R l 
0.21 

101.23 

32 oxygens. 

10.864 
I .5 . 004 

0.009 
1. 22 7 
3.015 
0.047 

70.2 R 
1.10 

28.61 

·. 
0 

1220548 
1 

Perthite 

66.36 
19.44 
0.07 

.0.04 
2.52 ' 

12.99 

101.41 

11. 9 34 
4.122 
0. 011 
0.008 
0.879 
2.981 

IIi 

~ 

22 . 72 
77. 08 
0.20 

, 
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APPENDIX C-1: (Cont. d) 

/ SAMPLE NO. 1220548 1220664 1220664 1220664 1220701 
I No_. Anal. 2 1 2 2 

Type P1ag K-Perth. Na-Lame 1lae Plag Microc line 

Major oxide (weight percent). 

Si02 65. 76' 66.93 68.41 6 7. 45, 65.27 
AI 203 22.42 19.23 21.39 21.43 18.86 
FeOt 0.12 0.01 0.00 0.03 0. 07 
CaO 2.62 0.02 1. 25 1. 39 0.00 
Na2o 10.30 1.87 11.5 7 11.15 0,92 
K20 0.44 14 . 05 0.48 0.48 . 15 . 71 

.. 
1 TOTAL 102.02 102.25 103.21 102.06 101.02 

No • of cations on the basis of 32 oxygene. .. 
Si 11.415 11.98 7 11.6 74 11.640 11.944 
Al 4.589 4.061 4.304 4.360 4.069 
Fe 0.017 0.001 0.000 0.004 0.011 
Ca 0.487 0.004 0.229 0.257 0.000 
Na 3.467 0.649 3.829 3.731 0.326 

. .I 

0.097 K 3.211 0 .lOS 0.106 3.668 

: 

.Mole proportions. 

Ab 85.5 7 : 16.81 j~: 91.14 8.1 7 
Or 2.41 83.09 2.58 91.83 
An 12.03 0.10 5 49 6.28 0.00 

.. . 

~-

.. 
' 
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APPENDIX C-1 ·: (Cont.d) 

d 
SAMPLE NO. 1220701 1220701 1220701 
No.Anal.. 1 1 12 Ana 1-7 Gr a in 11 

Type Plag-Core Plag-R}m Plag . 

Major oxide (weight percent). 
X 8 

.../ 

-s i02 58.06 59.22 59.63 l. 03 
Al203 27 .OS 26.58 25.35 l. 2R 
FeOt 0.05 0.09 0. 11 0.05 ' 
CaO 8 .54 7.62 7.53 o. 77 
Na20 7.38 7.82 7. 76 0.45 
K20 0.08 0.07 0 . 11 0.04 

TOTAL 101.30 101.54 100.59 1.41 

No. of cations on the basis of 32 oxygene. 

Si 10 . 301 10.451 10.593 
Al 5.659 5. 531 5.334 
Fe 0.007 0.013 0.016 
Ca l. 624 l .441 1.440 
Na 2.539 2.676 2.686 
K 0.018 0.016 0.025 

Mole proport i ons . 

Ab 60.73 64.75 64.70 
Or 0.43 0.38 - 0.60 
An 38.84 34.87 34 .. 70 



\ 
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APPENDIX C-2: Electron microprobe analysesl and structural. formul4e of 
biotite. 

Sample No. 1220015 1220023 1220087 1220089 1220092 
No. Anal. 2 2 2 3 2 

Major oxides (weight percent). 

Si02 37.68 37.48 36.48 36.37 38.21 
TiOz '3.93 3.50 2.25 3.01 3.20 
Al 2o3 11.85 12.19 16.91 16.91 14.02 
FeOT 23.98 23.83 18.94 18.19 18.88 
MnO 0.48 0.67 0.82 0.64 0.41 
MgO 9.27 9.21 8.64 9.71 11.97 
Cae» 0.00 0.02 0.00 0.00 0.00 
Na2o 0.07 0.05, 0.10 0.09 0.04 
K20 8.89 8.68 9.42 ' 10.03 8.61 

'TOTAL 96.18 95.63 93.55 94.98 95.33 

No. of cat ions on basis of 22 oxygens. 

Si 5.826 5.822 5.661 5.560 . 5. 776 
Al iv 2.160 2.178 2.339 2.440 2.224 
Alvi 0.055 0.755 0.608 0.275 
Ti 0.457 0.409 0.263 0.346 0. 364 
Fe 3.101 3.096 2.458 2.326 2.387 
Mn 0.061 0.088 0.108 0.083 0.053 
Mg 2.136 2.133 1.998 2.212 2.697 
Cu 0.003 ...._____, -
Na 0.021 0.015 0 . 03 0.027 . "0.012 
K 1. 754 1. 721 L865 1.956 1.661 

XANN 0.59 0.59 0.55 0.51 0.47 

Mean (x) and standard deviation (8) are given for samples with more 
than three analyses. 
Partially chloritized - best total selected for presentation • 

., .. 
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APPENDIX C:-2: -(Cont.d) 

Sample No . 1220099 12201382 1220165 12201.78 
No. -Anal. 1 2 2 

• Major oxides (weight _percent). 
~ 

Si02 37.66 33.38 .... 39. 18 37.45 
Ti02 2.46 2.43 2. 77 2.77 ~ 
Al 203 - 14.59 14.4 7 12.77 16.50 
Fe Or 19.24 20.28 17 . 68 18.09 
MnO 0.45 0.45 0.83 0.63 
MgQ 12.23. 12.4 7 13.29 10.05 
CaD 0.01 0.08 0.00 0.08 
Na2o 0.02 0.12 0.13 0.09 
K20 9.70 7.00 9.13 8.43 

TOTAL 96.44 90.75 95.79 94 .01 .. 
No . of catiorts on basis of 22 oxygene . 

" 
Si 5.682 5. 372 5.889 5.704 
A1 iv 2.318 2. 628 2.111 2. 296 
Alvi 0.278 0.118 0.152 0 . 667 
Ti 0.279 0.294' 0.113 0.317 
Fe ..... 2 . 428 2. 730 2.223 2.304 
Mn 0.058 0.06 1 0. 106 0 . 081 

• Mg 2.750 2.992 2. 978 2.281 
Cu 0.002 0.014 0. 0 13 
Na 0.006 0.03 7 0.038 0. 027 
K 1.867 1.438 l. 751 1.638 , 

XANN 0 .47 0.48 0.43 0. '> 0 

~ 

2 Partially chlorit ized. 



405 

APPENDIX C-2: (Cont. d) \ 0 

SAMPLE NO. 7040231 7040237 ' 1220257(2) 1220266 
No. Anal. 4 5 1 3 

Hajdr oxide II (weight percent). 

X 8 X 8 

Si02 39.36 1. 21 37 . 55 0 . 96 ""' 32.33 37.05 
Ti02 1. 50 0.32 1.82 0.02 · 1. 20 3.38 
A1203 19 . 92 0 . 26 1 8.5~ 0.17 16.63 11.60 
Fe Or 20.32 1.77 24.00) 0 . 61 · 31.69 27 . 35 
HnO l. 29 0.09 l.Sz 0.06 1. 58 0.69 
HgO 0.82 0.04 --1.2 0.24 2.82 7 .. 38 
CaO 0.00 0.01 0.02 0.01 10.05 0.05 
Na2o 0.17 0.08 0.18 0.05 0.12 0.12 
KzO. 8. 76 0.18 8.29 0.17 5.84 8.00 

., 

TOTAL 92.36 0:61 93.18 0.28 92 . 26 95.67 

No. o f cations on basis of 22 oxygens. 
'/ 
I 

Si 6.127 5.929 5.396 5 . 845 
Aliv 1. 873 2.071 2.604 2.155 
A1Vi -.Ps3 1.379 0.668 0.003 \. 
Ti 0. 176 0.216 0.151 0.401 
Fe 2. 646 3.170 4.424 3.609 
Hn 0. 170 0.203 0.223 0.092 
Hg 0. 190 \ 0.292 0 . 701 1. 735 
Ca \ 0.003 0.009 0.008 
Na 0. 051 0 .oss.. 0.039 !J.03? 
K ., 1. 740 1.670 1.244 1. 615 
• 

XANN 0.93 0.92 0 . 86 0.68 

2 Partially chloritized. 

.. 

, _ 
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APPEMDIX C-2: (Cont. d) 

SA.t .. PLE NO. 1220288 1220331 1220353 1220363 
No. Anal. 3 2 Q 2 ... 

Major oxides (weight percent). 

X s 

Si02 37.02 36.93 37.16 0.97 36.88 
Ti02 3.88 2. 17 3.59 0.15 3.56 
Al203 11.80 16.36 13.16 0. 38 12.96 
Fe Or 25.11 25.30 19.10 0.35 27.01 
MnO '0.66 \. 1.10 'o. 56 0.10 0 . 81 
MgO 8.79 3.23 12. 13 0.30 f>.06 
CaO 0.01 0.01 0.03 0.02 0.00 

' Na2o 0.15 0.12 0.10 ' 0.04 . 0.16 
KzO 8.20 8.44 8.03 0.48 9.46 4 

TOTAL 95.63 93.68 94.06 96.n 

No. ·•of cations on basis of 22 oxygene. 

Si 5.784 5.905 5.717 5. 772 
A1 iv 2.174 2.095 2.283 2.2211 ,, 
At vi 0.163 0.989 0.105 
Ti 0.456 ' 0.261 0.415 0.419 
Fe 3.282 3.384 2.484 3.536 

' 
Mn 0.087 0.130 0 •• 073 0.107 
Mg 2.047 o. 770 2.782 1.414 
Ca 0.002 0.002 0.005 
Na 0.045 0.037 .. 0.030 0.049 .. \ K 1. 635 1.722 l. 5 76 

. '----. 1.889 

\ 
fCANN . 0.62 0.81 0.47 0.71 

, 
' . ' ~ 

0 ., 

• 
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APPENDIX C-2: (Cont.d) · 

SAMPLE NO. 1220397 1220429· 1220438 1220443 1.220450 
No Anal. 2 3 2 3 2 

· Maj o r oxides (weight perc.ent) . 

Si0 2 38.79 38.89 38. 36 36.81 • 38.18 
Ti02 3.89 3.38 3.82 3.24 2.25 
At 2o3 1 I. 59 11.67 12.18 12.28 15.01 

. Fe0r 22.28 22.46 20.22 25.34 24.81 
iofnO "' ' 0.71 0.80 0.69 0. 72 1. 27 
rtgG 9.42 . 10.40 10.16 8.26 '4 . 70 
C.;Q 0.00 0.00 0.05 0 . 00 0.01 
Na2o 0 . 27 0.08 0.11 0.18 0. 18 
K20 9.06 8.08 8.79 8.12 8.87 

TOTAL 96.02 95.76 94.74 95.00 95 .46 

No. of cation s on bas is of 22 oxygens. ~ 
/--~~· 

Si 5.957 5.954 5.925 5.796 5. 946 
A1iv 2 .043 2.046 2.075 2.204 2.054 
At Vi 0.056 0.06 0.143 0.077 0.702 
Ti 0.449 6.389 0.444 0.384 0.264 
Fe 2 .862 2.876 2.612 3.338 3. 232 
Mn 0.092 0 . 104 0 .090 0.096 0 . 168 
Mg 2.156 2.373 2.339 1. 939 1.137 
Ca 0 . 008 0.002 
Na 0.08 0.024 0.033 0 . 055 0.054 

·K l.N5 1. 578 1. 732 1. 632 1. 763 

XANN 0.57 0. 55 0.53 0 . 63 0.74 

t 
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' APPENDIX C-2.: (Cont. d) . ' ... 

SAMPLE NO. 1220456 1220464 1220506 1220523 
No. Anal. 1 2 3 4 

Major oxides (weight percent,. 
~ 

X 8 

SiOz 40.42 37.35 37.86 36.88 0.65 
TiOz 3.31 3.64 3.94 3.55 0. 51 
A1 203 11. 71 11.62 12.82 13 . 80 0. 31 
FeOT 22.59 30.05 19.20 19.50 o. 53 
MnO 0.72 0.53 0. 77\ 0.66 0.07 
MgO 10.22 4.73 11.21 11.22 0.24 
CaO 0.00 0.04 0.02 0.02 0.03 
Na2o 0.07 0.08 0.13 0.15 0.10 
K20 8.30 8.01 8.36 8.06 0.52 

9~.34 
'·' 

TOTAL 96.05 94.31 93.89 1.04 

No. of cations on basis of 22 oxygens . .. 
Si 5.803 5.929 5.816 5.696 

• Aliv 1. 982 2.071 2.i84 2.304 
Alvi 0.000 0.104 0.137 0.209 
Ti · 0.357 0.435 0.455 0.412 
F~ 2.441 3.990 2.467 2.519 
Mn 0.088 0.071 0.100 0.086 
Mg 2.187 1.119 2.567 2.583 
Ca 0.000 0 . 007 0 .003 0.003 
Na 0.019 0.025 0.039 0.045 
K 1.520 1. 622 1.639 1. 588 

' XANN 0.53 0.78 0.49 0.49 
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APPENDIX C-2: (Cont.d) 
t. 

• <. 

• SAMPLE NO. 1220542 1220548 .. 122055 7 1220560 1220603 
No. Anal. 1 2 1 1 1 

Major oxides (weight percent). 

Si0 2 38. 19 38.13 36~9 37.48 35 . 53 
Ti0 2 3.21 2.54 3. 63 3.45 0.00 
AI 2o3 12.47 12.37 12 . 96 12.04 19.35 
FeOT 24.36 24.05 28.11 23.03 25.26 
MnO 0.75 0.88 o. 72 o. 71 1.09 
MgO 8.46 8.18 5.21 9.27 0.66 . 
CaO 0.00 0 . 00 ··0.00 0.00 0.05 ,. 
Na2o 0.14 0.17 0 .01 0.33 0.25 
K20 8.75 8.01 7. 93 8 . 45 6 . 77 

TOTAL 96.33 94.38 94.86 94.82 RR.96 

• 
N.o. of cations on basis of 22 oxygene. 

Si 5. 611 5.978 . 5 ."463 5.585 5.880 
Al iv 2.160 • 2.022 2.300 2.116 2.120 
Alvi 0.000 0.265 0.000 0 . 000 1.656 
Ti 0.355 0.300 0.411 0.387 • 
Fe 2.694 3.154 3.185 2. 583 3.497 
Hn 0.093 0.111 0.092 0 .097 0.1 53 

. Hg 1.853 \ .. _, 1. 912 1.169 2.059 0.163 
.-:. Ca 0.000 0.000 0.000 0.009 

Na 0 . 040 0.052 0 . 003 . • o. 095 0.080 
K 1.640 1. 614 1. 523 1. 607 . 1.430 

XANN 0.59 0.62 0.73 0.56 0.96 

~ 
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APPENDIX C-2: (Cont. d) ,. 

SAMPLE NO. 1220604 1220664 1220694 1220697 1220701 
No. Anal. 1 2 2 1 8 

Major oxides (weight percent). _..;:? 

. x • \ 
s i02 ' - 33.82 35.66 36.05 36.66 37.13 0.59 
Ti02 2.79 2.69 2.62 3.81 3.12 : 0. 30 

I Al203 11.63 15 .5"4 13.27 12.88 14.16 0.41 ---
Fe Or 29.75 30.32 26.07 18.84 19.40 0.52 
HnO 1.16 1.00 o. 77 o.4e 0 . 37 0.08 
MgO c4 .30 . l. 79 5. 72 11.56 11.48 0.38 · 
CaO 0,12 0.01 0.02 0.05 0.01 0.01 
Na2o 0.04 0.17 0.16 0.,07 0 .06 0.03 
K20 6.14 2.23 8.29 8.45 8.67 0.20 

j()TAL . 89.79 95.40 95.40 92.84 94.51 
I t 

• 

No. of cations on basis of 22 oxygens. 

Si 5. 777 5.720 5.832 5.729 5. 711 
Al iv 2.223 2.280 2.168 2 . 271 2.289 

' Alvi 0.119 0.659 0.363 0.102 0 . 279 
Ti 0.358 >0 . 325 0.319 0 .448 0.361 
Fe 4.250 4.068 3.528 2.462 2 .462 
Mn 0.168 0.136 0.106 0.064 0.048 
Hg 1.095 0.428 1.379 2.693 2 . 632 
Ca 0.022 0.002 0.003 0 .008 0.002 
Na 0.013 0.053 0.050 0.021 0.018 
K 1.338 1.684 1.711 1.685 l. 702 

XANN .0 .80 0.90 0.72 0.48 0 .49 
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APPENDIX C-2 : (Cont.d) 

SAMPLE NO . ­
No. Anal. 

1220716 
2 

411 

1220732 
1 

Major oxides {weight percent). 

Si02 
Ti02 

. AlzOJ 
Fe Or 
MnO 
MgO 
CaO 
Na2o 
KzO 

TOTAL 

40.43 
1.39 

19.39 
17.45 
1.05 
4.05 
0.02 
0.26 
8.12 

92.26 

36.96 
2.44 

15 . 85 
24.10 

1.64 
4.99 

. 0.01 
0.23 
8.32 

94.54 

No. of cations on basis of 22 oxygens. 

Si 
Aliv 
Alvi 
Ti 
Fe 
Hn\ 
Hg 
Ca 
Na 
K 

XANN 

6.166 
1.834 
1.652 
0.159 
2.226 
0 . 136 
0.921 
0 . 003 
0 . 077 
1. 580 

0 . 71 

... 

5.80.1 
2 . 199 
O.J34 
0.288 
3.164 
0.218 
1.16 7 
0.002 
0.070 
1.666 

0 . 73 

, . 

.r 

I 

\ 
i . j . 
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APPENDIX C-3: Electron microprobe analyses and s'tructural form1Lla of 

~hlorite. 

SAMPLE NO. 1220087 1220138 1220257, 1220268 122028(, 
No. Anal. 1 l l 1 2 

Major oxides (~eight percenf). 

Si02 26.80 29.62 23.15 28.25 ( 
27. U -

Ti02 0.06 0.06 0.04 0.16 o. 71 ~ 
Al203 19.44 16.67 20.75 16.78 16.79 

. Fer 25.09 24.31 41.69 30.18 34.87 
MnO 0.87 0.59 2.6lf '"' 0.55 0.84 
MgO 13.52 16.97 0.68 9.32 5.90 

' CaO . 0.00 0.02 0.00 0.09 0.10 
Na20 0.01 o.6o 0.00 0.06 O. OJ 
K20 0.00 0.00 0.00 0.37 0. 15 

TOTAL 85.79 87.25 88.92 85.79 86. 51 ., , 
No. of cations on the basis of 28 oxygens. 

r' 

Si 5.465 6.226 5 .35.0 6.256 6. 129 
Al iv 4.674 3.884 • 4.8 31 3. 925 4.052 
Aivi 0 . 000 0.822 0.455 0.420 
Ti .0.008 0.008 0.006 0 .. 026 0. 120 
Fe 3.851 4.274 8.058 .5.589 6.588 
Mn 0.150 0.105 0.511 0.103 0.160 
Mg 4.109 5.317 0.234 3.0.76 L.\86 · 
Ca 0.005 0.021 0.024 
Na 0.004 0.02.5 0.012 
K 0.104 0.043 

Xfe 0.48 0 . 45 0. 97 0.65 0. 77 ' 

'> 
( 

/ 
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APPENDIX C-3 : (Cont.d) 

SAMPLE NO. 1220331 1220438 1220456 1220560 1220571 
··.J No. Anal. 2 

' 
1 1 l 1 

Major oxide 11 (weight percent). 
f 

Si02 
·~ 

26.14 27.83 32.80 27.45 26.43 
Ti0 2 0.37 0.00 0. 32 t>.o4 0.34 
Al203 19.30 16.73 16.97 21.15 17.50 
FeT 34.65 25.45 26.,. 75 30.48 39 •. 64 
MnO 1.41 0. 1·1 0.86 0 . 80 0.29 
HgO 2.88 15.54 15.18 10.33 4.53 
CaD 0.11 0.15 0.18 0.04 0.00 
Na2o 0.08 0. 13 0.00 0.00 0.01 
K20 0. 79 0.13 0.04 0.04 0.11 

TOTAL 85.]4 86.45 92.92 90.33 88.85 
.. 

No. of cations on t ~e basis of 28 oxygens . . 

Si 5.992 s ;964 6.128 5. 377 . 5.435 
Al iv 4.189 4.217 3. 738 4.804 4.243 
Alvi 1.027 0.008 0.000 0.081 ' 0. 000 
Ti 0.063 0.044 0.006 0.052 
Fe 6.643 4.561 3.762 4.493 6.135 
'Mn 0.273 0.128 0.136 0 . 132 0.051 
Mg 0.983 4.963 4.226 3.016 1. 388 
Ca 0.026 0. . 034 0.035 0.008 
Na 0.035 0 . 053 0.004 
K • 0.231 0.035 0.010 0.029 

Xfe . 0.87 0.48 0.4 7 0.60 0 .81 

,.. 
' • 

' • 
( 

·' .. , 
, . t 
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APPENDIX. C-3: 

SAMPLE NO. 
No. Anal. 

Major 

Si02 
Ti02 
At 2o3 
FeT .. MnO 
MgO 
CaO 

~ · Na2o 
KzO 

TOTAL 

No. of 

Si 
Aliv 
Alvi 
Ti 
Fe 
Mn 
Mg 

,pa 
Na 
K 

Xfe 

-: 414 -

... 
( Cont .d) 

1220603 
~ 

1220604 1220697 
1 2 2 

oxides (weight percent). 

• 
26 . 05 24.22 26.05 
0.01 0.06 0.02 

17.23 18.39 19. 11 
40.94 39.13 23.RO 
0.49 0.93 0.75 
1.10 5.08 17.00 
0.07 0.02 0 . 04 
0.18 0.01 0.02 
0. 2 3 0.01 0.02 

b 

R6.34 8 7. 88 R7 . 70 

cations on the basis of 28 oxygens. 
0 

6.113 5.549 5.5 28 
4.069 4.6J2 4.653 
0.698 Q.336 0.129 
o.ooz 0.010 0.004 
8.035 7.498 4.225 
0.098 0.180 0.134 
0.384 1. 734 5.378 
0.017 0.005 0.008 
0.081 0.004 0 .007 
0.068 0.00,3 0.005 

0. 95 . 0.81 0.4, 

) 

~ 

" 

.·. . ...: 
.;;,' . ·;_~' .;. '•' 

• 

' 
~ 

.. 

(J 

~ · 

1.1 

• ! 
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.. 
APPENDIX C-4: ' (Cont .d) 

SAMPLE -NO. . 1220464 1220678 1220701 
·No. Anal. 3 1 

Major oxides (weight percent). 

Si02 43.74 46.00 46.39 
Ti02 1.17-- 1.32 0.89--
A1 2Q3 7.11 7. 89 8.30 
Fe Or 28.00 16.02 17.67 
MnO 1.34 0.55 0.57 
MgO 4.31 11.58 10.84 

v CaO 10.09 11.25 9.79 
Na2o 2.14 1.06 0. 99 
K20 0.98 0.92 0.95 

. TOTAL 98.89 95.76 96.47 

No. of cations on the basis of 23 oxygens. 

" Si 6.876 6.721 7. 007 
Ai iv 1.124 l. 2 79 0.993 

~~ Alvi 0.194 ' 0.080 1).485 
Ti 0.138 0.145 0.101 
Fe 3. 682 -1.762 2.232 
Mn 0.178 0.068 0.073 
Mg 1.010 2.522 2.440 
Ca l· 700 l. 761 1.585 
Na 0.652 0.300 rY. 290 " 
K 0.197 0.172 o. 183 

i -

Xfe 0. 79 0.41 0.48 

• 

• .. 
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APPENDIX C-5: Electron microprobe analyses and structural fromulae of 
'muscovite-sericite', 

SAMPLE NO. 
No. Anal. 

70400241 
2 

1220087 
1 

1220089 
1 

Major oxides (weight percent). 

Si02 
Ti02 

.A1203 
FeOT 
MnO 
MgO 
CaO 
Na20 
K20 

TOTAL 

45.62 
0.56 

20.56 
9.30 
0.46 
4:67 
0.01 
0.29 
9.46 

91.05 

48.53 
0.89 

31.97 
3.83 
0.00 . 
1.05 
0.00 
0.45 
7. 83 

94.55 

45.69 
1. 25 

30.49 
3.75 
0.04 
0.82 
0.00 
0.43 
9.98 

92.45 

70402142 
1 

46.91 
0.06 

.. 32.41 
3.24 
0.06 
0.12 . 
0.00 
0.21 
9.04 

92.07 

No. of cations on the basis of 22 oxygenll. 

Si 
A1iv 
Alvi 
Ti 
Fe 
Mn 
Mg 
Ca 
Na 

~ 

6.694 
1. 306 
2.251 
0.062 
1.141 
0.057 
1; 021 
0.002 
0.083 
1.771 

0.53 

6.421 
1. 579 
3.409 
0.089 
0. 381 

. 0.001 
0 . 207 
0.000 
0. 155 
1. 322 

o. 65 

6.349 
1. 65~ 
3. 342 
0.131 
0.436 
0.005 
0.170 

0.116 
1. 769 

0.72 

6.4 ·4 
1.556 
3.694 
0.006 
0 . 372 
0.007 
0.025 

0.056 
1.585 

0.94 

. 
70402321 

2 

47.21 
0.37 

25.65 
6.66 
0.28 
2.13 
0.00 
0.20 
9. 67 

92.18 

6.671 
1. 329 
2.945 
0.039 
o. 787 
0 . 034 
0.449 

0.055 
1. 744 

0.64 

\ 

l Granite aamples in close prox imity (<200 m) to mineralization, 
2 Greisen. •;., 

.A]' 

1 

I , . 
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APPENDIX C-S·: (Cont .d) t!fl 

SAMPLE NO. 7040285A2 . 70402892 1220178 1220331 1220332 
No. Anal. 1 1 1 2 1 

Maj o r oxides (we ight percent) . \ 
Si02 49.49 . . 4 7 . 70 48.,26 4~ 38 48.19 
Ti02 0.18 0.09 0.50 0 . 16 0. ~ 1 
Al 203 24.85 30.32 29.65 25 . 50 25 .4 7 

"' FeOT 4.10 
.. 

4 . 13 5. 17 6.66 7.07 
. MnO 0.09 0. 24 O.o.J 0.43 " 0.22 

I 

MgO 4. 05 0.09 1. 52 l. 98 2.36 
CaO 0.00 0.02 0 . 01 0.01 o.oo 
Na20 0.08 0. 11 0.26 0.12 0.16 
K20 9·. 32 9.35 1!.54 . 8 . 87 9.13 

\ .. 
TO'r'AL 92.16 R 2:. 0.2 93 . 94 9 3. 12 n~~f', 

• 
No. of cations on the basis of 22 oxygens. 

~ 

Si 6.858 6 .·598 6 .492 6.842 6. 738 . 
Aliv ' 1.142 1 . 402 1. 508 1. 158 1.262 
Alvi 2. 918 3.543 3 . 194 3.007 2.936 
Ti 0.019 0.009 0.051 0.017 0.022 
Fe 0.475 0.478 0.523 0. 772 0 .827 
Mn 0.011 0.028 0.003 0.050 0.026 
Mg 0. 836 0.019 0.305 0.409 0 .492 
Ca ~ 0. 003 0.001 0 . 001 
Na 0.021 0 . 030 0.068 0.032 0.043 
K 1.648 1 • (,50 1.466 1.568 1.629 

Xfe 0.36 ~, . 96 0. 6 3 0 . 65 0. 63 

2 
\ I Greis e n. 

/ 
\. 

\ 

r -
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APPENDIX C-5: (Cont.d) 

SAMPLE NO. 1220363 1220697 1220716 1220732 

No. Anal. ~ 2 l l 

Major oxides (weight pertent) . 

' 
Si02 46.47 45 . 57 42.65 46 . 86 
Ti02 0.11 0.14 l. 21 0. 24 
Al 203 ·~ 

26 . 69 25.58 j 21.97 26 . 69 

Fe Or 6.35 5.05 12.20 6.57 
MnO 0.01 0.00 0.63 0 . 25 
HgO l. 38 2.08 3.49 ·1.28 
CaO 0.00 0.00 0.03 0.00 
Na2o 0 . 25 0.18 0.30 0 . 20 
K20 9.80 9.37 9.35 8.58 

TOTAL . 91.16 93;01 91. 84 90.71 , 
No. of cations on the basis 0 f 22 oxygene . 

Si 6. 630 6.679 6.331 6.669 
Aliv 1.370 1.321A 1.669 1. 331 
Alvi 3.11'~ 3.099 2.176 3.147 
Ti 0.012 0.015 0.135 0.026 
Fe 0 . 758 0.619 1. 515 0 . 78 2 
Mn . 0.001 0.079 0.030 .. 
Hg . o. 293 0.454 0. 772 0 . 272 
Ca 0.005 0.000 
Na 0 . 069 0.051 0.086 0 . 055 
K 1. 784 . 1. 752 ~ 1. 771 1. 558 , 

··---. 

Xfe 0 . 72 0.58 0 . 66 0.74 

\ 
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APPENDIX D 

MAJOR AND TRACE ELEMENT ANALYSES 

APPENDIX D-1: Major and trace element composition of granites in the 
study area. Reproduced from Dickson (1983). 
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APPENDiX D-2: Major and trace element composition of samples of fine to 
.- -~ · 

· medium gr-?ined, equigr'anu1ar, weakly porphyritic granite in 
the Sage Pond area. All samples preceded by Department of 
Hines and Energy code 7040. 

Sample No. 114 116 117 119 175 
\ 

Oxide (wt . %) 

Si02 77.2 77.3 77.2 77 . 7 81.0 
Al203 11.70 1l. 65 l l. lS 12. 15 9.10 
Fe2o3 .27 .52 .30 .91 .08 
FeO .54 .60 . 51 .43 .38 
HgO . 06 .10 .07 .03 .OS 
CaO .07 .12 .06 .03 .10 
Na20 2.88 2.76 3.24 . 3.99 2.61 
KzO 5.42 5. 38 4. 72 2.95 3.94 
TiOz .17 . 13 .16 . 11 . 16 
MnO .03 .04 . 02 .08 .03 
P20s .02 .01 .02 .01 . 01 
LOI .66 • 95 • .64 1.00 .6R 
TOTAL 99.0 99.6 98 . 1 99.4 98 . 1 

H20 .43 .64 .46 . 87 .47 
s .03 ... .03 .'02 .04 .oo 
C02 .12 .22 .10 .12 .25 

Element (g/t) 

Li 69 78 69 34 52 
Be 9 5 I 8 4 11 
F 1568 1511 1284 887 304 
v 2 5 5 4 5 
Zn 18' 32 21 47 18 I 
Ga 2? 18 20 24 15 
Rb 58.7 591 504 482 393 
Sr '5 7 3 5 11 

r 
y 31 63 54 53 33 
Zr 0 0 0 0 0 
Nb 69 69 67 107 49 
Ag 0.1 . 1 . l . l . 1 
Ba 25 57 35. 8 52 
Pb 16 21 15 9 15 
Th 55 56 56 54 49 
u 8 9 6 5 
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APPENniX D-2: ( Cont .d) 
..__ 

Sample No. "178 187 207 214 21~ 

Oxide (vt. %) 

SiOz 76 . 5 77.5 78.0 75.5 75.1 

I 
A1z03 12 . 20 11.95 11.65 12.45 12 . 25 
Fe2o3 .OS .31 .02 .18 .62 
FeO .79 • 57 .so .69 .51 
MgO .06 .08 . 02 .04 .OJ 
CsO . 2J .13 .17 .41 .52 
Na2o 3.4J 3.4S J.SO J.90 J. 72 
KzO 5. 51 5.19 3.87 4.94 4.90 
TiOz . 17 .19 .12 .16 .12 
HnO .OJ .OJ .02 .03 .02 
PzOs .02 .01 .08 .02 ' · . 02 
LOI .64 .59 . 66 .75 .. 91 
TOTAL 99.6 100.0 9'8.9 99.1 98.7 

HzO .36 .44 .50 . 42 .45 
s .24 .01 .01 .01 . 00 
C02 .14 . 12 .09 .09 . 07 

Element (g/t) 

Li 68 77 23 87 12l 
Be .. 9 10 7 15 6 
F 1113 948 746 2060 4127 . , v 5 6 3 s 3 
Zn "\ 17 17 IS lj 11 
Ga 21 19 22 22 24 
Rb 553 S69 407 666 747 
Sr 11 6 4 3 4 
y 61 66 49 I ll 145 
Zr 0 0 0 0 0 
Nb 77 79 81 . 9S 99 
Ag .10 .20 .10 .10 .10 
Ba 20 32 33 0 2 
Pb 33 19 36 23 7 
Th 82 69 36 92 88 
u 9 9 14• 13 . a 

. . 
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APPENDIX D-2: (Cont.d) 

Sample No . 231 232 ~37 
"( 

238 248 

Oxide (wt.%) 

' Sio2 76.3 74.4 74.5 76 . 7 78.0 
A1203 12.85 12.50 12.25 12.30 11.60 
Fe203 .84 . 21 . 13 . 71 .42 
FeO • 00 .53 .72 .oo . .5 1 
MgO .03 .03 .03 .03 . 08 
CaO .14 .54 .42 .23 . 20 
Na20 4 . 02 3.83 3.99 3.98 3. 44 
K20 5.09 5.19 4.99 4.7S' 4.82 
Ti02 .14 . 15 .11 .14 .20 
MnO .05 .03 .03 .04 .04 
P2o5 .01 . 03 .02 .01 .03 
LOI . 69 .89 .55 . 53 .53 
TOTAL 100.2 98.'3 97.7 99.4 99.8 

H20 .35 . 44 . 31 . 44 . 46 
s .00 .00 .01 .01 .01 
C02 .11 .03 .10 .08 .07 

Element (g/t) 

Li 225 109 134 44 35 
Be 8 8 9 5 12 
F 2171 4335 3004 1653 950 
v 3 7 3 4 7 
Zn 16 .16 "'16 19 \ 29 
Ga 24 23 19 24 20 
Rb 794 740 680 622 490 
Sr 4 12· 4 5 16 
y 49 55 1()1 53 69 
Zr 0 0 0 0 0 
Nb 94 107 89 89 51 
Ag .10 . 10 .10 .10 .10 
Ba 0 26 0 0 64 
Pb 18 17 23 45 21 
Th , 72 79 84 88 ss · 
u 12 5 19 10 i 5 

. J 

\ 
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APPENDIX D-2 : ( Cont-;-d) 

Sample No. 249 281 282 283 284 

Oxide (wt.%) 

Si02 77.7 75.5 76.7 75.9 76.3 
A120J 11.90 12 . 10 11.85 12.05 11.50 
P'e203 .64 1. 25 .99 . 90 .18 
FeO .53 .00 . 00 . 00 .65 
HgO .10 .07 .08 .06 .07 
CaD · .21 .41 . 49 .30 .49 
Na2o 3.28 3.23 3.16 3. 18 3.'54 
K20 4.99 5.25 5.58 5. 39 4.76 
Ti02 .21 . 20 .20 .19 .19 

~ finO . . 03 . 02 .02 .02 .03 
P2os .03 I .02 .02 . 03 .02 
LOI . 66 1. 22 .79 1.09 .77 
TOTAL 100.3 99 . 3 99.9 99.1 98 .5 

H20 . 56 .43 .61 .39 
s .01 . 00 .07 .52 .03 
C02 .06 .00 .04 .OS .11 

Element <sit> 

Li 50 86 88 114 101 
Be 11 34 7 10 15 
F 1454 3838 423!/ 3338 3893 
v 8 5 4 4 
Zn 22 18 17 19 17 
Ga 18 23 20 23 20 
Rb 505 614 647 624 558 • Sr 17 7 8 9 9 
y 89 97 86 95 109 
Zr 0 0 0 0 0 
Nb 58 70 67 72 63 
Ag .10 .10 .10 .10 .10 
Ba 88 43 38 7.0 25 
Pb 23 14 11 9 13 
Th 

_, 
59 77 71 68 88 . 

u 9 22 8 14 1.7 



/ 
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APPENDIX D-2: (Cont.d) I . 

! 

S~ple No. 
' ,· I 

. 292 . 294 

Oxide (wt.%) 

Si02 76.2 76.3 
A1 2o3 11.95 11.75 
Fe:zo3 .03 .04 
FeO .88 .80 
MgO . 07 .08 
CaO .55 .56 
Na2o 3.40 3.60 
KzO 5.00 4.98 
Ti02 .21 .zo· 
MnO .02 .02 
Pz05 .03 .02 
LOI ~ 94 .'88 
TOTAL 99.3 99.2 

H2o .4~ .45 
s .10 .08 
co2 .06 .10 

Element ( g/ t) 

i.i 111 95 
Be 33 27 
F 5064 4752 
v 5 7 
zn· 13 18 
qa 21 19 
Rb 66 569 
Sr 8 9 
y 139 112 
zr 0 0 * 
Nb n · 78 
Ag . 10 .10 
Ba 26 16 ~ 
Pb 10 13 

• 

\ 

I 
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APPDDIX E 

CORIELATIOR COEFFICIEKTS 

Appendix E-1: Table of Spearman non-parametric correlation coefficients 
. (x 100) for .oxides and elements of samples from the 

Rencontre Lake Granite (N • 46). Correlation coefficients 
at less than the 90% confidence level are omitted. 

Si02 
SiOz At 2o3 
Al 2o3 -81 Fe2o3 
Fe2o3 -42 46 FeO 
FeO "-70 71 MgO 
MgO -68 77 46 63 CaD 
CaO -75 88 43 79 82 Na2o 
Na2o -62 . 77 31 71 45 73 KzO 
KfO -45 59 29 28 57 48 TiOz 
TlOz -75 84 53 67 94 85 

~ 
61 MnO 

MnO -72 70 60 48 79 68 36 83 
P2os -68 79 44 61 82 79 53 59 83 76 
LOI' 20 . 23 ' 
Li 23 34 32 
Re -22 -22 -34 -28 -40 -37 
F -45 34 62 34 41 37 38 35 
v -56 49 27 57 51 56 41 34 51 40 
Zn -51 36 41 37 39 50 22 23 44 53 
Ga 36 -:27 
Rb 55 -60 -40 -60 -66 -67 -39 -49 -73 -48 
Sr ·-- -70 - 73 39 58 78 79 39 64 82 68 
y ,-20 -48 -19 . . 
Zr -74 72 30 ' 79 65 84 60 39 74 56 
Nb 43 -45 -25 -26 -57 -41 947 -57 -36 
Mo -25 27 ·29 22 23 27 
Sn 30 -40 -27 -53 -45 -40 -50 -40 . 
Ba -70 71 35 60 76 78 41 60 81 62 
Pb 39 -35 45 -40 -41 -33 -40 - 25 
Th 52 -53 -31 -42 -63 -53 -22 -60 -63 -39 
u 57 -67 -39 -57 68 63 -42 61 68 45 
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Appendix E-1: ,(Cont .d') 

• 
MnO P2os 
P2os LOt .. 

. LOI Li 
Li . Be " 
Be -32 23 F . 

F 32 31 v 
v 54 42 Zn 
Zn 43 22 Ga 
Ga 31 45 Rb 
Rb 

J, -54 54 -36 -55 -38 Sr 
Sr 77 -35 39 72 55 -76 

}( 22 -25 21 29 31 
70 -25 47 68 58 70 . 8.1 

Nb -34 36 -26 .:..37 72 -60 
Mo -23 22 
Sn -54 27 34 , -42 35 -54 
Ba 74 -35 38 11 56 -74 97 
Pb -31 25 -34 -49 69 -47 
Th -50 44 -25 -59 -34 78 -73 
u -61 25 49 -49 -21 64 -63 

.. 

• 
! 
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Appendix E-1: (Cont.d) 

Sr y \ '~ 

y Zr 
Zr Nb 
Nb 44 -35 Mo 
Ho 32 · Sn 
Sn -36 ' 37 .Ba 
Ba -25 86 -56 25 '-52 Pb 
Pb -53 60 41 -48 ·-41 Th 
Th 47 -55 79 50 -74 -41 u 
u 33 -54 50 -19 .53 - 64 43 79 

9 

,., 

/ ' ,. 

/' 

.... 

. " 

• . . 

L 

.· 
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Appendix E-2: Table of Spearman non-parametric correlation coefficients 
(x 100) for oxides and elements of samples from the 
Hungry Grove and Sage Pond granitea (N . - 96). 
Coefficients at less than the 90% confidence · leve~ are 
omitted for clarity. 

Si02 
Si02 Al203 
AiiOJ -78 Fe20J 
Fe.203 -37 22 FeO 
FeO -51 s·6 -25 MgO 
MgO. -69 67 20 69 CaO 
Cao -62 68 ~ . 72 78 .. Na.20 
Na20 -34 57 • 17 19 28 K2o 
K20 -26 27 \ 15 ~ -23 'TiOz 
Ti02 -72 62 27 ~4 89 73 MnO 
MnO -52 62 67 62 65 i 

! P2os -68 67 . 24 64 ·80 75 62 I 
1 

:Lor -30 27 17 20 25 18 20 i 
Li 16 -20 . -15 15 

. I 

Be 22 '-28 -34 -38 -31 
F 
v -44 41 · 35 . 22 40 . 26 
Zn -22 34 16 25 22 34 
Ga 18 -15 .. 
Rb 47 -42 -32 -38 -49 -_18 
Sr -57 45 . 38 33 62 26 
y 34 -33 -"24 -38 -~2 -37 

· Zr -42 34 36 23 37 35 24 
Nb 41 -38 -26 - 24 -44 -18 --47 
Mo ... 
Sn 20 -22 -20 -13 17 -31 
Ba -54 42 40 29. 58 43 53 24 i 

• '> 
PI? 47 -33 -37 -lf, -37 -34 -47 -16 ./ 

Th 44 -42 -26 -41 -so -4~ -51 -25 
., 

u 55 -46 -45 -52. -44 -1 8 56 -2B 

.J 

l 
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Appendix. E-2; (Cont. d) 

MnO p2o5 
P2o5 LOI 
LOI Li 
Li -23 Be 
Be -32 20 41 F 

· p 16 31 31 v 
v 41 18 16 30 20 Zn • Zn 22 23 -13 53 Ga 
Ga -21 38 ' 24--. 24 27 Rb 
Rb -53 54 63 31 47 22 ' 39 Sr 
Sr 62 36 -46 -30 70 42 -~7 -70 y 
y 42 37 39 37 34 43 5,3 -51 
Zr 38 14 19 58 43 -38 64 -15 r Nb -50 39 45 35 44 47 71 -62 65 
Mo ' . 14 
Sn -26 24 32 13 -18 29 28 -31 
fla 57 14 -28 -40 -20 69 46 -23 -60 95 -45 
Pb -45 391._ 36 14 -44 38 50 -49 35 . 
Th -56 37 43 31 -48 -25 38 so -50 35 
u -62 39 62 39 -50 -17 32 11- -67 56 

~ 

. !\ 

' ~j 

_) 
.. 
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Appendix E-2: ( Cont.d) 

y Zr . 
Zr Nb .. 
Hb Mo 
M.o Sn 
Sn -16 28 Ba 
Ba 66 ... -52 -27 Pb 
Pb -42 47 . 36 -41 Th 
Th -42 47 36 -41 39 u 
u -21 66 15 -64 40 72 

• 

• 

f 
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Appen1ix E-3: Table of Spearman non-parametric correlat i on coefficients 
(x 100) for oxides and elements (including REEs) of 
samples from the Hungry Grove , Sage Pond, Tolt, Meta~ ·and 
Southwest Mount Sylvester Granites (N • 11 for most 
correlations; N 9 for correlations with W) . 
Correlations at less than the 90% confidence level are 
omitted for clarity. 

Sample Numbers • 220187, 220332. 220377. 220416, 220462, 220468, 220501, 
220502, 220664, 220707. 220720, 220721 

SiOz 
Sio2 A1zOJ 
Al203 -89 Fe2o3 
Fe2o3 -80 74 FeO 
FeO MgO 
HgO -44 52 70 CaO 
CsO 79 82 Na2o 
Na2o -60 77 43 1{20 
K20 - 62 -57 -55 Tio2 ' TiOz 85 84 . 82 -72 MnO 
MnO -53 59 52 58 44 -60 75 
P2'o5 -80 69 61 56 74 60 -46 63 56 
LOI 47 45 
H2o• -72 70 73 56 79 55 44 -60 63 61 
s 51 -57 
co2 
Li 43 -73 -73 -46 
Be . -49 - 45 !43 F so -61 -53 71 v -61 54 52 82 86 85 -59 85 60 
Zn 47 52 -69 56 '68 
Ga -53 -83 -59 46 -61 
Rb -85 -86 - 83 75 -94 - 76 
Sr -76 75 I 60 58 79 61 -62 74 77 
y -77 -87 -75 47 -80 -62 
Zr -82 68 69 48 
Nb -59 -75 
Mo 

-61 82. -78 -75 

-81 -65 -67 77 -82 -71 
-44 73 95 77 -71 91 69 
45 - 61 - 72 - 51 61 -66 -61 

-61 
Ce -64 
Nd 67 -55 
Sm 

,' -74 - 63 -76 -67 
Eu 57 81 61 -71 81 64 
Tb -73 -82 -75 56 -73 - 64 
Ho - 81 -86 -78 81 -90 -72 
Yb -78 -84 -73 63 -87 -74 ) Lu - 76 - 86 - 74 61 - 86 -72 ./ 

A a - 71 89 . . 77 
Co -87 95 87 7·9 92 81 - 69 93 81 
Cs 43 -56 - 51 
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App~ndix E-3: (Cont'd) 

\ 

Si02 . Al203 Fe 203 FeO MgO CaO Na20 K20 Ti02 MnO 

Hf 41 47 -42 
Sb 45 
Sc -75 53 49 61 70 63 76 56 
Ta -77 -69 -70 66 -77 -63 
Th - 79 -77 -69 55 -84 -74 
u -81 -72 -so 60 -78 -76 
w -54 --70 -67 
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Appendix E-3: (Cont. d) 

MnO P205 
P2o5 LOI 

. LOI H2o+ 
H2o• 82 44 s 
s C02 
C02 51 -43 Li 
Li Be .. 
Be F 
F 72 . . v 
v 84 42 86 Zn 
Zn 57 -46 49 
Ga -60 -49 -57 -60 
Rb -66 -69 59 -84 -59 
Sr 94 88 -49 86 45 
y -65 -58 -51 -77 
Zr 54 54 45 54 
Nb -60 -64 - 46 44 -66 -60 

\ Mo 58 59 
Sn -70 -63 -48 -80 -54 
Ba 76 42 77 86 49 
Pb -84 -61 -58 65 
La 45 51 
Ce 
Nd -67 -58 
Sm -44 ~7 -57 
Eu 62 49 66 68 
Tb -66 -44 50 -67 
Ho -67 -85 "76 -86 · - 81 
Yb -65 -59 54 -77 - 45 
Lu -67 -60 52 -76 - 42 
As 64 68 -65 
Co 76 71 59 52 '-52 83 
Cs 76 46 55 
Hf 
Sb 54 
S.c 77 47 66 42 8 2 
Ta -56 -53 54 -72 - 47 
Tb -55 -49 66 -70 - 49 
u 51 -66 42 -71 -60 
w .. 61 83 
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Appendix E-3: (Cont.d) 

Zn Ga 
Ga Rb 
Rb 64 Sr 

···- Sr -58 -79 y 
y 89 87 -71 Zr 
Zr 42 . Nb 
Nb 66 83 77 78 Ho 
Mo Sn 
Sn 53 82 -79 75 85 59 " 88 
Ba -80 -88 83 -86 -88 -81 Pb 
Pb 71 73 -81 72 70 57 71 -77 . La 
La 
Ce· ~' 

Nd -62 

.. Sm 70 76 -48 86 ' 62 67 62 60 
Eu 67 74 72 64 82 -72 90 -71 
Tb 89 81 -68 95 87 ·71 -85 81 
Ho 67 98 -83 90 96 89 -93 74 
Yb 82 91 77 96 89 87 -90 76 
Lu 85 . 91 ·77 97 89 84 -91 77 
As 66 77 
Co -60 -95 81 -70 76 -66 -59 79 -66 
Cs -46 
Hf 63 43 58 60 75 61 62 -56 -55 
Sb 
Sc 45 -62 71 -54 72 -56 71 -57 
Ta 69 83 -69 87 89 45 92 -81 65 . 
Th 78 89 -66 96 81 80 - 82 69 
u 67 so· -64 80 74 77 79 62 
w .. 
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Appendix E-3: (Cont.d) . 

La Ce 
Ce Nd 
Nd 65 SID 
SID !u 
!u 58 Tb 
Tb . , 93 -81 Mo 
Ho 50 88 -75 96 Yb 
Yb 83 -59 92 99 Lu 
Lu 81 -67 94 95 99 As 
Ae Co 
Co 79 -61 -66 -67 Cs 
Ce , ' 67 -57 
Hf 50 -59 76 68 62 64 
Sb 
Sc -60 60 -44 -60 -50 -56 88 
Ta 84 -46 - 60 -50 -56 90 -52 
Th 71 -69 90 93 83 86 -69 46 
u 43 -76 76 78 68 69 -62 
w -89 

Appendix E-3: (Cont .d) " 
Ca Hf 
Hf . Sb 
Sb Sc 
Sc Ta 
Ta 62 Th 
Th 59 -3.8 72 u . 
u -58 5?. 86 w w 

j 



( 

' Sample No. 

Source 

Sc 
Co 
As 
Sb 
Cs 
La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 

• Ho 
Er 

• Yb 
Lu 
Hf 
Ta 
w 
Th 
u 

Rock type/ 
Location 

- - 437 -

APPENDIX J' 

IIUIA AKALYS!S Aim XU - RU ARALYSBS 

Trace element and rare earth element data. 
Whalen (1983), X-XRF data, I - INAA dat11. 

6 .., 14 98 

w X X w 

2.60 2.10 

3.80 ·' 3. ~0 
29 9.~3 21.97 19 
.38 25.42 44.14 35 .. 3.41 3.08 

8.00 13.81 12.64 12.00 
2.50 3.14 2. 39 2.80 

.30 .91 .74 .19 
l. 70 3.40 2.00 3.20 

. 52 • 34 
3.38 1. 34 

.. 90 .71 1.40 
1. 97 . 1.02 

3.10 1. 75 l. 56 5.00 
.54 . 51 .89 

3.70 6.20 
5.30 6.40 

40.00 69.00 
26.00 20. 01) 

Aplite Pegm. Peg. Aplite 
Ackley Ackley Ac kl ey Ac kley 

City City City City 

"' · 

w - INAA 

120 

X 

11.28 

Cr ow 
Cliff 

from 

' I 
.( 

~ 
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APPENDIX F: (Cont.d) 

Sample No. 156 462 468 220061 220081 

Source w w w I I 

Sc 4.40 4.20 l. 50 5.40 7.81 
Co 22.53 66.12 

)- As 2.58 
Sb .42 .70 
Cs 6. 90 5.50 6.60 15.40 1'0. 60 
La 49 42 69 36.5 28.5 
Ce 91 107 133 63.5 
Pr ~ 
Nd 40.00 42.00 48 . 00 26.90 .. 
Sm' 8.10 9.00 9.70 5.43 5.50 
Eu 1.06 1.08 .70 ·.82 1. 25 
Gd 7.30 7.40 7.00 
Tb .61 • 74 
Dy 
Ho 1.80 1.80 1.90 1.04 
Er 
Yb 5.20 6.50 6.10 2.17 2.50 
Lu .82 1.00 .93 . 33 . 36 
Hf 6. 10 5.70 -¥ · 90 -4.42 4.01 
Ta 4.50 3.60 2. 90 . 2.63 1.11 
w 
Th 27.20 25 . 00 40 .00 19 . 20 19.80 
u 5. 40 3 : 10 5. 60 5.05 5 .09 

Rock type/ Gran. To1t Hungry Molly. Moll y, 
Loc ation Rencon. Gran. G.Gran . P1ut. P1ut . 

Lake 

• 

.. 
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APPENDIX F: ·(Co~). 

Sample No. 220094 220187 22033i 220354 2203 77 

Source l l l I I 

Sc 4~29 4.25 2.93 7.91 2.24 
Co 2.61 2.56 .45 6.85 .82 
As 2.01 • 29 
Sb .34 1. 20 .33 .61 .16 
Cs 10.70 3.46 8.24 6 .l 5 4.72 
La 24.1 42 53 . 7 37.3 25.3 
Ce 97 103:/ 82.6 

·~ Pr ~ 

Nd 37.60 45.90 38.30 
' Sm 3.14 6.03 9.75 7.27 4.40 

Eu .43 .69 .44 l. 37 .44 -
Gd 
Tb .44 .91 1. q6 1.00 .84 
Dy 
Ho .91 3. 2 7 l.02 
Er 
Yb l. 59 2.43 c 12.90 2.91 5.20 
Lu .24 .36 2.05 .45 .80 
Hf 3.17 5.78 6. 59 4.86 4. 25 
Ta I 1. 82 1. 36 s.os 1.03 2.64 
w l. 66 s. 74 l. 74 2.23 
Th 13.20 23.30 64.10 22.50 28.30 
u 5. 78 3.35 10.10 4.16 5. 66 

Rock type/ Kep. Meta Sage P. Koa. To1t 
Location Gran. Gran. Gran. Gran. Gran . 
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APPENDIX F: (Cont.d) 

Sampl-e No. 220416 220501 220,02 220523 220604 

Soufce I I I I I 

Sc · 5.39 4.13 3.75 10.80 l. 99 
Co 3.16 2. 36 . 2. i 7 8 . 90 . .97 
A• .62 .66 
Sb ,p __ 432 .55 1.00 .53 
Cs s : s1 8.06 5.87 13.00 3.27 
La 62.2 : 36.6 54.8 49.30 31.1 
Ce 134.6 10 l. 9 137.30 78.0 
Pr 
Nd 46.50 39.20 56.50 36.30 .. Sm 7.82 5.38 6. 72 12.60 7.21 
Eu . 56 . 75. . 59 1. 79 .75 
Gd 
Tb 1.13 .75 1.05 1.93 1. 09 
Dy 
Ho 1'. 83 1.41 2.00 1. 56 
Er 
Yb 5.61 4.08 5.34 4. 72 4.92 
Lu .89 .63 .85 .69 .80 
Hf ' 7.08 5. 71 4 . 89 9. 21 . 5.89 
Ta 3.08 l. 95 2.18 2.50 1. 57 
w 1.09 1. 29 4.16 . 73 
Th 30. 7() 28 . 60 35.00 25.50 20.70 
u 4.18 ].28 5. 88 4.03 4.43 

• 
Rock type/ To1t Mt.Syl. Ht . Syl. Kos. Ren.L. 

f' 
Location Gran. Gran. Gran . Gran. Gran. 

< 

~-
', 

\ 

r • . 
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APPENDIX: F: (Cont .d) 
.. 

Sa111ple No. · 220605 - 220642 220664 220697 220701 

Source ' I 1 I I I 

Sc 3.92 3~63 1. R 1 11.00 16.70 
Co .80 1. 34 . 17 9.31 16.00 
As .42 2.3 l. 1 
Sb .4'3 .15 . 9.7 .27 .10 
Cs 4.53 3.33 7.26 4.37 4.80 
La 36.3 57.8 47.4 34.70 33.1 
Ce 59.7 134.4 121.8 75.30 69.3 
Pr 
Nd 21.70 54.30 47.00 35.30 ' 36.80 
Sm 3.45 ' 9.55 8.72 6.78 7. 34 ' 
Eu .63 .77 . 19 1.03 2.48 
Gd 
Tb .61 1. 25 1. 46 . 71 l. 01 
Dy 
Ho .86 1.62 l. 98 . 95 1. 13 
Er 
Yb 3.00 4.97 6.33 2.48 2.07 
Lu .59 .86 1.05 .33 .30 
Hf 3.31 6.19 6.21 6.07 6.00 
Ta l. 31 1.44 2.81 1. 08 .06 
w l. 26 .57 1.0 
Th 24.70 19.10 36.90 11.90 1. 60 
u 5.44 3.48 4.57 1.7S 1. 84 ) 

Rock type/ Ren. Ren.L. Hun. Kos. Kos. 
Location Gran. Gran. G.Gran. P1ut. Plut. 
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APPENDIX F: (Cont.d) ~ 

Sample No. 220707 220720 220721 

Sourc.e . I ~ I • • -· -'---Sc .96 . 2 . 41 2.00 
Co .56 
As .39 1.9 .16 
Sb . 20 .84 • 35 
c •. 6.38 5.01 . 6 . 84 
La 38.7 2!'.9 71.8 
ce 92.5 150.2 
Pr 
Nd 39.50 46.80 
Sm }I 7.03 11.70 9 . 32 
Eu . 22 • 01 .32 
Gd ·-

Tb 
, 

L37 3.07 1. 29 
: oy • 

Ho 7.94 2.14 
Er . Yb 9. 30 28.40 7. 00 
.Lu 1.48 5.15 1 ~ OS ' -
Hf 6. 76 12.70 . 6 . 35 
Ta 3.29 l5.ZO 4. 75 
w 2 . 8~ .61 12.00 
Th 62.80 79 . 30 60.40 ..¥.., 
u 12.10 ' · 31.10 8 . 51 

Rock type/ Hun. Sage P. Sage' P. 
Location G.'Gran. Gran. Gran . 

, 



\ 
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APPENDIX F: (Cont .d) 

Sample No. 221151 221153 221160 2'21161 221162 

Source x · X X X X 

Sc 
Co 
As 
Sb 
Cs 
La 14.92 40.84 22.03 . ' 9.9 18.38 
Ce 37.34 97.99 . 39.87 18 . 9 36.60 
Pr 3.31 9.76 2·. 13 1.07 3.82 

- -Nd 13.06 33.89 10.20 4.91 13.72 
Sm 2.90 7.49 2. 26 " 1.03 2.89 
Eu .34 .72 • 55 .28 .82 
G<l ,3.26 5. 89 ' 1.89 L11 2.82 
Tb . 60 . 76 . 55 .30 .75 
Dy 3.36 2.86 1. 50 1.07 2.49 
Ho .38 .18 .so 
Er 2.44 1.26 .87 , . 73 1. 79 
Yb 3. 24 1.66 1. 24 1.48 2.99 ·"--

~~ 
Lu 
Hf 
Ta 
w 
Th 
u 

Rock type/ Q-T Q-T Bleach- Bleach:.. Gran. 
Location Gres. Gre s. Gran . Gran. Motu 

Turner Anesty Wyllie Wyll i e 
Pond Ri dge . Hill Hill 

·. , 



I. 

- 444 -

APPENDIX F: (Cont .d) 

Sample No . 221163 221165 2211 io 221171 7040013 

- Source X X · x X X 

Sc 
Co 
As 
Sb 
Cs 

~ La 12 . 31 2.46 52.25 56.85 
Ce 2 8. 94 - 6.82 128.75 136 . 1 7 6 

9 

Pr 2.46 .52 12 . 27 12. 7 3 • 1.45 . 
Nd 9 . 31 2. 55 43.28 43.85 5.47 
Sm 1. 91 .85 8. _77 9.07 1.46 
Eu . 29 . .23 1.06 1.23 .09 
C-.d 1.90 .98 7.52 7.89 1. 25 
Tb .24 .25 L41 1.62 .09 
Dy 1.89 1. 37 4. 53 6.81" 1. 37 
Ho • 31 : .35 .06 .35 .19 
Er 1. 58 1.45 2.90 5.07 . 79 

~~-Yb 2.30 1. 57 3.68 6 . 38 .96 
Lu !: .. 1.10 
Hf 
Ta 
w 
Th 
u 

Rock type/ Gran. Q-T Q-T Q-T Q-T 
Location Turner Gres . Gres ; Gres. Cree . 

Pond Anesty Anesty Anesty . ESSO 
Ridge Ridge 



APPENDIX F: 

Sample No. 

Source 

Sc 
Co 
As 
Sb 

· - Cs 
La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 

· .Ho 
Er 
Yb 
Lu 
Hf 
Ta 
w 
Th ' 
u 

Rock type/ 
Location 

I 
\ 

' -

(Cont.d) 

7040022 7040024 

X 1~ 

19.28 23.51 
50.66 61.48 

5. 08 6.26 
18.08 22.95 
3.96 5.59 

.46 .72 
3. 80 ' 5.74 
.80 1. 27 

4.87 7.21 
. 75 1. 23 

3.79 5.26 
4. 34 6.51 

Ser. Sage P. 
Gres. Gran. 

ESSO ESSO 

4 4•5 -

) 

7040223 7040229 7040289 

I I I 

. 1. 30 1.60 '>.50 
1ll. 60 83.60 1. 60 

1.10 1.20 6.40 
;oa .05 .07 

s.oo .09 9. 30 
17.4 1.47 54.1 
39. 1 2.85 123 . 3 

17. 70 1.30 44.30 
4.40 .35 8.60 

.26 .06 . 11 ~ 
'• 

.90 .15 2 . 43 

1.63 .25 2. 52 

5.76 1.34 7. ss 
. 77 .15 1.03 

4.70 6.RO 7 . 30 
13. 10 13 . 70 7.90 

1083.00 79R.OO 1380.00 
16.30 4.80 78. 10 
4.20 2 . 90 18.60 

Q-T Q-T Q-T 
Gres. Gr es. Grea. 

Anesty Anesty ESSO 
Ridge 
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APnWOII C : Pluad lncluuoa Data . F l - Flutd inc luuoa . Vi a . Ma l t - 1-parat ur a of fa ret u ub l e • ell ( autec t 1cl ; 'ho- lt 'lutdua , .. .,_ratur• ; - ThY -
, .... rat uc e of hoeo«•naaar aon t o vepoure ThL • t .. perat u r e o f ho-oa•n • ••tion t o ltqu•d; Th S t , Th $ 2• ThSJ - -. lrtn' t .. r • r a tur•• ~r •~ ttd 
phaaee ; . O.c r•p. - t ... p•ra r ur• of d•c r• p i tation o f fl u &d t ncl ue i o n. 

cr- Cltff - DullpfiJ lrook ana l 

Se•ple II<> . Loc at 1on Oeacript i on , , Typl! Freu Lnll Hoot Lna 
l 

\ 
l V lL lS Vie . Me l t Til. ThY Thl ThSJ ThS2 ThS1 Oemr. j 

( 

cc I Cr- Clt ff ()uar t a f r- pa,..tite )0 70 -19. 2 -O . l llR . S . 
20 110 - 16 -o:6 l H • 
25 7S lS8. s 
s 94 I )110 429 4 2~ I 

_.,IT - )9) Dunph y Jlr ook Qua r1: a fr< .. pepat it e 20 i!O - 4 . 2 - -0. I 2'18. 7 I 
110 20 300 I 10 90 278 . 0 

_, 30 70 342. I 
15 85 31 9 .2 
30 70 )7 ). 1 -1 
2S 70 28'1.5 

,... 10 90 2'1 3. 7 
S 9 S 176 . s I 

J T-461 Crow Clo ft O.,.al"ta "f r0'8 pepat ate s 9S -1 7. 2 -0. ) )12 ... I 
. - 6 . 2 )) I. 0 i , 

~r.N 64) Cr ov Cl i ff Quart• ,,_ pe patite 10 20 t oo •••I I 
' P:CII 646 Du nphy &rook Quar t • , .. ,. papat i ta IS 8S ) 0 '1 . .1 

20 80 lll . O 

- 15 liS ))6 . lq 
19 80 I 30 3 . 2 240 

9 91) I 291 . 0 240 

20 80 286.9 
4 95 I -10.) -0.8 1h'l . 4 

IS 85 ~ 1 8.5 - 2 . I 310 . I 
, . 

so so 364 . 2 
30 70 18A . O I -

·. 
t:CI! 6 28 500• North o f Dun ph y ftr <>" k Quare• '" • i • ro l ttic: 10 90 )98. 0 

c •v iti~ • 10 90 310.0 

~ 
10 90 352.0 
10 90 - 16.0 266.4 
s 9 ~ -21 . 9 -0 . 8 13 3. ~ l I ~0 50 I 340 . 0 

35 65 400 • 



-
Dunphy Brook- Wyllie HLII -Motu- Ackley City 

JT 378 

JT Hl!A 

JT )SO 

JT )Jf> 

!GN 611 

I!GII 6)2 . 

JT }4'1 

Locat a on 

~0~ North of Dunphy Brook 

De•cript ion 

Mt•rolltLC quart& in 
op llte 

----------~------ -------------

lly t 1\e Hdl . .,:;:•'" r_t o vetn 

Wyllie Rill Quert a .,. .. tn •Lcroaran . 
; 

Wyllle Hdl Al!ered &unite 

200. North of lly lite Hdl Quart& vetn 

Motu 

Ackley Clty 

Ackley City 

Ackley C•ty 

Fl Type 
lV lL lS 

s 9) 
IS 85 
n 85 
40 60 
n 75 
15 85 
15 85 
10 90 

free una 
Yio . Melt Too 

too ••••• 
too ••••• 
too ••••• I 

too ••••• 

· ThV 

J18 . 8 
J bS. O 

)8 7. 9 

ThL 

)07 . J 
)48. J 
ns.s 

J69.f> 
J02.0 

29) . 9 
120 . 0 
)6 2 .0 
130.0 
122 .II 
142 .0 
JSS . I 

'· ' '\ 

Th • :•" ::l, ~-Th-·._s_J __._._o.._c_•_•_P_· _ 

j . 

I. 

' ++-I 
I I I I 

i ·\ I J 

I I 
I ' I 
l I i I ' I 
I I I 

l I 

I I )90 I l _ _._ 
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APP!KOII C:(cont'4) 

kklty CttJ 

s .. pte tlo. Locat ton Deecrapt ion PI Ty ... ,,. ••• 1 ft. Heat u·•• 
lV lL IS Vi• . Melt ,. • ThV ThL ThS1 Th~z ThS) [)co,,: nrp . 

JT HI .kkltJ City ()uarta-c:alc &te •eio )0 70 )46.8 

. 20 70 
) 96 

10 90 2 .. 6 

60 .. o 
)90 

JT n2 Ad. ley City Qoluta ••••, Mo.blebe too •••II 

JT H4 Ackley C&ty Querta &n pe ... t&te with 20 80 -10.9 - 0.1 I oat 

•plouc ••rain 25 7S ·20.8 - 5.4 no.oJ 
)0 70 375 . 4 

20 80 317.8 

JT 360 Ackley Clty Querta with Mo in Yua• too •••ll 
JT )61 AckleJ' C&ty Quart a in pe.-.tite too •••ll . 

~ 

JT 362 Ackley CltJ ()uert r. in VUI .. too ••••• 

JT )69 • Ackley 200 • Norih Quart a we in )0 60 - 6 . 0 - 3.0 306.0 
C&ty 30 70 405 . 0 

30 70 lR7 .6 

20 80 410.0 
50 50 )85. 0 
40 60 )95,0 

15 115 215 . 4 

JT HO Ackley Clty 200 • NW Quuta ve i n too •••II 

JT )71A Ackley C&ty 250 • IIW q..uta vei..n 10 90 1. 4 184. 7 

50 50 ) 66. 2 

20 80 )94 . I 

30 70 }7), s 



• 

. .. 

--------
ftoa llu• Holl Pond area - rronko Pond - Lona. Horbour ore• 

----------------------
S••ple 114 . LoCAt a on Deac r 1pt 1on F I Type ruuina Huro n..[_ 

'• IV IL %8 Vio . ""'' r .. ThV ThL ThS1 Th S] ThSJ Dec rep . 

JT - 329 S! en~ 811 Blue Hoi I Pond leryl ' i.~ quorta-beryl pod 2 98 - 6.6 0. 6 176. 2 
I 99 -20 . 4 - o.o 144.2 
2 98 210.0 

70 ]0 Jl) . 2 
40 60 350. 0 
50 50 )61. ~ 
40 60 )4). 2 
10 90 2a. 2 I 55 . 4' )7) . 6 

" 45 11 I.~ .. 

. quart& at raa. ned 

- ---1----y-- f-.---- -
JT - H2 fr1nk1 Pond Ouort1 '" P•l••tite I 99 -61> . 1 -19 .6 84 . 2 

J 99 -41 -2 ) . 9 89 . 2 

I I 99 _,8 -24.6 119 . 7 
I 99 811.11 
3 9 7 112 . 7 I ' . 3 97 Ill. I I 

"-/ )0 70 I 264.2 

I I 25 7S . .. 
. ' 24~ .0 

JT- )I) ,.tanka r..,nd Quart a vetn WLlb Mo (00 •••••• 
-· -

l.ll\ - l Lona Horbour •r~~---·--- "'•rot it ac qu•rt& 2Q 80 )22. ~ -- --- 20 80 374 . 7 

I 
" 

.. ---
20 80 )flO 

122HI &...> ... Harbour •r~• r:oo ••all 

1-. I I UUS% Lon a llarbour ar•• Ntarolltlc ~uorta 40 60 -5L 7 - I). 6 )~0 I 
, 95 348 I I 10 90 ]QO 

JO 70 3)9 
IS 115 )8) 

I lLI L I , 75 3112 
' 20 110 )Q4 I H H - 401 .. f, 

•: 



-
- l ~"' Hubour .-ea • looo ~ore/Trencheo 

--------·--- --1 ... ,,. 110. Local ton O.acrtptto• PI ,,.,. Preeuna H••l 1na 

~, .. ,~ %Y %L Is Vae . Molt 1io ThY ThL ThSt Ths2 Th S ) 

1222116 Lona ll•rbovr •~"•• lliero1 it ic quart a 
~ 

10 90 •10 ·6. I )27 . 1 
10 90 - 7 - ). 8 248.0 

122J70 Loaa Herbour .... e• " h 5 95 -30. 11 -4.8 74 lAO 
10 90 240 
10 90 -14 . 1 - 1.2 340.5 . , 15 115 )611.0 
s 95 160 . s 
5 95 -26.0 -L2 17 s 

122450 Lona H•rbouc •rea " " 5 95 -I) . 2 ·6. 2 IS I. 'I 
s 9S -21 . 6 -4.1 I 7) . i 
5 95 -15.4 -3. 1 209.2 

11264) Lon a Harbour eree " .. . 5 95 24l.) 
5 95 273 . 0 
s 75 20 1112.8 

11271'1 Lona H•rbour ••e• .. " 25 75 354.6 
10 90 217.) 

JT - 12 DOH AG-) •t )5.) feet Quuta in arei.een 2 94 4 -so - )4. 9 107 II S 
10 80 10 -49 . 5 -34.) 244 . 11 101 4JA . 7 
I 90 5 97.2 210 

15 60 25 -)0 -23.6 )65 . 7400 400 
5 94 I . 264 7430 430 

20 110 ·26 -22.6 348. 1 ' 
" 

JT - I 3 DOH AC·) •t 29 . 0 he< .. " .. 5 90 5 HI 261 . 2 
s 90 s ~ 5 51 JRil 
s 95 486 . 4 
5 95 55 I 
I 79 20 3so i 491 . 50 50 .. )li S 

2 96 2 -44.8 . -27. I 
2 98• ·60 -4.8 

10 80 10 600 · 128 .8 Jl6 . H 
30 70 410.4 )4) 

\ 



APPt~DlX C:Ccont'dl 
- ·-

!•eo Core/Trenchee (cont'd) -----------
S.•ple N<> . Loc at ton De•cr1pt &on ri Type Freu•na Hf'•t 1 "Jl. 

%Y %L IS Y••· 'Melt Two ThY ThL ThSJ ThS2 ThS) Dec rttp. 

~0 ~0 S I 7. 1 

2 98 -26.2 - 8 . l )80.1> 

/ 

I 99 -28 - 6 . 6 66. 5 
I 77 22 166.7 344. y 

80 20 28' . ' 
JT, . 14 DOH AC·l at 17.0 tut 20 20 60 282 31>0 4 ~ H 

i 
Quuta &n Cre&een 

I 

10 )0 60 21 s. 2 I~' WI 4\0 

s ~~~ 10 IY.8 2JR 
10 40 so 366 .,Jill ) /1) lYO 

10 90 2ll ) ) U 

110 20 450 

5 60 H IS J.) ISh . ll 14 1 .4 )II> . I soo I 
IS 85 

4~0 I 

55 45 )50 I 

JT - 15 DDII AG·) at )6.'0 f•er 
.. " M COo •••I ~ I . . 

JT - 16 O[IH AG·) )0.0 ft~l " " M ••••• 
I 

. . ... .. . 
It too -- .. 

. - I - .. 
" )W . . - I 

II 
.. .. .. 

I 
·--

JT • DDII AG·) ot .,_, f••t : 5 95 ·25. I -14 . 8 297 . 8 

5 95 290 . 4)/ l 2 90 8 IS0.6 271 . I 

~0 '0 4~4 
. 

)0 70 411.9 I 5 95 -10.8 - 1 . I I'll . 5 ' I 
5 95 221.6 I 

I I 
I 

5 80 IS I 402 .o I 51)() I 
I 4ql) I I 75 25 I i I 60 40 . I 500 I. I I 

I I 
I 

I I i 
JT - 27 0011 AC-5 •• 25.5 fut .. .. .. too ... 11 I 

I 
I 

I 
I 

I ·I ! 
JT - 2) DOll A\0·5 •• so.o feet (Narr. a '" •erlClt\C ar•• - 10 )0 flO I 21>9 19Q 4)• I 

I I i I I ! 

l 
I 

f 

I I 

JT - H DIM! AC-5 •• 51.0 , ... t Quart& lit k ... lu•·ar•u•" 

l 
too •••II I 

I 
i I I 

I I 
I I 

JT -16 DOll AC•5 t( lOO . O fttt Q ...... •eta , ·. •r••tr: • too ..... I l I -

' .p. 
VI -



.. 

APrF.WOII G:(cont'd) 

f••o Co~e•/Trench•• ... An••t y Gre• u•n --:1 
-- · ._,,. llo'. Location Deecrlpt Lon PI · Type rnnin.a. Heatanlf 

%¥ %L 28 ,, .. Melt ,... ThV ThL Th$1 'l'hS2 ThSJ he r.tp. 

JT - 156 Trench 2S Quart a in areieen 5 95 -14.5 0.3 244 . ) 
5 9S 3H. O 
5 95 271 

60 40 445 
20 80 313.7 
50 50 420 
10 flO 10 - 9 0 268.6 
40 6.0 321. 2 

JT - 16) Trench 55 .. .. .. 2 95 j -32.5 -21.9 8~ .6 14 . 4 126 . 2 )1 ).4 
2 97 I -32 •15.8 92 

49 so I -22.2 -II. 9 180 490.' 

JT - 168 Trench 15 ' .. .. .. too •••11 

JT - 169 { Tr~tnch )5 .. .. .. 2 98 - 10 0.8 1n.• 

\ s 85 10 224. J 102. ~ 119 ]91 
5 90 s 267.5 

30 70 -17 - 4 424 
2 8) IS 248 ))).1 
2 96 2 177.2 )42 

so 50 -20.2 0.1 4H 

221165 Aneety Hein Greoeen Querto in areieen 15 65 20 297.8 62.6 ) 0 6 . 9 476 
10 8(1 !ll 291.2 190.8 
IS 70 IS ns.e 270.6 
10 1!0 10 lli.O 

JT - ))8 Aneety Main Cr~••en " .. .. 20 70 10 -40 -22.2 650 404.~ H8 
2 78 20 -46 . 9 -26 JOO 4~0 

' 20 7ft 2 -36 -23.2 )60 
10 H 15 -46. 7 -)2.0 406 270. ) 

JT - 226 An~ety ftaln Crtoae•n .. .. .. IS 85 -20 0. 2 ))8 . 2 
90 JO )16 

20 110 3 II. 6 
10 90 315.6 
10 90 )68 . 2 -



( 

APPENO!K G:(tont'd) / 

--
Anuty GreLeen Con·t 1 d 

s. .. ple Mo; Loc•tlon O.ocript ton r! Ty.,- Freouna H~attnR 

%V lL lS Via. Melt Ta ThY ThL ThS1 ThS2 . ThSJ Decrt~p . 

40 60 406 

75 25 JA2.7 

60 40 )94. J 

<.::;;. 2 96 -Jo. ~· OoO 
2~ 7S -28 o 7 - 3.4 l06 o 9 

,.. 

10 90 I 79 o I 

2 98 274o2 

2 H ) 212.6 280 o ~ 

10 40 ~0 224 o I 14 7 04 2A2 

15 55 35 2~4 0 5 ne.1 3 I S 320 

10 40 50 220 J09 o8 J I l ; 6 

10 50 40 2)2.2 162 ) 18.5 

5 95 -l6o9 Oo J 214 

10 40 50 229 .5 129 320 

10 70 20 222 )01 

JT - 229 Anuty !l .. n Crotun Quart a 1ft areuen too aeall 

JT - 224 Aneaty H11n Cre•t~n Quart• '" eeric:t.ti.c lr••· 5 94 I 358.4 

20 80 397 . 5 

10 7S IS 326.4 232 0 9 I 15 70 15 1A4 o ~ 792 . 0 

40 40 20 261 . 8 460 

JT - 7'4 C Aneet1 M11n Gr••••n 
.. .. .. .. 10 70 20 "'98o9 175 

, 

I 
10 10 20 381 100 

2 96 2 -54.8 95 I IS 85 JJO 

20 eo 32804 I 
5 95 90 

I I 
.. 

JT - 204 A A.Deety Matn Cr•••~n Qu~rtl in layered ,reao tOO ... 11 

I 
I 11 - -

JT - 2c>4 • Anuly ""'" Creae•n " " .. .. :oo ·-II 
I 96 1 294 . • , 

JT - I 16 Ue•ty MaLn Creteen Quart a vet.n Wlth "" 10 75 15 27l o6 

I I 
111 75 15 259 . 8 111 , nJ.!l> i 

• 
s 75 IS n1.s )12 0 2 : )()6 0 4 ! 

I 15 85 150 " I 



- ~ . 

AFP~~Dll ' : ( cont'd) 
' l 

J•s• Polld - <Aneral •r•• 
So•pl• Jlo. Loco! t on O.ocr i pt i on P I Type rreeuna H~ota nr 

IV %L U Yi o. Me It ,.. ThY Th L n.sl n.s2 Th S3 lloocrep. 

2211 Sl Weot of •••• Pond Qua r to i a eer l c u : lC ar••· , 80 ., 226 20 1. 2 297 
10 80 10 -~· - '2 7 . 6 ) 41+ ~ ... 
10 40 so 25 1: 1 14).) ) 70 
10 40 50 2H . 4 IH . 4 )1 2. ~ 

2 75 2 ) 
.. 

128 . 4 5q 108 . ~ no . 2 .,8.' 
10 60 )0 - 26 . 2 -2 1 )49. 6 4 ~8 ., 45~.' 

JT • 14 7 Vut o f s.,. Pond Quar t a '" areuon too •••II 

JT - 224 too •••11 

JT· 224A j' too ••• II 

JT - 24 5 Anoo ty tiil l Quor ta v e1n too .... I I 

JT - 245A Anloty Htll Quorta ln arelaen I ' 90 9 76 485 
2 78 20 . 14,11 . 2 424 

I 
JT - 2S 21 No r tlt of lab b it Pond Ou• r r: a •n P•a• .. r:i. t• s 85 10 - 35 .6 -iJ. 2 200 ) 60 

}0 70 - }1. 9 - 21. 5 4 Sl . 1 
7.5 n - 28 .8 - 2) . 7 640 

5 65 30 · 21 -1 9 .2 420 
80 10 10 .. B O 

J T - 2Sl Ouar t a vun 20 80 - ) - 1. 1 }65 . 5 180 

' 30 60 10 -4) -3 3 . 1 sso .. 25 75 -1 0.4 - 3.8 311 7 . 8 

J T - l UI So>ut h o f Cr ow Po nd 1•1811 .Quare a f luorlt• ve1n too Mal l 

JT - 123A So uth or Cr ow Po nd 2+40N Ouuta l n a ret attn 2 8 8 5 -·5s . 4 224 
9 90 I - 27 . 4 - 8 .2 174 . l 

J T - 160 So ut h o f Crow Po nd 11 • 6011 .. .. .. 30 70 - 25 -15 . 0 ) 84.9 
80 20 35S 
75 25 }49 
10 90 -15 - 15. 6 352 .4 

5 95 )38 



--
' Saaa Pond ar~• , 

~-
Sa•pl~ Mo. Locat•on O.ac r t.pr: 1.on rt Type Pree1ina Hut ana -

1V lL 1S Vi a. Melt two T}!~ ThL ThS1 ThS7 Th S) Del: r•p . 

10 90 )22. 9 

5 9S 329.4 

an\.i .. n South of Crov Pond 1+80~ 

. 
~ 

JT - 161 Quart • too a .. II 

191 
' ••all 

JT -
too 

JT - 195 to.o •••II ' 
.. 

JT - 209A Sout hfllt hRI Pond .. .. " 0 s qo s -)4 . 2 - 4 . 2 H~ 

5 95 - 9. 2 ) . ) 130. 5 

. 40 60 
~ 211~ )'19 

' 90 ' %49.' 11 0 )9J . 9 

' 

JT - 2090 Southeaet ~ .... Pond Ou•rta 1.n p•11•atate 2 96 2 ~59.4 - )8.' 98 (0 5 

I 
2 94 2 104.8 75 1 0~ 

2 96 2 78 120 

I ' 5 15 2,0 , ns. 2 )40 4 J I.' 

' ' 
JT- 211 Sout h~aat SIJ• Pond Qua rt! tn 1r••••n 30 70 -29 -21. 2' )4 1 470 

30 70 319-. 5 •j 
5110 15 238.5 ) 20 

I I 
.. 

I 
I 

I 
I 

I I 

-
I i 

I 

I 

I I I 
! 

I 

. ' 
I 

I 
. 

I I 
,, 

! I 
' 

I '· I 

! ' 
! 

i 
I I 1 .. 

I 
I 

I I L_l l 
I 

I I ! I i l 

.. 






