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~ ABSTRACT

The results of paleomagnetic studies on carbonate rocks
of Cambrian and Ordovician age from the Western Platform of
Newfoundland are presénted. .The study includes tectonicallx;

-

transported Middle Ordovician strata.. All therroéks studied
are weakly magnetic ané so all remanence iéaéurements were
made with a cryogenic magnetometer. . N

Two éh&raéteristic coﬁponents, "A">and "B", bo£h of
;bverse polarity, were isolated by thermal demagnetization
froﬁ-‘each of the Port au Port Group (mid-to Upper Cambrian)
and St. George'CrBup gLowér Ordovician): on the Port au Port
"Peninsula. It was concluded that the "A" component.
represents # primary-or early diagenetic magnetization,
corresponding to a Cambrian pole at 374°N, ¢l45.6°FE and a
. Lower Ordovician_pole at.ll 5QNT4152f39E+441me~Lespeet&ve—— —
*B" compoFent poles seem to be Late Paleozoic (Klaman)

overprints. Magnetic mineralogy studies show that the "A"

component is carried by magnetite and the "B" component by
/ o

’

diagenetic hematite.
' In the Port au Choix area, the St. Gebrge Group did not
show evidence of Late Paleozoic overprinting, but yielded a

characteristic directlon 40° mlsaligned in decllnatlon with

the age-equivalent rocks on the Port au Port Peninsula. The

e remanence, which resides in magnetite, corresponds to a pole '

at 20.5°N, 113.3°E and ma;ybe a thermoviscous

remagnetization related to the Ac&dian orogeny.




unstable magnetizations. - ‘o

A single characteriatic component with pole at 15.9 N,
153.6°FE was isolateddfrom the Middle Ordovician Table Head
G(Qup on the Port au éort Peninsula. This component p;;datén
thé.prquble Acadian deformation. A polarity change befween

the uppermost Table Head and the lowermost Long Point Group

was idéﬁtified, though the Long Point rocks mostly yielded

.

y

A magnetization predating the Acadian(?) folding was
Eéolated from the Middle Ordovician strata of the

allochthonous Cow Head Group. The corresponding pole

position falls close to the poles from the platformal

Ordovician rocks, suggesting that these rocks were no
transported far.

The hypotﬁesia of a rotation of western Newfoundland
. £ : . - N

relative to mainland North America is not supported. ‘ : })
- . o )
However, a relative rotation between the Port au Port area

Y

and part of the Great Northern Peninsula (north;bf Cow Head)
i; possible. ‘ - ‘

Key Words: Paledmagnetism - Lower Paleozoic -
carbonates - western Newfoundland -Apriﬁary remanence -

Kiaman overprints.

—
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, CHAPTER 1 »

‘INTRODUCTION

- Over the past three decades, paleomagnetism has played

a significént role in providing key evidence on continental
drift, major tectonic problems and polar wandering. )
Methods and techniqués of paleomagnetism are primarily
concerned with obtaining, from a statistically significant
number of rock samples, reliable information about the
earth's magnetic field in the geological past relative to
the land mass sampled.

It is essential in a paleomagnetic study to expiess
the magnetic field directions obtéined from the rocks in
geographical ¢o-ordinates. For this purpose, some constant
feature associated with the geomagnetic field is:required
to provide a reference system on a geological time scale.
This reference system then fofms the basis for comparing
the paleomagnetic results obtained from different land
masses. The model of the field which provides this common
reference is the axial geocentric dipole field. There is.
strong theoretical and observational evidencé that for the
past several million years the earth's magnetic field, when

averaged over periods of several thousanés of years, has

been that of a geocentric dipole co-axial with the spin

axis. On this model, éhe"ﬁéagetic vectors in rocks of~ any
s

particular age can be used to calculate the position of a

paleomagnetic polé which coincides with the ancient




geographic pole. From the magnetic vectors, one obtains. .

also the éaleolatitude of the sampling site and its
azimuihal orientation with ;espect to the paleomegidians.

. on the as;umption of fiied continents, all rocks
magnetized at the same time all oY;r the world should yield
the same paleomagnetic pole position on this dipole model.
But, as the continents move relative to each other, éhe
location of the paleopole as calculated from different
continentald block differs, although the earth's spin axis
remains fixed in spéqe. As continental drift prdceeds, the
pole positioﬁ'relative to each drifting continent will
change, resﬁiting in a so-calied "apparent polar wandering"”
(APW) path, which is.constructed by jéining the<bole
positions derived from rocks of different ages from the

same continental region. A comparison of pole positions or

of APW paths for different continents derived from rocks

.

repr@senting a particular time or a time span provides .

crucial evidence for continental drift. oot
) Based on worldwide éaleomagnetic data, APW paths for \‘f i

major continental blocks have been proposed'(e.g., Morel

and Irving, 1978; Irving and Irving, 1982). These APW '

paths providg estimates of changes in latitude and

azimuthal orientation of the coptinents over geological

periodl.of time, but they do not fix the longitude of the

continental blocks.' Portions of thé APW paths are still

sub ject to modtfications as earlier data are beicg/?eviaed,

even in the case of major crustal blocks, while, the APW -




3

3

history of some smaller blocks is still in much’ doubt.

A paleomagnetic investigatioh of Early Paleozoic
rocks, eépeqially the Cambrian-Ordovician sequences of
western Newfoundland, is valuable for a number of reasons.

.Pirst, western Newfoundland is considered to be the ea;tern
margin of crato&ic North America in Early Paleozoic times
(Williams and Stevens, 1974), and it has a‘nearly complete
stratigraphic record of the Lower Paleozoic which is
ideally suited for establishing character£stic Early
Paleozoic directions of the earth's ﬁagnetic field relativqﬂ
to western Newfoundland. Secéndly,-if successful, the
results cdﬁ’;;g;idg useful information in the documentation
of ﬁhe history of the presumed Proto-Atlantic (Iapetus)
ocean and the closure that gave rise to the Paleozoic
orogenic belts around.the Atlantic (Wilson,.1966; Harland, p—
1967f.Dewey,.1969; McKerrow and Ziegler, 1972). This could |
pe‘accomplished by comparing the western Newfoundland
resulté with the time-equivalent -paleomagnetic record from
the other side of‘the presumed ocean (e.g., Avalon Zone and
the "European" part of the British-Irish Caledonides).’

Such a comparison, under favourable circumstances, could
1e5§ to an estimate of the width of the Proto-Atlantic. A
paleomagnetie comparison aCrossAthe Proto—-Atlantic suture

in Ireland was done by Deutsch (1980, 1984) from which he
inferred a wide ProtoTAtlgntic.during the Middle .
Ordovioian. N ' ‘ .7

Thirdly, the results could be used for a test of the

hypothesis of rotation of western Newfoundland, ortéinally




proposed by Weg;ner (1929). Such a test requires

comparisons with ératonic mainland North America. Black
;—\\ (}964)'deduced a 30° anticlockwise_rotatioh of western’
qufbﬂndl\?d ffomja.paleomagnetic_comparison of Cambrian,
Devonian and Permo-Carboniferous rocks between western
Néwfoundlané and the mainland maritimes. He placed this
rotation in mid f;to.Late'Devonian times. Black's
_conclusion was later questioned because of insufficient
demagnetizations ;nd a.doubtful choice of paleopbles used
in his comparisons. oh a réexaminatién of paleomagnetic
‘data available up to 1977, Deutsch and Rao (1977) )
demdnstrateq that the data fail to support a 30° rotation
of western Newfoundland £e1ative to North America but would
be consistent with a small fotation (5-100).‘ Since some’
of the data used in this comparison have since been
discarded, the question of rotation of Newfoundland remains
to be settled. . =

. Présented in this study are paleomagnetie
investigations of Middle bambrian to Middle OrQoviciaQ
rocks from the Western Piatform of Negfoundland. 1t is
-

assumed that the reader is familiar with the standard

procedures in paleomagnetism. Hence no atfempt was made in

the writing of the thesiz to'explain the well-established

techniques. A comprehensive treatment of the subject can

be found in Irving (1964), McElhinny (1973), Collinson
(1983) and Tarling (1983).

The main objective of this investigation has been to
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.obéain a reliable Cambrian-Ordovici;n paleomagéetic-record
for western Newfoundlana. This is needed, first, because
of the existence of major gaps Ln'the Lower Paleozoic
pﬁleomagnetic record for tﬁis region; and secondly, because
‘it has become ;videnty during the past decade or so, that
much of the earlier publishéd work -on the subject is in
need of reyision. The same applies.to ‘the paleomagnetic
literature on the Lower Paleozoic in other patts of the
‘Appalachians and interior North America. This is in part
becausé, in earlier studies especiaily, rigorous tests for
establishing magnetic stability and for estimating an age

of magnetization were not always used. In some of these

studies it was assumed without sufficient evidence that the

observed stable magnetization had been acquired at, or soon

after, the time of formation of the rock. Such an
assumption may be often'invalid,'because of the increasing'
recognition that Early Qaleozoic rocks have been widely
. Q:bjected to'femqgnet?iation in later ?eologic periods,
easpecially in the Late Paleozoic.
Remagnetiza;tbn on a wide scale was first proposed by
Cree (19??). Its pervasive effect on the magnétization of
Appalachian rocks has been pointed out by Roy et. al.
(1983). 1Irving and Strong (1984 a, b; 1985) showed tﬁat
' ‘ - -
. Devonian and Lower Carboniferousé}ésks in Newfoundland
carry partial magnetic overprints acquired during the

Kiaman reverse magnetic. interval (Late Carboniferous to

\
Early Permian). They arqued further that Kiaman-age
N\ :

o




- overprinting affected also many _Paleozoic rocks in mainland
North America. Irving and Strong (op. cit.) used their
._findi-ngq to demonstrate that there had been no
-post-Devonian sinistral displa;:ement of "Acadia" relative
to interior .North America as proposed by Kent and Opdyke
.(19r’18). The ;Aaroposition. of a displaced terrane was showh
tb be due to the imperfect resolution of superposed
componehts, particularly the Kgm\a‘n over'pr.int, in the
paleomagnetic data. Thus, in such studies it is important
that the supeéerposed components be identified following
extensive expe‘rimental studies, before giving any tectonic
interpret_.atibn to‘ the pall_eomagnétic data. .

Much of the Lower Paleqzoic stratigraphy of North
Améx;ics; including western Newfoundland, is dominated by
c:arbomates, bo.th‘ in aultochthonous and allochthonous rock
- sequences. 'I;he pal-eomagngtic analysis of Paleozoic
carbonatés is difficul’ht, ch'iefly for two reasons. First,

/ .

— “the intensity of their natural remanent magnetization (NRM)

/ .
is normally very low; and secondly, there is evidence of

complete &ate Paleozoic remagnetization in Lower and Middle ’
Y . .
Paleozoic carbonates from widely separated localities on

the _\ratbn (e.g., Scotese et al., 1982; Wisniowjiecki et
al., '1983; McCabe et al., 1983, 1984; Elmore et al.,
1985). As for the _fifst ‘problem -of low 'NRM: intensity, the

advent of cryogenic magnetometers (e.g., Goree ard Fuller,

. ]

i976) has made it pstsib),e‘fto measure low natural re}naneqce .

with reasonable accuracy and rapidity, but measuring

N . - re




extremely weak remanences left after demagnetiration
treatme_n'ts may still be a problem. Quite often the
magnetic moment either falls to noise level or becomes

comparable to the specimen holder moment during

demagnetization while a significant proportion of the -
\

(Matural remanence s8till remains. This can seriously limit
. <
the number of samples from which valuable information could

be obtained.

Despite evidence of complete remagnetization in some

Lower Paleozoic carbonates, as mentioned above, some
/

carbonate bodies have been shown to have escaped
remagnetization either partially (e.g.,; Dunn and Elmore,
198?)) or completely (e.g., McCabe et al.,. 1985; Jackson and
Van der Voo, 1985). These authors inferred that the stable

magnetizations isolated from their rocks are of

[y

deposit\.i_onal ior early post-depositional origin., A central’

task of the prvent investigation therefore, has been to

obtain evidence on the occurrence of partial to complete

~

remagnetization in the westdrn Newfoundland carbonates, or

alternatively, to verify the absence of.any overprinting Jin

-

them. )
. «®

The paleomagnetic results presented in this study

reveal that the Lower Paleozoic carbonates of Newfoundland
have indeed been subject to re'magnetizat_ion[ and the

presence of multicomponents is clearly evident. A detailed

analysia‘has led to the isolation of presumably original

magnetizations in some of the rock formations, in addition
¢ a

—

r
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to the identification of superposed components. The

paleomagnetic results presented in this thesis, which
include data for t_rhe first.time from the allochthonous rock
sequence of the Cow Head Group, significantly improve'the
Lower Paleoroic data base Of western Newfoundland and
thereby that of cratonic North America. )

The results of these investigations are presented in
the following sequence. A brief description of the
regional geology of western Newfoundland and the sampling
-localities is given in Chapter 2.. Paleomagnet.ic results
from the C;mbrian rocks are presented and discussed in
Chapters 3-4. C‘hapte'rs‘ 5-8 are aevoteq to Ordovician
rocks. Results from the Lower and Middie Ordovician
autochthonous rocks are descfibed in Chapters 5-7. Chapter
8 deals with the results from the Middle Ordovician
allochthonous rocks. All Ordovician resulf.s from the
present study are f'u}ther dis‘cussed and compared with ) .

. . ] ' .
-published results in Ehapter 9. Summary and conclusions

form the last Chapter (10) of this thesis.

-/
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CHAPTER 2

REGIONAL- GEOLOGY AND SAMPLING

The island of Newfoundland forn;a the northern
extremity of the Appalachian structural province and
occupies a.l key area in the‘Appalachian—-\Caledonian fold
belt. Based on stratigraphic and structural contrast
between Cambrian—-Ordovician and older rocks, the
Newfoﬁndland segment of the Appalachian orogen P;a‘s been -
divided into four zones (Williams, 1979). From west to
east., they are the Humber, Dunnage, Gander and Avalon
Zones. Western Newfoundland corréaponds_to the Humber zone

of this subdivision (Figure 2.1).

The Lower Paleozoic sequence of the Humber Zone .

£y 3

records the evolution of a platforﬁ\ at the margin of a
Proto-Atlantic ocean and its partial subduction under a
alalab of oceanic 1lithosphere ‘(Williama and Stevehs, 1974).
. This is recorded in the developments of an autochthonous
sequence near the continental margin. Subsequently there
was westwa;‘d transport ar;d overthrusting of partly coeval

'slope and rise sediment and ophiolite (Stevens, 1970;

DeWit, 6912), which together constitute the Humber Arm

Allochthon in the south, and Hare Bay Allochthon in the

‘north. . ' : N
Within the autochthon, a Lower Cambrian sequence, the

Labrador Group, composed of shallow-water siliciclastic and

} .
carbonate rocks, was deposited on the rifted Grenville

basement. This sequénce is overlain by a Middle Cambrian

< -
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to Lower Ordovician (Por; au Port and St. George Groups)

shallow-water platformal carbonaté sequence. During the
Middle Ordovician the platform subsided and received

" sediments of progressively deeper-water origin. Tﬁia is
recorde& in the overlying Middle Ordpvician rocks (Table
Head Group) which indicate deposition in deepening water.

1

Within the allochthon the coevaf slope and rise
sediments are broadly termed th; Humber Arm Supergroup,
thch includes the Cow Head Group &na Curling Group
(Stevens, 1970). The Humber Arm Allochthon represeﬁts a
stacked series of rock slices emplac;d upon the
autochthon. An ubper age limit for the emplacement of_thé
Humﬁer Arm Supergroup is indicated by unconformably
overlying lafe Middle Ordovician shallow-water sediments
(Long Point Gr ) on the Port au Port Peninsula (Rodgers,
1965), which iq’turn is overlain by Silurian-Devonign red

“beds of the Clam Bank Formation. . The root zone of the
allochtﬁonous complexes is presumably to the east, perhaps
in the White Bay area, wﬁich is evident“from the presence
of metamorphosed rocks that are probable equivalents of the
autochthonous sequence in the western White Bay (Loék.
1969, 1972). The allochthon was deformed fnd partiall{
covered by Carboniferous rocks following the deposition of
a cover on it (James and Stevens, 1982). |

Rocks of thé Humber Zone have been affected by three

ﬁajor orogenic events that in general terms can be called

the Taconic, Acadian and Alleghenian orogenies. The




Taconic orogeay in the Middle Ordovician led to tHe
des;ruction of the Proto-Atlantic ocean,‘and its fffects
'are deﬁonstrated by the presence of the trahsport d Humber
+rArm Supergroup and by local unconformities in the
stratigraphic record of the Humber Zone and along the
margins of the Dunnage Zone {(Williams, 1980). The
MidJPaleozoic Acadian orogeny (mainly in the Devonian)

.

affected all of the Tadonic deformed zpne. The Acadian
’. deformation mainly caused the faulting and folding of the
Cambrian to Middle Ordovician strata (Schillereff and
Williams, 1979; Williams et al., 1985). The effec;: of the
Late Paleozoic Alleghenian orogeny (mainly in the
Carboniferous) in the.Humber Zone is minimal, compared to
its effect elsewhere in the Appalacﬁian oroé;n (williams,
1980). However, a possible.Alleghenian deformation in some
of thaw Early Paleozoic strata in the Humber Zone cannot, be
ruied out at this point (R. K. Stevens; personal
commun?cation).
The first comprehensive stratigraphic study of the

{

Cambrian-Ordovician succession of rocks in wesfiern

Newfoundland was undertaken by Schuchert and Dunbar %,

_(1934). Some new information was added to the above
stratigraphy by the paleonﬁological work of Lochman-Balk
(1938). A major breakthrough, howev;;, came with the
recognition of two distinct seéuences in western
Newfoundland by Rodgers and Neale (1963): autochthonous

\\\ ) shallow-water carbonates and minor siliciclastics, and




A generalized stratigraphic section of Cambro-
Ordovician (a) autochthonous, mainly shallow
water strata and (b) allochthonous packages

of mainly deep water sediments below and

oceanic lithosphere above in western

Newfoundland.
Different formations within a given Group
in (a) are not necessarily to the indicated

scale. (Modified after James and Stevens,
1982) .
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allochthonous deeper-water deposits. Whittington and

Kindle (1969) recognized new exposures of

.
Cambrian-Ordovician strata based on new fossil discoveries
and discussed the implications of Rbdgers and Néale‘s
(1963) theory. Later refinements in the stratigraphy have
been carried out mainly by researchers at Memorial
University (e.g., Levegque, 1977, Pratt,<1979; Kldppa et
al., 1980; Jaﬁes et al., 1983) and by the Newfoundland
Department of Mines and Energy (e.g., Knight, 1977, 1980;

Stouge, 1981). The stratigraphy and various

sedimentological and diagentic aspects of the

. . » . . ) [y -/.
Cambrian-Ordovician succession are subject to continuing
investigation at the above two centers.

Thé stratigraphy of the autochthonous and 4

allochthonous rocks in western Newfoundland is presented in
Fig:re 2.2. The stratigraphic ?ames are- as proposed in
Klappa et al. (1980), James ap@ Stevens (1982), and James
et al. (1983).

Autochthonous rocks for paleomagnetic studies were
collected from the Port au Port Group (March Poink and
Petit Jardin Formations only), St.®George Group (Ist%mus
Bay, Catoche and Aguathuﬁ; Formations), Table Head Group
(Table Point, Table Cove and Cape Cormorant Formgtiona
only) and Long Point Group (Lourdes Limestone only).
Allochthonous rocks were collected from the Ordovician

strata of the Cow Head Group. Some details of the

geological setting of the above rock units are also
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Simplified geoiog;c map of the Pprt au Choix area showing
the sampling localities and sites. Symbols as in Fig. 2.3.

Hatching: Vertical, Port au Port Group; horizontal dashed,
St. George Group; oblique, Table Head Group. :
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discussed in the chapters to follow.

Sampling was done in three main areas: Port au Port
Peninsula, Cow Head Peninsula and Port aﬁ Choix area. The
“Port au Choix area", as defined here; includes all the
éampling‘localities from Table Poin£ to Eddies Cove West

~(see Figure 2.1). Figures 2.3-2.4 show the generalized

éedLogy and sampiing localities in the Port au Port and
port u Choix areas. Figures 2.1-2.4 will be repeatedly
referred to in the later chapters 53 the paleomagnét;;

results from different localities are being discussed ip'

4quh4!Chaptérs 3-7). The generalized geology and sampling
‘localities of the Cow Head Peninsula a?e shown in Fiqure
8.1 (Chapter 8). Detailed information on the sampling
sites shown in Figures 2.3, 2.4 and 8.1 is given in
Appendices E—F. These appendices also inqludé the detailed'
deﬁagnetization results of samples that yielded meaningful
results. : /
_ —
Sample preparation, measurement procedure and Sasis 65

statistical analyses are discussed in Appendix A.

/

//—\




~

CHAPTER THREE

e

PORT AU PORT GROUP

3.1 Geological Setting

) The Port au Port éfoup in western Newfoundland is
Middle to Late Camf)riari in age and is E);eceded by a lower
sandstone unit, the\thke, Bay Formation qQf the Labraaor
Grqub (Figure 2.2). l\'ll‘he Port;' au Port Group has been
subdivided irrto three formations: March Point Formation.
(late Middle Cambrian), Petit Jardin E‘ormatic;n (mostly
ear.ly Upper C;mbrian) and Berry Heaci Forma;_ion (mid -‘to
late Upper Cambrign). -'i‘hé strata of these uhits mainly
comprise a sequence of interbedded carbonates,'s\iltstones
and,_shales and have been interpreted (James et al., 1583)
to represent the outer part of a wide carbonate platform
which stretcheé 'eaétwafd and n§w lies beneath the Gulf of
St.” Lawrence. Thjese‘ uni".ts'dis_play' two distinctive and
ropeétec;l styles .of deposition: (a) thin-bedded sequences
of éilty limestone and dolostone, with shales present as
thin beds or partings 1:.n the carbonates;\ and (b)
thick-bedded limestones and dolostones ‘composed mainly of

oolitic grainst’ohes and laminated dolostones (Levesque,

1977; Levesque et al., 1977).

1
T

3.2 paleomagnetic sampling and results

Eighty-one oriented hand saméles’ were collected from

the March Point and Petit Jardin Formatiqn's'for

20
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paleomagnetic investigation. These sampleés were collected | -
from a total of 17 sites. The distribution of samples over
the two formations is as follows:- Oon the Port ._au Pd:t 4

-

Peninsula, “25 samples‘from 5 sites were sampled from March
_'Poiﬁt Formation an‘d 45 samples were collected from 10 sites
of the Petit Jardin Formation. ’I‘ime remai'.ni-ng 11 sar;tples
were collectéd from 2 siteg of the Pet):it:. Jardin.Formatipn
in the Port au Choix area. The emphasis has been on the
Port au Port area, whe're the roék exposure is exce.llent and .,
the rocks are relatively undeformed. The sampling
localitiges are shown 1n Figux:é 2.3 (MP1-5 and CCl-10) and
Figure 2.4 (PC23-24). Additional details about sampling
are given in Appendix B. _ ~

A minimum of two specimens of a standard size (see
Appendix A) weré cut from gagh of the 81 sam_ples_.
Measurements were conducted oh at ‘1east one specimen pe.r
sample.' -On detailed investigation, the. p_aleémagnetic
results from.the Por.:t\au Port and the Port au Choix areas
were found to be significantgy diffe'rgnt. Therefore they
are disc;ssed separately below.

\

3.2.1 Port au .Port area

The natural remanent magneti.zation (NRM) vectors were
clus'tered ‘in‘.a steep downward direction, sugg;ating.that a
compohent directed close to the present earth's field
('PEF), probably‘ of_.viscou; origin, contributes s't;tongly to

the total NRM (Fig. 3.1). How'ever, a directional smear




Fiqg.

3.1.

(b)

' 4

IR directions of the Port au Port Group:fa) Samples;
(b) ¢6ite~geans. The Petit Jardin Formation is represented

by circle {Port au Fort area) and squares (Port au Choix
area) and the March Foint lormation by triancles (Fort au
Port area only). a
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extendin_g' over the southeast quadi’ant suggesfs the presence

of a shallower cqmponent to the southeast. NRM intensities

-

range between 1 x 10-4 and 2 «x 10-3 A/m.

Both alternating .fileld (AF) «and thermal
demagnetization techniques were used to isolate the stable

. "

magnetization(s) in the individual samples. The sieps used
in these treatments are summarized in Appendix A. Four o
specimens; each chosen from a different site, were AF
demagnetized in detai'l. TQo typical results are shown in
Figure 3.2 (top'diagrams). As is seen from the figure, the’
AF treatment failed 'tol isolate any ,ch{racteristic component
'fror.n the NRM. 1In the case of specimen CCl-2 a substantial

portion of the remanencé ‘intensity still remained after

]
\

treatment to 100 milli Teslas (mT), whereas in the case of
specimen_ CC6-B, though the intensity decay was complete by

50 mT, the direction did not significantly change from the

stee'ply inclined NRM. The directional change above 50 mT,

accompanied by a rise in the intensity in CC6-B, may be due
to some spurious magpgtization induc‘ed in the alrea.dy
weakly magnetized specimen in the low residual field of the
" AF demagnetizez:. -

Th.ermal demagnetization, initially, was conducted in
detail on 15 specimens, each chosen from a different skte.
Two of these specimehs were from the same samples for which
AF demagnetization results are shown in Figure 3.2. The

matching thermal results are shown in the same figure

(specimens CCi-1 and CC6-A). They show the unstable

/
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charac@er of tﬁe,NRM. However, a swing away from the
steeply inclined NRM direction is clearl; seen. At the
same time, in both specimens, "the magnetic moment at

400°C has fqllen to very low values, close to that of the
specimen holder; so the erratic inkenaity éhanges above
400°C for specimen CC-1 are probably due to spurious
mégnetization. The unstable behaviour of remanence was
noticea in a number of the remaining 13 specimens thermally
demagnetized in detail. Between 50 and 958% gf the total
NRM intensity was lost after’heating to 300°C, A stable
component éppears to be revealed only between 300°C and
500°C in some of these 13 specimens. Generally, the
entire magnetization had decéyed by the 45060 to 560°cC
step, when the moment was either reduced to the order of:
the ?older moment or to 1 ork2% of the NRM. As the.
intensity dropped off sharply in the NRM—300°C_range in
the 13 pilot specimens, and a stable component was observed
only above this teﬁperature, it was decided to insert -
additional, close;y-spaced temperature sﬁeps (qee Appendix

A) between 300°C and 500°C for thermally cleaning

specimens from the remainder of the samples. The 100°

and 200°C steps were dropped, as these led only to the

removal of a steep v?acous component.. No AF
demagnetization was carried out on any further specimens.
In a majority of samples from Port au Port areai the
results of thermal demagnetization made it poéafble to
isolate two cc&onenta, hereafter cailed the "A" and "B"
. ; .

| . - : . ,/
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components; in addition, the previously mentioned steep
viscous component could be erased at lower temperatures. 1)

The "A" component is directed along a southeast axis with

‘intermediately .steep positive inclination, whereas the "B" G

component is almost horizontal and directed towards south

to southeast. Figures 3.3-3.4 and 3.6-3.7 show

representative behaviour hpon thermal demagnetization from

which the "A" and "B" components have been isolated.

Samples which yielded the "A" component can be divided
into three groups. In the first group, repreqented by
Figure 3.3 (Specimens MP19-A and CC33-A), a dominant steep
component carrying about 80% of the total intensity was
removed by heating up to 3009C, after which a stable
direction was uncovered in th® southeast quadrant between
300°c ana 4509C. This is evident from almost

univectorial decay to the origin on vector diagram

"(Zijderveld, 1967), corresponding to a stable end point on

the stereographic plot. Beyond 400° or 470°C the .
directions of both the specimens in Figure 3.3 appear to
migrate towards the opposite gquadrant, but in viéw of the
remaining low intensities ( - 28 of the NRM), it is doustful
that this directional trend is systematic.

In the second grdup'of samples, showrr in Figure 3.4, a

stable end point represented by three or more closely




Figs. 3.3-3.4. Representative thermal demagnetization
results for specimens yielding "A"
component from the Port au Port Group. .
Conventions for stereographic plots are
as in Fig. 3.2. 1In the corresponding-
orthogonal vector diagrams (r.h.s.),
squares are projections of the vector
end points on a N-S vertical (V) plane;
circles on the horizontal (li) plane.
.Directions are without tilt correction.
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spaced vectors associated with progressive intensity
reducgioq over the stable range was observed onvthe
stergdgraphic plot. However! a univectorial decay to the
origin at highe; femperatures was not clearly discernible
on the vector diagfams, as a result of either irregular
diréction changes occurring within the few remaining
percent of the remanence (Specimen CC41-A) or of the
suégeated multicomponent atrucﬁure (Specimen MP1-1). 1In
the latter case, Fhe Z2ijderveld diagram indicates a steep
component.between NRM and.300°CV/p$u§ a dominant -
component betwe;n 300 and 450004 then a near-horizontal
component (séejfﬁﬁ‘?? nent eloQ) betwgen 450 and
530°C, and pos$ibly an unresolved final qamponent. The

\
]
straight-line segments, however, -bypass the origin.

therefore} the average of the directions observed in the

stablg range has begn_faken as the characteristic'éirection
in the case of this and all other ‘specimens exhibiting this
béhaviour. VThe calculation of characteristié.difections
fér ﬁhe previoqély mentioned first group of specimens’ -
(Figure 3.3) is also based on the average of directions
observed over the stable range, rather than on vector
subtraction through Zijderveld diagrams. These directions,
however, were confirmed to be almost the same as those
obtained from a least squares fit to the straight line
marching to the origin on 2ijderveld diagrams.

In the third group of samples (Figure not shown), all

: 3
the measurable magnetigzation was lost during the first
» -




three to five steps of thermal demagnetization. By
4000C, their magnetization was either reduced to the
order of the holder moment or to less than 2% of the NRM,

The computation of characteristic directions in these cases

-
is, therefore, based either on a vector subtraction or on
averaging of closely spaced directions confined to the two
or three highest temperature steps before the remanence was ‘(

lost. The characteristic directions obtained in this third
group were found to be similar to those from the first and
second groups. This finding, coupled with the fact that

the remanence is preserved in the last few percent of total -
magnetization in any épeciﬁen, lends credibility to the
above analysig based on oﬂly a few points. A numberlof
specimens of the third' group, however, showed a shérp peak‘
at 350°C in-the decay curve, indicating thereby some'
mineralogical changes or acquisiticn of some spurious

‘magnetization. Therefore, ‘atl ‘specimens showing such

erratic behaviour at 350°9C have been rejected and a
. J : L]

i —— .

criterion of acceptability in this group has been that thé
specimens_mugt show stability ghrough 3509C or beyond.

All the pharacteristic directions corresponding to ihe
"A" component are listed in Table 3.1 aﬁd‘are plotpéd in
Figure'3.5. It mﬁét be pointed out here.that specimens
were heated to a much‘higher temperature than the highest

temperature shown in the stability range of Table 3.1, but

no stable component was identified at higher temperatures.

Remanence directions at all temperatures are listed in

’
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A’ component '\

‘B” component

Characteristic sample directions for "A" and "B" components of
the Port au Port Group in Port au Port Peninsula. Circles
(triangles) represent the® Petit Jardin {(March Point) Formation.
Sclid (open) symbols are projections on lower (upper) hemisphere.
Egual area projection, -

[42
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above, represents either the mean direction over the given
stability range or the one obtained after vector subtraction

“(v.s8.) in the given range.

D is measured in degrees, clockwise from north.
I is measured in Hegrees, ‘positive dowmward (negative upward).
The procedure and relevant structural data

Tilt correction:
. are givemin Appendix B
’ )

-

. AT A
. TABLE 341 ' )
THERMAL DEMAGNETIZATION RESULTS FROM THE PORT AU PORT GROUP -
FOR THE "A" COMPONENT, PORT AU PORT AREA. :
. b4 . L \ ! _—_—
Characteristic® d{ rection Stability
: \‘;\.J 4 .
Site Specimen In situ Tilt—corrected range
, D I D I (©¢c) ' ,
\:/_,., March Point Formation ‘
¢ MPl Mpl-l 165.3  40.9 163.4  53.3 300-500
MPl  MP2-A 152.3  64.1 136.2  75.2 300-400 - -
' MP1L  MP3-A 123.7  40.8 113.7  48.2 + 300-400 (v.s.)
A MP2  MP7-B 193.4  48.4 200.6  59.2 350-400
MP2  MP9-B 140.2  49.4 130.4  59.2 300-400 (v.s.)
MP3  MP12-1 - 148.3  40.2 141.6  48.9 300-400 (v.s.)
MP3  MP13-1 121.9  48.8 109.3  53.1 300-350 -
MP3  MPl4-1 139.0  43.4 130.1  50.7 300—450
MP4  MP19-A 150.0  42.1 143.7  50.8 300-400
MP4  MP20-1 163.9 ' 48.2 159.1  58.1 350~400 (v.s.)
MP5  MP23-1.  152.1  49.2  144.0  57.2 300-420 (v.s.)
Petit Jardin Formation
o5 . oc17-2 175.7  48.4 185.6  64.7 © 450-500 -
) océ  0C22-2 147.2 . 54.2 137.4  71.0 400-560 (v.s.)
6. 0C24-2 148.4  51.0 141.0  68.0 370-400 :
- cC6  CC25-A 129.1  49.9 112.3  63.8 330-350 -
7  cN-1 160.2  31.9 160.6  49.4 370-428 :
a8 0c33-1 139.5  31.8 133.9  48.0 '330-4 P
o9 CCc37-A 166.8  33.6 169.3  50.9 350-450
OC9 . CC4l-A 179.0  37.4 186.2  53.5° 350-450
NOTES: Each direction, specified by declination (D) and inclination (I)
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" Appendix B. A total of 19 samples (one specimen each)
il ‘ ,

yielded an in situ mean direction corresponding to the "A" Sy

component at D = 152.69, I = 46.4° (k - 28, 95 =

_6’.50, N .= 19 samp_l_eg). . The direction after correction

for bedding tilt { "15°MW) is D = 147.0 , I = 59.4° (k

- 27, 95 = 6.69, N = 19), the preéision beipg almost
7, -L}nchanged because of the nearly uniform tilt,’ Makinc__; the
'/sz'ilt correction corresponds to the assumption that the "A"
component was' vauired Sefdre the Acadian 6r ‘later_ (?_ See
.Chapt'e"r 2) time of defoxmaf.ion of tihé_ beds. This
assumption aebema to be justified f.r‘Q{n the arguments given
in Section 3.4 below. The f.ilt-correct:ed direction
corfesponds to an ant:.q.’pole_ pqsilﬁioﬁ of 3.49N, 145.6°E
(ap = 7.4, dm = 9.9°). This falls néar ‘several l‘

Americd. This

reportéd Cambrian poles of cratonic North

. re.sult;-will be discussed later in Chapter 4., ]
Isolation of the "“B" component represented by Figures
3.6 and 3.7 was fairly straightforward. After-the removal -

of a steep component below 300°C, the direction became

atabilized with shallow negative inclinations (Specimens

CC35-A and CC44-1), shallow positive inclinations
(Specimens CC38-1) or ‘near-ho'rizontal d.irections (Specimen
CC30-A) in the .southeast quadrant, persistipg up to high
tempefatureg. The resultipg characteristic "B" directions
are listed in Table 3.2 and are plotted in Figure 3.5(c).
A total of 21 samples yielded a mean direction of fairly

high precision at D = 168.99, I = +1.0°0 (k = 35; 95
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Representative demagnetization results from 2
Port au Port Group specimens yielding "B"
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1s now east-west.



J /dn

J /Jdn

36

-ENHM
1 1 1 i | 1 Bx10—4A/m

0 200 400 600
TEMPERATURE ()

Dn, W

cc3s-1

L
0.5 |
L
o
1 1 1 1 1 ]
0 200 400 600
TEMPERATURE (C) 3.6x10 > A/m Ha

Dn, W

357 . Representative thermal demagnetization results
from 2 Port au Port Group specimens yieldinc

"B" component. Conventions as in Fiags. 3.2-
3y 1 258



TABLE 3.2

THERMAL, DEMAGNETIZATION RESULTS FROM THE PORT
FOR THE "B™ COMPONENT, PORT AU PORT AREA

In situ Characteristic
direction

I

March Point Formation
!178.7 15.5
~ Petit Jardin Formation

cc4 CCl6-A 182.8
o5 CC19-1 158.3
s .CC20-B 177.9
acs CC18-A 173.4
ccs cC21-A 175.0
a6 cC23-1 172.0
oce 0C26-B 165.7
cc? CC30-A 163.8
oc? CC31-B 165.1
ccs CC32-B 162.2
s CC34-A 170.4
ccs

ac9

cco

oc9

cCl0

CC10

CC10

10

CClo

J
= N

N

NOONbDONODOONFHASLD®

OC35-A 163.3
oC38-1 171.5
OC39-A 162.1
0C40-1 168.4
CC42-A 178.7
OCA3-A 176.5
oCc4a4-1 154.8
OCA5-A 159.8
oc46-1 167.7

—

|
—

| i
—
LENCUVOOANDDNWH-HOOVWOONO DL

NOTES: As in Table 3.1.

s
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TARLE 3.3

MEAN PALROMAGNETIC DATA FQR’IHE "A" AND "B" COMPONENTS AFTER THERMAL
DEMAGNETIZATION OF THE PORT AU PORT GROUP, . PORT Al PORT ARFA.

Dm Im %?\ Antipole |

A" camponent . 46.4 6.5
(in situ) _

"A® camponent . 41.2 S 3.49N, 145.6CE
(tilt-corrected) : (dp, dm = 7.4°, 9.9°)

"B" camponent ' ' 0.4 S 40.2°N, 135.6°E :
(in situ) | (dp, dm = 2.7°, 5.50)

. “A"™ ocamponent,
March Point
Formation only
(tilt—corrected)

"A" camponent,
Petit Jardin
Formation only
(tilt—corrected)

. n

NOTES: Dy, = mean declination, degrees, clockwise from north; I, = mean inclination, '

. degrees, positive dowrwards; k = Fisher's precision parameter 0‘95 radius o’f the
95% circle of oconfidence, degrees- = number of samples averaged; = paleo-
latitude, degrees; dp, dm = semi-axes of 95% confidence oval. ‘

4
a




= 5.5 , N = 21).. This is the lﬂ_gi&g\direction, no
correction for the bedding tilt having been made. since it
is assumed (Section 3.4) that the "B" magnetizatidn was
acquired after deformation of the sgra;a.- T™hia directioca”
coéresponds to an antipole position of_40.2°N, 135.6°E
‘(dp = 2.70, dm.= 5.59), which f;lla near several

reported Uppef Paleozoic poles and also near some of the
high-latitude Cambrian polesd for ﬁorth America. .

It is seen from the above discussion that only 40

samples out of a total of 70 (about 57%) in the Port au

. Port area yielded meaningful characteristic directions

) .
along a SSE axis, based on the "A" or "B" component.

However, in a number of the remaining samplé%, a swing in
the.magnetization direcgion Aloné the NNW or NNE-SSW axis
was observed upon dehagnetization. Most of these ﬁpecimgna
did not yield any stable end directions. Still,Ain some:
cases, anomalous stable directions wiéh steep to
intermediate inélinations were observed, the criteria for
stability beiﬁg the same as those disguéeed previously. -
Figure 3.8 is an example of two specimens exhipitihg a
northwesterly (Specimen MP10-1) or northeasterly (Specimen
MP16-1) swing of direction with increasing Eempertures.
The erratic changes in the intensity of specimen.MéIO—l in
the range 3001400°C and a aignificant'intensity increase
above 400°C may be due to spufious magnetization acquired
in the thermal demagnetizer, followed by a chemical cﬁange

(production of magnetite) above 400°C, as observed in

many limestones elsewhere (Lowrie ;hd Heller, 1982).
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Thermal demagnetization results for 2 Port

au Port Group specimens showing normal polarity
swing of directions at high temperatures, as
opposed to the stable reverse characteristic
directions (See previous figures and text).
Conventions as in Fig. 3.2.
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In specimen MP16-1 the steeply inclined downward-.
direé¢ted NRM swings systematically to the NE with
idéfeasing temperatufes to 5009C, after which the
airection becomes random. .There'is apparent stability in
the range 400-450°0cC. Tﬁe anomalous but apparently stable
directions have been listed in Table 3.4 and are plotéed_in
Figufe 3.11(a). One interpretation of the stéep directions
of Figure 3.11(a) could be that these directionslprobably
record a complete remagnetizdtion in the present earth's
field. However, the entire distribution of all the points
in Figure Bill(a) coupled with the demagnetization
behaviour pf‘specimens as exhibited in Figure 3.8, is

.indicative of.a multicomponent system formed by
subcomponents of opposite polarity, having closely
overlapping siability spectra and directéd along one or
more paleomagnetic axes. The entire a;alysis of Port au
Port area rocks has indicated the dominating presence of a
NNW-SSE axis. Whilé the SSE direcéions along that axis
have been clearly identified from the “A" and "B"
components, stable NNW directions were not found in the
present investigation. Thé results do; however, indicate
the presénce of*multicomponents, two of which could be

successfully isolated in the present investigation.

3.2.2 Port au Choix area

All the 11 samples (one speéimen each) of the Port au

N\




Choix area from the Petit Jardiﬁ Pérmation were thermaily
demagnetized in detail (12 steps between 100°C and

500°C, see Appendix A). As it turned out, the specimens
"lost ail their measurable'magnetization.gy 450°C. From -
-thermal demdgnetization, two groups 6f sﬁable but different
‘characteristic directions were obtained.  Figures 3.9-3.10
are representative of the demagnetization behaviour of each
group of directions. In one group,'repreagnted by Figure
3.9 (Specimens PCl112-A and PleS-l), a steeply inclined,
downward-directed NRM systematically moved northward;.and a
stable direction with_a shallow negative inclination was
revealed in the range 300-450°C: beyond this the

intensity fell-to' 1% of the NRM which was yflow the
minimum level for reliable measgsurements. In the second
group, represented by Figure 3.10 (Specimens PCl16-A and
PC120-C), only intermediately steep.doﬁnward directions,
with atability,in.tﬂe range 300-400°C, were observed.
However, there is a trend.for the remanence vector to
migrate towards the shallower diréctiona'(e.g., Specimen
PC116-A), Ppt it seems that this trend uld not 'be
completed secause of almost total.inten 'ﬁy loss beyond
450°C. Two specimens-(figure not sho¥n) yielded
apparently stable directiéns intermediate between these two

groups. S$table end directions obtained from-ali the

samples are plotted in Figure 3.11b and are listed in Table

3.5. .

It is at once evident from Figure 3.11b that the
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Fig. 3.9. Thermal demagnetization results for 2 Port au

Port Group specimens from Port au Cho@x area
Yielding a characteristic northgrly'dlrectlgn
with intermediate negative inclination. NRM
directions are not plotted on the vector diagram.

Conventions as in Fig. 3.2-3.4.
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Fig. 3.10. Thermal demagnetization results for 2
specimens from Port au Port Group, Port
au Choix area, yielding intermediately
steep down directions. Conventions as
in Figs. 3,2-3.4.
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Uncharacteristic stable directions from Port au Port Group:
(a) Port au Port area samples (symbols as in Fig. 3.5); (b}

Port au Choix area samples. @ and X are the directions of
the axial dipole and present earth's field at the sampling
site. ' )
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TABLE 3.4

ANOMALOUS DIRECTIONS M’IHEPOR'I‘AU PORT GROUP AFTER
’ THERMAL, DEMAGNETIZATION, PORT AU PORT ARFEA.

9 : In situ characteristic = Stability
Site Specimen direction range
D . I (© C)
MP1 MPS—A 284.9 76.9 . 300-350
MP2 . _ MP6—-B 150.6 76.2 300-400
MP3 . MP15-2 295.0 84.5 300-350
MP4 MP16-1 25.8 -35.0 400-450
MPS . MP21-B 18.8 72.6 300-400 (v.s.)
MP5 - MP22-2 12.3 42.7 300-350
MP5 MP25-2 . 2.8 78.2 300-350 - v
cC3 T CC9-2 341.9 57.8 300-350 '
oc? oC27-B 20.7 . 65.6 NRM-530 ) !
TABLE 3.5 . . }
THERMAL DEMAGNET'IZATION RESULTS FROM THE PORT AU PORT GROUP,
'PORT AU CHOIX AREA. ~
In situ characteristic Stability
Site Specimen i direction . range S
D I (°c
~“PC23  PClll-A 1.6 -38.8 350-450
PC23 PCl12-A - 0.2 -35.2 ! 300-450
PC23 ~ PCll12-1-A 333.5 - 6.4 400-420
PC23 PC113-A . 34.5 9.9 330-370
PC23 PCl14-A l.1 -23.4 330450
PC23 PCl115-1 344.7 -25.3 350450
pPCc24 T PCll6-A 339.87 42.6 330-420
PC24 PC117-A 331.4 52.2 330420
PC24 PC118-A 337.3 49.7 330400
PC24 - PCl119-B 336.0 55.0 330400 (v.s.) )
PC24 : ) PC120-C 342.2 49.1 ’ 300400
Symbols as in Table 3.1.
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sample ._directic\)ns have a smeared diaf.ributiqn al{)ng the NW
axis, comprisipg a range of intermediately steep vectors
with positive inclination to moderately shallo.w vectors
with negative inclinations, suggesting the presence of
unresolved components in some c;f them: The end directions
exhibited by four specimens of ;he fi}rst group with
moderat_'_ely shallpw negative i_nclin?tions probably repfeﬂent
a paleomagnetic component with D =/356.7° and I =
~30.9° (N = 4, %gg = 11.809, k = 62). ‘The inclination
of this vector is int;armediate between the inclix1a§ions of
the "A" and "B" components isolated from the Port au Port’
area samples and might represent an_age of magnetization in
between. However, being base::d'_on only 4 samples, no
significance éould .be attacheu to such a conclusion and
- hence, these results were not used fér a p.aleopoIe
calculation.. The main body of results from the Port au
Choix area,‘howAver,‘ strongly indicates a magnetization
significantly differen\t from the éort au Port érea rocks-.
e

3.3 Magnetic mineralogy

In order to iden.tify the magneti.c phases present in

thege weakly magnetized carb'ona'tes,' isothermal remanent
.magnetization (IRM) studies were d‘one. on 10 fresh samples
(one spgcimen each) chosen from different :s'ites. Samplea
were given an IRM with a D.C.cVarian electromagnet in a

stepwise manner up to the maximum attainable field of 0.82

Tesla. Three distinct kinds of behaviour typical of many
E )
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Fig. 3.12. Pepresentative IBRM acquisition and back-field characteristics
for Port au Port Group specimens. -




limestones (Lowrie and Heller 1982) were observed. The
first of these ("Type 1"; Figure 3.12a) is characterized
by a very steep initial slope which flattens off at 0.25T.
When the{ field was applied stepwise in the opposite
direction, the remanence dropped off sharply, showing the
presence of a single magnetic phase ('coerci\)ity of
remanence, Hoy~0.05T). The low-coercivity phase which
dominates the remanence of the samples of this type is ;noat
likely magnetite. The fact that Specimen MP 21-A becomes.
‘magnetically saturated at ‘about 0.25T rules out a
significéqt content of hematite, althou.gh goethite may
remain unactivated in fields up té 1T (Lowrie and Hellef,

1982) and its presence in these samples cannot be ruled

out.

"Type 2" behaviour is represented by specimen CC37-B

of Figure 3.11b. The IRM acquisition curve shows a fairly

steep slope up to 0.1T, after which it first tends to

flatten off but then again rises sharply, showing no
saturating trénd beyond 0.25T. The back—field‘
characteristics show the presence of more than one magnetic
p'hase in this sa\qlple. The low-coercivity phase
cha..racte-r_ized by a high initial slope“in the curve‘
indicat.es the presence of magnetite coexisting with a phase
"yielding a high value of Hop, which could be .either
hematite or goethite, or both.
“Type 3" behaviouf is re'present‘ed by Specimen CC42-B
-

of Figure 3.12c. The acquisition curve is almost flat

-
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initially up to 0.15T, after which the remanence inLreases

——strarPly up to 0.4T. The curve shows a tendency of

flattening off beyond 0.4T. The b&ck-féeld charactéristics
do not show any-evidence of a lbw-coercivity phase present
in the specimen. This’suggests that magnetite is probably
absent or unimportant in these samples, which indicates
that they contain,excxuéively,eithe; hematite or goethite
or both. Thus the iRM results indigatE’the presence of
varying amounts of magnetite, hematite and/or goethite in.

these rocks.  IRM characteristic curves of type 2 and 3

were, however, more common, suggesting a dominating

. I3
influence of hematite and/or goethite.

A comparigon of thermal démagnetization behaviour and

«

—

IRM characteristics of ihe_specimens from the same sample

shows that the "A" component was either isolated from type

4

1 or type 2 Samples. The B component was more commonly

associated with type'3. Type 2 IRM curves frequently did

S

(S
not -yield any stable direction other than 3 steep one.

This suggests that the "A" component probably resides in

N . v
magnetite, whereas hematite carries the remanence of the

o

"B" component. The steep viscous component might be

carried either by magnetite or goethite, the'latter

resulting form the recent weathergng of these rogks. ‘On

- the basis of blocking temperature'alone, however, it is

difficult to distinguish magﬁetite from hematite as the
remanence carrier, since the stability range for both the

“A" and “"B" components is always below the Curie point of
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. .
magnetite (Tables 3.1 and 3.2). It is quite.possible that

fine-grained hematite carries the "B" remanence.

3.4 Discussion

It is probable that magnetites carrying the "A"
tomponent occur as detrital grains which have aligned
themselves with the ambient geomagnetic field during or
shdrtly after deposition. Alternatively, ghe original
magnetization may have been reset as a result of heating
due to buriai"over geological periocds of time. However,
the conodont colour alteration index (CAI) for the Port au
Port area is 1 kNowlan and ﬁarﬁes, 1985), which suggests a
maximum burial temperature of 50-60°C (Epstein et al.,
1977). Theoretical calculations (Pullaiah et al., 1975)
indicate that such a low-level heating of rocks over a
period of 100 m.y. would not cause the realignment of

magnetites blocked at a temperature of 300°C or above.

The blocking: temperatures: in the Port.au Port~Group rocks

are c0mmon1y.higher thah 400°c (Tables 3.1 and 3.2).

A different, indirect kind of argument against
remagnetization can be made, E?sed on a comparison of the
presgdt result with published results. This shows that the

. pole position corresponding to the "A" component falls near
the éoutheastern clusﬁer of the atreakeq Cambrian poles
(Chapter 4) and is significantly displagéa from the Upper

Paleozoic poles. Thus the "A" component most likely

represents a Middle to Late Cambrian field of western
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Newfoundland. This interpretation should be regqfded as
teniative because the result is based on only 19 samples
representing 5 limited stratigraphic thickness. A detailed
study of the entire Cambriaﬁ section from various 6ther
localities is negded to éstablish a more complete record of
‘the Cambrian field for western Newfoundland. |

The”"B“ componént, which is strongly indicated to
reside in hematite, may not‘represent the Cambrian fi;ld,
although the corresponding pole position falls close to
some reported Cambrién poles (Chapter 4, Figure 4.1). The
"B" component pole (CCO in Figure 4.1) is also consistent
with soine Kiamag\poles plotted in the above figure along
with:Cambrian poles. Since he&atite is not a likely

-
primary component of carbonates, it is more likely that the

<

"Bf component reflects a Kiam&n rgmagnetization. Hematite
in ca;bonatea could form diagentically from goethiie or by
oxidation of detrital magnetite. More commonly, however,
hematization iﬁ carbonates results from segcondary oxidation
of pyrite or ferroan dolomité (Gillett, 152&) which are.
pervasively preéent in these ;ocka—(N. Chow, peréonal
communication). Ferro;n dolomites are very susceptible to
alteration aﬁd in dome cases can be "entirely converged_£0'
calcite pseudbmorphs (*dedolomite™). Hematite and other
iron -oxides such as goethite are commonly asséciated with
dedolomite and-are generaily interpreted as by-products of

dedclomitization of ferroan dolomites (Frank, 1981). If

indeed hematite in the present study is a result of
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dedolomitization or secondary oxidation of pyrite, the .

. magnetization acquired by hematite would be a chemical

remanent magnetization (CRM). The time of dedolomitization

'would be most probably Late Carboniferous to Early Permian,

as the "B" component pole ib consistent with other Kiaman
pole positions. A Kiaman magnetization related to’
dedolomitization has also been reported (Elmore et al.,
1985) from the Lower 0€dovician Kindblade Formation in

south-central Oklahoma.




CHAPTER 4

CAMBRIAN PALEOPOLES WITH RESPECT TO CRAbeIC

/\7 j
-
i
!

NORTH AMERICA

A number of paleomagneﬁic results have been repérted
ﬁrom Cambrian rocks of North America. Despite the_
increase in the data base, the results from the Cambrian
rocks have 96 far yielded confiicting interpretations. A
list of the published Cambrian.poles is given in Table 4.1
and fﬁey are plotted.in Figure 4.1. A few Late Precambrian
results are also inciudéd. “Thé numbering of the poles o
referred to in this chapter éorresppnds to that in Table

4.1 and figuré.4.1. Also plotted in Figu;e 4.1 are some of
.tﬁe reported reliable poles of “Kiaman" age (listed in
Table 4.2),\gostly overprihts isolated from Cambrian to
Lower Carboniferous rocks. As is evident from Figurg‘4.l,
the Cambrian poles are streaked'betdeen the equator at
about 180° longitude (close to Late Precamprian pole
positions) and the cluatér of high lati;dde Late Paleozoic
poles (centered at aSout'45°N, 120°E). The pole
position cofr;sponding{to the “A"'component of the present
study (Pole 25) falls near the southeastern cluster of the
streaked Cambrian poles, whereas the "B*" component pole
(ccd) fails close to the northwestern cluster. It was
demonstrated in Section 3.4 that the "B" magnetization is a
Kiaman overprint, whicﬁ in Figure 4.1 appears to agree very

. well with other reported Kiaman overprints isolated from
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SELECTED PALBEOMAGNETIC PO

TABLE 4.1

OF NORTH AMERICA.

LES FROM LATE PRECAMBRIAN TO CAMBRIAN ROCKS

Rock unit and location

Age

Pole Position

Reference

Grenville dikes, Quebec
and Ontario o

Franklin rocks, Canadian
Arctic (Group A)

Franklin rocks, Canadian
Arctic (Group B)

Coronation sills, North-
western Canadian Shield

Colorado intrusives I
Colorado intrusives II

Colorado intrusives III

T

Late Precambrian
to Early Paleozoic

675625 Ma
675-625 Ma
647 Ma

Late Precambrian—
Early Ordovician
(704—485 Ma)

latée Precambrian-

Early Ordovician
{704—485 Ma)

late Precambrian-
Early Ordovician
{704-485 Ma)

. 3%'

4%s,

151°E
161CE

166°E
163CE

1420E
174%F

107°E

Murthy (1971)

Palmer and

Hayatsu (1975)

Palmer and
Hayatsu (1975)

Robertson and
Baragar (1972)

French et al.
(1977)

French et.al.
(1977)

Frenéh et al.
(1977)




TABLE 4.1, (COMT'D)

Rock unit and location

Age . Pole Position

Reference

Cloud Mountain Basalt,
western Newfoundland

Bradore Formation, Western
Newfoundland

wWbod Canyon Formation,
Desert Range, Nevada

Buckingham Volcanics,
Group I, Quebec

Buckingham Volcanics,
Group II, Quebec

Buckingham Volcanics,
Group I11I, Quebec
Tapeats Formation, Arizona

Ophiblite camnplex, Quebec:

L
Waynesboro Formation,
eastern Tennessee

!

Late Precambrian ¢ 50N, 172CE

.to Early Cambrian /

(605 Ma)

Early Cambrian 167°E

Early Cambrian . 134C€ -

s .

Early Cambrian

(573 Ma)

Early Cambrian ,
(573 Ma)

Early Cambrian
(573 Ma)

Early to Middle

Cambrian

550 Ma

_Early Middle

Cambrian

Deutsch and
Rao (1977)

Rao and Deutsch
(1976)

Gillett and .
Van Alstine (1979)

NDankers and
Lapointe (1981)

Dankers and
Lapointe (1981)

NDankers and
Lapointe (1981)

Elgston and
Bressler (1977)

Sequin (1976)

Watts et al.
(1980a)




TABLE 4.1, (CONT'D)

i -

Rock unit and location

Age

Pole Position

Reference

Rome Formation,
eastern Tennessee

Carrara Formation,
Group 1 '

Carrara Formation,
Group II and Bonanza
King Formation

Riley Formation, Hickory
Member, Texas

Wichita Granites

(AF demagnetization),
Oklahama

Wichita Granites (thermal
demagnetization), Oklahama

Abrigo Formation,
Arizona

Muav Formation,
Arizona

Early Middle

Cambrian ~

Middle Cambrian -
Middle Cambrian

Middle Cambrian
(Lower Dresbachian)

Middle Cambrian
(525 Ma)

Middle Cambrian
(525 Ma)

Middle to Late
Cambrian

Middle to late
Canbrian

38°N,

142°E

[

~134CE

136°E

Watts et al.
(1980a)

Gillett and
Van Alstine (1979)
Gillett and
Van Alstine (1979)

wWatts et .,al.
(1980Db)
Vincenz et al.

(1975)

Vincenz et al.
(1975)

Elston and
Bressler (1977)

Elston and
Bressler (1977) .




TABLE 4.1, (CONT'D)

Rock unit amd location

Age ' Pole Position

’

Reference

&

March Point and -

Petit Jardin Formations of
Port—-au-Port Peninsula,
western Newfoundland

Riley Formation, Cap
Mountain Member, Yexas

Riley Formation, Lion
Mountain Member, Texas

- Wilburns F‘ormatibn, Morgan

Creek-Welge Member, Texas

Wilburns Formation,
Point Peak Member, Texas

‘Lamotte Formation 1la,
south-easterm Missouri

Lamotte Formation, 1Ib,
- sgouth—eastern Missouri

Middle to late 3.49N, 145.6%E

Cambrian

Late Cambrian
(Early to Middle
Dresbachian)

late Cambrian
“(Late Dresbachian)

Late Cambrian
(Early to Middle
Franconian)

Late Cambrian
(Upper Franconian)
%

s Late Cambrian

~

Late Canbrian/

/
)

P

\ -
\\

This study

watts et al.
(1980a)

Watts et al.
(1980b)

Watts et al.
(1980b)
van der Voo

et al. {(1976)
Al-Khafaji and
Vincenz (1971)
Al-Khafaji and
Vincenz (1971)
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' B o | TABLE 4.1, (CONT‘D)  ° : '
! . N . . ’
Pole No. Rock unit and location - ' Age _ " Ppole Position Reference
" ST : . , } ' . - -y - \
e 32 Nolichucky Formation, _ late Cambrian 40°N, 120°E, /’ Gillett (1982),
eastern Tennessee = . . / o
. ‘ . : = : : T \ ) !
33 . Oolorado intntives Cambro-Ordovigian 379N, 12 - Larson and ' ©
. _ o . : Mutschler (1971) '
34 McClure Mountain alkali - Cambro-Ordovician 18°f(,- 428 - Lynnes and
caomplex, Colorado = ' e . b .. Van der Voo (1984)
35 _' Black Canyon diabase, . Caimbro~-Ordovician o 379N, Y02¢E - lLarson et al.
southwestern Colorado - R . _ ‘_(1985) A -
. ' ) : N \ ’ \
36 Taum Sauk Limestone . Late Cambrian 3.6%s, 17§.\6°E Dunn and
. : Elmore (1985) .
A‘ . )
; . - N,
.NOTES! The pole positions shown are as cited by the respective authors and are:gemerally '
considered to represent geographic north poles. Ages in Ma in brackets are based on radiometric
determinations. Pole nutbers are very roughly in decreasing order of geological age.

-
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TABLE 4.2 A
A

SOME LATE PALEOZOIC POLES OF NORTH AMPRICA.

\

3
¢\

[

Rock unit and location

Geological Age

?ole Position

Reference

Deer Lake Group,
western Newfoundland

See Notes
Trenton Limestone,
Quebec and Ontario

-
Bonneterre Formation

Port au Port Graup,
western Newfoundland

y St. George

‘McClure Mountain,

\

Early Carboniferous

Late Carboniferous to
Early Permian

—

Middle Ordovician
Late Cambrian

Middle to Late

. Cambrian

Early Carboniferous

. Canbro-Ordovician

7

459N, 140CE.

430N, 126CF
53CN, 127%
43N, 126°E

40.2°N, 135.6°E

“34.50N, 137.39

" 430N, 114CE

Irving and .
Strong (1984a)

Irving and
Irving (1982)

McCabe et al.
(1984)

Wisniowiecki
et al. (1983)

This study

Murthy (1985)

Lynnes and Van
der Voo (1984)

alkali complex, Colorado

P

Y S—
In each ®ase above the respective authors consider the magnetization as of a Kiaman age (Late

Carboniferous to Early Permian). . ) . } )
MKP is the mean Kiaman Pole calculated for the interval 265-295 Ma based on a nurber of studies

- conpiled in the cited reference and mentioned in Irving and Sgrong (1984a) .
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weste.rn Newfoundla‘nd rocks (poleg DLH & SFO) and from other
localities of the North American craton (poles MKP, BFO and
TLO). The "A" pole is consistent with a number of reported
Cambrian pb.les, but is signirficantly' misaligned with other
poles reportedly repfes_enting a Cambrian magnetization. As
demonstrated by Gillett (1981), the discrepanci;es are
mainly- due to one of two causes, tectonic rotation or Late
Paleozoic-‘remag.netizati.on or, in somer_cases, due to b.oth.
it is to be noted that many of these poles.co::ne from .
structurally'.'complex_ rock sequences and it is quite
probable that those plotting close to the Late Paleozoic
section of the APWP do not record a truly Cambriaﬁ field.
In the following discussion, possible explanatibns for the
discrepancies, as expressed by the original. authors or
otherwise, will be advanced as the results of Table 4.1 are-
discussed in turn.

The only Cambrian strata studied paleomagnetically in

western Newfoundland are the Lower Cambrian Bradoi‘e

sandstone. Two separate studies, one by Black (1964) and

the other by Rao and Deutsch (1976), were reported from
this. Black's res_ult was based on only AF demagnetization
to 30 mT of these hetlxatite bearing rocks, the effectiveness
of. which wa's. disputed by Ra6 and Deutsch (1976). They
obtained newl and different results (Pole 9) after a .
thorough thermal demagnetization. Their final resullt. is_

based on the average of sample directions obtained at

6650C, using the best grouping criterion. However, sole

—

e ’
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analysis of datél in such a manner seems insufficient and a
re-analysis of the results would _be desirable. Their in
situ mean direction of magnetization (D = 146°, I =

L18°) lies between the "A" and "B" magnetizations of this
_study. ‘It is possiblé, therefore, that.the Bradore Pole
reflects a vector sum of unres_olved cbmpon_ents. The origin
. of the hematite remanence in the Bradore stu_dy merits
further inves.tigation. In a recent study -(Hodych et al.,
1984, 1985) of hematite-bearing rocks if_ has been |
demonstrated that the only characteristic magngtization
preserved in the hematite was acquiréd about 130 m.y. after
deposition of the rocks. Therefore, };ematite r‘emanence' haav
to be interpreéted with ‘caution. .

Gillett and van Alstine (1979) originally explained
their Cambrian poles (10, 18 and 19) from the Desert..Range
of Nevada in terms of tectonic rotations. 'I‘hei'r argument
was based on a .cbmparisqn with -5\_\‘ retﬁanenc;_:iirection
' obtained from the Tapeats Sandstoge of the Grand Canyon
(Pole 14), which is partiaily coevgl-‘with the ﬁood
C'anyor.-n—Bonanza King Sequences (Polés 10, 18 & 19). Gillett B
and Van Alstine (in Gillett, 1981) have since argued that a
Late Paleozoic\,'remag'netizati-on ‘rather t.;:an tectonic |
rotation was responsible for the diref:tions giving poles
10, 18 and 19 in Figure 4.1.

" A result from the ophiqlite .complex of Quebec (Pole
15, Sequin, 1976) was dez{ivéd from a structurally ‘complex

area. A _re-study of these rocks (Seguin, 1979) vielded a
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diffetent result.  In the latter study, AF and thermal
demagnetizations yiélded different results and they are not
quoted here. Seguin (19795 no£¢d heterogeneous‘magnetic -
benpviour which was not well characterized. ?here was much
scatter in his data, apparently because of the presence of
multicomponents. Occasionally two‘polarities were present
within the same specimen.

Hattsjet al. (1980a) and Gillett (1982) have reéorted
results (Poles 16, 17 and 32) from the strucﬁural%y complex
Valley and.Ridge Pfovince of easéern Tennessee.r Watﬁé:et
al. (1980a) pres%nted data (Poles 16, 17) from éites in 5
number of thrust sheéts in the Rome Formation. These

-

strata were shown to' have stable[\Prejphrusﬁing

characteristic mad@@tizations that reside in hematite.
‘They concluded that no vertipal—axié rotation of the thrust
sheets as a.whole-rélative.to_each other took place. Their
data, however, show ﬁaéh scatter in déclinatioﬁ which
requires explanétion. | S

- Gillett (1982) reported resﬁlts from the Late Cambrian
Nolichucky Formation (Polg 32). Though the'magnetization
is shown to reside in detrital magnetite, making it .
possigle that the remanence is.primar;, a structural test
based on different thrust sheets with different bedding
atﬁitudes pfoved_pegative. Therefore Gillett (1982) diad
not rule out the possibility of remagnetization. His

preferred interpretation was, however, a relative tectonic

rotation between the Bites}‘as the structural correction




resulted in a discrepancy mainly in declinations between
the sites.

A detailed palebm&gnetic study was done on Middle to.
'LaFe Cambrian strata from the Llano uplift in Texas (Van
der Voo et Al.,_i976;_Watts et al., 1980b). Their résulta
show a.progression of paleomagnetic poie positions with
geologic age (Poles 20, 26-29). Watts et al. (1980b)
attempted to interpret the scatter between these poles in
térms of apparent polar Qanderigé a}ong's Cambrian loop,
situated in the PacificIOcean, on which the presumed Early
and pate Cambrian poles_occupy near—equaiorial present
Latituaes; while poles of presumed intermediate Cambrian
age occupy high (< 60°N) latitudes. The magnetizations
from the Llano uplift, however, reside in hematite'and:a;e
fromra th;n} cratonic section thét‘cbntains ﬁany ma jor
uncoﬁforgifies'(éillett, i982).' Therefore, a diageﬁetic
chemical reménent magnetization'bartially or completely, is

.azpossibility.

The Lamotte Formation of Missouri (Poles 30-31) has

been studied by Al-Khafajf andgvihcenz (1971). Based on AF
demagnetization only, these weakly magnetized white
sandstones gave scattered results. ‘fhey\found that the
specimens failed to be completely demagnetized even in
fields as high as 280 mrT. A detailed mineralogical
examination showéd a complex mggnetic mineraiogy in these
rocks. PFurthermore, their thermal démagneﬁization did not

yield reliable results.




The Wichita granites (Poles 21, 22) have been
investigated by Vincenz et all (1975) . The pole positions
correapéndihg to thermal and AF results are seen to be-
significantly different. For both methods of
demagnhetization, the results ;ere greatly scattered apd the
rémanence changes produced during demagnetization were
often erratic énd\incomplete. Vincenz et al. (1975)
attributed- the scatter to a complicated remagnetizatioﬁ
history. They speculated that most of the magnetization
migh;‘have been acquired durihg a Late Paleozoic
hydrothermal event.

- Results from the Muav and Abrigo Formations of.the
Colofado Plateau giQing high latitude poles (23 and 24)
were reported by Elston and Bressler (1977). The
magnetization ih'theée Formations resides in hematite.

N : )

L/§ampléx\yere'obtained near a Cambrian-Devonian
// disfonformity. ‘Thetefore,-remaghetizatién dQe to
peai;ﬁyrface processes associated witﬁ'gfound water
" movement during the Devonian remains a posqibility. Also,
as the Abrigb is in the southern Basin.and Range province,_
-itvmay have_undérgone_vertical-axis rotations (Gillett,
1982).

.Intrusives from Colorado were studied by Larson and
Mutschler (1971) aﬁd French et al; (1977). . The iaotoéic
ages quoted py these authors range in age from 704 to 485
Ma and give a mgltimodgl distribution of paleomagnetic

-

directions (Poles 5-7, 33).7 Thg~widely scattered pole .

[}
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positions probably reflect different ages of magnetiration,
with high latitude poles possibly representing a complete
remagnetization in the Late Paleozoic (French et al.,

i977).

Twé‘recent results have been reported from )
Cambro-Ordovician igﬁeoﬁs rock sequences (Lynnes and v;n
der Voo, 1984; Larson et al., 1985) whréﬂ,give pole
position entirely diferent from each/other (Poled 34 énd
35). Whereas the McClure Mountain alkali complex of
Colorado (Pole 34) studied, by Lynnes and Van der Voo (1984)
falls close to the_southeaéZern; low-latitude cluster of
-Cambrian paleopoles, the Black Capyon diabase of
southwestern Colorado studied by Larson et al., (1985)
yields a high—léﬁitudé pole position (Pole 35); close to
the Late Paleozoic poles. (Figure 4.1). Though Larson et
al.- (1985) have questioned the validity of the published
‘sbutheastern Cambrian poles, they do not préaent conclusive
evidence against ;emagnetizatiod in the rocks they studied.

Thus, from the above discussion it is seen that a '
-majority of high-latitude Cambrian éolea is associated with
problems concerning either geologic structure Xtectonic
rg@ation etc.), or possibie remagnetization, or uncertainty.
{egardihg the age of magnetization. On the other hand, it
seems quité probable that the published low-latitude.poles
.with which the present result is in fair agreement
represent the reference geomagnetic field for.some part of

the Cambrian period presumably mid- to Late Cambrian,
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relative to cratonic North America. The 18-1atitude
Cambrian poles, few though they are (Figure 4.1, Table

-y

4.1), fall close to some of the reported Late Preca
poles (1-4). A result (Pole 1) from reportedly Late
Precambrian dykes (Murthy, 1971) has been, in fact,
intetpreted to be largely Ear;y-Paleozoic in age (Dankers
and Lapoiante, 1981),'as the dykes gpan several hundreds of
millions 6f years in age. Elston and Bressler (1977) have
reported a low-latitude Cambrian pole (Pole 14) from ihe
Early to Middle Cambrian Tapeats sandstone of Arizona."

2

Tﬁough the remanence resides in hematite and no evidence
wﬁ;'presénted aboﬁt its-possiblé origin, theylfognd 12
polarity reversals in this rock sequence. éhe normal and ;.
reverse poraritywdirections were c;osély antiparallel
which, they argued, wéuld favour a penecontemporaneous.
acquigition of magnetization during depositioﬁ of thﬁ
Tapeats. .

Another low-latitude pole (36) was recently reported
- by Dunn ;nd Elmore (1985) “from the Upper Cambrian
(Dresbachian stage) Taum Sauk Limestone of southeast
Missouri. A Late Paleozoic overprint (close to the
lettered poles in Figure 4.1) was also.isolated. Both
componenth were shown to be carried by hematite. Thqugh‘
the petrOg;aphié examinatiion failed to show a detrital
origin of hematite, the low-latitude pole was interpreted.
to reside in heﬁatite of early diaéenetic origin.

-
There is some scatter in the low-latitude Cambrian
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poles, too. The scatter 'of poles 11-13, obtained from
radiometrically dated Lower Cambrian volcanics of Quebec
(Lapointe and Dankers, 1981), has beeh,interpreted as a

rapid APW_motibn for tHe North American craton during the

~Early Cambrian, The fact that some of the poles in Figure

4.1 citéd as mid- to Late Cambrian are close to the above
Early Caﬁﬁrian poles makes Lapointe and‘Danker's_
i?terpretatioﬁ,_which is based on a shorber-Cambrian time
scale, somewhat speculative. Therefofe; the most that can
be concluded froﬁ the interpretation of the low-latitude
poles vis-a-vis their geological ageé is thét they appear
to be repreééntatiye of.aome Cambrian feference field for
the North American craton. This conclusion is strengthened
- by the fact that'these low-latitude poles are far away from
,-
the Late Paleozoic po}e;;\hence the possibility that they
were remagnetized in the Late Paleozoic can be discounted.
A precise determination of the Cambrian geomagnetic field

must, however, await .results from more rock exposures from

widely distributed localities within the craton.




- 5.1 Geological Setting

CHAPTER 5

ST. GEORGE GROUP |

Rocks of the autochthonous St. George Group of Early
Ordovician age are exposed on the Port au Port Peninsula .
and in several ;ocalities along the western éoast éf the
Great Northern Peninsuia of Newfoundland. ' In addition‘to
the classic work of Schuchert and Dunbar (1934), the
geologf of the‘St. George Gfoup has been studied by several
autho;s‘alfeady mentioned in Chapter 2. The following
brief geological description is after queé and Stevens
(1982). "

The St. George‘Group on Port au Port Peninsula
comprises 573 meters of thick-bedded dolostone and
limestone exposed along the south and east coasts of the

)

peninsula, from the lower contact with the Cambrian-Petit
Jardin Formation to the upper contact with‘the Middle A
Ordovician Table Point Forﬁation} The St. George Group has
been subdivided into three Formations. In ascending order,
they are: (1) The Isthmus Bay Formation; (2) The Catoche
Formatiogiﬁané_(S) The Aguathuna Formation (Figure 2.2).

The Isthmus Bay Formation has been provisionally

reclassified into the Watts Bight and Boat Harbour

.Formationa (Klappa et al., 1980), but for the present

purpose the previous nomenclature;'i.e., Isthmus Bay

Formatioﬁ. will be retained. The Isthmus Bay and Aguathuna

72




-
~

Formations are predominantly cyclic &arbonates, whilé the
Catoche Formation is mostly-.ubfiaal limeétohé:/’On the
basis of cephalopod distribupion, glower (1978) has
confirmed that' the strata range in age from Early Canadian
to Late Canadian, correspondxng to a range from Tremadoc to
Early Arenig. The Isthmus Bay Formation is predominantly
Gasconadian in age. The Catoche Formation is probably also
'eérly‘Canadian, while the_Aguathuna Fgrmation is late

v

Canadian.
Exposures belonging| to the Isthmus Bay Formation
‘conasist of thin to thick-bedded limestone and dolostone

which are repeatedly interbedded. Rocks of the Catoche

"Formation, comprising the middle,~mainly subtidal part of

the.St. George Group, coﬁsist mainly of burrowed,
fossiliferous'limestone: The fossils are quite often
replaced by silica or dolomite. The Aguathuna Formation is
thinner than the other two formations, and consists of
interbedded dolostone and limestone, with textures
identical to that of the Isthmuﬁ Bay Formation. Rocks of
the Aguathuna Formation and the overlying limeﬁtones of the
Table Head Group (Table Point Formation) are Very well
exposed in the Aguathuna quarry (locality AQ in Figure 2. 3)
along the northeast coast of the Port au Port Peninsula,
where the St. George-Table Head contact has been described
as an unconformity. At Table Point on the Northern
Peninsula, the contact between the St. George and Table
 Head Groups (Aguathuna and Table Point Formations) is now

¥
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" Choix area from'thewlocalities'shown in Figures 2.3-2.4

| 4
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considered to be essentially conformable. At both

>
"localities”, the limestones in the lower part of the Table
Head are lithologically very similar to the limestones

developed throughout the St. George Group (Levesque, 1977).

5.2 Paleomagnetic sampling and results

-

Samples for paleomagnetic investigations were

colleéted in both the Port au Port area and the Port au

(Chapter 2) and also discussed in Appendix C. Detailed
sampling and paleomagneiic results for the two areas are
described separately below.

5.2.1 Port au Port Area

w
Fifty-seven oriented hand samples from 14 sites
v

comprising tﬁe threé Formations were collecteq at three
localities (Figure 2.3). The\distribution of samples oQér
the three Fq*mations is aa.follows. Ié;hmus Bay
Form#tion: 5 sites (21 samples); Catoche Format%onx 5.
.-ites (20 samplesi; and Aguathuna Formation: 4 sites (16
samples). Two or moieﬂspecimens of standard size (see
Appendix A) were cut in the laboratory from each sample.
Paleomagnetic studies were done on 97 specimens, which
include at least one specimen from each of the"”57 sampleé.
The NRMs of one specimen frgm each of the 57 samples
are plotted in Figure 5.1, which shows a streaked |

distribution mainly in the southeast quadrant with shallow
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to 'steep downward-~directed inclinations. This distr_ibdt‘ion
suggests that the NRM is the resultant of a steep down '
- component and at "least one other component inclined less
steeply to the southeast. | The intensities rang_é be_t_,we'erﬂl ‘
x 10~4'A/m and 3 x 10-3 A/m.
) Both -AF and thermal demagnetiz%"tions were performe'd on
the specimens for the isolation of'stébie‘ componentl_a. At
first, 14 samplhgs, each from a different site, were chosen

- randomly for AF and thermal ti‘eatments. At least two -
specimens Jrom each of these 14 samples v)ere demagnetized
in detail -~ one thermally and the othér by AF. Some "
typical results of the AF and 'thermal,treatments are
compared in Figure 5.2., where it is sdeen that two
specimens_, AQll-A an;d AQll1-C, from the sémev sample, give
compai‘able results after both treatments. The éteep dpwn
"NRM vector moves “to a shallower direction towar.ds southeast
at higher temperatures or fiel;.ds and attains a é\‘t'_able end

! i «

point in the temperature rangé of'200—450°C or AF range

- of 10-40mT. The stable component is uncovete@i chiefly in
the ran;ge 300-400°C where t};ere is ‘a sharp drop in
intensity as seen on the deéay curve.. The intensity during

AF demagnetization decreases smoothly to a low value by 100

m’}‘-,-—indicating a widely distributed coercivity spectrum.

/’__// However, specimens AQl6-B and AQ16-C (Figure 5.2,

/-
;

.4right) from another sample do not give comparable results
after the two treatments. While the thermal behaviour is

similar to that shown by the previous sample, the AF

<
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Demacgnetization results of specimen pairs (a, b and c, d) from 2 St.
George Group samples after (a, c¢) thermal demagnetization; (b, d) AF
demagnetization. Solid (open) circles denote lower (upper) hemisphere
projections on a Wulff net. Dashed outlines indicate directions in
the temperature or field range shown and have no statistical
significance. Directions are without tilt correction.
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treatment failed to deflect the.steep down NRM
,signifi_cantly. A’ very stable steep direction ia' main'tiain;d
in ‘the range 15-40 mT .fox" specimen AQl6-B, but this
‘direction is very different from the stable shallow
direction obtained after thermal demagnetiz‘ation (Specimen’
P:QlG—C) . This discrepancy is- érobably due to the
incompiete decay. off the remanence on AF treatment.up to iOO

a

mT. It can be seen‘Jfrom the figure that 408 of the

) ihtensit_y remains even after treatment to 100 mT, whereas.

thermal treatment léo{ to its almost complete decay by

. 5009C. 1t seems quite ﬁ)}'obable that, in Speclmen A016 B,
a domlhnatlng steep component with higher coerciv1ty masks
shallower component of lower coercivity which corresponds
to the component isolated by the thermal treatment in
Specimen Aan6—C. The fact that this shall_ow .component
could be well isolated in the thermal treatment indicates
that the steep component\has a lower blocking teﬁ\perature_
than the shallow component.' In other words, the steep and
shallow components are well differentiated in regard to .
their blocking t,émp_eratures, but their coercivities are
overlapping. A further disc-ussion on this result will be
' giwen in Section 5.2.2. |

Thé two treatmenéa, however, do suggest that AF
treatment is not always effective in isolating
characteristic components from these rocks. Therefore,

detailed thermal demagnetizations were carried out on the

rest of the specimens for isol{ating one or more stable




compofients. For thisapurpose, one specimen from each of

- the remaining samples was thermally treated in detail. As

in the Cambrian rocks, two distinct, relatively shallow

components could be isolated from the results of thermal

treatment,.in addition to a steep downward-directed’
comﬁonent. The steep compbnent could be very easily erased
at stepsa bélow 300°C and is prdbably’; viscous remanénce
acquired in a field close to present earth's field (PEF).
The two characte;istic components are hereafter called the
"A" and "B" components, by analogy ;o the case of thé
Cambrian rocks (Chapter 3), though the characteristic
directions éf each component are not necessarily the same
for théetwo peripds. The thermal. results oleiéure 5.2
refer td éhe "A" component. TQo other representative
results yielding~;§ngAﬁ component are shown in Figure 5.3,
where the results are plotteé on a stéreogram and as®
orthogonal vector end points (Zijderveld, 1967). These
results are similar to those shown in Figufe 5.2, leading
to the isolation of a characteristic southeastérly
direction with shallow positivé inclination, in the range.
300-450°C. This.is evident from ‘the correspondence
between the stable end point on the stereographic plot and-
the‘ﬁnivectorical decay to:the origin seen on the vector
'diagram. Additional vector plots fielding "A" componenﬁ
are shown in Fiqure 5.4. A total of 37 sampies (one

specimen each) from 12 sites yielded the characteristic "A"

direction. The characteristic directions of individual
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l2xi0*a/m
o 200 400
TEMPERATURE (°C)
5.3. Representative - thermal demacnetization results

for 2 specimens yielding "2" component from the
St. George Group, Port au Port area. ' Conventions
for the steregraphic plots are as in Fig. 5.2.

J/J . is the normalized intensity. In the
Correspondinc orthogonal vector diagrams (r.h.s.),
open squares are vector end point projections on
an E-W vertical (V) plane; solid circles on the
horizontal (H) plane.
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Representative orthogonal vector diagrams of

3 specimens yielding "A" component for the St.
George Group, Port au Port area. One specimen
from the Table Head Group (bottom richt) is
included for a comparison which shows a similar
direction as the £t. George. The Table Head
Group is further discussed in Chapter 6.
Conventions as in Fig. 5.3.
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5.5. Chanacteristic sample (left) and site mean (right) directions for =
the "A" component (after tilt correction) of the St. George Group,

Port au Port area. Equal area projection on the lower hemisphere.
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~ - . TRHLE 5.1

THERMAL DEMAGNETIZATION RESULTS FROM THE ST. GEORGE GROUP FOR THE e
, "A" COMPONENT, PORT AU PORT AREA.

-,

. - R . Characteristic direction ' Stability
Site  Specimen ~  In situ Tilt-corrected range BN
D 3 D I (e

Isthmus Bay Formation

1B3 IB1I0-B . 161.3 27.2 . 162.8 44.1 300-350 (ave.)
IB4 = IBl6-1 ‘138.7 31.0 134.3 47.1 350400 (ave.)
1B4 - IB16A-1 161.1 31.8 162.8 48.7 350-530
1B5 1B17-A  163.1 16.1  164.3 32.9 300-500
1B5 “IB18-A - 154.0 16.7 153.8 33.7 . 300-500
JB5 IB19-A 147.5 16.5 146.4 33.3 300-500
165 1B20-B 149.3 16.8 148.5 33.7 300-500
*  Catoche Formation
PH1 PH4-A 128.5 4.5 127.8 15.9 300-500
PH2 PHS-1 148.8 17.9 149.0 29.8 350-450 N
PH2 PH7-1 '157.4 15.5 . 158.3  27.2 300-500 ‘
PH2 ° PHB-A 143.8 20.0  143.5  32.0 300-500
PH3 PHO-1 161.4 17.3 162.8 28.8 300-450
. p3 PH10-B ‘133.8 30.0°  131.8 41.6 350-500
. 'PH3.  PHl1-1 131.3  27.3, 129.2 38.9 400-500
PH3 PH12-2 151.7 28.6 152.6 40.5 350-500
PH4 PHI3-1 - 145.1 23.3  144.9 35.3 300-500
PH4 PH14-2 149.8 18.7. 150.1 30.6 350-530
PH4 PHIS-2 . 140.8 18.8  140.3 30.8 350-530
PH4 PH16-B 142.7 21.1  142.3 33.0 350-500
PHS PH17-B - 146,9 13.9 146.9 25.9° 350-530
PH5 PHIS-A . 143.0 7.5 142.8 19.5 350530
- PHS PH19-3 143.2 10.7 143.0 22.7 ~ 350-530
PH5 PH20-1 145.6 10.8 145.6 22.8 300-530




TABLE 5.1, (CONT'D)

Characteristic direction . Stability

In sitn °© Tilt-corrected . range

.

D ) IR { (°© ¢)

Aguathuna Formation
AQl1-B 160-.4 -
AQ2-A 160.0
AQ3-B - -153.5
AQ4-D 144.3
AQ5-A 156.0.
AS-C 157.5
AOB-C 153.3
APO-A - 151.6
AQ10-1 155.3°
AQl1-A 147,2
AQ12-B 151.9
AQ13-A 162.9
AQ15-B 156.8
AQ16-C 156.1

153.5
'154.0
145.5
136.8
150.5
153.8
147.1
145.9
150.8
140.4
146.4
160.4
152.1 -
153.0

NOWNODO b Ow

31
28
30
24.
22
15
24
21
17
22

- 20

“11
19
11

REBEILKCE8EIEERS
VUOWNN-FYOONONh—~®

NOTES: All but three (Specimens IB10-B, IB16-1 and AQ3-B) of the above
directions have been computed by vector subtraction fram the
linear segments defined by three or more points on Zijderveld
plots in the temperature range indicated. For the other three.
specimens, the average (ave.) of directions in the indicated
temperature range was taken £o be the characteristic
direction. Except for Specimen A¥~C, the linear segments of
Zijderveld plots terminated Rose to the origin at the highest
tamperature of the indicated range. Symbols as in Table 3.1.




TABLE 5.2

-«

' SI'I'E—LEVEL GiARFCI‘ERISTIC .DIRECTIONS FROM 'IHE SI‘. &DR(E/GKXJP
4 A" WNENI‘ PORT AU PORT ARFA.

. ©. In situ - Tilt-corrected

"n/ng D . ] Ik

vy
W

4/4
3/4
4/4
4/4
4/4
4/4
3/4
. 4/4
3/4 .
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NOTES : n/no'is the nmumber of sample characteristic directions used
' in computing the site mean/number of samples thermally.
demagnetized. Other symbols as in Tables 3.1-3.3.




'apécimens are listed in Table 5.1. . All but three of these

directions were computed by vector subtraction between
three or more collinear points directed to the origin on
the orthogonal projections. For the remaining three

specimens (Table 5.1) the characteristic directions were

! _ . . .
taken to be the average of directions in the stable range.

In Figure 5.5, individual sample directions and site means

are plotted. Site means for any site with fewer than 3

samples have not been plotted leav1ng only 9 sites, w1tpha

total of 33 samples. The remaining 4 samples are /

distributed over three other sites. Fisher's Etatis(f%s

. . - ‘\ .
(Fisher, 1953) for site-level are-listed in Table 5.2. .For
the reasons to be discussed later in this Chapter, the "A" °

: x
component is considdred to be the depositional or early

post-depositional magnetization of these-rocks. Therefore, -

- a geological tilt correction has been applied to the

chéracteristic directions in Tables 5.p—5.2.

-

As discussed earlier, the AF treatment was not found

as suitable as the thermal treatment for the isolation of a
ch;racteristic magnetization becadse of the éact that a
hiéher coercivity componept.aeemed to mask the-
characteristic. component in some of the specimens.
Nevertheless, als—étep AF¥ demagnetization in the range
10-60 mT was carried out on one frésh.sﬁecimen'each from 24
samples not previously used in the pilot AF study. Along

with the 16 specimens pilot-demagnetized in 10 steps, these

. 24 speciy‘ns used in the 5-step procedure, made a total of

—

3




.

e
‘

"40 specimens (38 samples) which were AF demagnetized. As

was found Bn the detailed (1Q to 12-step) study, the Szatep.

rgrocédu;e also yieided variable results, most of the
. ki ’ -~ - '
specimens showing a directional trend to the southeast,

terminating in some cases in a stable direction akin to the
typical thermal "A" component direction. However, .just

over half of the AF-treated specimens failed to end up in a
shallow direction. Among all the-AF—Qemagnetiiéﬂ
specimens, between 10 and 70% of the intensity stjll

remained after treatment to 60 mT.

a I3

The "B" component was isolated from 14 egmplesf(dﬁe

specimen each) distributed'bwér 6 sites. Figure 5.6
documenﬁs the magnetic beha;ioqr leéding to the "B"
coﬁponent,.as revealed after thermal and AF deMmagnetization
lof two.spécimens. In bOtﬁ JE these:specimens, a south to
southeasterly‘COmponeﬁt with néar—horizontal negative
incljination is revealed aftef both'thermal and AF
tteéimgnts. “In specimen §H2-1, a dominant ekéep down

? componen; i§ erased be;oQ 206°C,'$ftef whicﬁ a stable
component Wwith a shallow heéative inclinatién is unc§&ergd.
in the range 400-%60°C1 This is seen oﬁ the atereoggam
and fro;'the orthogonal ;rojection. This stable.coméonent
resides in the last 15% of the tofal intensity. The AF

" treatment of specimen IB2-B revéals the "B! component in - ,
the range 20-50 mT aféer the_;emoval of a Jteepgr. ‘

cgmponent, bu;'a substaﬁtial intensitty (- 80% of.NRﬁ) still

/féﬁ§fﬁf—(f§er treatme?;rup‘to 100 mT,LaggiE/suggestingfthel




—
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Demagnetization results of 2 St. George specimens yielding "B"
component. Top: Thermal results plotted on a stereonet and

as a-vector diagram; bottom: AF results plotted on stereonet
only. Conventions as in Figs. 5.2, 5.3.

v
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presence of relatively high—coercivity'gréins- as the main =

remanence carrier.

b

In Figure 5.7 are plotted the thermal demagnetization
results of two other specimens yielding the "B" component.

Specimen AQ6~C seems to be preserving both the "A" and "B™

components which can be separately identified by a close

inepection of both the stereographic plot and the

-

orthogonal vector diagram. The "A" component is being
erased in the range 300-450°C. This is identified as a
linear segment on the veator diagram.  Between 450° and

560°C, a stable end point is observed which corresponds

to the "B" component. This does not seem to be well

defined on the vector diagram, but the evidence using the
atable end point criterion is strong. This is the only
spoqimen in the entire collection which clearly revealed
t‘ho‘ coexistence of both the "A" and "B" components along
with the steep viscous component. In the r."est of the
specimens, either a stablﬁe-'B" directién or a stable "‘A"
direction was isolated. For example, in Specimen IBl1-B i!—l
Figure 5.7, the removal 6f a viscous component below

200°C was followed by the uncovering of a nearly
horizontal component which remained stable up to high
tgmporatures well past the Curie point of magnetite. An
almost univectorial trend on the Zi jderveld diagram in the
range 200-650°C confirms the presence of the above single

component at high temperatures. The calculation of the

characteristic "B" component in these two specimens and

/
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Slﬁ‘mh]

Fig.

P 7 »

200 @00 6
TEMPERATURE (°C)

00

Thermal demagnetization results of 2 St.

George specimens yielding (top) both "A"

and "B" components and (bottom) only "B"
component. The "A" component in AQ6-C

is erased in the rangé 300-4500C (vector
diagram, right); then a stable "B" direction

is obtained at higch temperatures (stereoplot).
Open symbols on vector diagrams are projections
on M-S vertical (V) plane. All other
conventions as in Figs. 5.2, 5.3.



othérs lixe them, however, is based on averaging the
directions in the stable range rather than on vector
subtraction based on the Zijderveld diagrams, as the decdy
to the origin does not seem to be clearly established in
these cases. The characteristic directions isolated from
14 samples are listed in Table 5.3, and are plotted in
Figuré 5.8. No geological tilt correctioh has beé; appli;d
to the characteristic directions in Table 5.3, as these are
interpreted to be a secondary component (see diacuésion
below) acquired after the tilting of the strata.

In Table 5.4 are listed the resgults of Fisher's

statistics (Fisher, 1953) for the "A" and “B" components of

the St. George Group. The overall mean direction of the

"A" component, giving uq&i}weight to samples after tilt .

correction, is D = 147.99,)1 = 34.5° ( agg5 = 3.20 %

= 5§57, N - 37'samples), which is almost coincident witﬁ the
'site mean direction, D = 148.59; I = 33.7° ( dgg =

4.49 x = 139, N = 9 gites). The site-mean direction is
preferred, and the antipole position co;responding to it is
17.5ON, 152.30E (dp = 2.8°, dm = 4.9°). This falls

near several reported Ordovici;;‘poie; to be discussed in
Chapter 9. The “A" coméonent directions corresponding to
the three formations:of the St. George Group were
separately a;eraged also (Table 5.4). The three formation
means have been plotted with their 95% confidence circles
in Figure 5.17 along with the corresponding means from the ,

Port au Choix area and will be further discusséd with the
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Fig. 5.8. Sarmle characteristic!directions for the "B" comnonent after
thermal demagnetizatior. Solid (enen) circles on lcwer
(upper) hemisphere. Equal area projection. 2




TARLE 5.3

THERMAL, DEMAGNETIZATION RESULTS FROM THE ST. GEORGE GROUP

FOR THE “B" COMPONENT, PORT AU PORT AREA.

Characteristic

- Stability
‘Formation = Site Specimen in situ direction range
D I (e c)
Isthmus Bay 1Bl IBl1-B 178.1 - 6.9 200-590 (ave.)
" " IBl IB2-A 170.8 -21.6 400-530 (ave.)
" " IBl IB3-C 169.7 -17.0 300-650 (ave.)
" " 1Bl . IB4-A 184.4 -14.6 300-560 (ave.)
" * 1B2 IBR7-2 - 162.0 4.2 400-560 (v.s.)
" " 182 188-1 "174.4 - 7.6 350-590 (v.s.)
" " IR3 IB9-C 162.3 -16.4 400-560 (v.S.)
” " ~ 183 IBl1l-A 166.2 - 6.9 350-590 (v.s.)
" " - IB4 IB13-A 171.2 6.4 350-530 (ave.)
" " 1B4 IB14-C 175.7 - 8.0 400-560 (ave.)
" " 184 1B15—C 136.4 -13.6 400-500 (v.s.)
Catoche PH1 PH1-=A 167.2 - 7.1 400-530 (v.s.)
" PHl PH2-1 153.2 -13.3 300-560 (v.s.)
Aguathuna , BQ2 AQ6-C. 177.3 - 4.3 450-560 (ave.)

"NOTES: Characteristic directions alove are based either on vector

subtraction (v.s8.) from Zijderveld plots or average of directions
(ave.) in the tamperature range indicated.




4 TABLE 5.4
MEAN PALEOMAGNETIC DATA FOR THE "A"™ AND "B" COMPONENTS AFTER THERMAL
DEMAGNETIZATION OF THE ST. GEORGE GROUP, PORT AU PORT AREA.

Dy Im OL9'5

St. George Group, 9 sites . 19.6
33 samples), "A" camponent,

in situ

- - »

"St. George Group, 9 sites

(33 samples), "A" camponent,

tilt-corrected s

St. Gearge Group, 37 sanplee,\
"A"camponent, tilt-corrected

St. George:Group, 14 samples,
"B" camponent, in situ

Isthmus Bay Formation,

7 samples, "A" camponent,
tilt—corrected

Catoche Formation, 16 samples,
"A* camponent, tilt-corrected

Agquathuna Formation, 14

sanples, "A" camponent,
tilt-corrected

All symbols as in Table 3.3.




Port aulcﬁbii'results.

The mean direction for the "B" cemponent (Table 5.4)
is D = 167.99, I = -9.2° ( Ogg = 6.99, k = 33, N =
14 samples), é;rresponding to an antipole at :44.9°N,
L§8.2°E (dp = 5.60, dm = 7.1°) which is consistent
with a number of reported Kiaman poles (Figure 9.1,'Cﬁapter

9). As in the case of the Cambrian "A" -and "B" components

(Chapter 3), ‘the south poles are consistent with the

" presumed APW path for North America, and therefore the

polarities of the”ﬂhgnetizatioﬁ are taken to be reverse for
these'focks.

About 88% of the St. George collection (50 samples out
hof a total of 57) was found to be paleomagnetically useable

after thermal demagnetization.

5.2.2 Magnetic mineralogy (Port au Port rocks)

Fourteen fresh specimens {(all from different samples)
A Y

were subjected to IRM-acquisition and back-fiela '
experiments with a maximum field strength éf 0.82 T. Three
types of characteristic curves were obtained {Figure 5.9), °
and are similar to types 1-3 obtained from the Cambrian
rocks, which were discussed in detail in Section 3.3.
Obviously these curves indicate the presence of either
magnetite alone (type 1, Specimen AQI8-B) or a mi;ture of
magnetite and hematite or goethite (type 2, Specimen

PH4-B); it is possible also for hematite or goethite to

occur alone or as a mixture (type 3, Specimen IB2-C). It
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Fig. 5.9. IRM acquisition and back-field characteristics. Curves (a),

(b) are characteristic of samples yielding "A" component}

curve (c) of samples giving the "B" component, after thermal

demagnetization.
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is difficult to distinguish between goethite and hematite
from type 3 IRM curves (Lowrie and Heller, 1982), but in
the absence of m{gnetite they can be distinqyished on the
basis of the very much higher blotking temperatures
‘resulting from the presence of hematite. A gradient
observable in type 2-(Specimen PH4-B), after a strong
initial incréase in intensity, couid possibly be
contributed by the presence of hematite or goethite
coexisting with a dominant magnetite phase of type 1, -
though the presence of goethite in type 1 curves also
cannot_be ruled out {(Lowrie and Heller, lééZ).

Combining the evidence from IRM studies-with that from

-

the AF and thermal demagnetization results has made it
\

posaibie to identify the magnetic phéses carrying the
remanence in these rocks. Those sampies giving type 1 IRM
curves always yielded the "A"™ component, which was
unblocked in the temperature range 300-500°C (Figures
5.2-5.3). This_gives a strong indication of magnetite‘
beihg the remanenc¢e carrier of the "A" component. Type 2
IRM curves are.also most often associated with.the A"
component. This shows that goethiur or hematite are
probably not important in most of these samples ‘as a stable
remanence c;rrier. However, the only specimen (AQ6-C;
Figure 5.6) where both "A" and "B" components were

isolated, is of type 2, as expected. As discussed in

Section 5.2.1, the "B" component in specimen AQ6-C retained

remanence beyond the Curie Point of maqnet;€:: suggesting

]
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hematite as the remanence carrier. Samples corresponding )
to ;ype 3 IRM curves either exclusively yieldeé the "B"
component, with unblocking temperatures usually exceeding
the Curie Point of ma eti;e, or.they failed to yiéld a
-atable remanence at hig temperatures. From those "B"
component samples which unblocked entirely below the Curie
Point of Fagnetite, no.evldence of magnetite was found f;om
the IRM study:' Thus ﬁhe evidence seems to be strongly
favouring hematite as the remanence carrier for the "“B"
component. The origin of hemaﬁite in these rocks could be
by one of the processesvalready described in Section 3.3.
However, some further comments on the magnetic mineral§gy
of these récks Are of interest and are given below.

Two samples, one each from the Isthmus Bay and
Aguathyna Formations, gave inéications of the presenée of
goethite exclusively as the rémanence carrier. The results
of AF and thermal demagnetizations on two specimens from
“the Isthmus Bay sample are shown in Figﬁre's.lo. The AF
result (specimen IB6-1) shows very little reduction (15%)
in the intensity up to 100 mT, during which the ﬁRM
direction remains aéable. This steep downward-directed
magnetization is close to the present earth's field
direction; Thermal demagnetization of the duplicate
specimen, IB6-2, shows a 96% reduction in the intensiﬁy at
100°C. Such a low blocking temperature is attributed to .
goethite, a mineral that i: fairly common in limestones

(Lowrie and Heller, 1982)._ The remanence direction at

[
[N
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Fig. 5.10.° Demagnetization results of specimen pairs
from a St. George samrple “‘indicating goethite

as the main remanence carrier. Conventions
as in Fig. 5.2. :
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‘températures. It is known that goethite dehydrates to

102

higher temperatures, however, is seen to migrate

systematically to the southeast (Figure 5.10) and it seehs

that a near-horizontal ("B" ?) component is presérved in
this specimen. However, this specimen has not been

!
included in the final "B" component statistics, because of

e

the chemfcal changes associated with goethite at high

y
hematite at 300°C, so the thermal demagnetization above

this temperature is clouded by uncertainty about the role
of a new ﬁematite phase, especially in this case where the
remanence seems to bé carried almost entirely by‘goethi;e.
The possible coexistence of goethite with either .
magnetite or hematite has beén indicated in a number of
specimens. It was observed in Figure 5.2 that, on AF
demagnetization, a steep-down component with relatively

high coercivity has probably shrouded the shallower

component that had been revealed on thermal .

demagnetization. ,The shallower component, with unblocking

temperature well below the Curie point of magnetite, could
g ‘ . .

be easily isolated By the thermal treatment. It is

thereforenboncluded that specimens AQ16-B and AQ16-C

(Figure 5.2) probably contain a mixture of magnetite and

goethite, in which goethite carries the steep component

(which seems to be the same as the very hard component -of

' 4

Specimen IB6-1 in Figure Safd), whereas magnetite preserves
oot

the "A" component. A sharp break in the thermal decay

curve of Specimen AQl6-C (Figure 5.2), following 45%
z

\
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. o _ .
intensity reductjion at 100 C, seems to reinforce this
conclusion. Because the 'propdrtion of the remanence

attributed here to mangetite is dominant, chemical changes

leading to inversion of goethite to hematite probably do’
not pose a problem in the isolation of the most stable

. .
component. However, in 4 to 5 specimens where goethite

seems to have carried a larger proportion of remanence, as

revealed by 80 to 90% reduction in intensity at 100°C,

isolation of the most stable component was a problem. Most

of these specimens failed to yield a consistent component

at higher temperatures and the measurements 'were often
<

. o
no(:y. Theg specimens which posed this problem are

edlunively from the Isthmus Bay Formation, from those

-

sites where a "B" component was isolated. Thus the problem

seems to be related to those specimens where probably

hematite and goethite exist together, with goethite

carrying the larger proportion of remanence.

24
-

.

5.2.3 Port au Choix area

-

Ninety-nine oriented hand samples were collected from

20 sites spanning all three Formations of the St. George,

' Group (Figures 2.2, 2.4). The distribution of samples is

as follows. Isthmus qu Formation: 39 samples (8 sites);

Catoche Formation: 40 samples (8 Bites); Agquathuna

.Formation: 20 samples (4 sites). At lghst two standard

- specimens weré cut from each of these!samples. Remanence

measurements were done on at least one specimen per sample.

- - . —_

.

/




Fig. 5.11. NI directions of St. George Groumn samples,
Port au _Choix area. Eaual area projection
on the lower hemisphere. ' ’

«
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'I_‘hé NRM directions of all the samples (one specimen
each) are plotted in Figure 5.11. They are tightly grouped
in a steep downward direction. The NRM intensities range

from 3 x 104 A/m to 7 x 10-3 A/m, with a large

4

ma jority of samples havting intensities in the rénge l to 3
» .

x 10-3 A/m. AF demagnetization was -t.arried out on 20
specimens, each chosen from a different site. Figure 5.12
represents the demagnetization characteristics of these
specimens. It shows that the steep downward-—di‘rected NRM
e_ithe'r remains steep (Specirﬁen PC91-A),. or moves to a_
shallower, but still downward stable direction (Specimen
PC21-C), or else changes sign to énd up in a shallow upward
direction (Specimen PC6;2). The intensity decay in all the
three specimens was smooth and almost complete (J/Jp, <

5%) well below 100 mT, which suggestﬁ the absence of
high-coercivity grains as remanence carriers. These three
apparently stabl\e, but widely'di\)ergent directions probably
indicate the pﬁt\asence of components with partly to almost
completelly (PC91-A) overlapping coercivity spectra wh;ch :
cannot bg resolved by AF t;eatment. For two spevcimens
(PC6-2 and PC21-C) the trend of directignal change at
higher fields, however,/ seems to favour a north to
northeaate:iy characteristic component which is represented
by Specimen PC6-2, showing a'shallow, upward-directed end
peint. ° |

Thermal demagnetization was found to be more effective

in isolating characteristic magnetizations from a majority




1

AF demagnetizétion results for 3 St. George specimens from
Port au Choix area, yielding threée distinct stable directions.

Conventions for stereoplots as in Fig. 5.2 and for vector
diagrams as in Fig. 5.7.
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of the samples. One specimen from #ach of 99 samples was

thus thermally demagnetized according to the step-schedule
outlined in Appendix A. Based on the reéult of -some
detailed pilot demagnetizations, it was found that
treatment at temperatures of 100°C‘and 200°C only
indicated the removal of a large, steeply inclined
component close to present earth'; field,.probably Qf
viscous origin. Therefore it was decided, in the majority
of specimens, to proceed directly from NRM to the 300°C
‘step. For these specimens, the results are based usually
on a 4-step demagnetization between 300°C and 450°C,
after which the intensity was qQften reduced to 1 to: 2% of
the NRM. Wherever a substantial moment (> 5% Of NRM)
remained, the specimens were then greated to higher
temper{tures. Results of tﬁefmal demagnetization (Figures
5.13 to 5.15) show that a characteristic componéﬁt is
uncovered in the raﬁg; 300-4509C. This is indicated in
Figure 5.13 by a well—defiﬁed, stable end point and a .
straight-line decay to the origin on the'orthogonal vector
o
diagrams. In Figure 5.14, stable end points are not as |
well defined, but the vector subtractions yield linear
high—temperaturg seéments. In Specimen PCl9-2, this
segment misses the origin though it “terminates close to the
Vmeasurable limit of intensity. Therefore the subtracted
;ector between 300 7nd 450°C has Beén considered

acceptable as the most stable component in this case also.

The characteristic magnetization in Figures 5.13-5.14
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Fig. 5.13, Representative thermal demagnetization results

for 2 St. George specimens from Port au Choix
area that define stable end point macnetization.
Closed (open) circles on the stereoplot are
downward (upward) pointing directions. Open
squares on the vector diacgram are vector end
point projections on a N-S vertical (V) plane
and solid dots on the horizontal (H) plane.
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Fig. 5.14. Representative thermal demagnetization results

for 2 St. George specimens from the Port au
Choix area, vielding the characteristic
direction after vector subtraction from the
vector diagrams. Conventions as in Fig. 5.13.
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Fig. 5.15. Representative thermal demagnetization results

for 4 St. George specimens from Port au Choix
area where the characteristic remanence
resides in the last few percent of the total
remanence. Conventions as in Pig. 5.43.



is contained in a range between 15 and 45% of the total
remanence. More frequent, however, was the isolation of a
characteristic component below 15% of the total NRM.
Figure 5.15 gives four typical example; of specimen; where
a characteristic component resided in as fittle as 4 to 8%,
and in one case 25%, of the NRM. Theéé_specimens yieided a
reasonably well-defined, stable end point at high
temperathres. Because of the fact that the most stable
component was carried by a very low proportion of the NRM,
the vector plots become.very erratic in the highest

' temperature range, and are not 350wn for these specimens.

The calculation of a characteristic component is here based

on the stable end point criterion.

The magn'etizations thus isolated from al.lqthe

thermally demagnetized specimens that gave characteristic
final directions are listed in Table 5.5 and are plotted in
Figure 5.16. These direcéions were successfully isolated
in 48 out of a total of'§9 samples.  The directional
scatter as seen in Figure 5.16 is large; the inclinations
rangé from shallow to ihtermediately steep.” The formation
meansg with their radii of 958 confiderke, both before and
after tilt correctien, are plotted in Fiqure 5.17 along
with the corresponding mean directions for the Port au Port
rocks for a comparison.. The tilt-correctién does not
appear to imprdve the grouping of Formation me&ns, which is

not unexpected because of the small between-site variations

in dip and strike. However, the Formatioﬁ means of ‘the
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Fig. 5y16. Sample characteristic directions from the St. George Group, Port
. p au Choix area. TIqual area projection on the upper hemisphere.




Fig.

5.17.

Formation means with their 95% confidence circles for the
St. George Group in the two main sampling areas: (a) before
tilt correction; (b) after tilt correction. Conventions as
in Fig. 5.13. Equal area projection,
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TABLE 5.5

THERMAL DEMAGNETIZATION RESULTS FROM THE ST. GEORGE GROUP,.
PORT AU CHOIX AREA.

Characteristic direction Stability

' ;B:situ Tilt-corrected range

D D I (0 ¢)

Isthmus Bay Formation ;

(v.s.)
(v.s.)
(v.s.)
(v.s.)
(v.s.)
(ave.)
(v.s.)
(v.s.
héﬁﬁ\‘
(ave.)
{(v.8.)
(v.s8.)
{(v.s.)
(ave.)
(ave.)
(ave.)
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12
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7
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3
3
7
3
26
24
15
-5
34
17
11
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Catoche Formation
—-48.0 346 . {v.s8.)
-29.4. 336.5 (ave.)
-33.6 352.3 . {ave.)
-45.7 _ . (v.8.)
-51.0 et . : (ave.)
-43.7 - & (ave.)
—-47.8 - E . Av.s.)
-37.9 . (ave.)
-47.5 (v.s.)
-49.2 (ave.)
. =51.0 (ave.)
-21.8 (v.8.)
-46 .0 (v.8.)
~54.,7 (v.s.)
-30.2 (v.s.)
-56.1 (ave.).
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TABLE 5.5 (CONT'D) .

o

Characteristic direction Stability

Specimen In situ Tilt-corrected range

(°c)

PC19
PC19
PC19
PC19
PC20
PC20
PC20
PC21
- pC21
PC21
pc21
PC22
PC22
PC22
PC22

PC22

"PC99-A

-
pc92-A/  356.0
PC93-1  351.3
PC94-A  345.0
PC95-1 - 22.1
PC98-A

" 350-450: (ave.) -
350-400 (ave.)
400450 .(v.s.)

© 350450 (ave.)
300400 (ave.)
350400 (ave.)
350-450 (v.s.)
400450 (v.s.)
400450 (v.s.)
300400 (ave.)
350400 (ave.)
400-450 (ave.)
300-450 (ave.)
300-400 (ave.)
300450 (v.s.)
300-450 - (ave.)
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Lol 8
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S

PC100-A
PC101~-A
PC102-A
PC103-A
PC104-A
PC106~2
PC107-A
PC108-A
PC109-A
PC110-1
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Al]l symbols and explanations as in Tables 3.1. anid 5.3
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TABLE 5.6

MEAN PALFOMAGNETIC DATA AFTER THERMAL DEMAGNETIZATION OF THE/ST. GEORGE GROUP,

LY

PORT AU CHOIX AREA.

Pole Position

~

Isthmus Bay Formation,
16 sanmples, in situ

" Isthrmus Bay Formation,
16 samples, tilt-
-corrected .

Catoche Formation, /
16 samples, in situ

Catoche Formation,
16 sanples, tilt-
ocorrected ’

Aguathuna Fomat_ion),
16 samples, in gitu
Aguaﬂmna Formation,
16 samples, tilt-"

corrected

St. George Group

(above three Formations

ocambined), 48 sanmples,
tilt-corrected

-

24.50N, 102.8CF
(dp, dm = 3.7°, 6.99)

14.7°N, 127.3°E
{(dp, dm = 6.3°, 10.3°)

20.7°9N, 110.6CE
{(dp, dm = 4.19, 7.39)

20.5°N, 113.3°E
(@p, dm = 3.1°, 5.59)

All symbols as in Table 3.3




B 119

Port au Choix rocks are more y_ide;l.y“upaced than in the case
N 7 e

of Port au Port, where the conf

AN

éqc;él circles are

. ’ ~ w‘
overlapping. An F-ratio test (Watson, 1956; Laroc‘helle,

‘

1967) was applied to examine the statistical significance
of the differences ix{ formation means. The test indi.cat.ed=

that the formation means are significantly different at 99%

level of confidence, both before and after tilt correction,.

for the Port au Port as well as the Port au Choix areas.
\ . . ‘
The. pole positions corresponding to the three

Formation means are listed in Table 5.6 along with their

statistical parameters. The north pole positions are
* . ~ .
consistent with the presumed APWP for cratonic North

America, and therefore these poles are taken to be of

(S

"normal polarity.

Finally, certain aspeclts of the magnetization

_behaviour &4f some_&pf the specimens not yielding a

meaningful, ?‘eb)e direction are discussed. Figqure 5.18

ohcyi\p\jt_l/ of demagnetization behaviour with temperature
e ./ ~ .
of six rdpresentative specimens. Four of thﬁe (Specimens

! -

.BH2A, -PCB=A, PC41-1 and PC24-1) éhow systematic directional
f .

changes *‘espectively to the gvest, northeast followed by_
southwesi‘.,' ﬁoutheast and northeast. A complete decay of
intensity ;ir_‘ these specimens probably precludes the
complef:}gn '(of the observed directional trend. Three of
these 4 specimens (exéludingrPC41-1) come 'from the Isthmus

Bay Fon’ation, where a characteristic component with a

shal low neggtive_inclir;ation towards N to NE had been




-

Fig. 5.18 Thérmal demagnetization results for 6 St. George specimehs from

Port au Choix area, not always yielding a characteristic direction.
These results show the presence of unresolved superposed components
(See text). Conventlons as in Fig. 5.13.

~
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isolated from the specimen directions (Figure 5.16). The
direction bf Specimen PC24-1- shows a trend towards'that
goal, while in.Specimen PC3-A a phailow norfﬁeasterlf end
éoint~direction also is obtained by vector subtraction
between 300 and 450°C. The. vector subtracted direction'
of Specimen PC3-A has been included for averaging in Figure
5.16. |

The two other specimens, PC22-1 and PC66-A, in Figure
5.18 shg; some stability in the range'300—4509c{.the
stable direction.in the former case being steep downward

towards NE, and that in the latter case being preceded by a

swing towards N to NW. The apparently stable directions

~ exhibited by these two specimehs are' anomalous in the sense
that they are very steep. One interpretation cou;d be that -
these specimens have been completely remagnetized close to
the recent géomagnetic field at the site. H&weVer, a
closer examination of the demagnetization behaviour of
other specimens in Figure 5.18 suggest fhat the steep, but
apparently stable difectioné in these two specimens could
have resulted from‘; multicomponent sysfem with overlapping
,Astabiltty'épeptra, which sometimes may comprise normal and
reverse componeﬁts. This would partly explain why a large
proportion ( 50%) of specimens, of the 99 St. George Group
samples from Port au Choix failed tq yield consistent

directions.




5.2.4  Magnetic mineralogy (Port au Choix rocks)

An-IRM study was done on six samples (one specimen

each) representing all the sampling localities. All the

gpeéimens showed a strong initial increase of the remanence
intensity in fields up to 0.1 Tesla. Above 0.1 T, the |
increase became very small:and all but one specimen reached
saturaéion magnetization in fields of'about 0.2 T. The
'corresponding 1KM curves are very similar to the

:
"magnetite" curves of Figure 5.? (type 1) and are not shown
here. The only eiéeption was a specimen in which, after a
rapid inigial increase in the remanence intensity up to 0.1

T, a slight grédient.was still maintained up to 0.82 T. -
However, the back-field4characteristi;s always yielded a
single coercivity of remanence (H.,) value of about 0.05

T. All this suggests that while some of these rocks might
contain’a very small amount of hematité.of goethite,
magnetite is the 6nly carrier of magnetization in a large
majority of the samples. This conclusion is further
reinforced by the limited AF demagnetization expei;ments
(Figure 5.12) where no high—cbercivity components have been
recognized. The.théfmal demagnet;zaﬁion results (Figures
5.13-5.15) also revealllow blocking temperature components,
'strohgly indicating the presence of.magnetite only.

5.3 Discussion

The "A" component isolated in the rocks of Port au

Port area, which has been demonstrated to reside. in.

“a
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magnetite, is interpreted to be the signature of an Early
Ordovician geomagnetic field in western Newfoundland for
the following reasons:

(1) The conodont @lour alteration index (CAI) in the
Port au Port area is 1 (Nowlan and Barnes, 1985). For
any;reaaonable 1é;gth ;E{burial time (108 y;.), ma ximum
burial temperatures of 50-60°C are indicated (Epstein et

e—,
al. 1977). On the assumption of a burial temperature of
60°C, even a burial time as long as 300 million years
would not suffice to reset the magnetization, blocked in
the range 450-500°C (Pullaiah et al., 1975). This
suggests that the remanence is not a thermal :
remagnetization.

(2) The éole position corresponding to the “"A"
component is nowhere néar the reported Middle to Upper
Paleozoic poles of cratonic North‘América, which makes any
long—-time chemical remagnetization of the magnetite . ._
remanence (Scotese et al., 1982; Wisniowiecki et al., 1983;
.McCabe et al., 1983, 1984) highly unlikely.

(3) The "A" pole is consistent with some published
Cambro-Ordovician poles of c}atonic North America (Chapter
9). - '

The Port au Choix rocks, on the other hand, give gaite
a different result. A comparison with the Port au Port
rocks (Tables 5.4 - 5.6; Figure 5.17) indicates that the

normal polarity directions of the Port au Choix rocks

)
differ from the former mainly in declination, by -1400°,
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One interpretation could be that there has been a relative
tectonic rotation of about 406 between the Port au Port
and Port au Choix areas since the rocks in"béth afeas
acquired their magnetizationg~ This interpreiation would
be valid only if it cah be demonstrated that the
magnetization of the Port au Choix rocks is primary. The
thermal history of the Pért au Choix rocks, however,
Tfavoufi a possible thermal remagnetization. The conodont

e

"CAI values in the sampling area (between Table Point and
Eddies Cove, Figure 2.1) are in the range 2 to 3.5 (Nowlan
and Barnes, 1985), indicating a maximum burial temperature
of 100-150°C (Epstein et al., 1977). Theoretical

calculations of Pullaiah et al., (1975) suggest that, while

~
a blocking temperature of 380°C or less would be reset if

the rocks were heated to 150°C for 108‘yr., a blocking
temperature of 400°C or above should survive. On this
premise.it would seem that the Port au Choix rocks probably
survived the therm&l resetting of magnetization, as the v
blocking temperatures are in the range 400-450°C (Table
5.5). A recent study iKent, 1985),-however, indicates that
the thermoviscous remhgneéization at modera;ely elevated
burial temperatured couldrreset the magnetic grdins blocked
at much higher temperature than predicted by Pullaiah et
al. (1975). If this is the case, it is quite probable that
the stable reh&nences carried by magnetite in the Port au

\
Choix rocks reflect a complete thermal overprint.

Significant differences in the formatiop means are probably
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indicative of a long time interval .in ;he remagnetization
of the formations, or alternatively, of rapid polar
waAdering during the short times the rocks were being
magnetized. |

It is worthwhile to speculate on an age of
mégnetization for the presumably secondary mngnetization of
Port au Choix rocks. In this respect it is noted that pole
positidns of the Port au Choix rocks are significantly

displaceqvfrom the Kiaman poles {(see Chapter 9 for
comparison) and are of normal polarity. Therefore (a
Kiaman) remagnetization is ruled out. A pést-Paleozoic age
also is very unlikely, since one would expect
characteristic Mesozoic and Cenozoic field direct{gns
relative to western Newfoundland to be much steeper than
thé observed directions. This 1eavgs one to speculate on
an age of magnetization anywhere between Middle Ordovician

“

and Early Carboniferous. Middle Ordovician north poles

obtained from this study (Chapter 6) are nowhere nea{d?he

three Port au Choix poles. A comparisan with published
poles shows these three poles.to be close to Late
Ordbviciaﬁ ﬁo Early Carboniferous péles from other parts of
the North American craton. Of special relevance hére are’
the recent results from Early Carboniferous rocks of
western Newfoundland (Irving aqd Strong, 1984a:fMurthy,
1985) and a result from Late Devonian rocks (Irving and.
Strong, 1985) in eastern Newfoundland. The pole positions

reported in the above studies fall near the same general

4
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area as the three Port au Choix St. George poles. It is

probable therefore that the poles from the Early Ordovician

rocks of the Port au Choix area represent the earth's

magnetic field direction during or after the Acadian
orogeny (Middle to Late Devonian). If so, then the tilt
correction done in the paleomagnetic data may be
questionablé, if the deformation of beds is Acadian. Since
the magnitude of tilt is very low (0-10°), the final

result would not change significantly if the tilt
correction were not done. Moreover, since there is
unéertainty in the age of deformation (Chapter 2), thch
could be later than the Acadian, the tilt-corrected
directions have been preferred. ..

.-

A pre-Devonian magnetization fof the St. George Group

L]
of Port au Choix area is also a possibility, as some

published Silurian poles from the North American craton

_(e.g:, French and Van der Voo, 1979; McCabe et al., 1985)

are close to the three Port au Choix poles (Table 5.6) of
the present Btudy? |

The "B" component isolated from the rocks of Port au
Port Peninsula is interpreted to be a chemical remanent
magnetization (CRM)'residing in diagenetic hematite that
was acquired probably during late Carboniferous to Eariy
Permian (Kiaman) times. The pole position corresponding to
the "B" comﬁonent agrees very well with the Kiaman pole

isolated from the Cambrian rocks (Chapter 3) and from

Paleozoic rocks ip other parts of the craton (e.g., Irving
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and Irving, 1982; irving and Strong, 1984a, 1985; McCabe et
al., 1984). Furthermore, it is to be noted that the "B"

" component was isolated mostly ffom thée lowermost part of
the St. George Group (Isthmus Bay Formation). Rocks on the
higher stratigraphic level are not pervasively
overprinted.

The present results are further compared and discussed

in relation to some other Ordovician and Kiaman poles in

Chapter 9.




CHAPTER 6

TABLE HEAD GROUP

6.1 Geological Setting

Rocks of the Middle Ordovidian Table Head Group are
» \ .

‘
T —— -~

exposed at various locglities in\‘estern Newfoundland, from
the Port au Poft-Peninsula in the south to Hare Bay in the
north (Figurel2;l), as part of the autochthonous'

Cambrian-Ordovicign platfofm of the northern Appalachians._

This_platform is thoﬁght to have been subsiding at the‘time
of sedimentatiog of the Table Head Group, when %F.received
deeper water sediments (James and Stevens, 1982). The
Table Head Group is therefore a critféal sedimentary unit
which probably documents completely the collapse of a
continental margin (Klappa et al., 1980}). o

Based oh lithologic an; f&upal differences, the Table
Head Group has been subdivided into four Formations by
Klpppa et al. k1980). From oldest to youngest, these arer:
Table Point, Table Cove, Black Cove, and Cape Cormorant
. Formationsg” (Figure 2.2). The following brief observation
about the four Formations is due to Klappa et al. (1980).

The Table Point Formation gbmprises bioturbated
‘massive grey limestones and interbedded limestone-dolostone
units. This Formatggn is characteffzed by a heterogeneous
package of shelf ca;;Lnates._

The Table Cove Formation is characterized by

bioturbated, thin- to medium-bedded limestone of possible

129
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pelagic origin, and interbedded shedes. Deposition of
sedimenté»comprising the.Table C;Ve Eérmation is thought to
have occurred on the slopes of platform margin basins. °

The Black Cove Formation comprises black
shale/mudstones at the type locslity on Port au Port
Peninsula. 1Its deposition took place in basins of
restricted cifEulation by suspension settling of finF
clastic material. |

The Cape Cormorant Formation consists of dark
calcareous shales, green siltstones and interbedded
calcareous rocks. - It contains one or more well developed
lime breccia-conglomerate beds, made up essentially of
reworkeé shelf (Table Point) and upper slope (Table Cove)
limestone clasts. The Cape Cormorant Formation represents

the last recora;of deposition on the shelf before the onset

of flysch deposits derived from the east (Stevens, 1970).

6.2 Paleomagnetic sampling and results
For paleomagnetic investigations, Table Head rocks

were hand sampled as follows: -In the Port au Port area; 16

samples from the Table Point Formation, 12 from the Table

Cove Formation and 27 from the Cape Cormorant Formation
were taken, giving a total of 55 saﬁples distributed at }4‘
sites. 1In the Port au Choix area; 48 samples were v
collected from 10 sites, all from the Table Poing
Férmatidn. The sampling localities are shown in.?igufed

2.3-2.4 and details are given in Appendix P. However, one

’
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important distinction between the bedding attitudes of the
different Formations must be noted. Whereas the Table

Point and Table Cove Formations are moderately dipping

(11-16°W), the Cape Cormorant Formation dips much mor
steeply (~50°NW). This variation in tl-:ilt a
different sites ‘therefore provides an opportunity to test
whether the stable m;gnetization is pre- or post-tilting.
Paléomagn'etic results from the Port au .Port and Port au.
Choix areas are described separately in the folibwiﬁg

Sections.

6.2.1 Port au Poft area '

Paleomagnetic measurements were carried out on 54

samples (89 épe_cimens) . \_Ail specimen NRM directions are
‘plotted in ’E‘_igure 6.1. The NRM inltensities ranged from 4 x
105 to 3 x 10"‘3 A/m; however, 'i,ntensities of- the order

of 1 to 3 x 10—4 A/m were found to be the most common.
Figure 6.1 shows that Lthe NRH. vectors for Table Cove are
better grouped than those of the other two Formations. All

Table Cove NRM directions and most of the Table Point and

Cape Cormorant directions are significantly misaligned with

- ~
the present earth's field, indicz\iting the presence of some

-
ancient component(s) in themr The Table Cove specimens had
/ . .

_ the highest intensities (1 to 3 x 10-3 A/m).
To isolate the stable components from the NRMs, one
specimen from each of the 14 sites was first stepwise

—

demagnetized by AF to a pe'ak- field of 100 mT. Results for




TABLE POINT ~~ TABLE COVE ;
. CAPE CORMORANT
FORMATION FORMATION : ' FORMATION

Fig. 6.1. NRM directions of Table Head Group spegimens, Fort au Port area.
Equal- area projection on the lower hemlsphere.
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& °
one representative specimen each from the three Formations

are depictegd 4in Fiqure 6.2, which shows that in all cases
the steep down NRM moves to a qhallower southeasterly
direction. Whereas in the case of speéimen WB8-B the
remanence di.rection stabilizes between 15 to 60 m'I",:the
other two cpeci;nens do not appear “to exhibit a|n'y
directionv;l stability.. The situation is worst in the case
of specimen ML12-B, which.shows an erratic change in the
direction and intensity as it is progreﬁsively. \
demagnetized.. AF demagnetization was therefore not pursued
further. The detlailed analysis is based on results from
tﬁermal demagn'etization only,} describeci below. It should
b'e noted, however, thét the intensifty decay is almost
complete in éo,to 100 mT fields, which suggests thelabsence
of high-coercivity grains ca.rrying a remanence.

One specim-en from each of 28 samples of the Table

Point and Table Cove Formations was thermally demagnetized

<
N\

acc.ording to the schedule outlined in Appendix A. 1In the

case. of the Cape Cormorant Formation, th2 results of
thermal demagnetization were found tfo be scattered and
quite frequently unstable. Hence ?'specimens, wherever
possiblve, from each of the Cape Cormorant samples were
thermally treated for a total of 47 specimens (26
samples). Because of significantly different

} characteristic magneti'zations before tilt correction

x

between the Cape Cormorant Formation on the one hand and

the combined Table Point and Table Cove Formations D/n the

L)
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Fig. 6.2. Alternating field (AF) demagnetization results for 3 representative

specimens of the Table Head Group, Port au TFort area. Solid (open)
circles denote downward (upward) directions on a Wulff net. Dashed
outline indicates directions in the field range shown and has no
statistical significance. Directions are without tilt correction.
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other, their results after thermal demagnetization are
discussed in turn. )

'Figures 6.3 - 6.4 répresent typic§1 thermal
demagnetization results for Téble Point and Table~Cove
specimens. It can be seen that a characteristic coméonent
with shallow positiQe inclination along the southeast is
isolated be£we9n the 300-456 or 500°C steps, beyond which
‘Ao consistént magnetization i; observed. The'erratic
directional as well as inteﬁsity changes in Specimen AQ29-A
may be caused by a spurious mdﬁent acquired by the specimen
after the stable component is unblocked at 450°C. A
'similat\;xpl#nation could be given for Specimens WB3-1 and
WB1l1-A whose inténsities tend to increase, along with
erratic directional chan%es beyond 450°C. The
computation of characteristic directions in all but two of

. the Table Point and Table Cove specimens.is based on a
vector subtractiop (Table_G.i) between 3 or more end points
defining a final linear segment directed to the origin on

the Zijderveld diagram. However, in cases where a linear
) ' {
trend to the_origin was not seen, the average of directions
in the stable range was taken as the characteristig

direction. An example is Specimen AQ23-A (Figure 6.3)

where a stable end point is observed in the range

300-500°C, hut the Zijderveld plot in the same range
gives an arcuate pattern on the vertical projection plane.
Of the 28 Table Point and Table Cove samples, 21 yielded

tightly grouped remanence vectors with a mean in situ
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Fig. 6.3, Representative thermal demacnetization results
from 2 Table Head Group specimens, Port au Port
area. Conventions for the stereoplot are as
in Fig. 6.2. On the orthogonal vector diagrams,

open squares,ywvector end point projections on a
N-S vertical (V) plane and solid dots, on the
horizontal (H) plane.
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TABLE COVE FORMATION
N, up
T
500
W A’: +——t—t—t—t— E
+ Yaso 7 x10%A/m
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TEMPERATURE (°C) "
Fig. 6.4, Representative thermal demagnetization results
for 2 Table Head Group specimens, Port au Port
area. Open squares on the vector diagrams are

Projections on an east-west vertical (V) plane.
Other conventions as in .Fig. 6.3.
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direction of D = 153.6°, I = 28.6° ( agg= 2.2 , k = 202,

N = 21 s;ﬁplea). Assuming that the magnetization preceded
the Acadian (?) tilting, the tilt-correctéd mean direction
is D = 150.4°, I = 40.5O corresponding to a reverse pole '
at I3.6°N, 148.9°9E (Table 6.2). The characteristic
directions of individual specimens are listed in Table 6.1
and are élotted(in Figure 6.6 along with ﬁhe Cape Cormorant
characteristic directions.

The demagnetization behaviour of two representative
specimens from Cape Cormorant Formation, yielding a stable
characteristic magnetization, is gho&n in Fiqgure 6.5. In
specimen ML11-B, after the removél of a dominant steep down
component below 300°C, a stable component directed to the
aoﬁtheast with a shallow negative inclination is uncovered
between 350° and 400°C. Tﬁere is a sharp drop -in
intensity in the 350-400°C range,'after which it starts
increasing, and the directional change Qecomes lafge. The
residual»intgnsity at'400°f is ~2 x 1075 A/m, which)is
low enough for the induction of spurious magnetizat{bns to
become significant. The corresponding Zijderveld diagram,
though not good, does indicate a deca} trend to the origin
between 350°C and 400°C. The characteristic direction
in this ;pecimeﬁ (Table 6.1) is, however, based on the
average of directions at the two temperatures.

In Specimen ML24-2 (Figure 6.5) there is a sharp drop

in intensity between NRM and 300°C, corresponding to the

V:emoval of a steep down component. The intensity then
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CAPE CORIOPRANT FORMATION

1.4 x 1I6*A/m

5L8x6* Am NRM
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B, 6.5, Representative thermal demagnetization results
for 2 Table Head Group specimens, Port au Port
area. Conventions are as in Fig. 6.4.



Characteristic specimen directions after thermal demaanetization,
from the Table Head Group, Port au Port area. Circles denote

Table Point and Table Cove Formations, and triangles the Cape
Cormorant Formation. Solid (open) symbols represent downward
(upward) directions. Egqual area projec;ion.







TABLE 6.1

THERMBL\QBQKEEFEZATION RESULTS FROM THE TABLE HEAD GROUP,
T . PORT AU PORT ARFA.

Characteristic direction Stability

Specimen In situ Tilt-corrected range

D I l D | I (°C)

Table Point Formation

152.6
153.6
159.1
148.9
163.8
138.0
134.6
145.3
155.2

156.5
157.6
162.1
153.4
165.6
144.3
142.1
151.2
159.2

- ~J =N W
.

(S )

w w
EOOBRNYNRR
[l AW AN o s JiX<To s J SRVe
bbﬁbubbbg
MDD Wa Db NN

Table Cove Formation

159.7
154.6
154.5
151.1
146.0
147.0
155.2
152.3
155.1
155.5
151.1
148.9

158.4
152.7
152.5
148.6 />
142.6
143.8
153.5
150.2
153.2
153.8
149.0
145.9

(v.s.)
(v.8.)
(v.s.)
(v.s.)
(v.s.)
(v.s.)
(v.s.)
(v.s.)
(v.s.)
(v.s.)
(v.s8.)
{v.s.)

CECERRSRT - REECRSRARCR-

RR8EBBRE
P-\O@m\.o

—roWwWomMDRNOL LD

ERE8SESEEEY

Cape Cormorant Formation

153.9  -10.3  150.5
161.9 '-35.4 . 161.9
139.7  -17.8  135.9
125.8  -23.1  126.2
151.6  -24.8  151.6

N W
BREER
- Woono

&

138.6  -24.5  138.7




TABLE 6.1 (CONT'D)

Characteristic direction Stability

‘Specimen In situ Tilt-corrected range

D " p 1 (©°cy

.-- Cape Commorant Formation

(ave.)
(ave.)
(v.8.)
(ave.)

" ML1O-A* 354.6 28.0 352.9 -
ML10-C 133.1 -33.0 135.7
ML11-B 149.4 -14.5 148.9
ML11-C 158.2 -35.7 157.2

Cambined ML
11-B & 11-C 153.4 -25.2 153.4

- -
wgb\l
bSO\

&
(o)

ML14-B 125.1 -16.6 123.8
ML14-C* 189.4 -19.5 189.0
ML17-1 132.8 -15.5 130.1
ML17-4 146.6 -13.5 146.3
Carbined ML
17-1 & 174 139.7 -14.6 137.9

W - N
mg\:u
NoOhwo

&
o}

TML7 ML24-1 126.0° -42.4 130.7

ML24-2 140.4 141.3
Cambined ML

24-1 & 24-2 133.2 136.0

ML7 ML25-1  147.8 . 147.0

ML25-2  151.3 150.9
Canbined ML

251 & 25-2  149.7 148.9

ML7 ML27-1 125.2- 124.1
ML7 ML27-2 123.5° -42.5 129.0
" Cambined ML : .

21-1 & 27-2 124.5 -31.4 126.7

Specimens with * were excluded fram the final statistics. All
and explanations as in Tables 3.1, 5.1, 5.3.




TABLE 6.2

MEAN PALFOMAGNETIC DATA FROM THE TABLE HEAD GROUP, PORI‘ AU PORT ARFA.

Din

Im

Ay

k

* N

__ %5

A Antipole

Table Point Formation,
9 samples, in situ

le Point Formation,
9' samples, tilt-
oorrected

Table Cove Formation, .

12 sampleg, in situ
Table Cove Formation,

12 samples, tilt-
corrected

Cape Cormorant

Formation, 1l samples, -

in situ

‘ Cape Cormorant
Farmation, 11 samples,
tilt-corrected

Table Point and Table
Cove Formation
conbined, 21 samples
tilt—corrected

154.8

150.3

' 29.1

12.7 19.59N, 162.1°E
(dp, @m = 5.19, 9.59)

[y

23.1 8 13.60N, 148.9E
(dp, dm = 1.7°, 2.8%)




TABLE 6.2 (CONT'D)

. D Ly kK . N agg /\p“"mﬂ'_ipol"é'
As above, 5 sites, 150.0 40.7° 394 5 3.9 23.3§ 13.4°9N, 149.2€
tilt-corrected ‘ : . (dp, dm = 2.90, 4.7°) .
Table Head Group, ©149.3  10.7 8 32 9.4
32 sarples, in situ ,
 Table Head Group, 146.7 35.1 38 32 4.1 19.4 s 15.9°N, 153.6CE

32 samples, tilt- ' . {dp, dm = 2.8°, 4.79)
ocorrected ; ,

All \synbols as in Table 3.3 ‘ - ‘ . . \
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increases gradu;lly on further heatin'g to 4/00°C. during
which the direction remains stable along the southeast with
intermediate upward inclinatioq‘. 'fhis suggests the removal
of a component antiparall_el to the observed direction. On
the Zijderveld diagram, the component being removed is not
clearly indicated because of scatter and erratic changes in
the observea directioh. “The average of the 300-400°C
directions has b;aen accepteq’ as the characteristic
direction flor thi's specimen.J A sharp drop in the inte"r'\a.i‘t'y
between 460 to 450°C cox’-respond—s to the removal of a
vector whose direction' is close to the charactefistic
direction. Only 19 specimerxla (11 samples) out of'a total.

of 47 specimens (26 samples, from the Cape Cormorant

Formation yielded stable, characteriatic directions (Table_,m
i

4

6.1, Figure 6.6). " .
A large majority of Cape Cormorant specimens diaplayed. .
unstable behaviour. and no consistent component could b;e
’ridenf_ified in them. A detailed perusal of the
demagnetization results suggests.the presence of
mult icomponent remanences with ov‘érlapping stability
spectra, making them difficult to resolve. Figures 6.7-6.8
depict the complex typeé of d_eﬁiagnetization behaviour
' 'exhibited by some representative spécimena. Four specimens
of Figure 6.7 yiel‘d different high-temperature Ldirections
which seem reasonably stable. 1t is to be noted .that' two

specimens, ML10-A and ML10-C (Figure 6.7) from a single

sample, seem to give fairly stable directions which are
v .
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Thermal demagnetization results for 4 Cape
Cormorant specimens showing the presence of
distinctly different stable directions. Widely
divergent directions of svecimen pairs (ML1l0-A
and ML10-C) from a single sample show that

the magnetization is not homogeneous throuchout
the sample volume. Presence of both necrmal and
reverse polarities may be inferred from different
specimens. Conventions as in Fig. 6.2.
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120-130 apért. The southeasterly stable direction in
.Specimen ML10-C has a northwesterly trend at higher
temperatures, possibly approaching the direction of the
stablé downward component observed in the second specimen,

ML1O-A.

A

A simila-r kind of behaviour is observed in Specimens
ML13.—A and ML14-C which in this case come from two
different samples, but collected at the same site. The
stable directions of Specimens ML10-A and ML14-C are nearly
antiparallel. A second specimen, ML14-B, from the latter
sample yielded a stable direction along the séut;east
(Table 6.1), comparable to Specimen ML1O-C. Séecimens
ML1O~A and ML14-C have been excluded from the final
statistics because Vof their obvious large misalignment with
the directions of the characteristic SE cluster. A sharp
rise in intensity beyond 450°C in three of the specimens
of Figure 6.7 might be due to mineralogical changes |
(production of secondary magnetite?-) quite often observed
when heating limestoneé (Lowrie and Heller, 1982).

One inference one may draw from Figure 6.7 is that the

magnetization of these rocks was acqui_x;ed' over a prolonged
time span during-which the earth's f‘;élld might ha\'le.
reversed it.s-_polariﬁy'“ind/puh&gg/)i’so changed its
directio_n-\'re}ative to the sampling area. The occurrence of
widely dlffer\ént stable directions in the specimens_of a

N
single block sample and in two different specimens from the

same site suggests that the rccks are not homogeneously

.
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Wik ML 73

NRM= L1 I6% A/m | NRM= 1.5xI0% A/m|
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Fig. 6.8. Thermal demacnetization results of specinen
pairs (l.h.s. and r.h.s.) from 2 Cape Cormorant
samples, showing the presence of superposed
corponents of opposite polarity in individual
specimens. Conventions as in Fig. 6.2.



magnetized and might carry sﬁéqrimposed components that
have remained unresolved. This observation is further
supported by the demagnétizatidn results of another four
specimens from two samples‘(Fig. 618). The steep down NRM
vectors in both Specimens ML23-B and ML23-C move to
shallower directions by 300°C in the SE quadrant. In the
case of ML23-B, a stable direction with shallow positive
ihclination along the southeast appears to be isolated in
ﬁhe temperature range 330-370°C.  However, the intensity
remains -almost constant in‘this range. In the companion
?pecimen (ML2§—C), a.large steep down component is'erased
below 200°C. The direction then switches to a negative
_inclination in the southeast quadrant, sBhowing a trend
;roughly to the northwest, but stability is not attained.
The abrupt intensity decrease to 200°C is followed by a
gentle increase in the range 200-400°C, during which the
vector moves to a Steéper direction with negative
inclination. It seems quite probable, therefore, that.
Specimens.ML23—B & C each might carfy superimposed but
unresolved normal and reverse components'that are.béing
removed simultaneously. 1In the case of Specimen ML23-C,
‘the ;oﬁtheasterly (reverse?) component seems to be erased
at a higher‘rate than the hidden (normai?) component.,

. whereas in Speéimgé ML23-B, the removal.of the two

components may be nearly at the same rate. A similar

behaviour is exhibitgd by the specimen pair ML7-2 and ML7-3

in Pigure 6.8. . g
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The strong indication of superimposed components in
the specimens of the Cape Cormorant Formation, as discussed
above, probably explains why a majority'of the specimens
failed to' yield stable maghetizations, unlike those of the
Table Point and Taéle Cové Formations. The larger scatter
of the Cape Cormorant directions (Figure 6,6) may be due,
in part, to the imperféct'resolution of superimposed
componenté. " However, the Cape Cormorant characteristic
directions suggest a significant southeasterly compoconent
with shalloy up inclination, despite a relatively large
scatter. The in situ mean bAsed on 11 aaﬁples (17
apecinengj Tables 6.1-6.2) yielding afchéracteriétic
compo'nent is D = 141.29, I = -27.6° ( %gg= 8.59, k

.= 30) Thig, mean direction is far removed from the'ig situ
mean of the Table Point and Table Cove Formations. -
However, after correction for geological tilt, the mean
direction for Cape Cormorant becomes D = 140.60; I =

24.30, (‘a9$= 8.99, x = 27). The small changes in

%95 and k are due to small differences in tilt at.Various
sites and are not significant. The tilt correction brlngs
'the Cape Cormorant directions much G}Qper to those of the
Table Point and Table Cove Formations (Figure 6.6). e
mean direction of the Table Head.Group (all three ﬁr
Formaﬁi&hs) before tilt correction is D = 149.3°0, I = 10.7°
(%95 = 9.40, k = 8, N = 32 samples). After tilt
correction, the mean direction is D = 146.79, I = 35.1°

(%95 = 4.1°, k = 38, N = 32 gamples). A substantial
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improvement in the atatieéical parameters after tilt-
correction indicates that the magnetization of the Table
Head Group was'acquired prior to the tilting of the strata,
‘probably during the Acadian orogeny (Chapter 2). However,
the significance of this stfuctural‘correction could not be
‘adequately ﬁested (e.g., F-test) beéause of the large
differences in sample variance between the ihree

Formations. These results are further discussed in Section

6.4.

6.2.2 Port au Choix area

Paleomagnetic measurements were done on 53 specimens,

choosing at least one from each of the 48 gamples collécted

fxom the Port au Choix area. The NRM directions are -

plotted in Figure 6.9 and are seen to.bé steep and_tightl*
grouped. The NRM intensities are of the order of 1d‘3 to
10=4 A/m. Five apecimensf each from a different site,
~were AF demagnetized. This treatment (results not shown)
failed to deflect the steep down NRM significantly,
although the intensity decayed smoothly to about 1-2% by
the 80 mT step. This indicates the inability Of the AF
treatment té isolate any characteristic component(s), but
at the same time gives valuablé information showing the
-absence of higher coercivity grains carrying a remanence.
Thermal demagnetization was carried out on 48'
specimens, one from each of the 48 samplée. Results of

thermal demagnetization for two specimens are represented -




S

Fig..6.9. NRM sample directions for Table Kead Group,
Port au Choix area. Equal area projection
on the lower hemisphere.
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in Figdre 6.10. In Specimen PCl22-A the steep down NRM

moves to a very shallow, almost horizontal southeast
direction witﬁ a linear decay to the origin at high
_tempefatures on the Zijderveld diagram. Specimen PC127-1
vBhows the same trend, except that the stable direction i;.
intermediately steep. Stable southeast‘end-point
directions were obtained from a number of specimens (Table.
-€.3), but these directions are smeared in inclinations
which range froﬁ +10° to +80°. In all these cases the

7

in;eggity decay was complete and the stable component was
contained ;; the last 10-20% of the total NRM.

Eigure §.11‘shows other examples of demagnetizatian
behaviour exhibited by quite a few specimens. The four
specimens of this figure display quite different trends
compared to those in Figure 6.10. Spgcimena PC74-2 and
PC82-1 each lose 95% of their total intensity by the
300°C step, changing from the steep down NRM direction to
a northerly direction wiih a negative inciinatton. The
final directions are intermediately steep. Because the’
intensities of these specimens are compietely-lost by
_450°C, with directions becoming random in some cases at
the highest temperature treated (e.g. PC74-2 at 450°C5,
it is assumed that the terminal direction in a specimen
_exhibiting a systematic directional change represent a kind
of stable end_point. However, unless the directions at the
two highest temperatures {generally 400° and 450°C)

'were closely spaced, they were not accepted as stable
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Fig. 6.10. Representative thermal demacgnetization results

for 2 Table Head specimens from Port au Choix
area, yielding a shallow to steep southeast
component. Conventions for stereoplots are
as in Fig, 6.2 and for orthogonal vector
diagrams as in Fic. 6.3.
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Eae. 6.11. Representative thermal demacnetization results
for 4 Table Eead specimens from Port au Choix
area, yielding a northerly upward directions
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down directions (bottom). Conventions as in
Fougs ‘Ba 2
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directions. Thus in the case of Specimen PC82-1, the
average of the 400° and 450°C directions and in PC74-2,

the average of the 3502 and 400°C directions, was taken

as the stable'component. A similar acceptabili:;JEriterion
.and similar averaging was applied to specimens PC139-1 and
PC143-A, though’the'remanence vectors of these specimens
dre seen to movgﬁin different directions, that_is towards
northeast and southeast, respectively.

Stable directions were thus isolated‘from 35 samples
(Tablé 6.3 and Fiqure 6.12). A.very large smear in these
direc;ionsLQIOné a rough1}$N—S axis makes any statistical
analysis difficult. Nine samples yielding N to NE
directions with negative inclinations form a distinctive
. cluster and might.repreaent a charaqteristiéJcomponent for
the Table Point Formation of the Port au Choix area. These
samples hiad all been collected from the limestone strata of
the Table Point area (Figure 2.4). The underlying
dolostone strata of the Aguathuna Formation (St. George
‘Group) in the same locality yielded similar directiong
(Chapter 5). This suggests either that the ageé‘of
magnetization of the two Formaﬁiops are similar, or that no
significant polar wander occurred duriﬁg the time they
b;came magnetized. Apart from this, no other
characteria;ic component seems td be identified from the
direétion- in Pigure 6.12, though the presence of a S to SE

component is strongly indicpted. Most of these directions

came from samples of the Black Point area (Figure 2.4).




Characteristic sample directions from the

Table Head Group, Port au Choix area.

Solid (open) circles are equal area projections
on lower (upper) hemisphere.
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TABLE 6.3
. THERMAL DEMAGNETIZATION RESULTS FROM THE TABLE HEAD GROUP,
' ' PORT AlJ CHOIX AREA.
In situ stable direction Stability
Site Specimen b _ range
D I (¢c _
PC15 "PC72-1 18.4 -35.5 ' 350-400
PC15 PC73-1 24.0 -33.9 ~ 350-400
PC15 PC74-2 13.7 -52.1 © 350~400
PC15 PC75~2 25.6 -28.5 .- 350-400
PCl16 .. PC76-B 68.3 -44.9 300-400 (v.s.)
‘PC16 FC78-1 63.0 45.0 350400
PCl17 PC81-2 351.0 -44.2 400-450 )
7 PCB2-1 15.4  —41.6 400450
_PC17 PCB83-2 _ : 1.7 —49.2 400-450 :
 PCY7 PCB4-2 1813 ~46.5 400-450 . -
PC17 ° PCB5-2 Lo 18.4 -33.5 300-450
PC18 ., PC90~1 ‘ " 53.6 '40.5 400-422 -
PC25 PC121-B 168.9 . 12.0 400-4
PC25 PC122-A © . 151.7 6.2 350-450
PC25 - PC123-2 . 135.7 67.1 300-450
PC25 - . PCl24-2 - © . 117.6 76.3 300-450
PC25 ~ PCl25-A " 151.5 19.6 400-450 ..
" PC26 PCl26-1 . *+133.8 48.3 300400
PC26 PC127-1 : 139.8 46.3 300-450
PC26 ~ PCl28-A ° 152.3 63.9 300-450 -
PC26 ' PCl29-B 119.4 65.9 300-450
PC26 PC130-A 131.2 7.6 300-400
PC27 'PC131-B . 358.3 77.6 300-450
PC27 PC133-A : 100.6 69.0 300400 (v.s.)
PC27 = PC135-A° 54 .4 50.7 ~ 300-400 (v.s.)
i PC28 « PCl37-1 . 311.6 79.4 NRM-350
-~ PC28 _ PEC138-1 - 23.9 73.5 NRM-350 ‘
PC28 PC139-1 . - 20. 41.8 400450 .
PC28 PC140-B - 117.5 38.5 - 300-450 (v.s.) -
PC29 CPCl42-1 . 58.6 65.1 300400
FC29 - FCl43-A 119.4 57.6 . 400-450 ,
'PC29 ' PCl45-B 53,1 46.5 ' 350-400 .
PC30 PC146-A - . 70.2 50.0 . 400450 .
PC30 PC147-1 53.4 68.0 350-400 -
, PC30 PC149-2 - ' 12.4 87.0 NRM-350 . ‘
NOTES: The computation of stable direction is based on the -
' . average of directions in the range indicated except for :
a few specimens for which vector subtraction (v.s.) was
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Fig. 6.13. Unstable thermal demagnetization behaviour
of 3 Table Head specimens from Port au
Choix area, showing a NE-SW axis of magneti-
zation. Conventions as in Fig. 6.2.
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Though the presence of a paleoﬁmgnetic axis directed
roughly N-S is clearly highlighted in Figure 6.12, a'h'ur;ber
of specimens revealeda NE-SW axigs of magnetization Yithout
showing any stability. Figure 6.13 shéws three exan\xp‘l-:s
.of such unstable be‘na_y_;gur. An increase in intensity
beyond 350°C in ;al/i\Ii specimens is probably caused by the

acquisition of some spurious moment after the inter;sity is

reduced to a very low value, or alternati&ely, i)y a \

DY
A

chemical change in the limestones beyond ‘t&’t)mperatur\e\/'—\_/

On the basis of the'resuits discussed above, it seems
most.l‘likely that the large dispersion of #table directions
evident in Figqure 6.12 is cgu‘sed by the presence of two or
more superimposed components which 'could not be perfectly
re_solved. Most oOf the steep'directions s_héwxi in :Fic.;ure

.-, 6.12 could possibly have resulted from the simultaneous

~—

- . .
remo of a two-component (normal and reverse)

magnetization in the specimen concerned.

-

6.3 Magnetic mineralogy

IRM studies on 8 representative samples frdm both the
Port au Port and Port au Choix areas reveal the presence- of
exc_lulively magnetites in the rocks of.the Ta})ie Head
Group. All the IRM curves ‘are“ s 'l_a;' to type 1 of the
Porg au Port and St. George" _G:oups_ alr \discussed in

Chapters 3 and 5. Therefore the IRM results are not shown

here. The thermal and limited AF demagnetizatipn results,

as discussed in Sections ﬁ.z.l agﬁd,\
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6.2.2, fyrther confirm that magnetite is the remanence

carrier"iNhe carbofiates of the_ ®able Hded Group.
p //
~ ' Ve
~
~ ’/

6.4 Discussion ) /"
-~

-

A pre-tilting magnetiza/t’i/o; has been ieoiated from the
Table Head Group in the Pott\@\:wjt\area. The
magnetite-bearing remane.nce_cannot' be a thermal overprint
because of a low conodont CAT (=1) in the area (Chapters 3
and 5). It is likely that the magnetite grains were
aligned‘pa'rallel to the ambient geomagnetic field during or

°

shortly/after deposition and early diagenesis of these
rocks.. 'I‘he pole position correfspondlng to thxs
magnetization therefore most probably represents a
mid-Ordovician paleofield. . This pole _ie plottec{ along.with
the ot}m}rprdovician poles in Figure 9.1. It is seen. from
this ;lot that the Table ﬁead pole is very close to the
Lower Ordov1c1an St. George pole for Port au Port. This
indicates that there wag probably no elgnlfn,cant apparent
polar wandering during Lower: to mid-Ordovician times. It
is also important to note that no Kiaman overpfinta were’
found ip the Table Head samples.

It seems that the o;(idizing conditions'/ related to ti\e
formation of diagenetic hematite (which ceri‘ies Kiaman

overprlnts in“the Port au Port and St. George Groups) -did

not prevall in the case of the ’I‘able Head Group. It is

noteworthy that hematlzatlon is pervaalve in the Late

Cambrlan rocks (Peti.t Jardin Formtion),_but higher up in

“
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the stratigraphic sequence it progressively becomes less

‘pervasive until the Table Head Group where no evidence of
hematite is found, leaving them unaffeéted by Late
Paleozoic overprinting.

The Table Head rocks in the Port au Choix afea mostly
‘show multicomponents which could not be resolved by
demagnetization techniques. Tﬁerefore no meaningful result

could be obtained from them.




CHAPTER 7

THE LONG POINT GRoOUP

7.1 Geological Setting

\ The late Middle Ordovician Long Point Group i; exposed
along the eoutheast‘ahore of the Lbng Point, forming the
no:theaﬁt’extension_of P;rt au Port Peninsula (Figure
2.3). It has been divided into two Formations (Bergstrom
‘et al., 1974): the Lourdes Limestone and the Winterhouse
Formation (Fiqure 2.2). The Long Point Group overlies the
Humber Arm Supergroup unconformably at West Béy (Rodgers,_
1965), but it lies on the autochthon conformably (Stevens,
1970) near Mainland (Localities WB and ML respectively in
Figure 2.3). Rocks of this Groﬂp are comprised of
shallow-water siliciclastic and carbonate sediments
interbedded with shales ;na red beds near the top. Fogqii
é;idence ;uggests 5n eafly Caradocian age f&f the-Lourdes
vLimestone (Fahraeus, 1973; Bergstrom et ai., 19f4). These

authors point out that the ade of Lourdes Limestone is

’

critical, as it defines the upper time limit of emplacement

of the Humber Arm élldchthon.

+

7.2 Paleagmagnetic sampling and results

To investigate theée rocks paleomaghetically, 17
samples were collected at 4 sites from the Lourdes
Limestone (Figures 2.2, 2.3). _ The strata in the sampling

-

area are dipping A~ 40° to the NW. Thirty—five specimens
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from fhe 17 samples were-inveéiigated. The NRMs of all
these specimens were found to be steeply downyard;directed,
suggestiné the presence of a recent éomponehtﬁ Fouf
specimens, one from each site, were AF demagnetized in
detail according to the schédule described in Appendix A.

- The AF results showea unstable magnet;c behaviour upon
demagnetization. Both the directién’and the intensiiy of
magnetization changed erratically at each successive
~demagnetization step. No defihite trend in the slrectional
migration was noticeable and therefofe the results a;e ﬁot
shgwn here. The intensity, however, was reduced to 15-20%
of the NRM in all 4 specimens.

Thermal demagnetization was carried out on 31
specimens representing all 17 samples. A8 in the AF
treatment the magnetization was observed to be of unstabBle
character in allarge majority of specimens. However, there
was a aefinite directional trend with increasing
temperature in thg case of most specimens. Unlike the

(Chaptefs 3, 5-6) of the Port au Pbrt

Peninsula, where the directions moved to the southeast at

high temperatures, the directional change in most of the
o >

Long’éoint specimens showed a N to NW trend upon thermal
demagnetization. 1In nbne of these specimens 4id a
stability of direction seem to be well establigshed. More .

often, the directional change was associated with erratic

changes in the intensity, and almost all the specimens

showed evidence of chemical changes after heating to
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Representative thermal demacnetization results

for 4 Long Point specimens yielding a north-

westerly direction
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4000C or beyénd, indicated by a sharp rise iﬁ the renanent
intensity. O . ' '
Figure 7.1 represents the thermai demagnetization
results of some specimens which seem to show stability of
magnetization. The steep down NRMs of Spécimens BD13-A and
BD15-3 in this figure move to a shallower direction Aiong
the northwest which is stable for 4 consecutive
demagnetization steps. The intensity, howev;r, either
changes erratically (Specimen BD15-3) or shows no
significant reduction (Specimen BD13-A) over the_stable
range of difectfona. In both of these specimens, a lafge
proportion of intensity remains before the onset of
.chemical changes when the(glrections become random. The .
bottom diagrams of Figure 7.1 (Specimens BD3-4 and BD5-2)
shows a stable direction, almost vertically downward.
Again, there is evidence of erratic changes in the
intensity and of chemical chanée beyond 450°C. Such
steep and stable éirections were obtained in other
formations also and have been discussed at length in the
preceding chaﬁkers. The northwesterly and shallow
. g

directions whose stability seems-questionable, were

obtained from only 10 specimens 16 samples) and are listed
e 1

in Table 7.1 and are plotted in Figure 7.2. The scattered

nature of these directions indicates that the
characteristic components have not been well resolved in
these specimens. A persistent tendency of these

directions, however, to cluster in a northwesterly shallow

-




LONG POINT GPROUP

In situ Tilt-corrected

S ' , S
(a) ) (b)

Fig. 7.2. -Characteristic specimen directions, after thermal demagnetization: _
Solid (open) circles are down (up)‘magnetizations. Fqual area Proj ction.
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TABLE 7.1

THERMAL DEMAGNETIZATION RESULTS FROM THE LONG POINT GROUP,
PORT AU PORT AREA. ;

Characteristic direction Stability
Site Specimen In situ ) Tilt-corrected . range
° D 1 S (© c)
BD1 BDI-B 348.1 21.9  345.6  -10.6 300-350 (v.s.)
;) U BD1-D 325.0 -9.7 332.3 -47.8 . 300-370 (v.s.)
Cambined BD1-B .
- & 1-D 336.2 6.2 340.2 -29.4
BD2 , BD6-D 22.6 27.9 10.9 9.3 300-370 (ave.)
BD4 BD13-A 339.8 5.5 337.5 - 9.3 300400 (ave.)
BD4 BD13-D 344.7 49.9 333.9 15.2  300-400 (ave.)
Combined BD13-A
- & 13-D 342.2 37.7 336.0 3.0
: BD4 BDI4-A  337.7  40.0  332.0 4.3  300-400 (ave.)
BD4 BD15-1 327.1 24.1 326.3 -13.0 300400 (ave.)
BD4 BD15-3 337.3 11.9 338.9 -23.0 300-400 (ave.)
Combined BD15-1" .
& 15-3 332.1 18.1 332.4 -18.1
BD4 BD17-B 352.6 18.3 351.3 -12.1 350—100 (ave.)
BD4 BD17~C 358.6 33.2 350.1 3.7 300-370 (ave.)
Cambined BD17-B )
& 17-C 355.4 25.8 350.7 - 4.2
In situ. Tilt-corrected
. Overall mean: Dy = 347.3, Ip = 27.0 Dy = 343.7, Iy = -5.9
A - Oys = 17.8, k = 15, 0gg = 17.9, k = 15.0,
N = 6 samples ¢ N = 6 samples _.
. _ -y
NOTES: All symbols and explanations as in Tables 3.1-3.3.

3




direction is cleariy evident. The in situ mean of 6

samples is Dy = 347.30, Iy = 27.0° ( Ggg = 17.8°,
k =.15) which after a geological tilt correction becomes
D =.343.79, 15 & -5.90, ( agg . 17.99, K =
15). This tilt corrected mean @iréction compares well with
the mean direction (D = 331.19, 1 = ~13.79°, “95 =
8.4°, k = 30, N = 11 sites) from the uppermost member of
the Long Point Group (Murthy, 1983). However, since the
present result i; based on only six samples with doubtful
stability, no pole position‘is quoted for tbe Long Point
Group. The importance of the present investigation is
emphasized in the discussion below. : N
IRM studies were done on two apeclmens, each from a
different site; the result; (§igure not ahown),-iﬁdicated‘
the presence of magnetit”exélusively in. these rocks; The
thermal and AF demagneiization results also do not show any
evidence-of the presence of high coercivity or high
blocking temperature components. Thus it can be concluded
that the remanence carriers in the Long Point Group are
magnetite énly.
7.3 Discussion S'
It would not be statistically meaningful to /assign a
paleofield in which thg Long Point Group of rocks\acquired

magnetizativn. However, based .on the results from a

4

limited number of samples it seems to be well established

that the Lourdes Limestone of the Long Point Group acquired




its magnetization in a field whiqh was of opposite polarity
to that of.tho'field in which the older rocks of the Port
au Port Peninsula became magnetized. It was shown in the
preceding ch&pters_thai a characteristic souﬁheasterly
direction is present in each of the'Middle Cambrian to
Middle Ordovician‘Forhations on the Port au Port Peninsula
that were measured. It was also noted tha; a number of
specihens in those earlier Formations showed a northefly
trend of directional migration at higher temperéturea;

This northerly trend was exhibited by a number of specimens
which either did nét sth any atéble @irectioﬁ (e.qg., Port
au #ort Group), or more often, yie;ded a stable
southeasterly component (St. George and'Table Head Groups)
bgfore_showing a northeriy trend. This normal polarity
trend was more‘ pronounced -in 'th% Cape Cormorant Formation
(uppermost Table Head Group). It was ngtea that in the
Cape Cormorant samples (Chapter 6), oveglgpp}ng nérmaL ané
reverse components were probably responsible for the
unstable magnetic behaviour of mbst of the specimens. - One
Cape Cormorant specimen was found to give a stable ’
northerly direction (See Figure 6.7) widely divergent from
others. All these observations point to .the existence of a
polarity reversal during the time span represented by the
Cape Cormérant Format;on of the Table Head Group and the
Lourdes Limestone of the Long Point Group.

It should also be noted here that, as in the case of

the Table Head Group, Kiaman overprinting was absent in the
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Long Point Group. Thus Kiaman overprinting seems to have
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affected the Port au Port strata selectively, being )

confined to UPpQE_QimnhiﬁnJLQ—LOUO&JQFdoﬂiO#Qﬁ—t6Ck9,

whereas the Middle Ordovician rocks eécapedhits effects.




'CHAPTER 8

., COW HEAD GRoﬁp

{

Geological setting N

L)

The Cow Head fooup is a sequence of interbedded strata
comprising thinly bedded limestone.s (~5-30 cm), thinly
bedded shales, carbonate conglomeratéa and breccias, and
carbonate m'egabre’ccias (James, 1981). These rocka
reprelsent essenti.ally continuous deposition in deep water
over a period of some 70 million years ranging in age from
Middle Cambrian té Middle Ordovician (Kindle and‘
Whittingto'r},' 1958; Hubert et al., 1977; Fahraeus and

-

Nowlan, 1978).

+

The Cow Head Group was deposited near the base of the

Lower Paleozoic continental sflope of North America as a

!
!

series of submarine gravity flows that moved from the outer
shelf and upper continenta1<—s_lope into an area of act_:ive
deposition (Stevens, 1970; Williams and Stevens, 1974).
This rock sequence is .presently regarded as allochthonous,,
having heen transported from some area eaet;. of its present
loc.ation. The we;;tward thrust from the original site took -

place

during the Taconic orogeny in the Middle Ordovician,

and the strata now struﬂurall} overlie the autochthonous

sediments of the St. George and Table Head Groups.
However, there remains the possibility that the Cow Head

sequence is more or less in place, because the basal

contact is not seen anywhere and no melange zone has

el
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been noted in‘close proximity (Nowlan, 1974).

The following general observation about these rocks is
mainly based on the classic study of Kindle and Whittington
(1958) and by other in\;eatigators mentioned aone. The
breccia 'be'ds Are composed of both deep-water slope
limestone clasts and shallow wléter..boulders .and range in
thickness from 0.3 m to more than 60 m. Flat angular
pebbles and slabs are similar in composition to the -
surrounding thin-bedded glope limestones and comprise the
majority of clasts in the breccias. Moderately rounded
limestone boulders are of éﬁallbw water origin, probably
deriQed from the shelf-edge (R. K. Stevens, personal
communication). Fossil studies 1n the interbedded shales
and limestones have shown that with some exceptions, '"the
boulders ‘of any conglomerate are approximately of the same
age as thé immediately underlying strata" (Kindle and
Whittingtor{,)l958). The Cow Head strata were deformed.
either during the Taconic.& the Acadian o.rdgeny. An
Aca;dian deformatién. how'e\;rer,.seems to be rﬁore likely (R.K.
Stevens, personal communication).

The Ordovician stratav-of'.the Cow Head Group in Cow
Hecad Peninsula (Figure 8.1) .were cﬁosen for paleoﬁ\agnetic
“investigations in pr;zference to the Cambrian strata as the
former off-ered- the opportunity for making a fold 'test_. The
objective was to isolaf.e a characteristic magnetization and
see if the upper age-limit of magnetization can be

constrained.




Geologic map of the Cow Head Peninsula (after James and Stevens, '1986) .
Bed numbers shown were sampled for the present study and are numbered

as in the original paper. Beds 1-10 are not marked in the ﬁigure.

«
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The rocks in the stgdy area are folded into a broad
syncline, the axis of yﬁich strikes 208° and is plunging

]
southwest. A calculation based on the strike and dip

measurements on the bedded rocks adjacent té-the syncline
(Middle Ordovician Bed No. L3, Figure.B.i) yieldeh a
magnitude of 30.59 for the plunge (Figure 8.2 and
Appendix F). However, anothef calculation of_plunge, based -
on measﬁrements'on the Lower Ordovician Bed No. 11,
indicate; a m;re sqQutherly strike aﬁd a lowef magnitude (~~
20°) for the plunge. This discrebancy arises because of
the‘change in the nature of the fold, which changé; from
syncline ﬁo anticline as one moves farther east from the
syncline axis. As the fold beco;es.inc;easi;gLy
non-cylindrical to-the east it is not possible to
uneguivocally restore the etéeta to. their original

horizontal position (T. calon, personal communication) .

~ However, despite this complexity of the overall structure,

Beds 13 and 14 (Figure 8.1), which are next to the syncline

axis, cén be restored to the pa;eohorizontal. Thé}efqre,
the folded focks of Bed 13 are suitable for carrying out a
fold‘test (Graham, 1949). In addition, the breccia bed
(No. 14) lends itself to a éonglomerate test (Graham,
1949). ° With these oﬁjectives, oriented hand samples;were.
'célleéted from both limbs of the syncline. The two limbs
lie on either side of Deep Cove (Figure 8.1). Only the
samples from Beds 13 and 14 were studled, beéauaq of the

above-mentioned structural complexities affecting the older




BED No 13 EAST

Fig.

8.

a5

BED No 13 EAST
(corrected)

(in situ)
{In situ)

BED No 13 WEST
(corrected)

Magnitude of
Plunge(~309)

S
(b)

Bedding correction for the plunging fold: (a) In situ orientation

of bedding planes shown by great circles in stereographic projection;
(b) Mean in situ and plunge-corrected bedding orientation for the two
limbs of the syncline. See Appendix F for details of the reconstruction.

8LT
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strata. These beds are b€lieved to have formed during the

| N

-major hiatus that separates Lower and Middtle Ordovic¢ian

strata on the Nbrth American craton (Sloss, i963).

.8 ’ -

8.2 Paleomagnetic sampling and results

Ten samples from 2 sites ®n the eastern limb'and 15
sampléa from 3vsites on the western limb of £he syncline
were‘collected from Bed 13. The total stratigraphic /
thickness cbvered by these ghmples is 1.8 m in the eastern
limb and 2 m in the western limb. Férty aéﬁples,
cémprising 20 from each of the eastern and western limbs
were collected from Breccia Bed 14, which is thé QSungest\

in the Cow Head Peninsula. Thus a total of 65 samples - 2§

from non-condglomeratic bedded rocks and 40 from«bibcks in

- )
the conglomerates.—~ were collected 'for paledSimagnetic

o

studies.

7/

The NRM directions of the samples were found to be
steep withmpositive inclination. The intensity was in the
range 1 x 10-4 to 2 x 10-3 A/m. AF demagne;ization of
two gamples,_ohe from eachnlimb of the sYnéline'(results
not‘shown), showed the preseﬁce of only one component,
directed steep down. This component was foup;m{d”be very
stable. The ;ntensigy feil smoothly to a low value at
increasing fields, while the directions -did not change
aignificantly from the NRM; The remanent intensity at 100

mT was 2-4% of NRM. This suggests that the_remanehce is

carried dominantly by low-coercivity grains, probably f’
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- Solid (open) circles denote down (up)

Representative thermal demagnetization
results for 2 Cow Head Group specimens.

magnetizations on a Wulff net. On
orthogonal vector diagrams, squares
are the projections on an east-west
vertical *(V) plane and circles, on the
horizontal (H) plane.

’
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magnetite.

>

'§incejthe"§F results yieided oniy stéeg_ .
magng;izationg, thermal demagnetizétion was carried out
‘the rest of the specimens to isolate any other
componeni(srﬁ Figure 8:3.shows déngne§ization_resu1ts én
two rép:esentative specimens. ' Specimens CH15-B and CH31-B
are from the respectivé eastern and western limbs of the
fold. An intermediately steep component in the southeastx
quadran; was isolated from;SpécimenacﬁiS—B beyond 300°C,
as_indicéted on boéh the stereographic plot and the vector
diagram. SpeciméA.CHjliB yields a steep down
Characieristic cémpohent,‘similar in directioh,tovthe'
stable component isolaﬁed by the AF treatment. Stable
directions were obtained from a large @ajority'(23 out of
25) of the.samples (one specimen gaéh). These
characteristic directions are 1iqted in Table 8.1 And are
plotted ih'?igure 8.4, S%fh before and after a two-step

structural correction (plunge and fold; see Appendix F).

The site mean directions are listed in Table 8.2 and are

plotted in Figure 8.4. The overall paleomagnetic

parameters are summarized in Table 8.3. Figure 8.4 and
Table‘8.3 show that the 'grouping of directions considerably
improves' after the structural corfection, suggesting that
the magnetization is pﬂffolding. The mean direction, based
o.n' 22 gamples, before strqcturil correction, is D =

116.99, I = 76.6°, ( 095 = 119, x = 9.4). After

" structural correction it becomes D = 155.3°, I = 40.99°,




Fig.

8.4.
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Characteristic sample (a, b) and site mean

(c, d) directions from Bed 13, Cow Illead
Peninsula: (a) and (c) are before structural
corrections; and (b) and (dy, after two-step
(plunge and fold) correction. Circles are from
the western limb and triangles from the eastern
limb of the syncline. Ecual area projection

on the lower hemisphere.
: 2

Al




TABLE 8.1

THERMAL DEMAGNETIZATION RESULTS FROM THE MIDDLE ORDOVICIAN BEDDED
LIMESTONES OF THE COW HEAD GROUP, COW HEAD PENINSULA

Characteristic direction

Before structural . After structural Stability
oorrection correction range

1 ‘D 1 (°c¢C)

Bed No. 13 East -

41.6 . 163.8
163.4
174.1
164.4 -
155.9
173.6
213.7
125.3
163.4
155.3

DhWOR N~ haaiii,

“r-‘\lr-'\l;i;lomh
CEBLE888BL

46
55
53.
48
57
54.
48.
- 52
38.
No

. 13 West

148.2 18.9
153.1 32.9 NRM—400
154.6 30.5 NRM—450
167.0 10.6 300-400
164.7.._. 45.1

" 138.9 NRM—500
155.9
156.0
151.8 . NRM-—-500
170.4
139.5 NFRM—450
137.5 . 300-400
136.3 . NFEM—400

CH6 CH24-B
(030 CH25-B
CH6 CH26-B
e CH27-B
CHé - CH28-1
CH7 CH29-1
CH7 CH30-1"
a7 -CH31-B
CH? - CH32-1
CH7 CH33-A
CH12 CH54-A
CHl2 CH55-A
 CH12 CH58-B

NN [« ~N mo
OWnNWY 8 G\g:c\uag:o ~ =)
O NO~NDB~NOL+~DOU s W

v

NOTES: Specimen with * was excluded fram the final statistics. The
characteristic directions are based on the average of directions
“in the range indicated for all specimens except CH55-A, for which .
vector subtraction was used. Sites CH1-3 and C(H8-11 were
in the Lower Ordovician bed for which the results are not
presented (See text). :
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TABLE 8.2 ) ‘ S
. SITE-LEVEL CHARACTERISTIC DIRECTIONS OF THE COW HEAD GROUP,
/  COW HEAD PENINSULA :

\ B

In situ After structural correction .
site  n/ng D I " p I X g
CH4 5/5 131.6 49.4 ¥64.4 4.4 97 7.8
CH5 , 4/5 118.2 51.0 158.1 52.1 21 » 20
CH6 5/5 186.7 86.1 . 157.4 »+ 27.8 29 14
CH7 5/5 318.7 74.2 153.9 46.2 50 - 11
cHl2 " 3/5 £41.0 76.1 137.9 31.2 46 18

. All symbols as in Tables 3.1, 3.3:and 5.2

—




TABLE 8.3

\

__MFAN PALEOMAGNETIC DATA FROM THE COW HEAD GROUP,
COW HEAD PENINSULA.

/

~

g5 : Antipole

T

Mean of all samples, . . 11
in situ

Mean of all samples, . 6.3 . 13.39N, 145.80E
tilt-corrected . : (dp, dm = 4.6°, 7.6°)

Mean of sites,
in situ

Mean of sites,
tilt-corrected

Mean of all samples,
fram Bed 13 East,
in situ

As above, after )
structural correction

Mean of all samples,
fram Bed 13 West,
in situ

As above, after
structural correction

- - All symbols as in Table 3.3
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'(€_0195 = ‘6-.3? k = 25). , A fold test (McFadden and Jones,
19815 was perforn.mgd to test the statistical significam:é of
improved precision after ‘gnfoldinq. ' 'I‘he: result’s of this
test are discussed below.
8.3 Fold test \ .
If the precisions of populatioh from different limbs
of a fold are the same,' tﬁé fol(‘d test may be per formed by
testing whether the Jo{/erallf'mean Airections from the

o ]
different limbs may be distinguished statistically. For

the case; of two limbs, the hypothesis of a common true mean

. direction may be rejected if (McFadden and Jones, 1981),
: 1

[R, + % - R/ DL )

-2
-1

N

2(H-Ra - Rb) . p
where R = length of the resultant vector of all the site
. . . —» -»
mean directions (i.e., of the vectors R; and Rp)
T p level of significance
N total no. of sites
In the present case, let R; and Ry be the lengths
of the site mean vectors in the eastern and western limb of
the syncline respectively. A oepar;:te statistical test,
comparing the precisions of the populations of the two
limbs, showed that the two precisions are not different at
95% level; hence the above mentioned fold-test is
N~ .
applicable. From observation,

Ra= 1.9942; 2 sites

Rp= 2.9481; 3 sites




R = R} (in situ) = 4.5984

R = Ry '(after unfolding) = 4.8979

Ra+Rp = 4.9423 »

2(N-R3-Rp) = 0.1154, where N=5 sites

Hence, the hypothesis of a common true mean direction
would be rgjected at tﬁe\95% level of confidence (ie. p =

0.05%5) if

4.9423 - R2/4.9423 >

0.1154 1.714 '

With R = Ry = 4.8979, the left side of the above equation
is 0.7660 and the hypothesis of common 'true mean direction
cannot be re'jected. Using R = Ryj= 4.5984, the left side
of the equation is 5.753 and the hypothesis of a commo}m
true mean direétioa_i,n_situ may be rejected. .
| Hence the fold test is in fact significant, and it may

be concluded that the Cow Head rocks acquired their

observed magnetization before the Acadian (?) folding.

8.4 Conglomerate test
| One specimen from each of the 40 oriented pebbles
collected from the two limbs of the syncline i.n Bed 14 was

- subjected to stepwise thermal treatment. Some stable
directions obtained by this treatment are shown in Figures
8.5-8.6. A high temperature (> 450°C) stable component
is preserved in all the 4 specimens shown. However, the '

stable directions from either pair of boulders from the

same bed (Specimens Bl-)l and Bl2-A or Cl-A and Cl18-B) are
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8.5. Thermal demagnetization results for one
specimen each from 2 pebbles in breccia
Bed 14 (western limb), showing widely.
divergent stable directions. Conventions
as in Fig. 8.3.
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9. 8.6, Thermal demagnetization results for one

specimen each from 2 pebbles in breccia
Bed 14 (eastern limb), givinc widely
divergent directions. Conventions as
In Pig. 8.3
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grossly misaligned with each other. TThis probably is the

result of scattering of the vector directions between
different boulders as a resuit of brecciation. However,
sucr,l large scatteri_u was ndt observed in most of the
remaiping boulders after de;égnetization.

"Twenty—six samples (one specimen each) ogt';f the
yielded stable magnetirzations after thermal treatment,
blocking temperatures always less than the Curie point
magnetite. ' The directichs are listed in Table 8.4 and
blotted separately for the two limbs.of the syncline in
Figure 8.7. Alao_Plotted in Figure 8.7 are the respective

mean directions Of magnetization from the underlying Bed

13.

Some interesting features can be oObserved in Figure
8.7 While some of the pebbles from the eastern limb of
the syncline yielded scittered directions, and all - are far
removed from t;e in situ mean direction of the underlying
bedded roéks, this is not the case for the majority of
pebbles from the western limb. However, four samples from
the western limb do yield stable égmponents grossly
misaligned with the majority of directions. Fisher's
statistics were'performed on ;he conglomerates from the
eastern and western limbs separately. The results (Table
8.4) show very large cones of confidence as;ociated with
the meang fo; both the limbs. Whereas the mean direction

(D = 350°, 1 = 86°, Mgg 2 36°, k = 2.2, N = 14

samples) of the scattered pebble directions in the western




Bed 14 (wWest) ~ " Bed 14 (East)

c61

S ' S

-

Fig. 8.7. Characteristic pebble directions from breccia Bed 14. Stars denote
the mean directions from the underlyinc non-conglomeratic bedded
rocks (Bed 13). Conventions as in Fig. 8.3. No tilt correction
has been- avplied. :




TABLE 8.4

THERMAL DEMAGNETIZATION RESULTS FOR PEBBLES FROM A BRECCIA BED
OF THE COW HEAD GROUP, COW HEAD PENINSULA.

~

Stability Stability

Stable direction range Stable direction range

Specimen D I (°C) ~ specimen D 1 (° )

[ ]
[«
—

|
—
F-N

DU DT DO O —
RIS

(6, RS I, |
CUO NV NED— @ W

—
wn
w

!
3 &
NoOounN NN NWwo

ééggiﬂﬂ\xgobo
> 3
qJ0
>
| ) |
42L23.B2E8

N9
.5
7

2
.5
.8
.5
4
.8
.2
.5
.7

|
N
wn
~J
)

Overall mean: ) | Overall mean:
Dp = 27.4, Iy = 49.8, Dp = 350.2, Iy = 86.4,
N =12, 0gg =43, k = 2.0 N =14, g5 = 36, k = 2.2
R = 6.414 | R = 8.123

"NOTES: R is the iength of the resultant mean vector. All other symbolls and
explanations as in Tables 3.1-3.3. ‘
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limb falls close to the in situ mean direction of the
underlying bedded rocks (D = 3399, I = B84°,

195 = 8° in Table B8.3), the mean of pebble directions
in the eastern limb (D = 279, I = 509, agg = 36°,

k= 2.0, N =12 8$mples) is far removed from that of the in

situ mean of the underlying bedded rocks (D = 126°, I =

500, ngg = 8.8°, in Table 8.3). For neither limb of
‘ihe syncline do the pebble directions pass a statisticaf
test of rdndomness (Irving, 1964, p. 63). However, in the
ncase of the eastern limb, the directiaﬁs are close to
random, in which case they would meet a minimum condition
for a positive conglomerate test. In order to obtain_a
conclusive test it is also necessary to demonstrate that
the directions of the stable compoﬁent in multiple
épecimena from the same pebble are coherent. In view of an
apparently negative result of the conglomerate tes;, this
internal consistency tes; was not attempted. The
conglomerate test in the present study is therefore
inéonclusive. The most that can be concluded from this
partial conglomerate test is that the widely scattered

stable directions of some of the pebbles may antedate

brecciation.

8.5 Magnetic mineralogy

An -IRM study was done on 4 samples chosen from both

b}

limbs of the syncline. Results for two samples are shown

in Figure 8.8. A sharp increase in intensity at lowkr
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IRM acquisition and back-field characteristics
of 2 representative specimens from the Cow
Head Group. The curves stronaly indicate the
presence of only magnetite.

Fig. 8.8.
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magnetizing fields, with attainment of saturation at
0.10-0.15 T, indicateé the presence of magnétite. This is
fdrther.seen from the back-field IRM curves which Show the
presence of a single phase of'magnetic grains with low
values of coercivity of remanence (Hor~0.040-0.045 T),
charaéteristic of magnetite. The results‘of the IRM study,
coupled with the low blocking temperatures (450-5000C)
ébserved during thermal demagnetization, and the limited AF
.results, cqnfirm that maggetite is the remanence carrier.

3
8.6 Discussion

A stable, possibly primary, characterigtic direction
_ was isolated from the Middle Ordoviciran non—cénglomeratic
bed of the Cow Head Group. This magnetization resides in
fnagnetite which unblocks in the range 400-5Q00°C. The
éonodont CAI for these rocks is 1.5 (Nowlan and Barnes,
1985), which suggests a ma x imum temperature.of less than
60-H0°C. From the theoretical data of Pullaiah et al.
{1975), a magnetization with blocking temperature of
300°C or less'wouﬂh be reset by heating to 60-70°C for
100 m.y. Since the blockiné temperature far exceeds

300°9C, it is improbable that the rocks were thermally

rémagnetized after deposition. Besides, the results of a

‘structural (fold and plunge) test strengthen the case for a
prefolding, or perhaps even primatry origin of the;

\
conclusion from the partial conglomerate test, though that'

A J

magnetization. There is some mild support for thi
3




test as a whole proved inconclusive.

The antipole position corresponding
.structur;lly correct meén direction (D 155.30, I
40.9°) for Bgd‘13 is*'13,3°0N, 145.8CF (dp 4.6°, dm
=\7.6°, Ap = 23.49S). This pole (Flgure 9,1) is very
close to the poles obtained from the autochthbnéus'Table /h
Head and St. George Groups of the Port au Port area. The
close proximity 6f these poles can be interpreted in terms
of one of the following possibilities:

(1) The Cow Head Group is either in place or was not
transported far. A transport of a few kilometers might not
change the previous fh situ paleomagnetic direction
appreciably if the process of transpdrt did not involve
complex motions including tectonic rotations. In any case,
this interpretgtion requires that the magnetizatioa.was

acquired before the deformation of both the platformal

rocks and the transported Cow Head rocks. Alap. the

interpretation again implies that there was little, if any,

apparent polar wandering during the time interval involved.

(2) The Cow Head Group is truly allochthonous and was
magnetized after being emplaced on the‘autoéhthon, though
before the deformation of both the autochthonous and
allochthonous strata. This interpretation woula introducg
an element of uncertainty in the age of magnetization of
the autochthonous rock sequence. This uncertainty,

however, would be confined to a time interval between l.ower

and Middle Ordovician, as no published cratonic pole ™
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younger than Middle Ordovician lies close to the Port au

' \

Port Ordovician poles. \K\
4 ) : .
Out of the above two interpretations the first 'is

favoured, since it was argued in earlier cﬁapters that the
St..George and Table Head magnetizations of Port au Port

——

area were acquired close to the time of deposition.
However, the conclusions from this limited study of the Cow
Head rocks must be treated as tentative and should be

tested by a more detailed investigation of the

allochthonous rocks from other localities on the Western

Platform of Newfoundland with different Structurél

attitudes.




. _ ‘ CHAPTER 9 .
ORDOVICIAN PALEOPOLES OF NORTH AMERICA AND

ROTATION OF NEWFOUNDLAND ‘

9.1 Orgovician paleopoles T

Some reported Ordovician poles from cratonic Nortﬂﬁ
America have been listed in Table 9.1 glong with the
results from éhe present study. These poles are plotied in
FigJiésg.l and are numbered as in Table 9.1. Also plotted
in Fiqure 9.1 are some Kiaman poles (Table 4.2), as well as
the "B" component pole (SGO) isolated from the St. Georée
Group (Chapter 5). All paleopoles of the pres;nt study are
shown with their error ovals. The Ordbvician poles of
Figure 9.1, like the Cambrihh poles, are scattered.: Thouéh
their overall scatter is less than that_of the Cambrian

poles, some of the'Ordovician poles also lie close to Late
Paleozoic poles;~as in the Cambrian case. Following is a
bri¥ef review of the poles plotted in.figure 9.1

There have been two earlier paleomagnetic
investigations frém the St. George Group. Beales et al.
(1974; stidied paleomagnetically the relationship between
host limestone and sulphide ore at Daniel's Harbour in the
northern Peninsula (closer;g>Table Point of #Figure 2.2). |
Only AF demagnetization QEéVperformed on the samples, which
was effective in removing a steep viscous component.

Beales,et al. reported difficulty in measuring remanence

because of thé‘low intensity\of their samples. Their

199
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Fig. 9.1. Paleopoles from the Ordovician rocks of this
study plotted with selected Ordovician and
Late Paleozoic poles for cratonic North America
e o IV S T (AR, T2 T Circles, poles cited as
Ordovician; sgquares, poles cited as XKiaman
(Late Carboniferous to Early Permian). DPoles
of this study are plotted with 95% confidence
ovals. Symbols with bar, Newfoundland poles;
without bar, mainland pcles.



TABLE 9.1

SELDCTED PALBEOMAGNETIC POLE POSITIONS FROM ORDOVICIAN ROCKS OF NORTH AMERICA.

Rock unit and location’. Age Pole Positior;- Reference

St. George Group, "A" ower Ordovician 17.5°N, 152.3°E - This study
component, Port au Port : -

Peninsula, westemmn

Newfoundland

Isthmus Bay Formation Ordovician 102.79E
St. George Group, .

Port au Choix area,

western Newfoundland

Catoche Formation, St. Oordovician
George Group, Port au
Cholx area

Aguathuna Formation, B Otdovician 20.7°N,
St. George Group, Port
au Choix area

Onecta Dolamite, upper wer Ordovician 10.4°N, 166.4E
Mississippi River Valley

St. George Group. er Ordovician 260N, 126°E
western Newfoundland

N




TABLE 9.1 (oom*'b)»

Pole No.

[y

Rock unit & location

hge Pole Position

Reference

St. George Group,
western Newfoundland

McClure Mountain alkali

ocarplex, Colorado

Buckingham Volcanics

Moreton's Harbour
basalt, central
Newfoundland

Table Head Gp. (Table
Point & Table Cove
Formations), Port au
Port Peninsula

Table Head Group (Cape
Cormorant Formation)

Table Head Group (Table
Point, Table Cove and

Cape Cormorant Formations

cambined )

Moccasin-Bays Formation,
eastern Tennessee

Jower Ordovician 22°N,

Cambro~Ordovician 189N,

- {497 Ma) 3%s,

I_owed ordovician 320N, 130°E
A \ .
N\

Middle Ordovician 13.6°N, 148.9°E

Middle Ordovician 19.50N, 162.1CE

<

Middle Ordovician 15.90N, 153.6°E

Middle Ordovician 339N, 146°E

s
i

Deutsch & Rao
(1977)

Lynnes and Van
der Voo (1984)

Dankers and
Lapointe (1981)

Deutsch & Rao
(1977)

Th;§ study

This study

This study

Watts andsVan
der Voo (1979)




Pole No. Rock unit & Location

Age

Pole Position

Reference

15

16

17

18

Chapman Ridge Formation,

eastern Tennessee

Trenton Limestone,
New York

Cow Head Group, western
Newfoundland

Juniata Formation,
central Appalachians

Sfeel Mountain pluton,
western Newfoundland

Long Point Formation,
western Newfoundland

Richmond Group, Quebec

Beemerville complex,
New Jersey

Black Canyon diabases,
southwestern Colorado

Middle Ordovician

Middle Ordovician

Middle Ordovician

Late Ordovician

(450 Ma) -
Late Ordovician
Late Ordovician

Late Ordovician-
Silurian

Cambro-Ordovician

27°N, 112°E

360N, 114°EF
13.3°N, 145.8°E

32°N, 114°E
239N, 139°E

299N, 154°€
105CE

1269F

Watts and Van
der Voo (1979)

McElhinny and
Opdyke (1973)

This study
Van der Voo arxd
French (1977)_

Murthy and Rao
(1976)

Murthy (1983)
Secj;uin and
Michaud (1985)
Prako and

Hargraves
- (1973)

Larson et al.

(1985)

NOTES: As in Table 4.1.




final result (Pole 6) is based on a-remanence direction‘
obtained at thé 10 mT step. On the average, 64 to 87% of
the intenai;y remained after treatment to 10 mT.
Thereforé, it is quite likely that unresolved
magnetizations may be present in their data. Deutsch and
Raoc (1977) reported some paleomagnetic data from the Port
au Port Peninsula (Pole 5{ in connection with a test for
possible tectonic rotation of Newfoundland. Based on AF
demagnetization at 30 mT, they presented results very>
similar to that of Beales et_&l., (1974), so that the

[}
-possibility of unresolved magnetizations also remains in
beutsch and Rao's data. Therefore the results from the St.
Géa(ge Group in the present study shouldlbe taken to
supersede the earlier two results. Deutsch and Rao (1977),
in addition, presented daig (Pole 10) from the Moretoﬁ's
Harbour basalts of Lower to mid-Ordovician age in central
Newfoundland. This arealis in the Dunnage Zone of the
Newfoundland Appalachiap; and, thougb this is not a part of
the craton, the rocks in question were interpreted to have
originated as part of the North American margin. Deutsch
and Rao- mentioned that the rockg had undergone low-grade

breenschist facies metamorphism. The conodont CAI values

from the Lower Ordovician stfata in the Dunnage Zone of

Newfoundland are greatér than 5 (Nowlan and Barnes, 1985},

which indicates a bufial temperature of 300°C or more
{Epstein et al;.-1977). Such. a high temperature would

theoretically reset any magnetization blocked at about

-~
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500°C over a time peri§d of 160 m.y. (Puilaiah et al.,
1975). According to Nowlan and B§rnes (1985), thermal -
alteration of Lower Ordovician rocks in the Dunnage Zone
was initiated during thé Taconic oroéeny and completed by
the end 6f the Acadian orogeny.: Therefofe, a mid-Paleozoic
thermal remagnetization of Moreton's Harbour basalts cannot
be ruled out.

Murthy (1983) reported paleomagnetic data from the
Late Ordovician strata of the Long Point ﬁormation. There
is some controversy whether these strata belong to the Late
ordovician lLong Point Formation or the Early Siturian Clam
Bank Fpormation. However, based on O'Brien's (1975)
argumdgts for a 1a2e Mid—Ordoviciaﬁ age for that section of
the Long Point, the paleomagnetic result (PoleAZb) was
taken avaate Ordovician. The remanence, which resides in
hematite, was inferred to ﬁave a dual polarity after .
unfolding the strata, and the data passed a positive fold;
test on overturned bedé.,.Thia pole is not very far from '
the Lower>and Middle Ordovician poles from the Port au Port
‘area of the present studyf(Pples 1, 11-13). -

Lynnes and Van der Voo (1984)‘}resen£ed paleomagnetic
data from the radiometrically dated Cambro-Ordovician
.McClure Mountain alkali complex, Colorado. Two widely
different magnetizations were found. The trachyte dykes
dated 495 Ma. yieided a pole position (Pole MMO, Figure

9.1) which was interpreted to be a Late Paleozoic overprint

carried by hematite. The syeniten and nepheline ayenit;s




dated at 535 Ma. yielded a pole (Pole 8) ich is close to
some of the Cambrian poles of NoFth America, as well as the
Oordovician Port au Port poles of this study. Thus the age
of magnetization is uncertain to some extent. However,
because of the close proximity of Pole 8 to the Ordovician
Poles f and 1143, it is quite likely that the
magnetiz;tion of the McClure Mountaiﬁ syenites was acquired
in Ordovician times.

A Lower Ordovician pole (Pole 5) was recently réported
by Jackson and Van der Voo (1985) from the Oneota Dolomite
of the Upper Mississippi River Valley, based on a presumed
two-polarity pair of characteristic directions. However,.
the “nofmal" and "reversed” directions are not
antiparallel. There is a downward bias in both, which was
attributed to the presence of é drilling-induced component
in the (resultant) magﬁetization. The "normal” and
"reversed" directions were averaged, with the aim of
annulling the effect of the downward bias. However, the
mean direction QQoted by Jackson and Van der Voot-is basea

on the average of unequal numbers of samples in the two

polarity sets. Tnsrefore, there is some uncertainty

asgociated with this pole position, which is significantly

displaced from most of the presumably ordovician poles, but

is clpse to some reported Upper Cambrian poles.
Paleomagnetic data were reported from a diabase dy;e

(Pole 9) in southern Quebec by Dankers and Lapointe

(1981). This pole is widely discrepant from other




‘'Ordovician results. The authors have acknowledged
structural uncertainties in the sampled area; also,
discordant K-Ar ages obtained from the dyke at one place
reported by them suggests that the age of magnetization
'ﬁight not be well constrained.

Watts and Van der Voo (1979) presented paleom#gnetic

[y

data from the Middle Ordovician of the Valley and Ridge

P

Province in Tennessee {(Poles 14 and 15); A two-polarity
ﬁagnetization residing in hematite was found in both the
Mocc;sin and the Bsys Formations and was shown.to have.been
acquiréd before the Alleghenian folding. _Pole‘14 is the
combined réshlt for both these Formations. The “
characteristic magnetization of the Chapman Ridge Formation
(Pole 15) also resides in hematite, but occurs as a single.
(normal) polarity which also antedates the Alleghenian
folding. In these studies (Poles 14 and 15); the exiﬁtence
of positive fold tests and (in the case of Pole 14) o; two
polarities, lends some confidence to’the inference thatlthe
magnetizations are original. ‘quever, these poles have
also been critized, e.g., by Gillett (1981), who suggested
that burial remagnetization is possible in the case of both
these units because of high (3-4) conodont CAI values. A
related problem could bg the timing of hematite acquisition
(See discussion, Sectioh 3.4). 1In fact, Qatts aﬁd van der
Voo (1979) have proposed that the misalignment between the
Chapman Ridge and Motcasin-Bays direction could be the.

result of hematite formation in the'pate Ordovician to
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Silurian, as the Chapman Ridge pole is close to reported
Silurian poles.

Vah der Voo and'Frencn (1977) presented.paleomagnet%c
data frgﬁ the Late Ordovician Juniata Formation (Pole 18)
of the Appalachians. A'two-polarity, high
blocking-temperature characteristic magnetization residing
in hematite was isolated which was shown to have been
acquired before Alleghenian folding. They also isolated a
pervasive overprint which was attributed to Kiaman age.
The “conodont CAI values in this area are 4-4.5 (Gillett,a
1981), indicating ma x imum temperatures in the range
190-240°C (Epstein et al., 1977). This, together with
the fact that the remanence is carried by hematite,
warrants further study of the timing of remanence
acquisition. |

‘Paleomagnetic data from the Late Ordovician to
Silurian Beemerville alkalihe igneous compléx (Pole 22)
were reported by Proko and Hargraves (1973). The results
are based on only AF demagnetization to 30 mT. The
carriers of the highly scastered ch&;acteristic directiéns
were attributed to both(coarse—grainea magnetite and
fine-grained ﬁematite. Rocks in this area are reported to
havé been deeply buried (CAI 5, Gillett 1982), making a
partial to complete thermal remagnetization possible. The

L4
authors themselves point out that the large directional

scatter and uncertainties in the magnetizatibn age of these

rocks detract from the value of their results.




209

Murthy and Rao (1976) studied the Precambrian Steell
Mauhtain anorthosite of western Newfoundland (Pole 19),
citing a K-Ar age of 450 Ma. (mid-Ordovician). This age
was interpreted to be the result of ove;printing during
Taconic metaﬁorphism. 'Murthy and Rao isolated a
characteristic magnetization residing in héematite that is
discoraant with data from similar anorthosites elséwhere in
North America having presumed Grenville magnetization
ages. Therefore they suggested that the magnetization of
the Steel Mountain rocks reflects their K-Ar age. Further
study of ,these hematite-bearing rocks is needed to test
this suggestion. ) }

Paleomagnetic data from the Middle 6rdq€ician Trenton
limestones in New York (Pole 16) were reported by McElhinny
and Opdyke (1973). A re-examination of these limestones by
McCabe et al. (1984) yiélded a different charaéteriatig
direction (Pole TLO, Table 4.2) which was interpreted to be
a Kiaman magnetization. McCabe et al. concluded that the
Trenton series was completely remagnetized in the Late
Paleozoic. The? showed'that the earlier result of
McElhinny and Opdyke (1973) can Be explained as feaulting
from insufficient demégnetization. The quoted mean

remanence direction of ‘McElhinny and Opdyke was shown to be

the resultant of the characteristic mean direction of

" McCabe et al. and the present earth's field direction.

Ironically, a number of published Ordovician poles plot

close to McElhinny and Opdyke's Trenton pole. This raises
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the question of reliability of all those poles.

Recehtly, Sequin ard Michaud (1985) reﬁorted
paleomagnetic results (Pole 22) from the Late Ordovician
" Richmond Group sediments in Quebec. The characteristic
magnetization, which resides in hematite, yields a pole
position which is close to McElhinny and Opdyke's Trenton
poﬂg. |

Another recent result was“reported by Larson et al.,
(1985) from the Cambro-Ordoyician diabases (Pole 23) in
southwestern Colorado. This has already been discussed in
~Section 4.3.

From the above discussion it is very difficult to
pinpoint reliable Ordovician poles. Like the Cambrian
poles, the Ordoviciak poles have two clusters - one close
to the Late Paleozoic poles (~120°E, at intermediate
latitudes) and the other at ~ 150°E and loQ latitudes. .
The low-latitqu cluster, unlike in the case of Cambrian
poles, contains fewer poles than the high-latitude
cluster. The segig; of poles (1 and 11-13) from Lower to
Middle Ordovicia; rocks from Port au Port area in the
present study fall in the low-latitude cluster and may be
true representatives of the Lower to mid-Ordovician
geomagnetic_field of cratonic\North-America. A final
verdict on the Ordovician field relative to the craton

must, however, await results from more rock formations from

widely distributed localities of the craton.

' 3




9.2 Rotation of Newfoundland

It is appropriate at this point to discuss the old
problem of rotation of western Newfoundlahd in the light éf
new paleomagnetic data from this study. Different possible
interpretations and inconsistencies associated with them
are diﬁcussed below. ' ) ,

Sl) A relative block rotation between Port au Port and
Port au Choix areas may be inferred from the Lower
Ordovician results, and this was griefly discussed in
Chapter-S. &he possibility of a relative rotation between
the two sampling areas could not be adquately tested
because of a possible secondary origin of magnetization of
the Port au Choix rocks. If the.Port au Choix
magnetizations are primary, the following possibilities

. ) A4
exist:

(a) Port au Choix rotated clockwise relative to Pébrt
au Port by 309—40o after being magnetized iA a SE fieid
as are the Port au Port rocks. However, such a rotation
would have to be confined to a portion of the Northern
Peninsula north of the Cow Head Peninsula, because of the
SE magnetizaéions £found also in the Cow Head rocks.

(b) Port au Port rotated anticlockwise relative to
.Port au Choix by 30°-40° after acquiring}magnetizationn
in a NS field, as did the Port au Choix rocks. Both .

interpretations {a) and (b), however, would be difficult to

reconcide with the prominent occurrence of both NW-SE and

_—




N-S magnetizations reported from mainland Ordovician rocks
(Figure 9.1). A similar incoigruity plies if the
comparison is extended to Cambrian rfogks (Figure 4.1).

(2) Western Newfoundland rotated 30;400.'
antiélockwiae (see Chapter 1) after the Port au Port rocks
aéquired a magnetization in an originafIN-S field, but *®
before the Port au Choix rocks acéuired their (secondary)
megnetization in a";:g‘field. This interpretation again
would leave one to explain the occurrencevof SE

-magnetization in the mainland rocks.

The following interpretation seems more'pLausible.
Western Newfoundland did not rotate significantly with
respect to the maihland. The Port aﬁ Port rocks becahe
magnetized in an original SE magnetic field and the Port au
Choix rocks acquirea their magnetization much létg:_When
apparent polar wandering had occurred. TBia interpretation

would be consistent with the fact that both the N-S and

NW-SE were observed also in the different atudfes of

mainland. Then the implication is that, iQ the case of

both the mainland and Newfoundland, the N-5 magnetizations
were most probably acquired later than the NW-éE
magnetizations. A possible alternative is that the N-S
remanence obse;Qed in séme Ordovician and Cambrian mainland
rocks was caused by a local clockwise rotation of the
sampling area reorienting the original NW-SE declination to

N-S. This would correspond to Interpretation l1(a) in the

case of Newfoundland rocks.




213

Therefore, the hypothesis of rotation of Newfoundland

relative to mainland North America does not seem to be
ki

supported by the paleomagnetic data.

N\
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CHAPTER 10

$

SUMMARY AND CONCLUSIONS
a

Nine formations ranging— in a'ge i.from Middle Cambriap to
Middle Ordovician belonging to autochthonous strata and a
section of the allochthonous strata of early Middle -
Ordovician 'age were sampled frqm the Humbe_r Zone in western
Newfoundland for paleomagne;:ic investirgations." The |
objective was to extract stable magnetizations ‘;nd identify
various components cxf. magnetization for comparison with
published péleon\a;;netic data.

All .the units sampled are carbondtes which are very
weakly magnetized. These weak magnetizations (mainly in
the 1 x 104 to 3 x 10”3 A/m range) were nevertheless

>

measurable by f.he cryo«jenic magnetometer. In mo\st_pf the
specimens, .t.he~ rema.nen‘ce after; demagnetization could be .
measured to thé order of 1-2% of the NRM without any
difficulty..

In this entiré rock sequence a steep dowhward-directed :
viscou-s component wals found to. coexist with stable

components. The viscous component in most cagses could be

erased by thermal demagnetization at low temperatures.

4 \

Middle to Late Cambrian rocks belonging to the Port au

Port Group yielded two characteristic components, "A" and

. 4 . . ' . .
“B". The "A" component, which resides in magnetite gives a

reverse pole at 3.4°N, 145.6CE in very good agreément

with some reported Cambrian poles and is also close to some

I
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Late Precambrian pole positions for cratonic North'
America.' The "B" component, which most likely is- ca'rried

B
by diagenetic hematite, is an overprint consistent with a
number of reported Kie_lman maénetization for North America.
The pole position corresponding to t;he "B"‘componen‘t is of
reverse polarity at 40.2°N, '135.69E . '

The magnetization hiséory of the Lower Ordovician St.
George Group is more complex, The Port au Choix area rocks -
give enti‘rely different diréctiona compared to the Port au
Port rocks, as follows. :

From the Port au Port area, two éharac;:eriatic
components of magnetization were isolated f‘rom the St.
George Group, analogous to, but somewhat different in

direction from, the Cambrian rocks. The magnetite-bearing

“A" component has a reverse pole position at 17.5°N,

152.39E and probably represents the Lower Ordovician

geomagnetic field relative to western Newfoundiand. JThe'
".B" component is interpreted to be a Kiaman overpriﬁt
‘residing in hematite, ,with correapondiriq reverse pole
position at 44.9©°N, 138.2°9E. This.pole is’ verybcloae

to th:e "B" component pole isolated from the Cambrian

rocks. The respective Lower ‘Ordovician and Cambrian "A"
poles differ by 15°, which suggests that there was
mo;ierate but significant apparent polar wandering between
mid= Cém.brian and Ear\ly Ordovic'iar:i time relative to western

Newfoundland.”

No evidence of Kiaman overprinting was found in the




- 216

W
St. George G:‘oup,of the Port au Choix area. Rocks in this
. area yielded stable magnetizations of normal polarity.. The

v three Formation means within the Group were more dispersed
than the corresponding means i.n the Port au Porf_ rocks.
The overall mean dire\ct:ions of the St. George Group for the
two areas d'i'ffer mainly in declination. Therefore a
£ . :
relégive tectonic rotation between the two areas wo'uld’ be
indicated from the paleor;lagnetic data, if the
magnetizations at Port aﬁ Port and Port au Choix had been
contemporaneous. " However, the thermal histary of the F:ort‘
au Choix rocks indicates a probable thermoviscous
‘remagnetization that may be r‘elated‘ to the Acadian
orogeny. The Port au Choix pole positions are close ‘to
some reported Late Ordovician to Early Carboniferous poles
from New‘fo,undla’nd and other ‘parts of the craton. The
difference between the remanence directions for Port au
Po.rt and Port au Choix could be attributed to .apparent
polar wandering. oc_curriné between the times the respective
magnetizations.were acquired.
The Middle Ordoviciarms Table Head Group in the Port au' -
- Port area also showedA the absence of any Kiaman. overprint. |
A shallow southeasterly component of magnetization was
isolated; corresponding to a pole posit.ion at 15.99N,
153.6°E, which is not significan£ly different from the .

St. George "A" compongnt pole. This suggests little

apparent polar wandering, if any, between Lower and Middle l.

Ordoviciap times.




)
"

The Cape Cormorant Formétion within the Table Head
Group gives relatively scattered directions compared to two
other Formatiops, Table Point and-Table Cove, which yield
tightly grouped characteristic directions. The scatter in
the Cape Cormorant rocks is apparently due_to the presence
of'unresolved multicomponents and to the samples bei;mq
inhomogeneously magnetized. From a minority of samples of

these steeply inclined beds, a characteristic southeast

»

component wasg isolated which, after structural correction,
is coherent with other Pormatic‘;{xs of the Group. This
suggests that the magnetization preceded the presumably

- . N
Acadian folding. The pole position for the Table Head

Group quoted above includes the Cape Cormorant
characteristic directions.

The Table Head rocks of the Port au Choix area give a

’ {
smeared distribution of Etable directions, mainly alopg\'

north-south., Due to overlapping stability spectra"the
superimposed compc;lents could not bé separated. However, a
distinct northerly_ component in a minority of samples _is
noticea-ble"amidst the smeared directions, and might have
paleomagnetic significance. A similarity in’direction
between this component and stable components igolated in
the Port au Choix area from the St. Geor_ge Group and a few
gsamples of the Port‘au Port Group, strongly suégests that
in all thrlee above cases ‘the magnetization is secondary and

was acdquired at about the same (post mid-Ordovician) time.

The late Middle Ordovician Long Point Group from the
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v

Port au Port area moa£ly yielded unstable magnetizations.
A minority of sanleé that did yield a stable component is
of normal polarity. This is.in contrast to all other
(Cambrian-Ordovician) ﬁormations in the Port au Port area
which yielQed magnetizations of reverse polarity. This

)
indicates that a polarity change occurred at some time

between the deposiéion of uppermost Table Head and
lowermost Long Point’ rocks.

Middle Ordovician bedded rocks of the aliochthonous

ow Head Group yield a magnetization preceding the Acadian
{ foldiﬁg,_residing in magnetite. The corresponding
pol Jf reverse polarity, is at 13.3©°N, 145.8Cg,
which is close to the Lower and Middle Ordovician poles
from the Port au Port Peninsula. This suggests that these
rocks are either more or less in place or, if they were -
transported, their didplacement did.not involve complex
motions including tectonic rotation.

The total absence of Late Paleozoic overprinting in
the Middle Ordovician rocks, both in the aﬁtochthénous and
allochthonous sequencé, is noterrthy. *The
remagnetization, whiéh resides in diagenetic hematite,
seems to have selectively affected the Port au Port Group

and preferentially the lower part% of the St. George Group

on the Port au Port Peninsula.

The entire rock sequence in the PQ{t.au Choix area,

unlike the rocks of the Port au Port arka, shows the

presenée of magnetite only gnd the absence of any Kiaman

-
.
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overprints in them. In this connection, it is noted that
_there are no Carboniferous cover rocks in the Port au Choix

area. The Port au Port area, on the other hand, has

Carboniferous strata unconformably overlying the {ower

Paleozoic strata. There is evidence of oxidizing
conditions related to subaerial exposure and groundwater
movement during the Carboniferous in the Port au Port rocks
(R. K. Stevens, personal communication). This may well be
the reason for the pervasive hematization in some of the
rock sequence in the Port au Port area and a lack of it in
the Port au Chqix area.

While a better picture of the Lower Paleozoic
paleofield relative to western Ngwfoﬁndland has ‘emerged
from this studj, the results did not support the hypothésis
of rotation of western Newfoundlénd relative to mainland
North Ameriéa. However, a local rotation of the Port au
Choix area relative to Port au Port area cannot be ruled
out from the Ordovician paleomagnetic data. Such a
rotation‘ébuld have taken place with respect to one of the
severél faults seen in the region.

Paleolatitudes inferred in this study show a lérqe
1atitudinal.displacement og western Newfoundland between
Cambrian and Ordovician - from a latitude of about 400°S
in the Middle to Late Cambrian to about 20°S ig Lower to
Middle Ordovician times. The paleolatitudes during Late

Carbo‘iferous to Early Permian times, as calculated from

Kiaman overprints, are near-equatorial.
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In conclusion, it is to be noted that the Lower
Paleozoic rocks of western Newfoundland, by virtue ¢f their
almost continuous stratigraphic exposure and presence of

stdble magnetization in them, as revealed by this study,

are well suited for unravelling the magnetic history of

cratonic North America. There is ample scope for further

paleomaghetic study in this region, based on rock exposures

not included in this study.
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APPENDIX A

A

TECHNIQUES

A.l1 Sample preparation

Oriented hand samples 6nly were collected from the
rock exposures discussed in the pfesent study. The samples
were oriented by means of a magnetic compass. Drill cores

of 2.3-2.4 cm diameter were prepared in the laboratory and
were cut into cylindrical specimens, typically 2.1 cm in
height. Usually two to four speciMens were prepared from

each hand sample.

A.2 Remanence measurement

All remanence measurements of specimens were performed
on a cryogenic magnetometer made by CTF Industries, Port
Coquitlam, B.C. This is a twq-axis device which measures
the two orthogonal czgponents - ho;izontal and vertical -
of magnetic moment. The two detecting units (SQUID sensors
snd superconducting pick-up coils) require_temperatures
i-gboK for their operation and are surrounded by a .
superconducting magnetic shield. The shield and detecting

assembly in turn are houted in a 30-litre, superinsulated

(liquid nitrogen-free) Dewar flask containing liquid helium

(boiling point -4.2°K). The entire unit is enclosed in a

3-layered mu-metal shield to produce a nearly field-free
space inside. The residual internal field is "frozen" into

the internal shield at the time it becomes superconducting:




- ” -

actual residual field values in the space to be occupied by
a rock specimen were observed to be of the order of 50 nT
or less. The observed maximum noise level is of the order
of 5 x 10 Am2, which is an order of magnitude less than
the moment of the holder (3 to 5 x 10-11 Am2) used in
911 the measurements. |
e j The measurement procedure involves rotating the
specimen in successive 90°© steés about a vertical éxis
N

between measurements and repeating the procedure with the
specimen turned upside down. This yields 4 values each of
the x- and y- components, and 8 values of the z-component.
This outpﬁt ié transferred to an on-line computer which
prints out the results in terms of declination, inclination
and x, y, 2z components, and the resultant magnetic moment.

Because the NRM of carbonates in the present study is

~very weak (~10"8 to 10-10Am2 in moment), it can

become an appreciable proportion of the total measured

. - . 4 0
imoment in the more weakly magnetic specimens. Therefore it

was routinely subtracted from the resultant moment in each

,

_a remanence measurement of a rock specimen. In order to
detect any changes in holder moment due to contamination
from rock particles, the moment was regularly remeasuged,
usually after 5 to 8 remanence determinations; the new
holder moment value was then applied to the next set 6f
measurementsﬂ If any significant increase in holder moment

was observed, the holder was then cleaned in socap and warm

water, the moment remeasured and the measurements were
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continued as outlined above. The vectorial subtraction of -

the holder moment produced a significant change in the
resultant direction only when the magnetizatién was reduced
to a vefy low value és a result of demagnetizing specimens
having a low NRM. In such cases, the reliability of the
observéd.direction was checked by a rxepeated remaneﬁce ’
mehsurement. In the case of most specimens giving a s(able
direction, correction for the.holder moment either produced .

no change or a barely significant change (< 3°) in the

resultant direction.

A.3 Alternating field (AF) demagnetization

AN

AF demagnetization was carried out using a Schonstedt
GSD-1 demagnetizer. This is a single axis solenoid which
can produce a peak alﬁernaéihg field of 100 mT. The
residual field inside the center of the demagnetizing coil
is 50 nT. The normal procedure is to demagnetize the NRM
of the sample along three perpendicular directions in turn
and then measure the corresponding components of residual
magnetization with the magnetometer. Unless otherwise
specified iﬁ the teg}, the following steps rere chosen for
the treatment: 5, 10, 15, 20, 25, 30, 40, 50, 60, 80 and

100 milliteslas (mT). A spurious component of

magnetization was induced in a number of specimens at 60 mT
and above in the AF demagnetizer. It is not known what
caused this spurious magnetization, and the AF results from

specimens where it was observed were not used.




A.4 Thermal demagnetization

Thermal demagnetization was done using a Schonstedt
TSD-1 thermal demagnetizer. In this model, a magnetic
field-free space in the specimen region is maintained by

three layers of mu-metal shields surrounding the furnace

and six layers of mu-metal shields surrounding the cooling

chamber. The residual field inside the cooling chamber 1is
less than 5 nT.

Génerally the following temperature steps were chosen
throughout this study for the treatment of at least one
specimen from each site: 100°, 2009, 3009, 3500,

4000, 4500, 5000, 5309, 5609, 590°, and 680°C.

While all the.samples of the St. George and Table llead
Groups from Port au Port Peninsula were treated according
to the above schedule, a slightly modified schedule was
adopted for the treatment of a majority of samples in the
rest of the rock formations. This modification meant the
exdlusion of the 100° and 2000C steps and the inclusion
of 250, 330, 370 and 420°C steps in the treatment
schedule. This ﬁodified schedule was adopted only after
the detailed demagnetizations of at least one specimen per
site had been done;f It was observed that the two lower
temperature steps (100 aﬁd 200°C) led to the removal of
only a steep viscous component. Also, the detailed initial
results had shown that many specimens lost their entire
magnetization in the range 300-400°CC. Therefore closer

temperature steps were inserted for treating the rest of
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the specimens to test the stability of direction in that

temperature range.
\

A.5 Statistical analysis —

* Throughput the present investigation, Fisher's (1953)

statistical analysis was used. In this analysis each
direction of magnetization is represented by a vector of
unit length and there is no weighting as a function of the
intensity of magnetization. It is assqmed that tbe;;'

vectors, when regarded as points on a unit spheré[ will be

distributed with probability density P (B), givem by

P(B8) = Wﬁkk e%}a (k cos 6)\

where @ is the angle between the direction of a sample and
the.mean direction of the population. The parameter‘( is
éafled the precision ‘paramcter and determines the
dispersion of péints. Ifl( = O they are uniformly
distributed and the directions are random. Whenl< is
large, tﬁe points are confined to a small area of the
sphere around the true mean direction and the distributioa
tends to conform to a two-dimensional Gaussian
distribution. In such cases the precision parameter is in
effect the invariance or the reciprocai of the variance in
all directions.

For a sample of N points dispersed about a common
centre, Fisher showed that.the best estimate (1, m, n) of

the position of this centre (the mean direction) is the




vector sum of the N individual directions (1j, mj,

nj), i.e.,

L- —#%L S m; " 'fz"'zni

where (1, m, n) are the direction coqinéa of the mean
direction and R is the vector sum of N veét;ré given by
Faqé‘ (ziei)z.ﬁ' (;Ernt)2-+ (?E’Qﬁ)z'
. | -
where 1 =1, 2...N. :
In.paleomagnetic studies the direction of
magnetization of a rock sample is specified by the
declination D, meésurgd clockwise from true north, and the
inclination I, measured positively downwards from'the
horizontal. This direction may be sgspecified by itﬁ three
direction cosines as follows:
north component (1) = cosD_cosI’
eést component (m) sinD cosl
down component (n) = sinl
The aeclination, Dn and inclination, I, of the mean

direction are given by

>m;
thu JDW\ - ¢
24




~_

242

The best estimate k of the precision parameter is

given, for k > 3, by -

kK = %=

The accuracy of the mean direction obtained from N
vectors with resultant R is expressed as the semi-angle
of a cone about the observed mean®within which the true

mean lies with any given probability (1-P): for k > 3

cosdgpy = 1= MR (4F7-1]

P is ncrmally taken to be 0.05. This means that there
+ 95% probability that the observed mean is within A° of
the true mean {(the“'circle of -confidence').

~N

isg

°




- APPENDIX B
SAMPLING LOCALITIES AND DIRECTIONS OF MAGNETIZATION -

) _ PORT AU PORT GROUP

3

. B.1 .'Sampling localities

March "Point Formation.
i

Location: 489 30.5'N, 59©° 7.9'W (Sites MP1-5).

The outcrop is on the south shore of the Port au Port
Peninsula, 1 km wegt of the vi'llage of Degras. The beds
are gently dipping north. ’ Total stratigraphic thickness
covered for the above five sites is ~ 30 metérs.

Tilt correction:

Values of strike and dip of the bedding, as listed

below, are required to make this correctipn. The
convention followed is that the down-dip direqti'on is 90°
clockwise from the quotéd._strike direction. In the tilt
correction, the beds cont‘aining,th'e.magnetiza'tio'n vector
are restored to their presurﬁed origina'l horizontal position
through a simple rotatioﬁ about the strike by the amount of
dip. 1In the listing below each pair of strike and dip
values is based on a number of measurements taken on .the

bedding plane. The site names are the same as given in

Figures 2.3-2.4.
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Strike,

263°,
26109,

2739,

Petit Jardin Formation:

Locations: 48° 31.1'N, 58° 51.8'W (Sites CC1-10)
500 38.9'N, 57° 14.7'W (Sites PC23-24)

Sites CC1l-10 (See Figure 2.3).we're sampled from the
outcrop at éampbella Cove on the south shore of the Port au
Port Peninsula, about 3 km e_agt of . Piéadilly Junct/i\on. Th.e
rocks are exposed on t.he shore to the west and east of the
only‘creek to flow into the sea at tl:\is locality. Sites
CCl-4 were sampled from the eastern side and CC5-10 from
‘the western side of the creek. The stratigraphic thickneés
covered was 1 m and 16 m reséectiveiy. Sites PC 23-24 (See
Figure 2.4) are in the Port au Choix area. The ®utcrop is
in a quarry at the Port au Choix turn-off from the Viking
trail, 4-5 km due east of Port Saunders. The samples were
taken from the wester-n side of the qile;rry.- The
stratigraphic thickness covered for the two sites is 2 m.

Tilt correction:

Sites Strike, Dip Sites Strike, Dip

CcCl 2709, 149N _ CC4 2720, 14©°N

cc2 273°, 159N ~ €C5-10 249°,  18°ONW

L~

CC3 - 2716, PC23-24 1460, 7 ©OSW

1
!

j

k>




‘'B.2 Detailed directions of magnetization

+

In the following pages, NRM diréctions at 20°C and
the directions after each stép of thermal demagnetirzation
are given for those specimens from which a characteristic

direction was obtained (Tables 3.1-3.2 and 3.4-3.5). Site

names “March Point", "Camp Cove" 1in the following listing

correspond to MP and CC sites respectively of the above
discussion. The directions are given before correcting for
the tilt. Where applicable in the tables below, "360°C"

should be read "370°C".
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APPENLIX B

DETAILED SPECIMEN DIRECTIONS

SITE: MARCH POINT-1 SPECH#: MP1-1
TEMFP DEC INC JCAZMD J/JIN
20 +1%7.8 + 74,7  4,77E-4 81,20
106 +1€4.2 + =5.7 3.39E-4 00,71
200  +155.8 + 1,2 - 2.89E-4 6o, 58
T 3ee  +169.6 + 45,3 2.22E-4 20. 4%
3%6 +1€69.1 + 44,2 1.53E-4 298, 32
406  +167.1 + 35.7 8.98E-5 T Qe.18&
458 +150.9 + 34.2 S.93E-5 2Q.14
SG8  +160.3 + 40.5 5. 59€-% @6.11
530 +146.0 + 57.6 4.44E-5 70,09
Sca +231.9 + 71.2 2.€2E-5S - 08.85%
598 + .43.6 + S9.2 .. 3.93E-5 88. a3
SITE: MARCH FPOINT-1 SFECH: MPZ-R
20| +130.1 + 84.2 2.94E-4 @1.00
208 \ +164.9 + 57,3 4, 71E-% 80. 16
- 3%@  +1%%5.8 + 70,0 3.25E-5 90.11
4008 +2€4.€ + 30.6 6.21E-6€ 80.02
45 +252.7 + 46.7 1.73E-5 @B, 36
SQe +zz7.8 - 13.6 2.24E-5 @a.07
SITE: MARCH POINT-1 - <PEC#: MPZ-F
20 +3%g¢.¢ + €9.9 €.87E-4 Q1.00
308 +107.9 + 5¢.0 4.71E-5 90.66 -
35@ +105.1 + 41.9 2. 4%5E-5 08.6%5 -
400 + 3.6 + 48,8 1.34E-5% 86.01
4%5@ + 34.€ + 76.4 2.0CE-S 90.83
500 +248.4 + 22.8 7 1.57E-5 29. B2
SITE: MARCH POINT-1 - SPECH#: MF4-f -
20 +1%4.0 + €5.5 2% 34E-4 91.00
300 +17%.8 + 17.6 7.43E-% 90. 31

359 +185.9 + 14.8 €.63E-5 Ge. 28
400 +174.7 + 17.1 2,64E-5 60.11
‘450  +178.3 + 12.3 3.24E-5 ©9.13
Soa +197.2 + 19.8 2.25E-5 @o.e2=




SITE

"TEMP
ze
=00
Cta1%)
430
45¢
1%

SITE

29
160
24
Jog
258
408
45a
San
536
Seo

S5

SITE

28
30a
350
404
45
Sae

SITE

20
200
250
490
_45@
500

i

HPFENDIX B

DETHILED SPECIMEN DIRECTIONS

: MARCH POIN
DEC IN
+244.,1 + 79.@
+208. 5 + V9.5
+z274.7 + 73.6
+333.7 + 54,9
+226. 8 + 38.2
+259.5 + 44,1
1 MARFCH POINT-2
+ 42.9 + 84.
+147.4 +.78.5%
+154.9 + 73.9
+154. € + €9.8
+167.1 + 80.1
+1Z8.6 + ?77.95
+3508. 3 + 84.1
+225,.2 + €06.2
+338. 2 + 63.4
+215.2 + 19.1
+355, - 13.8
t MARRECH POINT-2
+112.1 + 39.2
+194.7 + £€6.9
+123.2 + 51.0
+2@az. S + 45.8
+ 6.9 + 74.3
+ 7.8 - 28.2
: MARCH POINT-2
+1ig1.9 + £0.9
+159.1 + 53,6
+125.9 + 52.0
+ 11.5 + 5¢.4
+1E8&. € + 45,3
+244.9 - 2.7

T~ " SPEC#: MP53-A
C JCARAMD

2.SEE-4
6.B7E-S
4,5€E-S
1.47E~%
8. Z9E-€
1.23E~S

SPEC#: MFPE-B

&.23E~-4
3.49E-4
2.61E-4
2.04E-4
1.30E-4
3.93E-5S
2.99E-5
€. 18E-€
8. 52E-6
7.14E-€
1.13E-S

SPEC#: MP7-E

2. 74E-4
4.20E-S
2.89€-5
1. 16E-S
1.96E~-S
2.94E-S

SPEC#: MPI-E

1.3€E-4
1.87E-S -
1.38E-S
4. %BE-6
7.37E-€
1.11E-S

32 IN
01,
00. 23
80,17
Aa, as
ea. a3
28. 84

Q1. 00
00.%c
A8, 41
0Q. 3z
@a. 29
00. B¢
@0. 04
@0. 00
00. @1
0@. o1
20. 01

@1.00

00.13
©0. 16
6a. 04
@8. 07
6e. 106

©1.00
20.13
00.09
80.83
8o. 0%
0a. 88
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APFPEMDLIY E
DETRILED SPECIMEN DIRECTIONS
SITEs MARCH POINT-3 T SPECH: MP12-1

TEMP DEC INC JCAZMD
28 +131.6 . + 63.%  2.97E-4
360  +147.0 + 38.€  3.57E-S
350  +145.2  + 28,1 3.05E-5
420 . +129.2 - 30.8 4.€0E-€
450  + 556.8 - 43.3 1.37E-5
See +310.9 - 57.8 ?.84E-5

SITE: MARCH POINT-3 SPEC#: MF13-1
20 + £6.1 + £5.¢ 2.59E-4
300 +121.8 + 48.3 2.31E-5
358 +111.9 + 49. 2 2.62E-5
ARG +335.9 + 83.6 1.99E-S
45a +22¢&.0 + 1¢6.0 1.95E~-S
508 +2385.4 - 20.5 ?.38E-S

4

SITE: MARCH FOIMT-2  SPEC#: MF14-1

<8 +112.6 : 4.77E-4 21.060
308 +129.35 . 1.11E-4 6e. 23 . -
350 ' +148.S . 1.01E-4 0@.21
480 +142.0 . S.8EE-S 6. 106
458 +125.8 . S.20E-5 20. 10
See +347.¢ 2.€3E-5 09. a5

SITE: MARCH_POINT-3 _ _SPEC#: MP15-2

20 + 25,2 ‘ " 4,.27E-4 1,00
300 +31,9 I'g 5,.81E-S 06.13
3%5e +279.3 . 4.67E-5 88.10
490 + 38.0 3.23E-5 ge.087
430 + 8.7 : 1.24E-S 06. 062
500 +335.9 2.68E-5 00,135
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AFPEMOI Y E

0 DETARILED SFECIMEN DIRECTIONS

SITE: MRRCH POINT-4 SPEC#: MP1&-1
TEMF DEC INC J(AAMD JIN
20 + 2.2 + 62.4 - £,0Q3E-3 a1.00
166 + 17.35 + 63.7 1.69E-2 0v.53
200 + 22.0 + 43.¢6 3.87VE—4 23,18
e + 391 + 11.0 2.01E-4" 8a. 09
35e + 36.95 - 11.8 1.72E-4 29, a8
400 + 28.4 - 34.3 1.35E-4 0. ec
450 + 23.2 - 25.8 8.87E-5 8. 04
509 +248.,2 - 75.3 1.41E-4 0e. ae
538 +25%9.4 - 33.2 4,.23E-5 08, 02
Sea +2€9.2 + z9.8 ‘1.27E-4 06. ¢
598 + 11.1 + 5.5 2.0VE-4 196.10

SITE: MARCH FOIMT-4 SFECH: MPIS-A

20  +113.5 + 6&.8 1.62E-3 - e1.00
300 +15z.¢ + 46.0 1.97E-4 . 90.19
2590  +1%4.4 + 41.4  1,S2E-4 2. 14
406 +143.3 > 38.5 8.40E-5S C @B.o8
45@ + 88.4 + 55.8 2.16E-5 20,02
S@ga +242.1 + 27.9 4,B9E~-% ©0.03

' _CSITE: MARCH POINT—4  -SPECH#: MP2e-—1

20 +112.6 T+ 7201 7.80E~4 ' 91,06
28  + 9A.8 + 76.4 5. 12E~S ng., 36
358 +157.2 + S0.0 S.@1E-S 00. a8
4808 +113.2 + 51.9 1.38E-% 99,01
450  +112.2 + 75.8 5.42E-5 80.6€
08 +331.9 -+ 19.% 5.S82E-5 99,03

SITE: MARCH FOINT-S SPECH: MF21-B

20 + 35.3 + 76.4 5.95E-4 @al1.00

166 + 2.2 + 71.€ 3.74E-4 @0.€c2
2m0 + 9.2 <+ 74.2 2.61E-4 00.23 .
306 + 11.3 +.77.1 . 1.11E-4 | ©0.18
2506 +357.1 + 88.5 5.74E~-5 ' ©0.29
409 +279.2 + 83.4 2.38E-5 ©6.03
450 +287.3 + 47, 2.3?6:5 20.03
a0 +279. ¢ - 21.1 1.85E~-5 | ©0.063
530 +236,9 + 38.9 1.18E-4 ©0.18
S€a +2€2.1 + 42.¢€ 5.98E-5 ©06.106

5596 +218.2 - 4.3 1.€3E-4. 8e.27
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AFFENDIY E .
N DETAILED SPECIMEN DIRECTIONS ‘ .

S}TE: MARCH POINT-S SPEC#: MP22-2

TEMP OEC INC J{AAMD J/2IN
20  + 38.2 + 73.8 3.064E-4 81.920
200 + 17, + 408.3 S.11E-S ©ve. 16
336 + 8.7 + 34.7 3« 13E-T 230.10
356 + 16.4 + 52.¢ 1.€LE-S 09. 05
4080 +351.8 + 40.6 1.21E-S ve.a63
426 +349.3 + 12.9 2. 16E-5 88.07
450 + 14.0 + 41.5 1.07E-3 50.63

.SITE: MARCH POIMT-S SPEC#H: MP23-1

20 + 33.8

+ 786.7 2.98€-4 91,00
00 +15€.6  + 55.4 5.81E-5 00.19
330 +166.9 + 56,7 4. 12E-5 @9.13
250 +159.8 + 53.¢ 3.63E-5 06.12
460 +191,8 + 58.7 2.29E-5 00.67
420 +1B2.6 + €1.%& 1.03E-5 . ©0.03
450 +330%9 + 45.4 7.21E-% 20.24
SITE: MARCH POINT-S SPEC#H: MP25-2
20+ 72,9+ 74.5 z2.71E-4 91.00
306 + 2.8 .+ 7€.1 5.27E-5 00.19%
330 + 18.2 + 78.0 4.44E-5 90.16
z5a + 45.4 + 79.4 3.74E-5 ~0@8.13
400 + 41.5 + 41.9 1.80E-5 008. 8¢
42¢ +25€.9 + 23.9 2.08E-5 090.07
450 +345.6 + %2.0 5.48E-6 408. 62
SITE:s CRMFP COVE-3Z SFECH#: CC9-2
20 +356.3 + S8&.3 1.41E~-4 01.60
106 +352.¢ + ©2.4 6.93E-5 ©0.49
260 +341.6 + 77.4 ' 3.33E-5 00.23
308 +352.8 + €3.6°  2.11E-5 00.14
3580 +338.9 + 54.8 1.36E-5 00.-09
400 + 38.7 + €2.@ 1.16E-5 0B. @7
450 +3%3.5 + 44,5 2.81E-5 v8.19
S06 +3%55%5.1 - 64.5 1.71E-4 01.21
=38 +252.1, + 7.1 1.02E-4 02.73
S0 T 3\B.7 - 41.6 8.9€E-5 80,57




A

APFENDIX B
CETRILED SFECIMEN GIRECTIONS

SITE: CAMF COVE-4 SPEC#: CC1&-A

TEMP DEC INC JCRAMD JAIN
20 +204 .2 + 78.0 2.42E-4 81.00
290 +188.6 + 20.2 3.31E-S 20.13
33a +171.7 + 1.5 3.80E~-3 00.12
99 +192.6 - 10.7 2.85E-S 00. 18
6@ +1&l.2 - 2.1 S.28E-3 0e.13
428 +192.1 - .3 1.18E-5 08. 04
456@ +170.1 - 12.4a 1.61E-5 @8. ac

SITE: CAMP COVE-S

s

PEC®: CC17-2

E.4CE-494 01.00

20+ 2.9  + €1.2

1846 - + 94.3  + 83,2 4.83E-4. ¢0. %7
200 +112.4  + €2.6 2. 38E-4 00. 39
W@ +133.8 + 82.3 1.62E-4 00. 19
25@  +1SE£.7 + 806.1 e.82E-5 — 90.10
408 +155%.5% + 67.8 3. 29E-5% na. a3
459 +17S.4  + 42.4 2.76E-S 00.03
500 +176.8 + 54.3 1.78E-5 00. B2
S50 +291.3 - 79.1 2.B1E-5 90.02
Se@  +266,1 + 11.5 1.57E-5S 8. 01
S9e <+ 1.8 o+ 12.9 €.80E-5 ©0. 08

SITE: CRMP COYE-S SFEC#: CC18-R

Za  +320.0 + 74,2 S5.€3E-4 81.00
. 36 +17V1.9 + 22.1 5.38E-5 29.09 -
330 +17e.1 + 19.8 S.46E-5 . 80. 69
358 +171.2 + 20.7 4. 13E-S 60.07
3 +171.8 + 22.9 3. 45E-S 08.06¢
4008 +169.3 + 25.5 3.02E-S5 -808.0835
420 +175.2 + 22.2 2.86E-5 006.05
456 +175.7 + 24.0 2.66E-S5 99. 74
See +2832.2 + 19,1 1.a5E-5 - @e.01
534 +204.6 + 29.4 1.33E-5 20. 062
SE@ +34¢6.3 - 56.7 8.51E-¢€ 00.01
5590 +358.8 -+ 12.2 1.35E-3 29.082
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APFENDIX B
DETRILED SPECIMEM DIRECTIONS .
AN
SITE: CAMP COVE-S SPEC#: CC13-1
TEMP DEC INC JCRAMD J/IN
20 +162.0 + 35.3 %.52E—4 ‘91.90
300 +1%9.8 - 8,3 2.92E~-4 00.52
330 +1%8.6 - 8.3 2.49E-4 99.45%
3%@ +157.3 -~ 8.€ 2.03E-4 29.36
360 +1%6.7 - 7.4 1.69E-4 99. 30
400 +1%57.8 '~ 7.2 1.47E-4 8. 26
420 +1%6.1 - 8.8 1.34E-4 P9, 24 _ |
450  +160.% - 7.2 1.16E-4 09. 2%
08 '+1%53.9 - 14.6 s, SOE-S 20. a9
830 +144.4 + S.€ 4.30E-5 80.07
568 _ +138.5 - 31.9 2.37E-% 9. Q4
90 + 608.5 - 63.2 2.126-% 02.0:3
SITE: CAMP COVE-S SPEC#: CCza-B )
\ ( . (
20  +177.4 + 34.5 1.126-2 ' o1.09
390 +178.9 - 3.7 7.7?9€E-4 " pe.s6 -
330 +172.1 - a5 5.50E-4 908.5%
2% +178.2 - ;1;3 5, 36E-4 099.45 -
3@ +177.5  + ' 7 . 4.46E-4 008.37
400 +178.2 + 2,6 2.63E-4 . 7. 30 v
428 +177.%5 0+ 2.2 3.€4E-4 98. 29
4%3 +176.6 + S.1 3.09E-4 00. 26
S0  +175.% + 15.3 1.%6E-4 80.1%
3@ +196.3 + 30.6 1.53E~-4 29,12
60 +189.1 + 37.3 9. 2€E-S 00.67
590 +184.9 + 53.6 6.1%E~-5 38. 05
SITE: CAMP COVE-S SPEC#: C21-A
28  +306.8 + 78.0 S.48E-4 01.09
300 +176.6 + 20.1 1.03E-4 00.12
330 +175.5 .+ + 15,1 8.2%€-5 99,85 >
288 +188.9 + 14.3 7.58E-% 99.08
360 +17S5.7 o+ 22.5 5.13E-5 . 20,06
490  +18€6.2 + 20.2 - 4.41E-S 00.0S
420 +179.9 + 20.3 4.34E-S - 00.0%
459  +178.S + 24.1 4.61E-5 06.0%
S0 +174.3 + 39.9 2.24E-5 23.02
530 +177.7 + 82.6 1.52E-5 @0.081
568  +321.9 + 43.3 2.11E-5 . 29, 82
59  + 36.4  + 26.2 2.14E-5 28,02




SPFENDIM B
DETRILED SPECIMEN DIFRECTIONS
SITE: CAMP COVE-S SPEC#: CL22-~-2

TEMP DEC- INC JIAAMD - JeIN
20 + 49.4 79.% 9.31E-4 a1.00
150 + 91.2 74.6 5.44E—4 29, 58
200 +187.9 72.6 4.17E-4 Q0. 44
390 +116.1 79.3 2.94E-4 2. 26
3%50. +129.0 €9.9 1.25E~-4 09,13
420 +145.0 0.9 5.06E-S 20.8%
450 +144.8 €7.0 3.79E-5 23. 04
590 +141.4 47.2 < 2.18%E-S - 920.02
530 +340.6 48.9 ' 2.51E-S 00. 92
560 +321.7 S5, 4 1.51E-S 39. 0t
596 +325S.3 11.8 2.€7E-S 00. 02

C

P+ + 4+ 4+ + 4+ ¢

+

-»

SITE: CAMP COVE-S SPEC#: CC23-1

20 +161%W
288 +171.1
20 +178.7
3358 +172.3
368 +176.¢6
400 +172.7
420 +173.3
4508 +172.0
Se0 +172.2
5306 +151.9
1Y) +204.4
595@ + 1.9

F

4.02E-4
2.21E-4
1.85E-4
1.59E-4
1.2ZE-4
1.22E-4
S5.74E-5
3.43E-5
S5.27E-T
2.47E-S
1.38E-5
1.035E-S

v

SITE: CAMP COVYE-6 = SPEC#: CLZ4-2

- -
T & e s & s 8
VRN YW-=- 00N O0® W

5
9
7
8
9
9
1
9
6
5
4
&

[N

20 +138.4
1% %) +12%.2
330 +186. 95
3%5e +105.7
360 +153.8
490 +147.0
420 +145,.9
450 +145.4
S00 +117.4

80. 1 2.00E-4 - 91.90
€8.%5  3.17E-S 00. 1%
s8. 1 2. 30E-S 90. 11
s8.2 1.72E-5 00.98
43.6 1.12E-5 20, 8%
51.7 7.92E-6 20.03
9.7  S.326E-6 90,92
48.5  4.3€E-5 8e. 02
52.4 2.91E-5 2@. 91

+ + ¢+ + 4+ 4+ 4+ + 4




APPEMDIX B (
;

DETRILED SPECIMEN DIRECTIONS

SITEs CRMP COYE-6 SPEC#: CC25-A
TEMP - DEC INC JCAMD J/IN
20 +19%.4 + 83.86 2.11E-4 . 91.098
e 300 +124.3 + 798.9 = 2.%3E-% 89.12
330 +127.8 + %9.7 2.13€-5% 90.10 -
3% +130.3 + 49.2 1.39E-% @0.05 '
3680 +181.3 + 3%.7 9.31E-6 20. 24
400 @ +27€.7 + 73.5 1.9%E-5 06.04
420 +183.8 + 22.5 9.33E-6 90,04
450 +2€5.3 + 6%.3 6. 76€E-6 00,03
S9Q - +253.2 . + 69.9 8. 12E-6 . 20.03
<
o . y
. SITE: CAMP COVE-6 SFEC#: CC25-E
20 +152.4 + 23.5 3.93€E~4  21.99
' v 300 +162.% - 3.9 1.84E-4 0a. 4¢
' 330 +167.8 - 9.8 1.4956-4 29,37
3%Q +1€€.4 - 8.3 1.286-4 90. 32 i
360 +166.9 - 8.6 8. 99E-S 20,22
400 +164.1 - 9.7 7.%€E-S 00. 19
420 +164.1 - 9.6 T7.2%E-5 09. 17
‘ . 4%@ . +163.2 -~ 6.8 5. 3%E-5% P0. 1%
9@ +164.1 - 10.6 3.28E-5 a9, 19
520 + 90.9 + 30.5 1.37E-5 09.02
560 +118.7 - 50.7 8. 3€~-6 20, 32
S99 .+ 18.7. + 21.9 S, 25E-% 00.13
SITE: CAMP COYE-7 SPEC#: CC27-B
20 + 21.7 + 6€8.6 9.83E-4 81.00 p
100 + 19.8 . + 66.1 7.29E-4 . 902,73
208 + 20.3 + 68.6 5, 21E-4 09.52
390 + 19.7 + 71.6 3.01E-4 . . 909,309
350 + 28.3 + 81.2 1.33E-4 00.13
400 +111.1 + 85.5% 4,S3E-S 99. 04 ’
45Q + %5.6 + 87.9 2. S6E-5 00.02
590 <+ 14.4 + 74.8 2.83E-5 00, 92
S30 +345.3 + 62.3 9.13€E-6 00.09
~ %60 +380.2 <+ 6.1 1.24E-5 . 99.01
+ 1%.4 1.41E-5 00.01

S9@  +339.2




AFFEMDIX B

DETRILED SPECIMEN DIRECTIOMS

>

SITE: CAMP COVE-?  SPEC#: CC29-1

TEMP DEC - INC J<RAMD
- 20 +152.4 82.2 1.31E-4
300 +140.7 S&.4 2.40E-%
330 +135.2 0.3 2.13E-5
3508 +138.4 S4.1 1.72E-5

. 360 +1562.7 34.8 | 1.33E-5
- 408° +157.8 29.7 6.99E-6
420 . +125.7 48.9 4,43E~6
450 +146.¢8 S2.3 &.35E-6
Seo +331.6 42.3; 1.27E-5
530 +345. 4 2.6 2.17E-5

+ 1 + 4+ ++ ++ ++

SITE: CAMP (OVWE-7 PEC#: 368-RA

o

20 +275,. 3
380 +154.3
338 +1¢8.7
258 +167.3
3ev +1£3.9
400 +1lcl.4
420 +1e2.5
4350 +166.7
1217 +174.7
538 +154.6
S€D +17€.2
556 +1ve.2

‘7.62E-4
1.3%€E-4
1. 2:.E-

"1.18E-4
9.3VE-S5
7.29E-S
6.37E-5
6. 44E~ s
2.39E~-5

‘3.53E-5 - -
2.46E-5
1.59E-5

WWEWOAD WA= DO A

+
+
+
+
+
w* .
+

SITE: CAMP COVE-? SPEC#: CC31-E&

73.9 . X1E~-4
18.9

LLIS

24.7

15.0

18. 8

15.9 2.5€E-S
1.8 1.23E-5

28.2 9.31E-€

48.9 4,.96E-5

£9.3 7.91E-3

- 20 +125.2
309 +163.1
336 +164.3
35@  +1€7.7
3€8 $178.1
405 +157. 5
420  +158.4
4350 +137.8
S80 +189.9 .
536 +193,3
560 +301.9
396 +3228.9

||+|++k+++++
N
Wt
o




DETAILED SPECIMEN DIRECT IONS

SITE: CAMP COVE-& .

.\

TEMP DEC

: 20 +136.2 +
199 +155.6 +

. 290 +1€0.0 +
308 - +161.2 +
350 +160. 1 +
400 '+163.S -.
450 +i61.2. -
Soe +161.7 -
- 530 +15€. 2 +
560 +145.0 +
599 + 8%5.0 +

N N

SITE: CAMP COvE-3

20 +122.2 +

- 300 +13%5.9 +
‘320 +138,8 T+
350 +144.3 +
360 +13€.¢ +
408 +139.0  +
420 +13€.95 +
459 +139.7 +
SS90 +182.8 +
530 + 9%5.2 +
SE0 + 351,09 +
+

55 + 19.6

‘SI;TE‘x CAMP COVE-8& =

© 20 +1%7.8  +

- 300 +ié€. 6 -
338 +168.6 -
350 +171.9 -
3¢9 +172.3 -
400 +171.6 \ -

420 +171.3° -

4750 +170. ¢ -
580 +169.7 .-
S30 +160. 1 -
S68 +139.6 -
S50 +120.3 +

ARPFENDIX B

INC - JCAMD

79.2 7.97E—4
s4.7 4.87E—4
'39.4 4,10E—4
22.2 3.26E-4
. 5.7 2.5SE-4-

4.4 2.38E-4

6.9 1,.656-4
4.1 9.92E-5
22.9 3.12E-5
14.1 1.656E-5
18.2 1.66E-5

. €.

" SPECH: CC33-A

6.2  €.89E-4
45.9  1.09€-4
37.2  9.46E-S
3.8  8.15€-S
23.1  4.85E-S
29.1  2.41E-S
33.8  3.4€E-S
27.5  3.29€-S
15.4 1.42E-%
45.8  1.72E-S
37.1  4.12E-S

3.33E-5

21.8

SPEC#: CC324-A

(]

(.l\l(th.OA&-A.&EJN(U ;

NOWHWN=NOWrN

7.9%E~4
4,78E-4
4,43E~-4
4.16E-4
3.71E-4

2,31E-4
2.27E-4
1.71E-4
1.86E—4
5.31E-S

-

WN

SPECH: CC22-E

- 2.51E-4

6.87E-S

JAIN
21,55
29,861
63.51
96, 48
0G. 31
29.29
20. 20
98. 12
©0.03
@9. 92
00. 62

61.08
008. 18
©6.13
39.11
09v.95S
29, 83
96, a3
P43, 84
006.02

0.0¢
8. 34

\

at.00e
29.39
23,55
98.52

39,46

e8. 31
28, 28
06. 29,
26. 21
28, 13
93. 86

20.07

256
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HMPEEMDIX B

DETRILED SPECIMEN DIRECTIONS

SITE: CAMP COVE-8 = SPEC#: CC35-A
TEMP DEC INC JCAMY J-JIN
20 +164.1 + 47.8 2.91E-3 B1.09
. 300 +154.5 - 9.5 2. 11E-3 3@, 72 -
338 +162.9 - 92, 1.79E-3 08.51
350 +163.5 - 9.1 1.59€-3 29,53
3€B  +1€2.5 - 8.7  1.4QE-3 02, 47
430 +164.3 - 7.8 9.H33E-4 Q. 31
420 +1€2.5 - 7.2 2.329E-4 90. 28
4%0 +162.6 - 6.9 3.48E-4 - 03,29
500 +1€4.8 - €.4 €.B7E-4 " 00.20.
536 +151.9 - 8.2 4,7SE-4 09. 16
550 +15%.1 - 7.6 1.44E-4 99. 04
590 +158.6 - S.8 7.21E-5 23.02
]
SITE: CRMP COVE~Y SPEC#: CCI7-A
20 +192.2 + 54.3 2, 72E-4 91.090
100 +183,2 + 71.3  S5.SSE-4 00,55
200 +132.2 + €32.3 3.T2E~4 ag, 27
200 +178.7 + 55.2 1.79E-4 9@.18 SN
350 +171.7 4+ 29.5 7.93E-5 30. 28
4060 +164.1 + 19.% 4.85E-S 99. 64
45@ +155.0 + 41.4 2.42E-5. 230 . 92
S99 +227.6  + 27.3 6.59E-6 ©9. 09
530 +218.3 - 72.9 1.13E-S 99, A1 _
560 - +278.2 - 5£.8 2.42E-5 96.02 .
598  +334.9 - 20.4 2.67E-S 29.03 :
SITE: CAMP COVE-9 spsgn: crzg-1
: ) Y
29 +341.%  + 79.2 3.7HE-3 81,20
269 +172.6 + 7.9 5,72E-4 296.15
339 +171.3 + 8.8 4,.3%E-4. . G98.13 .
3%0 +171.&6 + 9.1 4.9¢E-4 09.12
360, +158.6 + 18.2 q4.40€E-4 24,11
490 +178.6 + 13.7 3, 52E-4 66.99
420 +173.8  + 1S5.7 3.22E-4 09 .p8
4502 +171.5 + 14.4 3.3%E-4 ©9.09
500 +172.4 + 17.5 2.399E-4 26.08
526 +1623.% + 20.¢& 2.52E-4 909. 0¢c
560 +157.8  + 26.4 1.52E-4 29, 94
596 +1328.1 + 15,1 S. SEE-5 90,02




APPEMDIY E
DETAILED SPECIMEN DIRECT IONS
SPECH: CCI9—A

SITE: CAMP COYE-9

TEMP

20
308
330
350
30
490
420
4508
1% 1%)
1530

DEC
+ 87.4
+161.2
+13€.1
+1565. 5
+139.4
+155.6
+164.9
+171.7
+212.7

+321.95

I+t + 4+ + + +

e (>

SITE: CAMP COVE-9

28
Soe
$ 330
3Se
350
4089
420
450
See
530
360 -

+1£2.8
+167.0
+167.6
+1€68. €
+163.8
+169.1
+162.3
- +169.3
+160.0
+14%5.9
+2z3.1

SITE: CAMP COVE-2

20
300
330
359
360
400
a2@
450
s00
sze

+ 24.3
+17€.3
+206.8
+178.2
+1738.3
«+124 .3
+139.5
+181.5
+318.9
+248. 4

P+ + ++4++4+++

INC
74,32
6.9

CAWADWN -
NUAWWOWVWOWU

SPECH :

33.4
16. %
18.8
16.3
15.9
1é6.8
16.0

16.8

9.2
7.7
5e.9

JCASMD

3.75e-4

S.37E-5
4.48E-5
4.92e-5
3.71E-5
2.66E-5

2.43E-5 .

1.43e-5
6.728-¢6
1.31E-5

CCdar-1

4.48E-4
2.89E-4
2.31E~4
2.69E-4
1.97E-4
1.64E-4
1.51E-4
1.06E-4
5. 44E-5
2.40E-S
3.63E-5

CC41-A

2.75E-4
3.1€E-5
2.58E-S
2.63E-5
2.11E-5
1.77E-S
1.82&-5

1.18E-5

1.37E-35
6. 15E-¢§

JAIN
01.p9
943. 15
0G.11
23.13
086.12
8a, 0?7
00. 6
02,03

09.91

28.83

al1.33
6.5
839.52
80.47
90, 44
06. 27
29. 24
09. 24

#39.12
86.6%
03,33

01.009
20.11
20. 29
98.0%
5% Tl
©9. 0=
9. 36
86. 04
99,323
/8v.06z
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.  APFENDIN B

DETRILED SPEC IMEN DIRECTIONS

SITE: CAMP COVE-1@ SPECH: CCA2-H
TEMP  DEC INC L JCRASMY J.IN
20 +1%4.8 + 74.1  1.89E-3 @1. 00
109 +183.0 + 21.9 7.63E-4 00.7
200 +18S.1 + 17.8 6.8E-4 80. 2
- 398 +132.3 + 12,5 S.13€-4 30, 47
250 +175.% o+ 9.3 2. S2E~-4 20, 3z
400 +177.2 + 3.7  3.25E-4 20. 29
4%9 +176.€ + 10.0  2.29E-4 Q6. 21
see +1S1.2 + 12.5, 1.87E-4 20.17
538 +181.2 2+ 208.% 1.20E-4 4. 11
=58 +135.8 + 1€.3  9.35E-% 6. 09
0@ +207.9 + 26.9  6€.11E-S ©o. a5
SITE: CAMP COVE-18@ SPEC#: CC43Z-R
260 +172.9  + 21.7 1. BEE-3 ©1.09
200 +177.5 - 5.2 7.53E-4 20,71
39 +17€.1 - 6.3 7.22E-4 29, £&
3%9 +176.2 - 6.0 €.53E-4 2@, 51
20 +177.1 - S.7  €.17E-4 06, 52
" 408 +177.9 - 5.7 S.SRE-4 29, %2
420 +17%.6 - S.2 s.03E-4 " PG.47
4%9 +17%.6 - 4.7 - 4.41E-4 Pa. 41 .
@0 +17%.8  + 3.7 . 2.3%E-4 g, 22 :
530 . +174.3  + 7.1 1.23e-4 * 20.17 .
o  +18%.32 + 41.3  S.CEE-S 2@, 05 . :
530 +328.3  + 3€.7

7.22E~S 230.87

€ITE: CAMP COVE-10 SPEC#: CCd4a-1

YE-3 @1.06

20 +154.1 + 29.8 1.2
306 +154. 4 - 12.8 £.73E-4 ©06.62 . .
330 +155.4 - 12.6 £.53E-49 28,51
35a +155.1° - 12,2 €.27E-4 89.5:2
350 +157.9 - 12.6 5.7SE-4 3G, S3
. 488 +154.€ ~ 11.7 S.2ZVE-4 . 6. 49

- 428 +155.06 - 11.3 4.352E-4 8. 42 ;
439 +155.3 - 11.9 4.13E-4 B8O. 2
e +154.5 - 6.8 2.48E-4 ~29.23
536 +152.7 -~ €.5 2.14E-4 906, 29

-1 +151.9 - £.5 1.3%9E-4 ©0. 18

- 599, #178.%2 - 6.4 2.64E-5 - 09,92




AFPEMDIY B
DETAILED SPECIMEN DIRECTIONS
SITE: CAMF COYE-10 SPEC#: CC45-A

TEMP DEC . INC JoRAMY J-IN
28  +353.5 + 79.4 1.47E-3 81.99

- 300 +1%3.8 1.99E—4 29,13
230 +1%9.% - 1.88E-4 96.12
3%0  +152.0 1.93E-4 99,12
360 +1€1.7 1.62E-4 oa. 11
400 +15%8.8 1.47E-4 32.39
420 +1%9.4 1.2%€~-4 20.08
459 +157.9 1.22E-4 99. 93
500  +153.5 7.08E-5 . B6.84
530  +1%2.4 &, 21E~-5 4. 94
TE@  +1%3.7 4.62E-5 T 20.03
T390 + 12.9 €,39E-% T R6. R4

+ 1+ ++ 4+ ++++ 4
.

»NANNW=N
®© WO ® WNA — Q0

—
e ¢« ® a 8 e @

SITE: CAMF COVE-1@ SPEC#: CCdé-1

20 +193.7
2ee +1€9. 2
339 +172.7

- 350 +1632.2
350 +1€5.95
400 +1€£.3
4220 +158. 4
4%0 +1€2.4

- 500 +179.4
S30 +179.0
S6@ +182.3
598 ~ +312.7

1+
<«

]
WA= WaeENEANOD

S.03E-4
1.12E-4 .
" 1.95E~4
1.23E-4
1.601&-4
8.52E-S
7.79E-5
5.85E-9
4.38€-3
4,87E-Y9
2.39E-5
I5.31E-5

AWA- OB~ QNAN

)

I+ 4+ 771

I
[

SITE: PC-23 . SPEC#: PC 111-A

26  + 2.8 2.%2E-3 B81.06
0@ + - 1.74E-3 .93, 59
200 2.12E~-4 09,12
250 1. 75E-4 @3, A6
200 “1,47E-4 00.05
330 1,33E~4 29: 25
3% 1.226-4 ©0.04
360 1.27E-4 . 29.0%
4290 1.05E~4 9. B4
429 8.€2E-5 20,03
450 4.18E~S 99.01
500 "1.6TE-S 80, 20

+
w
(4]
aw
&9

0 O

F At
HEOVWO WKW




SITE:

TEMP
20
190
200
250
209
30
358
360
493
420
430
Ses .

2e

109
209
=50
200

330

—T

350
350
400
429
450

SITE:

fed %
190
209
258
306
330
- 359
360

 4@9

420
459

DETRILED SPECIMENM DIRECTIOQMS

PC-23

OE

g N
WA, OENYOYNOW

¢
- WY

++ ++ 4+ 4+ 4+ 4

[ARU]

WU Rl
.

Wy 00w

+329.5
+324.4
+342.5

+245. ¢

PC-23

+ €0.1
+345.6
+330Q.3
+334.3
+32432.2
+341.9
+336.3
+3%4.8
+31a.5
+344., 1
+3242.0

P+ + + +4 4+ + 4+

-1+ ++ +++ 4+ +

+

o

+

AFPEM

INC
61.0

€7.8

26.7
10.0
28.9
33.2
33.6
34.3
37.4
37.1
41.4

+8

DIN B

SPEC#: PC 112-R

JC(AAMD
3.32E-3
2.45E-3
4.60E-4
3.24E-4
2.11E-4
2.88E-4
2.94E-4
2.53E-4
‘2. 19E-4
1.392E-4
1.23E-4
2.22E-S

_SPEC#: PC t12-1-R

2.12E-3

72.9
738.4 1.53E-3
70.2  4.Q4E-4
£5.1 2.324E-4
52.7 1.296-4
32.5 6.52E-S
25.2 5. S2E-S
14.3 5. S3E-S
6.3 S.S2E-S
6.3 2.87E-5
22.9 7.22E-%
EC#: PC 113-R
78.9 2.00E-3
76.8 1.33E-3
£0.9 3. 37E~4
46.8 1.21E-4
32.0 1.12E-4
3.6 6.99E-S
15.2 7.SSE-S
5.4 5.62E-S
11,0 S.%3E-%
7.0 2.93E-5
7.1

3-@75-5

JAIN
21.00
2@, c4
84, 12
00,03
133,98

09,07
0. 97

00.95
29, 085
@u. 83
20.923
09. 006

e1.09

39.71.

00.13

- 90. 19
0v. Q€
238, B3,

00.02
90. 02
00.062
0a. 31

00.02

01.682
@a. 56
00. 1
g, a9
09.9%
09,33
00.07%
39,02
20.a2
PR. A1
©0o.21
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APFENDIX B

!

DETRILED 5PECIMEN nxngthons

SITE: PC-23 SFEC#: PC 114-R

TEMP DEC INC JCAZMD
20 + 37.9 86.0 2.29E-3
108 +334.2 76.7 1. %E-3
200  +3332.3 54.8 - 3.E3BE~4
250  +3%56.% 40.9 2.33E-4
300 .2 1.35E-4
330 ' 17.1 1.25E-4
350 20. 4 1.20E-4
360 19.5 1.87E-4
4020 . 3.9 S.76E-S
420 : 29.8 4.76E-% 98,92
459 +2%% 16.€  3.S2E-S 60,61

SITE: PC-23 SPEC#: PC 115-1

20+ 69.7 : 3.40E-2
198 + 11.3 2. 30E+3
200 +343.6 =3 6.58E-4
250  +340,7 3 4.13E-4
0@ +342.8 2.47E-4
339 +342.9 : 2. 40E-4
3%0  +344.1 2.32E-4
350 +343.9 - 2. 06E~4
400 +24€.2 . 1.26E-4
420 © +346.9 8.63E-%
450 +342.6 s.96E-5

SITE: PC-24

o
m

PC 115-R

20 + 32,3
109 +3%8.2
200 +335.€
2353 +23%.9
200 +341,.56-
330 +339.1
350 +336.6
360 +339.3
400 +3328.7?
420 +342.4
450 +332.1

2.96E-3 01,03
2.15E-3 pe. 72
S.32E~4 00.17
3.47E-4 29,11
1.S€E-4°  ©8.05
1.32E-4 20. a4
1. 22E-4 Be. a4
9.@4E-S 29. @3
S.84E-5 20.81
2.82E-5 39, 31
2.42E-5 06. 5O

+++.++4'+++++
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FPPENDIX B

DETRILED SPECIMEN DIRECTIONS

SITE: PC-24 SPEC#: PC 117-R
TEMP DEC INC TR J2IN

20 + 35.5 + 59,5 4.31E-3 91.00

188+ 29.2 + 687.1 2.97E~-3 90,68

200 +325€.0 + €8.¢ €.99E-4 90.18

250 +3%6.9 + B7.2 4,94E-4 23,11

300 +326.9 + 57.9 1.55€E-4 6. 902

338 +324.% + 5€.4 1.%9€E-4 98.83

359 ' +334.9 + %8.3 1.%8E-4 90.03

368  +332.9 + 52.4 1.45E-4 00.03

400 . +326.5 + 49.6 7.02E-5S 008.01

428 +337.8 + 42.3 ‘5. 79E-S 9a. 01

4% +3200.8 + 26.3 .27E-5 20.00
SITE: PC~24 ZPEC#: Pc“}1e—n

20 + 15.3 + £8.8 3.3€E-3 91.00 -
180 +32%@.2 + 71.6 2.13E-3 20.84

200  +323Z. + £9.6 5. 14E-4 00.15

258 +225.5 + 66.8 3.826-4 232.10 '
280 +330.5% + 58.2 1.47E-4 299.04 - ,
‘338 +335.9 + 48.8° 1.27E-4 P3. A3 ‘
3%3  +33€.2 + S6.5 1. 15E~4e -~ ‘90.063

368  +335.3 + 46.7 1.94E-4 23,03

42¢  +329.8 + 46.¢ c.04E-5 . ©0.01

420  +329.9 + 34.8 4.49E-% 22,01

450  +321.1 + 22.2 2.28E-% 00.00
SITE: PC-24 SPEC#: PC \119-B

20 + %8.2 + €2.1 3.11E-3° 91.066

180 + 23.2 + 73.6 . 1.94E-3 20.62

200 +3%£.32 + %59.8 3.51E-4 9011

2%8  +2%5.3  + 49.2 2.49E-4 99.097

200 +354.0 + 22.1% 9.86E-5S ©00.63

330 +251.7 + 10.5 S.33E-5 &3, 32

3560 +354.1 + 2.9 9.08E~5S ©0.062

260  +349.1 - 7.1 8.51E-5 00.82

4890  +3432.S - 21.¢6 4.44E-5 ©0.01

420 +348.3 - + 6.2 4.51E-5 39.091 :

- 21.7 2.€4E-5 = 00.89 -

450 +332.3
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) APPENDIX B

, —_—
y .
DETRILEDVSPECTﬂEN DIRBLTIONS

SITEs:s PC-24 SPEC#: PC 1208-C > . -

TEMP DEC INC JCASMD JoIN
20+ 67.4 + €9.4  3.26E-3 01.00
100 + 18.2 + 70.7  2.@4E-3 90. 50
200 +344.8 + 66.3  4.33E-4 09. 12
- . 230  +34@.1 . + 61.7  3,42E-4 do.1e ' ?
300 +342.3 + S8.2  2.10E-4 00. 06
. ,338  +337.3 + %6.8 1.48E-4 20. 24
7 3%@  +343.1 + S1.@  1.26E-4 - 00.03
360 +342.9 + 35,1 9.32E-5 00.082 -
400  +344.2 + 44.1 5. 13E-S ©0.01
420 +323.2 + 26.8  4.70E-S ee. o1
450  +317.9 + 3€.4  4,53E-S . e0.081




APPENDIX C
SAMPLING LOCALITIES AND DIRECTIONS OF MAGNETIZATION -

ST. GEORGE GROUP -

C.1 Sampling localities:

Isthmus Bay Formation:

Locations: 489 32.6'N, 58° 44.3'W (Sites 1B1-5)
500-47.7'N, 57© 4.7'W (Sites PCl-4)
50° 45.6'N, 57° 9.7'W (Sites PC5-6
and PC5A-6A) '
Sites IB1-5 are from an outcrép called "The Gravels",
‘located about 2 km west of the Isthmus on the south shore
of the Port au Port Peninsula. The other two locplitiea v
listed above ére in the Great Noxthern Peninsula. Sites
PCl-4 were sampled from diagenetic dolostones exposed about
7.5 km south of Doctor's Brook. According to a proposed
revised stratigrabhy (1. Knight, peréona¥ cohm.), this
exposure belongs to the Watts Bight Formation which is

Lower Tremadoc (Lowest Ordovician) in age. Sites PC5-6 and

PC5A~6A were sampled from the interbedded limestpne and
syngenetic dolostone strata exposed at Oldman's Cove, about
1 km north of Eddies vae West. This belongs to the Boat
Harbour Formatiop of the proposed revised stratigraphy, and’

is Middle to Late Tremadoc in age (I. Knight, pers.

comm.). Samples were_taken'from both the limestone and

dolostone beds.

265 o Co -
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Tilt correction and stratigraphic thickness:

Sites strike, Dip - Approx. thickness

IB1-5 2450, 1 7ONW 5.5 m
PCl-4 2370, SONW 3.5 m
PC5, 6, S5A, 6A 0o, 0° 4 m’

"\
1

Catoche Formation:

7

Locations: 48° 30.8'N, 59° 0.3'w'(Sites PH1-5)

. 50©° 43.2'N, 570 22.1'W (Sites PC7-11)

| 50° 43.0'N, 57° 22.5'W (Sites PC12-14)

Sites PH1-5 are located aboﬁt 6.5 km from Picadilly
Junction on the southshore of the Port au Port Peninsula
" and character;ze the Middle, méinly subtidal limestones of )
the St. George Group. Sites PC7-11 are limestones and
Sites 12714 are diagénetic dclostones, both located close

to the town of Porxt au Choix in the Northern Peninsula.

Tilt correction and étratigraphic thickness:

Sites Strike, bip Approx. thickness
PHL-5 2369,  120NW 7 m
PC7-14 "1379, 505w 3 m (PC7-11); 8.5 m (PC12-14)

Aguathuna Formation:

Locations: 48©C 33.7'N, 580 46.3'W (Sites AQl-4)
| 500 22.5'N, 57° 31.7'W (Sites PC19—22)
-Sites AQl-4 are exposed in a quarry 2 km west of The
Gravels along the morth coast of the Port au Port
Peninsula. .In‘this locality, in addition to the Aguathﬁna_

'Formation, Middle Ordovician (Table Point Formation) and

-
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Mississipian (Codroy Group) strata, all separated by

v

unconformities, are exposed. Strata belonging to the

Aguathuna Formation represent the upper dolomite beds of

the St. George Group, overlain unconformably by the dark

limestones of the Table Point Formation.
Sites PC19;22.wgre sampled at Table Point in the

Northern Peninsula (Figufes 2.1, 2.4), about 6.3 km north

of.Bellburns where a crjeek fiows into the ocean. Here

about 500 m of continuous shoreline section representing

the upper part of the St. George, and of lower parts of the
: . N
Table Head are exposed.

Tilt correction and stratigraphic thickness:

Sites Strike, Dip Approx. thickness

AQl-4  274°, 189N 13 m

PC19-22 1300, 110Sw 12 m

Detailed directions of magnetization

Thermal demagnetization results after each
demagnetization step aré listed below for those specimens
from which characteristic component(s) were isolated and
were discussed in Chapter 5. The listing scheme is the

same as under Appendix B, 2.
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SITE:

TEMP
20

. 100
200

300

350

409

450

S00

530

360

399

620

€30

€80

SITE:

20
120
200
300
350
400
450
See
S30
568
390
620
650
6380

DETAILED SPECIMEM DIRECTIONS

IB1

' DEC

+160.8

+1€692.9
+174.5
+176.2
+17%5.4
+178.3
+176.1
+175.4
+179.95
+182.7
+189.0
+163.4
+328.4

+245.0.-

IB1

+174.1
+171.6
+1706.2
+172.9
+172.8
+155.0
+172.4
+180.2
+164.5
+186.4
+187.7
+217.8
+ 1.1
+ 65.93

SPEC

+

+

EEERE
-0 e

SPEC

I+ 4+ 4 4+

+

APPENDIX

#: IB1-B

INC
42.1
S.1

LA URANOMNONOOUAN

NAYVYDLEWAVANUAY

#: IB2-A

S4.6
47.7
18.4
ol
2.2
23.0
16.5
20.7
24.8
39.3
7.4
33.2
38.3
5.3

c

JCAR/MD
3.380E-4
3.01E-4
3. 12E-4
2.€E9E-4
2.49E-4
1.88E-4
1.64E-4
1.29E-4
1.17E-4
1.02E-4
6. 26E-S
4, E6€SE-S
7. 38E~-6
2. 22E-S5

1.€7E-4
W30e-4
1.3€E-4
1. 15E~-4

1.11E-4

S.9SE-S
3.84E-5
2.88E-S
4, 34E-S
2. 12E-9
3.E2E-S
2.98E-J
S.08E-¢
1.38E-S

J/JIN
81.00
80.79
B9, 32

'90.70

0. 65
98. 49
28. 43

T 98.33

28. 30
09, 26
8. 13
06,12
00.01
208.0S

81.09
03,77
88. 81
98.71
88. €5
08. 30
8. 22
08.17
00. 23
20,12
98.21
20.12
88.92
09.09
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APPENDIX C
—

DETARILED SPECIMEM DIRECTIONES

1
SITE: IBIl SPEC#: IB3-C

TEMP DEC INC JCAAMD

20 +14%.8 71.2 3.92E-4
1886 +1%8.6 19.5 1.07E-4
2080 +166.8 5.9 1.98E-4
300 +166.7 14.35 1.87E-4
3%50 +16S.6 15.6 9.94E-S
400 ., +168.4 17.€ 7.69E-%
4590  +171.1 17.s S.51E-S
S00 +170.4 7.3 4.97E-S
538  +171.1 18.9 S .35E-%
€0 +174.7 15.8 4.64E-S
599  +164.2 30.0 4.83E-5
620 +183.2 26.1 3.19E-3
650 +1%5.0 36.0 4.70E-S
680  +187.7 28.1 2.07E-%

:

SITE: IB1 SPEC#: IB4-R

100
200
200

- 358 +180.1
4090 +134.6
450 +182,
S09 +186.6
329 +187.95
S8 +#178.8
550 +191.0
€28 +212.95
€50 +120.2
5380 + 43.95

NWWWOH OO OWY»—- DO
NYWE OWOWwE® DN




X

TEMP
20
1008
200
300
250

400

4350

SITE:

500

5309
S€Q

590

SITE

20
10a
289
200
356
480
4350
S00

530

S5c0
S9e

SITE

20
100
200
300
350
400
458
500
. 530
S50
s9@
620

' UETHILED SPECIMEM DIRECTIONS

1B1

DEC
+135,8
+152.0
+1586.2
+15€.2
+135.9
+1549.9
+1538.0

+156.1.
+182.9

+151.7
+224., 3

11l

+174.9
+172.4
+174.8
+172.2
+1735.1
+174.4
+173.9
+174.3
+179.6
+184.0
+320.9
’ \

1EC

‘+ 14,8
+14€.9
+1352.2
+1359.1
+18635.9
+162.3

+167.7

+172.3
+138.8
+212.6
+3132.6
+24€,.2

SPEC

SFEC

SPEC

1+ o+

L+ +++++++++

A

APPEMDI M

-
L

—_—

#: IB7-2,

INC

53.4
28.7
15.9

[N
h Y]
NdAPD W EWA

A= B8N NAY

#: I

M
0
|
—

n - . )
WNOLEANDWNW

—~ O NRND—==OON

#: Ips-C

28.2
53.9
19.8
"37.7
33.2
44 .0
S51.5
55.9
70.1
84.9
71.8
53.0

JCAAMY J/Jr?
9.449E-5 < 01.400
7.90E-5 00.e72
7.34E-5S 28.33
6.97E-5 0a.72
5.3%5E-S PR.651
4.46E-%S . 068.47
3.20E-5 29. 33
1.57E-S 00. 16
1.44E-5 20.15
1.47E-S 00.1%
5.43E-6 20. A6
3.15E-4 01.920
2.%0E-4 01.10@
3.4TE-4 @1.923
2.87E-4 00. 23
2.1TE-4 90, =S8
1.27E-4 00.453
6.31E-5S PB.19
2.7?7E-5S P0. 05
1.78E~S 29. 15
1.24E-5 20, 14
2.19E-6 0. 208
5.13E-4 21.09
9.€SE-S 98.1¢
‘€. 11E-5 20. 11
8.42E-5 89.16
5. 26E-5 20.19
€.45E-S 00.12
4.90E~5 20.99
4.23E-5 90. 0%
3.94E-5 299.07
3.905SE-5 09.085%

1.15E-5—" 5@. 32

1.55E-S

20,273
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DETAILED SPECIMEN DIRECTINONS

+168.3

Y

[

"APPENDIX C

-SITEs IB3Z' SPEC#: IBl11-A
TEMP DEC - INC

20 '+ l€.€ + 77.0
190 +150.6 +.%4.8
200 +163.7 + 18.1
300 +163.4 + 1.5
3%0 +164.8 - .7
400 +166.9 + 4.4
4%0 +163.€ + 4.7
s20 +16%.3 + 9.2
30 - +1€1.9 + 20.0
S68 - +165.6 + 21.3
590 +3%55.%  + 63.€
620 +349,8 + 40.1

. SITE: IB4 SPEC#: IB12-A

20 +127.7 + 66.1
19@ . +162.2 + 38.6€
200 —'+163.3 + 27.8
300 +166.4 + 13.%
350 +170.8 + 10.9
400 +170.1 + 3.0
450 +170.7 -+ 6.2
520 +173.1 + 5.2

539 +171.4 + 6.6

560 +349,.9°  + 22.3

590 +180. 935 + 2.5
620 +162.6 - .1
SITE: 1B4 SPEC#: IB14-C
. _ .

20 +1%1.9 + 71.9
190 +1%4.5 + 52.0
200 +167.0  +14.0
3006 +1€8.8 + 3.0
350. +1€9.2 + o1
400 +171.% - 9.1
450 +172.6€ - S.4
508 +178:6 - 5.6
530 +179.4 = 11.7
560 +187.3 -~ 18.5 -
590 +144.€ + 26.3
€20 +196.% - 10.3
650 +212.8 + 70.5
6380 -

J{AAM>
4,.78E-9
1.34E-4
9.75E-5

9.41E-S

2.16E-5
5.80E~S
4,37E-5
3.72E-5
2.90E-5
1.53E-5
9T12E-6
5.98E-6

2.71E—-4
1.21E-4
1.58E~-4
1.359E-4

-1.52e-4

1.28E-4
1.12E-4
7.63E-5
7.12E-5
1.29€-5
4.18E-S
3.23E-S5

1.92E-4
1.2%E—4
1.186-4
1.2SE-4
1.03E-4
4.60E~5
2.77E-%
3.25E-5
3.9%E-%
3.81E-5
2.73E-5
1.97E-S
1.%0E-S
1.53E-5

JZIN
21.00
08.27
0e. 29
Pa. 19
0a.17
P0.13
89. 82
20,87
00. e
0£0.83
00.01
23,01

Bi1.p8

es.79
22,62
88.S¢e
90. 355
Be@.4?7
¥38.41
00,z
P0. 25
90.04
20.15

09,11'

01. 66
Ba. 64
98.61
29.54
0a.352
nB. 23
9e.14
90. 195
ve. 29
00. 19
08.14
nBe. 10
0e.a?

73.88

271




SITE:

TEMP
20
192
200
ze0
3358
‘400
T 4%0
See
S30

SITE:

20

100 |

200
209
-390
400
430
=1%%)
538

SITE:

20
108
200
0o

256 -

_438

4
500
539
560

T’
DETAIL
IB4

DEC
+ 35,9
+ £€35.0
+119.8
. *+12€.0
+144.9
+132.,1
+139 3

d-‘ns
+1 75.3

1p4

+ 17.2
+ 82.4
+112.4
+134.5
+138.4
. +128.8
+133.6
+1382.6
, +198.1

14

+ 27
195_03

+151.8 .

+15€, 4
+162.5
+155.5
+170.3
+159.8

+152.2 -

+182.6

P

APPEMDIX C

LED

SPECH

F+++ 4+ 4+

- N

SPECH

IR I I IR

SPECH

\L+++++++++

: IB15-C

49.3

- .
AR W=~
AREY - Wh

: IBte-t

£7.4
71.@
&6.6
36.€
31.0
31.0
21.1
2. €
58.3

: IBléR-
6.1
74.2
sR.7
4.9
39.2
34.¢8
3
S
=
3

7.€
8. 9,
€.3

SPEC IMEN DIRECTIONS

<

J(RAMD
3.AZE-4
1.27E~4
c.35E-5
4.67E-S
2.93E-5
3.21E-5
2.581E-S
6.92E-6
3.9%E-€

5.6538E~4
1.82E~-4
1.12E-49
5. 18E-5
S5.55E-5
3.85E-S
2.3VE-S
7.55E-€
6.47E-S

1

3.126E-4
1.17E-4
. 29E-S
5.9tE-5
4.62E-3
2.082E-5
1.9%E-S
1.28E-5
?.71E-6
2.€ETE-E

JAIN
21, 130
00. 42
20. 20
00. 15
29,13
ee. 19
29. 93
00. 02
20, @1

a1.om

6.2

20. 26

08.18
2Q. 29
BY. B

38. 63
-80. 01

03. 01

21,120
0a. 37
23.

00. 18
20. 14
28. 09

00,06

00. 82
29. 02
00. 09

272
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APPEMDIX C
DETRILED SPECIMEN DIRECTIONS
SITE: IBS SPEC#: IB17-A

. TEMP  DEC INC JCAMD J-IN .

/ <0 +143.7 + 48.1 1.10E-3 ©1.00
100 +1586.9 + 33.5  8.3%0E-4 29. 30 -
200 . +1€0.1 + 21.9 8.59E-4 . 88,77
g 300 +162.9 + 16.8 - 8,16E-4 28.73
: 358 +164.6 + 14.5 7.38€E-4 80. s
B 400 @ +164.1 + 13.9 6.38E-4 - 098,357
450 +166.5 + 12.6 3.5%E-4 00.32
See +166.4 + S.@ 4.66E-5. 0. 04
5309 +173.6 - 2.7 2.31E-5" 00.02
560 +1735.6 - 29.5 1.61E-5 .. 09.a1 N
590 +1€0.6 - 4.3 2.00E-5 00.a1 '
620 + 43.6 - 62.5 1.71E~5 00.091

€58 +274.6 -~ .6 . 2.,85E~S 90.02

SITE: IBS . SPECH: IB1S-R

€S.4 S.80E-4 a1l.00

20 +120.4 +
100 +148.4 % 43.8  7.23E-4 2a. 73
200 +1%3.2 +°22.4 - 6.93E-4 .08.79
300 +1%4.2 © + 16.7 €.21E-4  190.84 ,
350  +1%4.6 + 17.1 S.18E-4 00.52 . —
400 +1%4.1 + 16.4 3.17E-4 28.32
4@ +155.7 + 28.2 4.15E-5 20. 84
S08  +163.7 - + 17.7 3.48E-S 20.02
530 +182.4 + 37.9 1.89E-% 90.01
. B560  +18%.2 + 32.6 8.14E-6 = 19.90
s |
\ SITE:s IES SPEC#: IB19-R ° ]
20 +118.1 + S4.1 1.08E-3 21.20
1@  +128.7 + 3%, 8. 46E-4 20. 78
200 +144.3. + 22.3 7.33E-4 20.72 .
300 +148.1 + 17.1 7.65E-4 . 00.79
, 350  +147.7  + 15.2 6.53E-4 P0. 69 |
40@ +148.9 + 15.8  -S5.46E-4 20.50 —
450 +152.3 + 14.6  2.88E-4 20.26 .
Se@  +1%58.7 «+ 15.7 6.S6E-S ee.06 !
530 +166.1 + 7.2 4.74E-5 = 00.04 '
S6@ +15S.4 + 8.1 .2.24E-5 ee, 32
S99 +143.7 + .S 1.88E-5 90.01 ._
620 +142.3 + S9.5% 3.11E-5 20.02
630  +33%5.9 -

19.2 1.33E-5 00.01




SITE: I8S
TEMP DEC
20  +129.2
180 +142.9
200  +147.6
290 +149.4
350 +1%0.2
408  +151.2
450  +1%51.2
08 +157.6
530 +147.2
568 +147.6
590 +171.6
6286 +128.0
650 + 138.3

SITE: PHL
20 + 78,7
? 1g@  +120.1
. 288 +148.0
2300  +1%2.7
356 +157.9
400  +1¢€%.9
4350 +163.4
508  +162.3
530 +16%.4
Sco  +199.4
s9@ + 26.1

SITE: PHI
20  +117.2
188  + $9.9
208  +113.2
300 +122.2
358  +132.2
408  +1324.€
450 + 79.8
s02. +3%9.3
%38 + 1.4
S0+ 3€.9
%9@ + 10.8

DETAILED SPECIMEM DIRECTIONS

SPECH: 1B28-B

+ + 4+ + ++++ 4+ 4+ 4+ 4+ 4+

SPEC#: PH2-1

I + + +

5

SPECH: PH4-A

+

P+ 4+ 4+ 4+ 44

APPENDIX C

INC -
48.2
3€.8
23.6
18.0
18.5
18.7
21.3
39.4
48.3
Se.4
35.7
35.9
19.0

71.1
€5.2
42.6

S.1

30.4
34.2
6.2
55.4
43.

&H

6.8

16.9

J{AAMD
17 24E=3
1.89£-3

1. 86E-3

9.98E-4
8.1%E-4
6.48E~-4
2.52E-4
6.45E-S
S. 16E-S
4,70QE-5
4.S3E-S
S.88E-S
1.03E-5

s . 43E-4

1.94E-4

8.71E-5
9.83E-S
9.5VE-S
7.02EXS

S L1E-

- 3.38E-S

8. 78E-€
1. 12E-S

4.1%E-4

2.37E-4
1.91E-4
7.35€E-S
€.66E-5

2.93E-5 -

4.62E-6
4. 135E-6
4.3535E-6
8.12E-6
2.81E-3

J/JIN
al.ne
88.8e7
08. 335
08. 80
20. €5
09. 52

20. 29

092.05
23.04

'90.02

90.03

0R.084.

29.0v0

81.0e .

00.25
29,16
08,18
P6.17
80.12
2n. 09
00.07
22.25
20.01
29.082

‘81.928

30. 52

NR. 24 -

80.1¢
89.1¢6
69.07
28.01
00.01
88.081
00.01
33, 04

@74




DETAILED SPECIMEM DIRECTIOMS

»

SITE: PHR
TEMP DEC
<. 20 8278
100 +139.0
209 +1472.3
300 +149.3
350 +149.8
400 - +149.95
450 +152.9 -
S00 + 52.2
530 +1353.8
360 +127.9
S99 +3%3.4
SITEs PH2
20 + 64.0
190 +148.0
209 +1355.0
380 +13€.@
. 350 +166.0
400 +164.0
- 4%Q0 +#168.06
S0 +175.0
( _
SITE: PH2
20 +107.2
180 +124.4
200 +13€.3
300 +141.2
339 +142.8
400 +145.0
430 +14%5.6
121" +148.7
538 +101.3
oY) + 18.8
590

+353.9

L+ + 4+ 4+ + 4+ 6+4++

APPENDIN C

INC

82.1
55, S
32.3
22.5
26.3
2%.3
$9.9
78.7
67.8

21,

82.0
78.0
43.0
22.0
23.0
15.0
+ 3870
+ 75.8

+ 4+ 4+ 4+ 44+

8.6
S6.7
34.9
20.0
19.6
19.6
1.1
8.1
40.1
37.8
o2, 4

OO G

. SPECH: PH%-1

-’

1z.@_ .

SPEC#: PH7-1

.- SPEC#: PHS-RA

JC(AM)

" 1.37E~4

8.98E-5

6.61E-%"

4.93E-S
4.07E-S

2.,29E~%

1.05E-S
3.91E-6
6.35E-6
4.38€-6

4.54E-6

2.36E-4

. 1.42E-4

9.98E-5

8.40E-%

3. 72E-S
6.49€-S

T2.98E-5

7.85€E-6€

1.22E-S
9.17E-¢

JZIN
" B8l1.060
;] . 90.47

-l pp. 3%

00. 26
20.21
2@.12
88. A5
00.62
po.a3
0a8. 02

39. 02,

21.00
80.55
29. 38

90.22.

-09.14

20. 2"

275

S @e.8s

09.83

‘91,09
f9. 59
20.50
'90. 46

©0.43
08. 36 .

00.19
29,93
98.01
96.01
00.01




SITE: PH3

TEMP .

29
100
200

- 3009
400
430

580~

SITE

- 20
120

- 200 -

300
. 400
450
Se0

o~ SITE

20

106
200
398
356

400

450
500

SITE

. 20
10e
209
250
300
330,
400.
459
500

APPENDIY C

DETAILED ‘SPECIMEN

CIRECTIONS

SPECH#H ;- PHS-1
DEC INC JCAMD
+120.€ [+ €8.5 1.74E~%
'+143.8 + S52.9 1.84E-4
+1€8.7 + 27, 8.94E-S
+151.% + 15.9 €. 12E-5S
+1€1.5 + 16.0 - 2.82E-%°0
+170.0 + 15.5 1.42E-%
+122.6 - 47.3 2.39E-6
PH3 SPEC#H: PH9-1
+120.6 + €8.9 '1.74E-4
+143.8 + S2.9. 1.94E-4
+1€@.7 + 27.4 8.04E-5
+161.5 + 1.9 6.12E-5
- +1€1.5 + 16.0 2.22E-5
+170.0 + 16.5%° 1.42E-%
+129.6 - 47.3 2.29€E-€
PH3-__SPEC#: PH19-B_
g .
+ 99.2 + £8.2 2.15€E-4
+101.1 + 65.7 1.3%E-4
+125.5 + 58,2 9.€2E~-S
+131.6 + 43.2 6.45E-5
+129.5 + 34.3 %.08E-5
+125.1 + 32.6 3.27E-S
+124,9 + 37.8 2.02E-5S
+ 56.0 + 52.7 6.42E-6
PHZ ~ SPECH: PH11-1
+ 78.7 + 76,2 ' 2.63E-4
+ 75.9 + 721 {t.87E-4
+10%5.0 + 150.8 1.30€E-4
+119.0 + 54,2 9.97E-5S
+124.5 + 38.1 e.83E-5S
+132.0 + 20.4 6.74E~-S -
+129.9 '+ 22.3 %.07E-S
‘+128.8 + 69.8  2.41E-€
+137.2 + 86.0 4.97E-6

J/IN
01.00
20. 55
0a. 4¢
28, 35

90. 16 -

29.08
90.01

21.09
29.59

909,46

299. 38
00. 1€
00. 28
06.01

91.00
3.4
00.44
2a. 308

' ee. 23

20. 15
©9. 09
20.22

©1.09

06.71
20.49
00.327
00. 33
06.25
200.19
99.00
09.01

276
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S | N 7 APPEMDIY C . - ' . .
- " DETAILED $PECIMEM DIRECTIONS ’ ////_\w

SITE: PH3  SPEC#: PH12-2 .

TEMP DEC * INC JCAMD J/IM
L . 20 - +141.2 + 67.2 2.03E-4 21.0609
~ - 108  +147.7 + 70.€ 1.42E-4 908.68
. 200 +149.7 + 60.8 9. 10E-S 99,43
— © 300 +1%0.% + 45.6  6.52E-S . 90.31
' 3%@ +1590.9 + 34.3 5. 12E-S 0. 24
400" +145.,3 + 33.8. = 3.99E-5 99,17
' 450 +1%6.2 + 38.6 1.916-5 09.99 _ :
_ ) 500 + 30.7 + 64,0 5.39E-6 -  ©0.82" \\
SITE: PH4 SPEC#: PH13-1
20 +13%.2 + 53,9 2.88E-4 21.09
188 +135.4 + 50.9 2.13E-4 20.73
200 +14%.3 + 28.6 1.64E-4 ~  ©80.55
300 +144.4 + 25.7 1.32E-4 00.45
30 +147.8 + 20.2 1.07E-4 . 90.37 |
400 +143.9 + 21.0 €.62E-5 -  90.22
450 +144.9 + 24.0 " S.00E-S - 08.17
+

S00 . +167.7 46.3 6.65E-8 00.82

SITE: PH4  SPECW: PH14-2

20 +199.1 62.7 2.16E-4 21.09

+

100 +1€2.1 + 55,1 1.53€E-4 98.79

200  +149.1 + 34.1 1.22E-4 28. %56

300 +14%.2 + 19.7 1.0€E-4 08.49

3%0 +149.7 + 21.2 9. 18E-S 99.42

480 +147.3 + 22.0 S.82E-S 00.27 -

489 +148.,2 + 22.5 2.8%E-5 P0.17
. S0 +144.4 + 40.5 8.83E-6 08.04 ° -
. %530 +129.3 +

69.6 S.67E-6 29, 32

SITE: PH4 SPEC#: PH15-2

’

68.7 2.20E-4 281.29

20 +137.6 +
180 +139.8 ét S7.8 1.60E-4 00.72
200 ~—+t46.1 + 36.9 1.25£—4 29,56
250 +141.,5 + 27.6 1. 10E-4 00.49
300 +140.6 + 18.3 1.05E-4 200.47
358 +141.1 + 22.0 8.13E-5 00. 36
490 +140.7 + 18.95 @ 22E-5 Pa. 28
450 +132.8 + 16.7 ‘4.46E-§ 00.02
' 500 +180.0 +

85.4 2.19€-6 88. 00




SITE: PH4 - SPEC#H: PH16-B
TEMP ©  DEC INC CJCRAMY

20 +142.9 + 55.2 2.42E-4
100 +128.9 + S51.8 1.20E-4
200 +131.1 + 33.7 1.33E~4
308 +136.7 + 28.1 1.92E-4
30 +140.6 '+ 24.2  8.43E-S
490 +139.8 + 25.6 4, 29E-5
4%9 +13%5.08 + 33.3 2.12E-5
S8 + ?2.7 + 47.9 7.89E-€
S0 + 8.1 + 78.7. 4.2%E-6

SITE: PHS . SPEC#: PH17-B

20 +134.2 + 5371 2.37E-4
168 +141.5 + 40.7 1.47E-4
200 +142.2 + 30.4 1.20E-4
2008 +142.5 + 13.1 S.S1E-S
350 +148.3 +_13.0 9.25E-%
400 +148.2 +.11.9 7.22E-5
450 +150.0 + 9.4 4.13E-5
500 +1€1.5 - 1.7 8.27E-€
530 +173.5 -~ 1.4 " 4.33E-6

SITE: PHS = . SPEC#: PH18-A
R _

20  +122.2 + 38.% ,1,79E-3
160 +132.1  + 31.1 1.21-3
200 +138.1 + 18.4 1.12E-3
200 +142.2 + ' 7.9 1.92E-2
350 +142.9 + 7.4 9.79E-4
400 +144.5 + 6.3 g.79E-4
459 +145.1 + 5.8 S.94E-4
508  +1%50.7 + .9 1.10E-4
530 + 1.5 5. S3E-%

DETRILED SPECINEH'Q}RECTIDNS

+158.8

4

APPEMDIX ©°

CJ/IN

a1.00
06.74

. P0.%4
0. 44

9a. 34
80.17
2Q. 88
@e. a2

'20. 01

f1.00
90.<1
28.50

' 90.40

#3. 39

00.39

29.12

09.82

90.82

21.00
09.72

29.:52

- Q8. 56
- 32,34

09.49
39. 30

22.932

278




‘\" | N ..;\-

-

279 ' '

APPENDIX C
g | DETAILED SPECIMEM DIRECTIOMS -
' - . - . N
- - SITE: PHS SPEC#: PH19-3 |
" TEMP DEC INC 0 JAM T J/IN
N 20 +198.6 -+ 53.80 - 1.97E-3 01.028
100 . +129.9 + 43.1  1.46E-3  ©00.72
200 +138.6 + 25.9 1.21E-3 99,61
_ 220 +140.4 4+ 15.2  1,14E-3 '99.57
s 3we0  +142.1 + 10.8  1.@9E-3° . 09.55 .
3%0 +145.3  + 10.1 9.3%E-4 . 08.47 .
400  +145.1 + 19.8  6.21E-4 - 920.31 S
° 450 +1%0.2 : + 10.8  7,S7E-S 00.82, . .

560 - +136,.7 . 30.9 S5.93E-6 00,8

SITE: PHS EPEC#H: PHZO-1

20 +106.3 48.2  1.66E-3.. \ ©01.99

+
1@ +130.9 + 38.0 1.2%E-3 20.75
- 200 +139.8 + 21.5 1.11E-3 99,57
300 +144.8 _+ 11.1 1.85E-2 98.62
2%@ +146.9 + 9.3 9.81E-4-- 29.59
; . 498 +14%.0 + 9.2 8.12E-4 90.49
L 450 +150.3 + 6.2 2.95E-4 #A. 17
. 580 +1608.8 + 3,9 ' ?.EVE-S 0a. 04
- , . %30 +1%6.8 - 9.2 4. 16E-5 99. 082
' T %6@ +132.5% + 3.9- 2.€69E-5 908.91
SITE: AR1  SPECH: AQL-B
20 *120.9 + ?77.2 3.?2E~4 01.09
» U - 180 +143.8 + £9.4 2.20E-4 TR, 59
~—- 200 +1%6.9 . + 46,7  1.€5E-4 '90. 24 -
300 _+161.0 + 30.0 ' 1.31E44 39,27
- 3%0  +1%7.9 + 27.7 9.27E45 90.15
e 400 +158.9 + 23.9 5. Q6E~S 08.10
450 +152.2 + 17.8  3.49E-S - 90.087
=00 +160.2 + 3.0 |, 9.96E+6 20. 282
530 +168.8__ .+ 21.1 6.95E-6 oe.81

560. +163.8 + 24.%5  4.92E-6" 00. 00

/

—~—




APPENDIX C
DETAILED SPECIMEM DIRECTIONS
. SITE: ARl SPECH#: AO2-A

TEMP . DEC INC JCASMD JZIN
20 +108.0 59. 1 6.51E-4 21. 8
160  +102.5 €5.9 . 3.9%-4 00. €@
200  +153.2 49.4 1.95E-4 - 29,28
300  +1€2.1 21.6 1.28E-4 00.19
358  +159.4 274 1 1.26E-4 99.19

400  +1%4.7 31.1 8.00E-S 90.12
459  +157.2 45.5 1.36E-5 . 08.92
S92  +125.5 72.9 €.88E-6 = 00.01

P At L+

SITE: AQI SPEC#: AQ3-B .

72.8 1.3¢E-4 . 91.90
78.6 1.901E-4 nB. 72
se. 4 4.43E-5 o0, 22
3%.1 2.37E-5S 99.17
22.0 2.4€E-5 00.17
24.9 °  1.48E-5 (0. 10

1.2 9.33E-6 00. 0¢
47.1 S.A7E-6 - 09.0B3
41.¢€ €.SSE-€ Pe. 04

1.9 7.5%E-6 P9 . 3%
€0.2 - 1.29E-5 - 00.03 .

28+ 9.2
160 - + 12.4
200 +1%7.7
300 . +155.6
3%  +155.9
400 +149.0
4%9  +1%0.€
00 ~ +112.8
528 +20€.2
‘5@ +247.8
%93, +237.2

F+ + 4+ 4+ +

-
+
+
+

SITE: AQL SPEC#: RQ4-D .
20  +109.7 -+ 52.0 . 4.83E-4
100 + §87.8 + 538.8 3.26E-4
200  +132€.0 + 2.7 1.€8E-4
300 +144.5 . 1.55E-4
350 +145.5 . 1.49E-4
49@  +143.8 . 1.12E-4
459 +147.2 . 3.,42E-5
500 +1%7.8 - 1.31E-5
520 +155.1 2.51E-¢
- 560 + 43,5 . 5, 27VE-6
%S0 +2€68.2 ? 5.97E-€




. DETRILED
SITE: AG2
TEMP DEC
20 +12%.)¢
100  +138.2
200 +1%2.2
300 +155.7
3%0  +1%5.8
400  +1%9.1
450  +157.2
500 . +168.4
30 +166.7
S50 +131.4
‘%90 +18%9.5
+200. 1

520

SITE: AG2 -SPEC#: RQ6-C

20
100
200
300
3%
400
4%0
500
530
560
=50
620

SITE: RR2 SPEC#: RAGS-C

20
100
299

300 -

35e
400
450
See

/

- +143. 1
+1352.2

+1562%4
+162.1
+154.0
+163.4

. +165.1

+1€7.¢6
+174.2
+17€.3
+178.6
+177.3
+169.3

+196.7

+144.3

+154.2
+155.7
+157.1
+1357.3
+130.9

L+ + 4+ 4+ +++++4++

++++++++

ARPENDIY 'C

SPECIMEN DIRECTIONS

SPEC#: AQS-A.

INC .
4€.2
43.7
26.4
23.7
22.3
22.5
25.8
39.0
27.9
46.7
23.6
58.8

+ 38,3
+ 25.8
+ 13.9
+

1+ +
& OYW

I
H AW

e o 8 \s

OO NOWANCD®

|
©
[

48.9
42.4
26.4
23.7
22.9
22.5
41.6
35.9

I /AMD
6.53E-4
5, 29E-4
4.99E-4
4.50E-4
4.40E-4
3.34E-4
9. 11E-%
2.12E-S
2. 14E-5
1.77€-5
1. 72E~S
1.SOE="S

5.31E-4
5.31E-4

4.92E-4

4.93E-

" 4.29E~

2.73E-4
}.86E-4
1.44E-4
1.4SE-4
1.04E-4

" 9.18E-5

S.25E-6

€.82E-4
S5.82E-4
4.58E-4
3.91E-4

-3- wE-4

2.39E~-4
3.31E-6

JZIN
e1.99
83,308
80.7%
P20, =9
80. 57
P22. 51
009.173
20,03
0.4z
23. 062
00. a2
93. 82

81.298
00. 84
@aa. 77
08.7g
23.57

0a.43

f9.29
60.23

89,22 -

88. 1%

9a. 14
60. 06

81.9a

a3, 73
80. 7
08,57
89, 49
2a. 23
00. 85
20. 9208

281
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3 - APPEMDIX C . - - o foes
I DETRILED SPECIMEM DIRECTIONS
CSITE: AR3 - SPECH: AR9-A '
TEMP  DEC'. - INC .  JCA/MD I2IM
20 +133.8 + 34.5 "1.18E-3° 21.00
196 +142.3  + 37,2 8.10E~4 , . 00.72
200  +146.9 + 28.3 - 7.30E-4 A0, 56
388 +15:.3  + 21.5 6.45E-4 . 00,58 '
3580  +153.4 + 21.1 4.61E-94 99.41 - :
4090  +154.2 + 24,5 9.40E-5 08.08 . -
450 . +158.3 + 27.1 S5.53E-5" 29, 08%
S90  +182.2 + 38.5 8.8BE-6 00.00 . ®
‘ 5300 +294.1 + 68.1 3.34E-5 2. 00
» N ,
. t . . N - ‘e
L SITE: AQ2 SPEC#: AQlO-1 °
20 +150.2 + 28.9  1.24E-3 = oi.9e I
180 +148.9 + 20.7 9.02E-4 00.72 ' . :
200 +147.4  + 24,3 8.3%E-4 - 99.67
| 200 . +155.2  + 18.2  7.SSE-4 28.61 -
. 350 +15%5.1 + 17.7 5.31544 ' 99.47 58
400 . +154.8 + 19.4 - 1.61E-4 00.12
450  +158.2  + 20.5% 1.94E-4 - 28.93
580  +143.3 + 28.8 1.18€E-% 00. &0
R %33 +165.6 + S7.1 3.42%E-6 20. 00
SITE4 'AQ3  SPEC#: AQILI-A o i
120 +138.4  + 58.7  9.3%6-4 - Bl.00
180 +142.2 + 42.5 7.€9E-4 . ' 90.77 ) -
- ST 208 +142.% + 29.6 6.99E-4 - Be.£9 -
L . 3@ +146.5 4+ 23.7 - 6.S2E-4 00. € . :
. . 35@ . +1428.6 + 22.2 4,97E-4 09,50
400 | +148.2 + 28.8 1.%53€E-4 00.15
M58 "+149.7  + 25.4 £€.81E-5 22,96
560 +116.2 + 25.2 S, 37E-€ 00. 0@
538+ 14.5  + 65.7 = 7.25E~6€ 20. (0
- S€E@  + 8E.1 - + 49.2 2.€5E-€ 00. 06
>
,' ~
o
- ’,\‘ :
— . "




<

DETAILED SPECIMEN DIRECTIONS

APPENDIX C

SITE: AR2 -SFEC#: RQR12-B

TEMP
20
100
200
3080
350
400
430
S00
S530

SITE:

20
139
200
330
25e
409
450
See
3ze
Sse
590
520

- SITE:

20
100
200
3e0
23T

400

439
S
S30
560
599
620

DEC
$125.3

T +147.8

+142,9
+154,1
+152.2
+1353.6
+13535.8
+136.3
+ 1.€

I+ + 4+ 4+ + 4+ 4+ 2+

g

INC

35.0
35.5
28.2
21.7
21.1
21.0©
£3.5
42. 3
16.7

JCRAMD

. 2SE-2
1,.PSE-3
‘9.8€E-4
9.13E-4
7.47E-4
2.36E-4
1.68E-4
2.40E~S
8.48E-€

A4 SPEC#: RQ13-A

+126.9
+1%0.3
+1357.0
+161.9
+162.1
+155.1
+1€1.95
+161.3
+149.8
+102.9
+135.0
+ 13.9

I + 4+ 4+ 4+ ++ 4+ + 4+

- 0

& 5
QW

29.1
12.5
11.2
14.3
11.5
10.0
24.7

1.5
23.%

54.9

A4 SPEC#: AQ1S-P

+141.1
+185.3
+136.9
+15%5.4
+160.0
+1%4,.2

F 4+ P+ +++ 4+ 444

57.9
36.3
23.6
21.€
20.3
30. 0
25.7
18.4
25.9
14.3

7.6
15. 1

1.35E-4
7.94E-5S
€.41E-5
s, 21E-S
2.96E-5
1.91E-5
1.556-5
1.21E-5
6, 32E-6
7.30E-€
7.73E-6
S.€2E-€

JAJIN
21. Mo
09,77
08.72
23, &8
a8, 5%
#36.21
Q. 12
29.01
00. 8o

21. 3G
23, 74
va. &2
0Q. 56
@0.47
20. 27
0. 22
e, 12
Pa. a7
22,35
06, 6c
20,37

a1.38
06. %<
N8.47
@8, 29
20, 29
Bpe. 13
Ra. 12
00. 97
Q8. 24
PO. 0S5
2@, 35
oe. a4

283 -




APPENDIN C

DETARILED SPECIMEN DIRECTIONS

' SITE: AR SPECH: AQLIE-D  +

TEMP *¥ DEC INC TCRAMD 1IN

29 +159.0 al. o
130 +155.8 2. 54
200 +157.8 08,52
300 +153.9 Na. 46
250 +161.8 20, €
450 +151.0 2,12
SR +137.1 9. a4
530 + 10.5 23,91
SED +15Q@.4 20. 0%
S99 +124.7 Q2. 24

I + 4+ 4+ 4+ + 4+ +

AN A= QR

+

SITE: PCI', SPEC#: PC

2ae
129
. 290
“" 2pa°
253
400
4S50
S

)
A

L= OO NOVAND

A

]
RN IOV S

A1.020
Q. =2
g, 27
. 90.17
#33. 15
PA. 1IE
22, 04
00,11

A

£ M0

1 4+ + +
R N e

el

[

R EEEEER:

+ + + |
a0 SR

) AN -
S == 0N W)W

SITE ' SFEC#: PC3-A

29
306
250
400
434

81 .00
23,15
o, O
3, M2
aa. il

AWONNN
M= JN
N D ND
~N N W oA

SITE:

2a
20a
3Sa
42a
450

8.40E-4
1.35R2€~-4
9.9ZE-5
2.735E-S
1.43E-9

WWwNMN
WM &G e
NN




APPENDIX
DETAILED SPECIMEN DIFRECTINNS
SITE: PC2  SFECH: PCE-1

INC JCAMD
€£5. S.9€E-4
359. 4.73E-4
23. 1.99€E-4
23. © 1.35E-4
21. 1.29E-4
2.52E-35
1.71E-S
S.502E-6

o
O

S ONADEMNDW—M

TEMP
20
198
200
300
330
400
459
500

+++4++ 4+ 4+
w M -
=~ OOON— -

SITE: PC2 SPECH: FLC2-A

20 + 23. 79.0
300 + S, 2%5.0
3%9 + . "26.6
400 +342.2 25.6
459 + s, 4.5

R D
DA OMNO

SITE: PC2 CPECH: PCO-R

29 32.7
300 . 14.3
350 . 14.1
400 . 2.2
4350 29.1

MWW s
0 W W

v SITE: PC2 SPEC#: PC10-A

N

WRAVD

20 +336.8
300+ 1€.0
356 +.17.8
4@ + 24,1
430 + 45.2

LN ]
W~NH A




286
APPENDIX C
DETAILED SPECIMEM DIFECTIONS
SITE: PC3 SFEC#: PC11-B
TEMP DEC IMC JCASMD PRIV
20 + 9.9 + 52,1 9, 55E-4 L 1.0
18@ + 1€.9 + SQ,2 7.18€-4 00,74
229 + 28.5 + 42.9 2.85E-4 ° ne. 29
288 + 34.1 - 18.5 ( 1.5€E-4 P9. 1€
2% ¢+ 23.3 - 17.1 ~ 1.SAE-4 P9, 15
400 + 57.4 + 25,0 4,29E-5 20. 0%
450 + 7S.2 + 49.7 3.93E-5 99, A3
K 590 + 492.8 + 78.9 1.51E-%, e0.01
SITE: PC3 SPEC#: PC13-B- .
286 + 9.4 + £5.¢9 4.42E-4 31.0e
200 + 1S5.9 - 309.1 9.47E-S a9, 21
288+ 9.¢ - 2%.0 ?.%54E-5% @9. 1€
428 + 11.9 - 22.4 3. 24E-% 33, Q7
4590 + 15.¢ - 27.2 1.BEE-S 09.02 -
SITE: PC3 SPEC#: PC14-A
- 20 + 35.6 + S5.€6 4,%4E-4 01,09
399 + 27.8 - 34,3 1.25E-4 29, 29
2%8 + 19.0 - 22.9 a,92E-5% 0. 21
480 + 31.4 - 14,2 3.43€E-5 30, A7
450  + 60.Z - 2.8 Q,2€E-€ 00. 0z
.- SITE: PC3" SPEC#: PC1%-2
26 + 64.4 , + 76.0 1.0Z2E-3 B81.009
398 + 29.0 - 23.2 1.57E-4 99.15
3%  + 26.9 - 21.2 1. 2€E-4 00,12
499 + 47.9 - 11.8 4. 24E-S 29, N4
43 + Q1.¢@ + 4.1 2.04E-5 90.01
SITE: PC4 ZPEC#: PC1=-A
: q
20  +352.9 + E?.7 €.9TE-4 @1.00 . .
2P0, + 18.1 - 27.7 1.426-4 A0, 20
3%  + 1%..7 - 26.5 9. 8R2E-S 03. 14
v 400 + 25.3 - 14.7 2, 2%E-5 30, 04
453 + 2€.9 + .2 1. 26E-5% 09.01
'

” “




APPENMDIX C

DETAILED SPECIMEM DIRECTIOMS

SITE: PC4 SPEC#: PC19-2
TEMP DEC INC JCA/MD
20 -+ 28.8 + 52.5 _.~3.35E-4
W@ + 8.1 - 42.0 - 1.2€E-4
3%9 + 2.4 - 39.1 8. 15E-5
408 + 3.3 - 28.7 4.27E-S
4%09 + 9.8 - 13.8 2.24E-S
SITE: PC4 SPEC#: PC20-A )
20  +325.4 + 70.8 1.1%6-3
300 ¢+ 31.4 - 17.2 1.€9E-4
3O+ 36.2 - 14.5 1.P4E-4
480 + 39.8 - 16.5 s, S5E-5
450+ 32.5 - 17.7 2.29E-5
SITE: PCS SPEC#: PCZ1-A .
20 + %51.8 + 7S.3 2,05E-4
168 + 7.1 + 68.2 €.12E-4
200 + 4.6 + 61.8 1.91E-4
300  +21.2 - 2.2 =.QEE-S
3%5@  + 24.% - 21.9 5, 95E-5
408 +28.0 - 18.7 3.84E-5
4% + %3.6 - 7.8 1.2%5E-5%
S0 + 64.1 - 12.3 €.04E-6
SITE: PCS SPEC#: PL2%-B
20 +122.2 + 87.6 1.70E-3
300 +349.6 + 31.@ 1.79E~-4
383  +3%9.1 + 6.8 1.32E-4
400 + 3.2 -~ 10.1 S.0SE-5S
4%¢ +20.8 - 9.8 2.82E-%

J2IN
Q1.0
00. 22
29. 21
8a. 11
20. 25

21.20
09.14

80,09

00.04
28, 31

21,31
09.€7
23, 21
086,95
23, 36
0. 04
29. 91
00. va

01.99
99. 149
0a.07
va. 133
88.061

287
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APPENDIX C

DETRILED SPECIMEN DIRECTIONS

SITE: PC7 SPEC#: PC31-2
TEMP -DEC INC JCAAMD J+IN
20 + 12.1 + €68.7 2.18E-2 01.00
199 + 6.4 + 65,2 1.34E~-3 ‘939,51
200 +255.6 + €0.4 4.50E-4 00. 20
390 +3%4,7 - 13.8 5.76E-S .. 92,43
350 +2%7.9 - 83,2 9.12E-5% 00.904
499 + 3.5 - 69.2 7. TIE-S P9, 83
450 +3%1.6 - 67.0 2.5€E-S ' 9@.01
500 + 58.4 - 17.9 2.75E-% 20.91
SITE: PC? SPEC#: PC33-R
20 +241.8 + 82.3 2.15E-3 A1.30
200 +241.4 + 35,7 5.94E-5 ' Po.a=
350 +231,7 - 19.9 S.9FE-S _ 22,092
400 +3244,8 - 39.9 2.9TE-5 @0.01
450 +326.7 - 28.6 3.32E-5% 098. 91
SITE: PC7 SPEC#: PC25-A
20 +215.6 + 83.2 2.92E-3 Q1,29
308 | +352.8 + 29.8 7.9FE-S 00,932
359 +344.5 - 29.0 5. SSE-% 09. 92
400 +3%5.4 - 27.8 4.72E-3 00.02
450 +343%.2 + 1.1 1.45E-% 29, 00 )
SITE: PCS SPEC#: PC2E-E
20 +3244 5 + 65,6 1.21E-3 21,92
160 +342.¢2 + €1.2 1.92E-3 00.%93
290 +338.9 + 48.1 3.99E-4 98.22
300 +342.4 - 22.2 1.31E-4 00.Q7
3%0 +342.8 - 52.4 1.46E—-4 - 00.08
400 +347.% - €1.8 1.29€~4 -99,07
450 +323.1 - 67.4 4.037E-S 99. 02
500 78.4 00. 01

+ 15.2 -

3.36E-5




DETAILED SPECIMEM DIRECTIOMS

SITE: PCS8 -SPEC#: PC37-R
TEMP DEC - INC CJCASMD

20 +163.8 + 83.7 . 2.67E-3
300 + 4.2 - 14.6 1.91E-4
3%@ +3%3.8 - 54.% 1.33E-4
400 +349.2 - 47.2 {.21E—4 "
450 +339.7 - 27.6 G,SBE—S
SITE:_PC8 SPEC#: PC29-1

20 +298.0 + 81.0 - 2.24E-3
200 + 6.0 - 17.9 1.22E-4
3@+ 17.0° - 53.3 1.70E-4
4090 +24.2 - 31,8 1.69E-4
459  + 1%.9 - 45, 7.27E-S

SITE: PCi1

RPPEMDIY C

SPEC#: PCS1-

29 +2381.2 + 8S5.9 1. 62E-3
100 +3%52. 1 + 78.%5 i E-2
200 , +338.7 + 59.9 3.83E-4
380  +342.9 + 28.4 S.93E-3
350 +343.0 - 3%.4 6. JE-5
400  +3245.2 - 435.¢€ 7.43E-5
459 +3%2.1 - 23.9 2.39E-3
S0 +357.8 + 16,08 <.94E-5
530 +3595.9 + 32.6 _ 2.12E-S5

SITE: PCI11 SPEC#;: PCS2-B

20 + 15.6 + 83.0 3.27E-3
300 +32%5€. 4 + 8.7 1.37E-4
3%0 +357.0 - 31,6 . 1.45E-4
460 +3%2. 4 - 42.7 6. 78E-S

- 4%Q +345.6 - 39.1 3. 36E-5
SITE: PC11 SPEC#: PCS3-RA

29 + 2.5 + 81.3 2,.592€~-3
300 + .7 + 27.1 1.26E-4
3350 +2%9.8 - 37.0 1.45E~4
400 +287.3 - 33.7 1.00E-4
450 +3%8.5 - 16.0 €.07E-S

J/IN
21.070
99.973
33, 37
¢9.04
20.32

@1.99
93. A5
20, A7
Q9. a7
29,33

01.00
00,572
B3.18
P0.9a2
23.33
00. 194
A3.01
00.@a1
29.91

21.23
08. a4
73, B4
0B. A2
2a.al

91.09
00.a03
9. 23

29.02

289
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 RPPENDIN .C

DETRILED SPECIMEM DIRECTIOMS

'

SITE: PC11 SPEC#: PCS4-B

TEMP DEC INC - v J(ASMD J/JIH
20 + 3.8 21.9 - 2.28E-3 P1.00
200 +349.1 €2.7 2.89E+rS 00.03
350 +325.6 - 51.8 1.42E-9 a3, 24
400 +309.1 43.9 1. 14E-4 00.0z
4508 +299.3 27.2 8.89E-5 PA. A3

SITE: PCI1 . SPECH: PCSS—1

20 +251.1 83.%
3P0 +3064.4 47.2
3508 +232.4 49.6
40a +3z2&.1 53.4
458 +337.3 47.9

SITE: PCIZ2 SPEC#: PC3E-A

20 +217.1 71.6 8.17E-4
1028 +314.8 7.7 S. 72E-4
209 +311.3 61.7 3.P4E-4
200 +320.4 54.4 1.39€-4
350  +329.8 21.7 1.12E-4
400  +317.0 1.296-4
450  +326.6 5. 99E~S
Sa0  +315.0 q / 1¥25E-5

SITE:

PC13 SPEC#: PC52-B

+ 25.4 0.3 8.96E-9
19.%6 8.29E-5
3z2.7 8.72E-5

8.8 S5.33E-5
18.3 3.£5E-5

+




SITE:

TEMP
20
390
350
. 400
- 4350

SITE:

.. 28
300
250
400
430

SITE:

20
300
350
400
450

SITE:

29
308
330
400
4350

SITE:

z2Q
308
350
499
450

DETRILED SPECIMEN DIRECTINNS

PC14

DEC
+ 32.4
+333.6
+34%5.8
+323.9
+29€.95

PC14
+131.2
+ 37.9
+ 20,0
+ 62.4
+ 72,1
?

-~

s

PC19S

+2%2.3

+358.2

+340.0
+ 3.1
+ 6.7

PC12

+ 24.¢
+ .2
+3354,2
+347.3
+ 1.7

PC19

+ S.4
+3%54.4
+3%4.,2
+3354.6
+ 10.3

APPENDIX C

SPEC#: PCES-E

INC JCRAMD

+ 75,1 7.24E-4

- 2%.9 9.59E-5%

- 21.6 7.E62E-5

+ 4.8 1.39E-5S

+ 12.5 1.92E-5S
SPEC#: PCTO-A

+ 79.% 2. 74E-4

- 57.8 9. 56E-5S

- 50.0 _ 8.4£E-S

- 55.5  4,22E-%

- 24.9 1.24E-5
SPEC#: PC32-A

+ 21,7 1. 12E-2

- 4.2 6. A4E=S

- 2%.2 4.%ZE-S

- 43.8 4.P3E-5

- 27.6 2.64E~5S
SPEC#: PC923-1

+ 79,2 1.82E-3

- 15,1 6. 39E-5

- 57,2 4,46E-5

- =1.1 S.Q2E-S

- 26.8 4, 16E-5

SPEC#: PC94-A

+ 78.6 1.44E-2
+ 60.535 9.23E-5
+ 23.0 4, 80E-3
- 28.3 3.63E-5
- 4,5 1.992E-5

JoIN
81.80
Aa.11
89.19
23,31
83. a2

B1.91

8o, 25

Q8. 22
P#a, 11
83.92

B1.06
23,25
0a.094
22,133
88.8z

21.00
20, 36
00. o4
Q0. N4
Q0. 04

01.00
29. 96
08.02
20, A2
00.01

291




APFENDIX C

DETARILED SPECIMEN DIRECTIONS -

SITE: PC19 SPEC#: PLOS—1
TEMP DEC INC J<ASMD CJSIN
20 + 49.4 + 79.2 8.24E-4 01.00
300 + 39.6 - 17.5 5. S5E~S 29, 96
359 4+ 23.3 - 37,5 4.95E-5 00. 0%
499 + 18.% - 44.1 4.29E-5 20, 05
4%@ + 24.1 - 25.2 1.EQE-S 00.01
SITE: PC20 SPECH#: PCO3-R
zg + €2.0 + £0.0 1.086~-2 21.00
20 + 8.3 - 42.0 3.53E~5 23,03
3Te  +3%2.1 - S1.9 4.24E-5 20. 04
ave + 13.9 - 4.1 1.09E-5 29. A1
4%@  +309.7 - 20.9 2.62E-S 00. 02
SITE: PC2@ SPECH: PC99-R
20 + 7.2+ 21.% 1, 21E-2 o1.00
200 + 9.5 - 13.7 a.@1E-5 20,07
2% 2+ 7.2 - 21.5 9. 2%E-% 00.07
w0 + 8.8 - 42.2 5. PIE-S 20. 04
4%Q  +249.% - 5.9 5. 71E-% 00.04
SITE: PC22 SPECH: PC10O-A
( 20 +355.1 + 79.2 1.20E-% 21. 06
W8+ 9.5+ 3.2 1.21E-4 23, 0g
23%a  + 13.2 - 29.2 1.01E—4 00.07
400 + 13.8 - 34.2 6.A7E-S 09. 24
4%a  + .1+ 2.9 3. 83E-% 00. B2
SITE: PC21 SPEC#: PC101-A
20 + 22.2 + 74.9 9. 79€-4 01.00
100 + 2.7. + 66.2 6.25E-4 2. 70
200 + 2.9  + 69.4 2.43€-4 20. 24
390  + 30.1 + 27.7 7.18E-% 20. 87
3%9  + 2%.9 - 10.1 4.02E-% 00.04
400+ 25.86 - 42.3 s. 10E-% 00. 2%
4@ + 24,9 - 7.0 2.68E-5 00,02
S08 + S2.5  + 20.2 1.23E-5% 70. 91
N




SITEs

TEMP
20
300
330
400
430

s
+

DETAILED SPECIMEN DIRECTIOMS

PC21

DEC

+ .9
+ 23.0
+ 17.5
9.6
26.7

APFEMDIX C ~

SPEC#: PC182-A

+ 1 + 4+ ¢+

INC
S88.4
0.0
7.
33.
8

NS

JCAM)
1.28E-3
1.04€-4
7.84E-S
4. 15E-5
1.12€E-5

SITE: PC—21//\\SPECQ! PC193-A

+

70.2

24.0

30.95

41.9

18.1
14

1.03€E-3
1.88E-4
1.23€-4
7.85E-3
5.26E-5

SPEC#: PClo4-A

+
+

+

78.90

1.2
23.8
40.4
45.7

8.235E-4
S.S5SE-S
4.,44E-3
3.91E-5
2.49E+5

SPEC#: PClo6-2.

I + 4+ 4+ ¢+

'76.3
73.5
71.8
S2.4

3.3
43.5
24.7

"18.6

7.24E-4

S.25E-4-

2.12E-4
7.63E-5
2.69E-5S
3.64-5
2.47E-%
2.72E-5

SPEC#: PC187-A

+

280 +346.7
3080 +359.0
350 |+ 3.2
ace W 1.8
450 +321.9

SITE: PC21

20  +318.4
3@ + 19,2
3%@ + 8.8
400 + 22.4
459 + 12.6

SITE:1 PC22

20 + 30.4
10 '+ 8.4
200 + 22.9
300 + 22.5
35@ + 21.8
490 + 21.3
450  + 14.5
S00  +345.2

SITE: PC22

20  +343.%
300 +332.3
3%6  +332.8% -
400  +334.2
450  +322.9

64.6
60.3
€2.3
64.6
64.8

9.51E-4
4.49E-4
3.63E-4
2.06E-4
2. 77E-S

JZIN
e1.99
00. 068

. 98, 06

08.083
20. 90

21.00
Q0. 30
00.12
08.07
20,03

21,00
8. 06
0a. 83
00.04
00.93

81.00
28.72
00.2

" 99.10

00. 03
00. 035
00.93
2a. 03
Y

ét.ée

02.47
©90.2e
29.21

ee.9¢
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APPENDIX C

DETAILED SPECIMEN DIRECTIGNS

SITE: PC22 SPEC#: PC108-A ©
TEMP DEC INC JCRMD J/IN
20 + 9.4 + 80.4° 8.43E-4 01.00
300 + 13.1 - 46.6 2.03E—4 00. 24
30 + 12.5 - 4€.4 1.81E-4 ' 80.21
; 406 + 19.1 - 46.7  7.39E-S 00.08
’ 450 + 30.3 - 31.7 3.22E-% 00.03
=380 + 56.3 - 3.0 2NVE-S 099.03
SITE: PC22 SPEC#: PC129-R
20  + 18.2 + 86.4 S.44E-4 91.00
300 + 51.4 - 36.6 | 7.54E-S 0@. 08
350 + 63.2 - 26.5% 6.47E-S 99.07
400 + 8S.4 + 30.¢ 4.09E-5 00. Q4
459 +1192.9%5 + 49.9 % . Q8E-% '99. 096
\ S0  +127.9 + %9.9 3.16E-S 00.083
SITE: PC22 SPEC#: PC110-1
, =20 +271.0 + 8€.2 7.63E-4 B1.00
390  +3%9.9 - 18.9 2.43E-5% 00.03
350 + 23.4 - 27.5 2.49E-5% 09.032
420 + 4.7 -~ 27.1 3.92€6-5% 99.03
458 + 1.4 - 27.9 1.70E-% 00.02
s00 + 38.4 - 10.6 '1,44E~S 90.01"




APPENDIX D
SAMPLING LOCALITIES AND DIRECLIONS OF MAGNETIZATION -

TABLE HEAD 'GROUP

D.1 Sampling localtties

Table Point Formation:

-

Loc:ationél: 480 33.7'N, 58° 46.3'W (Sites AQ5-8)
| 500 21.7'N, 570 32.3'W (Sites PC15-18)
500 42.8'N, 57° 23.7'W (Sites PC25-26)
50© 42.2'N, 579 21.6°W (Sites .PC27)
500 31.9°'N, 57° 23.6%W (Sites PC28-30)
Sites AQ5-8 were samﬁied from the Table Head Group,
unconformably overlying the St. Ceorge Group at Aguathuna
quarry in the Port au Pért Peninsula. This locality'has
already been discussed in Section C.l. Sites PC15-18 were
sampled from Tablé Head strata at Table Point (Figures 2.1,
- 2.4, also discussed in Section C.l.
Sites PC25-26 are exposéd at Black Point in the Point
Riche Peninsula, about 2-3 km along the shore from the
Point Riche Lighthouse. At this locality the dolostones of
the uppermost St. George Group and overlying limestones of

&
the T4ble Point Formation are rexposed. Only the limestones
A

were sampled. Site 5227 was sampled near Gargamelle Cove

and PC28-30 at Rivgy/g; Ponds, both in the Great Northern

~
. Peninsula. —
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Tilt correction and stratigraphic thickness:

Sites Strike, Dip : Approx. thickness

AQ5-8 2670, 150N Im .
, PC15-18 1300, 1195w ’ 5.5 m ‘

PC25-26 936, 50g 3

PC27 1140, 50SW 4 m

PC28-30 46°, 50SE 6 m

Table Cove Formation:

Location: 48© 35.5'N, 580 55,3'W (Sites WB1-3)

These sites were sampled from a qﬁarry in the West
Bay, 1.75 km west of Picadilly Park along the north coast
of the'Port au Port Peninsula. The outcrop consists of
interbedded liﬁestones and shales. The aVerage strike and
dip of the beds are 2590, 110NW.- A 2 m thick
stratigraphic section was covered by all the above three

sites. ' : . g

Cape Cormorant 'Formation:
-- Locatiom: 4é° 32.8'N, 59° 12.3'W (Sites ML1-7)

Thi; exposure is located along the beach west of the
town of Mainland on the west coast of Port au Port
Peninsula. Two formations, Cape Cormorant and the
overlying Mainland sandstone, are exposéd at this
locality. The Cape Cormorant Formation comprisﬁf carbonate
br;ccia beds 0.1 to 0.3 m tth:? and interbedded shales.

Total thickness of the stratigraphic section for the

sampled sites was 50 m.
\

n
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Tilt correction: A -
Sites  Strike, Dip Sites Strike, D_ié
MLL 2520,  57ONW. MLS 2380, 5 20w
'-MLZ 2450, 500NwW ML6 2400°, "_ SOONW |
ML3 » 2429, 49°ONW ML7 2340, 50°NW
ML4 2440,  45°NW

D.2 Detailed directions of magnetization

Results after each thermal demagnetization step of

v

‘those specimens listed in Table 6.1 are listed in the

<
following pages. The listing.scheme is the same as

described under Appendix B.2. Where applicable in the

tables shown below, "360°C" should be read "370°C".
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APPENDIX D

DETRILED SPECIMEM DIRECTIONS

SITE: RQS SFECH#: RQ17-C
TEMP DEC INC JCAAMD
20 +149.0 + 65.0 1.11E—4
168 +1%51.9 + 73.0 - 7.S0E-S
200 +1%53.0 + 33.0 6.14E~5
300 +15%.@ + 27.0 4.49E-5
350 +1%4.28 + 38.9 3.39e-5%"
400 +1%52.8 + 39.80. 2.47E-S
459 + 33.0 + 56.0 - 8.13E-6
SITE: AQS SPEC#: AQ18-A

20 +149.0 + 66.0° .9.28E-5
1900 +144.0 . + 84.0 s, 7SE-S
200 +162.9 + %5.0 4.%52E~-S
300 +158.0 + 44.0 3.2%E-5S
3%8 +156.0 + 47.0  2.62E-S
400 +1%9.0 + 3%.8 2.34E-%
%08 + 96.8 + 55.0 2.5%E—6
SITE: RAGS SPECK:“ AR19-A

20 +'99.9 + 70.0 1.61E-4
100  +148.7 + 7€.3  10.0E-S
200 +159.3 + 60.2 - 8.23E-S
300 +1%7.3 +°'49.3 s.S2E-% .
250  +157.1 + 681.2 3.82E-5
490 +163.4- + 29.8 . 3.86E-S
4%9 +179.0 + 55,9 2.12E-9
Sop +1%8.9 + 72.5 1.27E-5
539 +288.1 + 81.6 8.56E~6
568 +2€4.9 4+ 28.9 3.86E-6
90 s

+117.8 S51.6- 3.62E-6

J/IN

21.090 °

80.c7

09, 55

00. 40
123 . 30
2a. 22
0. a7

21.20 °

80.62
00, 48
00,34
R0. 28
008.25

09.02

' 91.00 -

00. 62
38,51
00. 34
08.23
00. 24

9O.13 '

00.07
09. 3
60, 0L
38. 092

298




APPENDIX O

DETARILED SPECIMEM DIRECTIONS

SITE: AQS SPEC#: RN20-A . .
TEMP DEC - INC  ~ J(A/MD J/IN
20 +129.2 + 69.0 8.34E-5S ., 91.900

100 +12€.9 + €2.9 5. S7E-S T 9@.66
200 +137.6 + 38.7 3.38E-S v¥3.40
300 . +147.5 + 30.6 2,89E~-5 08.34
3% +155.8 + 23.8 2.21E-5 ge. 26

, 490  +149.9 + 30.7 1.%6E-S 0a.1¢&
4% +155.5 + 38.6 1.57E~S pa.18 '
S00 +147.€ + 48,7 6.86E-€ 68. 08
3@ +126.3 + 13.7 3.79€E-6 99. B4
S€Q0 +135.0 +

S3.5 - 3.25E-€ 60. 02

SITE: RQE SPEC#: RQ21-B

20 + 6.8 + 324.4 3.08E-5 01.00
1900 +346.2 + 79.1 8.20E-6" 09. 26
200 +171.6 + 42.0 7.91E-€ 8e.25 _ »
308 +172.1 + 23.1 S.44E-6 #0.17 ° :
350 +l162.9 + 24.9 7.96E-6 69.22
400 +162.1 + 25.7 8.53E-6 298. 27
4350 +164.6 + 20.€ - 7.72E-€ 00.2%
S00 +166.2 +

19.3 4.17E-6 ~ 60.13

SITE: AQE SFEC#: AQ23-A
b '

20 + 51.3 + 61.4 6.21E-3 21.90 g
1606 + 78.8 + 84.5 3.43E-5 08. 55
200 +143.0 + 43.4 3.13E-5 8a. 30
308 +145.6 + 34,2 2.56E-5 00.41
350 +142.2 + 26.8 2.31E-S 0a.37
400 +142.4. + 24.95 2.89E-3 06.33
4358 +148.1 + 33.1 / 1.19E-5 Ba.19
S@e@ +143.1 + 28.2 €.39E~-€ 00.164

3@ + 35.5 S6.8 2.84E-6 99,04




DETARILED SPECIMEN DIRECTIONS

- L)

, © SITE: AGS
- TEMP DEC .
T 20 +127.2
100 +138.2
200 +144.1
300 +144.9
350 +145.5
400 +146.9
450  +152.7
00  +11%5.1
530 + 5.0
S€@  +332.6
590  +343.0
620 + 60.8

SITE: AGS
20 +131.0
: | 180 +147.7
| ‘ 200  +154.1
| 300 +154,0
. 3%  +154.4
408  +155.4
450  +174.2
S00  +155.9
530 +180.5
560 + 28.8
5986  +199.0
620  +153.1

SITE: AQE
* 20 +151.6
100 _ +15€.0
200 +1%56.1
3068 +1€1.3
3%  +153.9
400 +1€0.8
450  +152.6
560  +138.2
- 530 + 80.6
‘ S60  +337.4
‘598 +293.7

€28\ + 89.7

SPEC#: RR29-A

L N R K K BE BE 2K BE BE BN

SPEC#: RQ38-A

I+ 4+ ¢ 4+ 4+ + ¢+ 4+ 4+ 4+ 4+

SPEC# 3

T/l + 1 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+

AFFENDIX D

INC

€8.2
S51.3
43.7
33.3
33.0
32.3
33.7
23.3
17.6
€0.8
64.1
36.2

63.5
51.3
41.6
33.3

-32.3

32.1

192,
28.1
S56.2
43.6

2.1
23.0

55.1
42.4
33.9
24.7

26.6

28.9
38.3

9.9
42.5
36.8
62.7
13.4

AR2Z-1

J<(ASMD

4.24E—4.
3.81E-4

3.38E-4
2.83E-4
2.41E-4
1.85E-4

"8.07E~3

1.16E-4
1.296-4
7.04E-5
8.05E-S3
3.74E-S

S5.328E-4
4.49E-4
4.10€E-4
3.61E-4

- 3.02E-4

2.36E-4
8.04E-S5
V.46E-S
3.42E-5
S5.24E 2

4.85E-S

1.7SE-S

S.12E-4

. 4.30E-4

3.865E-4
3.19E-4
2.29E-4
1.92E-4
8.3BE-S
2.33€E-S
S5.83E-95
6.04E-S
S.31E~-3
Z.88E~-5

J/IN
°1.00
@e.78
00. 69
00.58
90. 49
0. 3¢
90.16
00.23
00.26
00.14
99.16
00.07

01.v0

- 98,33

00. 76
99. 56
00. 56
80.43
00. 14
29,13
00. 06
20. 09
00. 09
80.03

e1. 00
20. 24
99. 7

08. 62
20. 44
©0. 37
20, 16
00. 04
00. 11
£O. 11
00. 10
20,05




APPENDIX D
DETAILED SPECIMEN DIRECTIONS
SITE: WB1  SPECH: WE1-1

TEMP DEC INC JC<AAM JZIN

29 +1353.€ 33.0 1.59E-3 81.00
180 +134.3 38.3 1.39E-3 00.87
200 +153.4 32.8 . 1,31E-3 86. 82
300 +1359.9 29.8 - t.14E-3 00.71
350 +1358.0 29.8 1.84E-3 80.63
409 +137.9 3e.9 - 3.60E-4 00. 22
4350 +1354.7 38.1 1.45E-4 00.09
See +140.2 31.4 1.20E-4 09.07
S30 + 31.9 9.8 8.90E-5 60.05
560 +2135.95 8.5 8.89E-5 Q.09

1 4+ 4+ 4+ + 4+ 4+ +

+

SITE:s WB1 SPEC#: WBZ-R

41.8 1.31E-3
36.5 1.21E-3
31.4 1.18E-3
27.8 1.89E-3.
28.8  9.91E-4
27.7  S.28E-4
26.4  2.@1E-4

1.6 1.S8E-5
30.7 1.18E-4
$3.2 = 8.82E-S

20 +142.0
180 +148.3
200 +133.7

3 +13%5.1
3 +154.7

400 +15%5.2
430 +154.2
S0e +299.2
530 +334.85
S€o + .€

4+ 4+ 4+ 4+ 4+ 4+ ¢+ 4+ +

SITE: WB1 SFEC#: WB3-1

29.9  1.40E-3
38.0 1.208-3
32.3 - 1.12E-3
27.9 1.05€-3
28.9 - 9.5SE-4
27.9  6.34E-4
28.7  2.29E-4
10. 1 S.42E-S
3.8 ° 6.S1E-S
1.4 1.09E-4

20 +14%.9
100 +1%0.2
200 +1353.4
300  +1%%.2
3%0 +1%3.9
400 +1%S.7
450 +155.0
S00 + 36.1
w30  +347.2
=50 +316.7

L+ 4+ 4+ 4+ + +

+




"SITE:

TEMP

20

100

200

300

. 350
4Q0

. 45@
, s00
530

550

550

« SITE:

29
100
200
3006
3%e
400
» > 4358

}=15]%)
530
S€Q

SITE:

20
1006
200
306
350
400
4358
S00
330
560

DETRILED SPECIMEM DIRECTICMS

WB1

DEC
+139.7
+148.8
+133.1
+132.6
+1350.9
+152.9
+176.0
+ 90.¢
+282.0

+2368.2 .

+292.8

We2

+1{38.5
+139.4
+]44.3

45.8

44,7
+1 4
+143,.9
+232.7
+ 72.6
+338.8

WB2

+132.6
+141.4
+147.5
+147.9
+149. 5
+148.9
+1955.2
+3%8.1
+ 87.9

T +302.1

/

SPEC#: LB4-2

+ 1+ 4+t 44+ 44+ 4+4+

RPFENDTIX D

INC
47.3
44.2
34.8
30.4
30.1
37.4
39.7
34.0
24.6
72.3
6.3

SPEC#: WBS-1

I+ + 4+ 4+ 4++ ¢+ 4+ 4+

41.8
41.0
35.9
3@.9
30.5
30.1
23.7
48.5
78.3
€3.2

SPEC#: ULB6-1

+++ 4+ 4+ + e

47.6
44.7
36.2
30.9
39.4
38.0
30.9
51.3
1€.4
77.8

JCRZMD

.1.32E-3

1.13e~3
9.67E-4
9.00E-4
?.41E-4
1.€8E-4
S.31E-3
1.22E-4
1.36E-4
1.12E-4
S.15E-4

1.27E-3
1.09E-3
9.89E~-4
9.19€-4
8.47E-4
6.07E-4
2.32E-4
4.€9E-5
8.32E-5
8.91E-5

1.07E-3
9.41E-4
8.81€E-4
8.22E-4
7.40E-4
4.,.383E-4
1.€1E-4
€.34E-5
8.33E-S5
6.01E-5

-~

J/JIN
al. 2o
00. 89
29. 73
@0.¢c8
v0.353
006.12
09. 04
00. 09
60.10
©0.08
va. 38

91.09
0p, &5
08.77.
06.72
90. 156
00.47
0a.18

" 90,063

0e. 86
00.067

01.089
08.38
20.82
00.76
00.£9
89.45
00.1S
80.093
60.07
00. 0S5

&
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APPENDIX D
DETRILED SPECIMEM DIRECTIONS

SITE:s WB2 SPEC#: KB7-1

TEMP DEC INC JA/MD JZIN
20 +151.0 38.2 1.39€6-3 21.00
160 +1%2.3 36.9 1.13-3 00. 81
200 +153.4 30.6 1.926-3 #0.73
300 +1%1.0 2€.6€ 9.34E-4 00.67
350  +15%5.9 26.8 7.56E-4 00. %5
408 +1%4.1 26.6 4.21E~-4 - 90. 39
453 - +1%3.6 28.5 1.83E-4 ¢0. 07
500 +3%6. 2 6.2 1.23E-4 00.08
s30 +314.8 63.8 1.62E-4 90. 11
S€0  +332.9 4.3 1.62E-4 00.11

+ + 4+ + +

>

+ 4+ 1 +7¢

SITE: UBR2 SPEC#: WBS-A

47.9 1.12E-3
40.8 1.84E-3
31.5 ' 9.64E-4
27.1 9.15E-4
26.4 7.8%5E-4
30.1 2.81E-4
26.6 | 7.91E-S
3.0 7.64E-3
7.0 1.46E-4
37.95 1.88E-4
11.4 2.27E-4

20 +141.0
160 +149.4
<00 +153.5
300 +1352.1
358 +152.9
400 +1351.7
450 +150.4
S8 +142,2
S30 +308.0
S60 +194.1
590 + 6.1

LR R SN R IR BRI 2 K 2R 1

SITE: WB3  SPEC#: WB9-A

\\// 20  +146.1
100 +1352.6

200 +1%4.9

300 +1%4,7

3%¢  +1%3.9

400  +153.8

4%@  +151.8

S0 + 15.2

538+ 84,5

s60  +221.1

36.95 1.73E-3
33.6 1.61E-3
28.9 1.335e-23
26.4 1.36E-3
5.8 1.86E-3
28.9 2.21E-4
28.6 1.66E-4

1.6 8.48E-5
25.9 7.00#®-3
24.2 1.54E-4

+ 4+ + 4+ 4+ 4+

~




SITE: WB3 SPEC#: LB10-B
TEMP DEC INC JCR/MD
20 +148.0 + 38.3 1.37E-3
100 +1%8.9 + 34.4 1.25E-2
200 +1%3.4 + 28.5 1.16E-3
300 +1%3.9  +24.1 1.07E-3
359 +1%6.0 + 24.3 9.92E-4
400 +15S.7  + 24.4 2.57E-4
4%@ +1%3.9 + 25.7 2.03E-4
=90 + 9%.2 - 53.3 4. 15E-5
530 +1%6.8 + 37.8 1.23E-4
sc@ +248.7 - 72.¢ 1.26E-4
SITE: WB3 SPEC#: WB11-R
28  +137.9 + 39.% 1.54E-3
100 +143.3 + 35,7 1.4%E-3
200 +146.9 + 29,7 1.41E-3
398 +149.8 + 26.3 1.31E-3
350 +150.1 + 25,7 1.12E-3
400 +151.2 + 26.1 3.98E-4
4%0  +149.1 + 26.8 3.16E-4
90 + S53.9 + 40.2 4.99E-S
$30 +29€.0 + 33.5 1.41E-4
560 +189.8 + 85.9 1.73E-4
SITE: WE3 SPEC#: WB12-8
20 +148.7 + S53.0 1.23E-3
190 +145.2 + 44.6 1.19E-3
2080 +146.3 + 35.% 1.12E-3
3686 +148.2 + 31.5 1.89E+3Z
3% +149.5 + 31.0 9.%54E-4
400 +1%@.5 + 33.4 3.91E-4
AS® +143,2 + 33.4 9. 17E-S
Se@  +231.1 + 29.4 2.32E-4
530 +335.7 + 35.6 2.24E-4
63 +111.5 + 25.4 1.68E-4
590 - 7.3 5. S80E-S

DETHILED SPECIMEN DIRECTIONS

+331.4 .

AFPENDIX

D

v

J/JIN
21.00
99.91
00. 384
09.78
00. 695
03.18
00.135
00.08Z=
00.09
80.09

01.00
906.954
09.91
29. 35
00.72
00. 2S5
09. 209
99.183
00.09
00.11

01.00
0a.92
80.37
00.54
00.74
9. 3@
09, 07
00.18
00.17
00.12
80.04

-




APPENDIX O -

DETAILED SPECIMEN DIRECTIOHS

SITE:. ML SPEC#: ML2-A

TEMP EC INC Lams
28+ r2.1 47.6 1.71E-4
300 +148. 8 19.2 . 3.Z9E-S
3%8 +142.6 22.3°  2.87E-S
490 + 81.0 54.5 7.39E-€
450 + 11.0 27.3 3.77E-S
590 +3%2.1 29.0 1.53E-4

SITE: ML1 SPEC#: ML3-A

20 +104.6 49.7 1.48€6-4
300 +123.2 3.4 4.80E-S
350" +150.5 41.5% 4.02E-5
490 +167.5 17.% . 3.42E-5
4%@ +1€6.4 4€.0 2.06E-5
A0 +349.7 11.7 €.44E-S

SITE: ML1 SPEC#: ML4-C

20 + 79,7 ) 1.37E-4
300 +132.1 3.31E-S
330 +117.9 3.31E-5
3350 +139.2 3.13E-5
369 +141.1 3.37E-S
400 +138.5 2.73E-5
430 +110.9 2.03E-5

SITE: ML2 SPEC#: MLE-B

20 + 71.8 62.3\ 2.21E~4
3ee +1135.5 4.3 Se»@0E-S
330 +122.4 13.8 5.358€E-S
330 +134.2 2€.€ S.066E-5
360 +115.0 19.7 ' 4.SKE-S
400 +128.1 31.9 3.,33E-S
450 +144.95 24.7 3.42E-3
580 +321.2 20.4 3.48E-3




RPPENDIX D

DETAILED SPECIMEN DIRECTIONS

SITE: ML2 SPEC#: MLE-C
TEMP DEC INC JCAZMD
20 +148.2 + S2.8 1.60E-4
180 +14%.8 + 37.8 . 1.03E-4
200 +1%0.% + 4.9 ?.55E-5
300 +1%9.4 - 21.8 7.32E-5%
3% +1%4.3 - 23.9 ?.12E-5
400 +143.8 - 24.8 4.14E-5%
4%@ +145.8 - 28.2 3.54E-5
S99 +114.3 - 43.5 2.16E-S
SITE: ML2 SPEC#: ML10-RA
29 + 11.1 + 40.1 S.28E-4
- 200 + 4.4 + 21.7 2.60E-4
2%0  +3%2.4 + 25.9% 1,25E-4
408  +337.3 '+ 2B.9 4.91E-%
4% + 3.3 + 31.8 \ 4,10€-S
S08  +319.% - 32.4 1.39E-%
SITE: ML3 SPEC#: ML16-C
20 + 93.4 + %6.7 1.39E-4
300  +13%5.4 - 13.3 2.98€~-5
336 +140.4 - 27.0 3.14E-5
3%8  +130.1 - 32.4 - 2.81E-S
360 +132.7 - 46.9 1.57E-5
400 +128.7 - 2%5.9% 1.96E-S
4% +2%2.4 - 73.2 1.46E-5
580  +339.3 - 133 3.13E-S
SITE: M.3 SPEC#: ML11-B  ©
20 + 695.3 + 5975 2.3%-4
200 +125.1 - 17.0 ?.7€E-S
259 +148.% -~ 17.0 7.33E-5
400 +1%2.2 - 11.9 ° 2.2€E-S
4% + 1.9 + 24.1 4.73E-S
S0 <+ 20.06 - 27.3 ?.28E-%

J<IN
01.00
00.654
98. 47
Q0. 48

00. 44

20. 29
0o, 22
8a.13

-81.080
. 00.49

0. 23
00. B9
0a. 3?7
00. B2

a1. oo
38, 21
@8. 22
8. 29
00.11
006. 14
00. 10
28. 22

n1l.09
0o. 323
0a. 31
©09.09
na. 20
09. 38

306

~




APPENDIX D
DETAILED SFECIMEN DIRECTIONS
SITE: MLZ SPEC#: ML11-C

TEMP OEC INC J<AMS

20 + 935.5 6€.2 1.S8E-4
300 +162.5 45.8 2.76E-5
3308 +135.3 19.0 S.72E-5
356 +157.8 42.0 4.62E-5
360 +189.9 €9.7 2.38E-5
400 + 88.1 - 47,2 2.20E-S
450 +303.8 409.3 1.40E-3

SITE: ML4  SPEC#: ML14-B.

20 + 82.8 + 61.6 1.33E-4
300 +120.7 - 25.2 2.64E-5
350 +129.1 - ?.7 1.82E-5
400 +126.2 + 8.5 1.88E-5
450 + 41.2 "+ 11,0 1.98E~-3
560 +232.6 - 16.2 3.91E-5

SITE: ML4 SPEC#: ML14-C

20 +189.6 Ss.1 1.36E-4
300 +188.5 5.0 4. E0E-S
338 +1835.7 19.1 3.33E-3
30 +177.8 13.0 4.01E-5
360 +200.7 24,7 3.30E-3
409 +195.6 30.8 2.358E-S
450 + 1.0 o7 ?.70E-6
500 +291.9 43.0 2.80E-5

. SITE: MLS  SPECH{ ML17-1

20 +102.1 €2.6 1.62E-4
300 +125.4 16.0 4, 17E-S
330 +125.9 12.9 3.98E-5
350 + 43,0 12.?7 4.353E-5
360 +130.8 17.4 3.34E-5
400 +118.2 28.3 8.63E-6
4350 + 26.4 47.5 2. 16E-5




Sna

DETAILED SPECIMEN DIRECTIONS

SITE: MLS

TEMP DEC
20 + 85.0
300 +112.3
250 +111.93
4900 +139.7
48  + 9.2
S08 - + 42.0
SITE: ML?7
— 20 +118.7
) F 200 +133.1
§ " 3%8 -, +119.4
400 +12€.0
450 + 99.3
1% 1% +321.7
SITE: ML7
20 +12a.1
309 +146. 1
336 +131.4
358 +141.9
3¢0 +135.2
400 +1495.8
450 +212.9
SITE: ML7
20 +116.8
300 +144.2
350 +148. 4
400 +151.6
459 +355.9
+327.5

SFPEC#: ML17-4

INC
58.7
22.3
14.4
6.9
41.0
339.2

I+ 1 + + +

’

SPEC#: MLZ24-1

+ 33.1
= 435.4
- 37.6
- 43.8
- 51.0
6.3

SPEC#: ML24-2

+ 70.4
- 28.4
- 29.3
- 51.6
- 5@8.9
- 39.90
- 12.8

SPEC#: MLZS-1

+ 46.4
- 25.1
- 52.8
- 41.4

-21.935
+ 16.4

RPPENDIX

D

JCAZMD
2.9 -4
4.89E-35
3.66E-5
2.13E-3
1.18E-3
1.35€E-3

1.27E-4
8. 28E-S
3.355E-5
4.088E-3
2.91E-S

3.78E-5

7,72E-%

3.33E-95
4.082E-5
4.87E-S
5. 18E-5
5.29€E-5
3.65e-6

1.306E-4
3.01E-S
2.47E-5
1.3S€e-93
1.31E-S
4.42E-S

(
{

J~JIN
21,080
§O. 23
00.17
k0. 10
00,95
098. 36

91.00
90.63
998.43
00. 32
09.22
00.29

0]1.00
00.43
00. 52
80,63
80.67
06. 68
00. 04

01.00
fB.23
00.18
09.19
80. 106
80. 33




APPENDIX D

————————

DETAILED SPECIMEN DIRECTIONS

SITE: ML? SPEC#: ML2%-2 t

TEMP DEC INC JCA/M)
20 + 95.7 69.7 1.17E-4
' 300 +113.2 1.2  4.@4E-5
330 +115.5 27.8 _ 4.00E-S
356 +119.6 18.4 3.45E-5
368 +143.8 5.8  2.83E-S
400  +146.1 0.8  2.968E-5
450  +342.6 44,7 1.20€E-S

[N

SITE: ML? SPEC#: ML27-1

- 20 +104.06 + 49.5 1.35E-4
380 +117.1 - 19.0 4.80E-5
330 +121.6 13.2 4.04E-S
350 +115.0 - 20.9 4.62E-5
360 +132.2 -~ 22.9 3.04E-5
400 +140.8 - 23.6 2.40E-S
450 + 3.8 + 13.9 3.63E-5

—_ SITE:s ML?  SPECH: ML27-2

20 +118.6 '+ 41.1 1.04E-4
300 +142.6 354.95 3.51E-S
350 +111.3 41.9 2.73E-3
400 +121.2 29.9 1.61E-5
4350 + 16.95 28.7 1.97E-3
500 +345. 95 17.8 4.13E-5

SITE: PC1S SPEC#: PC?2-1

20 79.8 + 75.0  1.96E-3
300 9.4 + 42.8  7.33E-S
350 20.6 - 22.3 ° 4,79E-%
400 16.1 - 48.8  4,16E-S
450 2s5.8 41,2  3.87E-S

SITEs PC1S SPEC#: PC73~1

20 . +106.4 + 71.7 1.31E-3
300 + 23.7 + 27.8  S.08E-S
356 + 29.5 -~ 20.3  4.55E-S
420 + 18.3 - 47,3  2.81E-5
4% + 16.6 + 23.1 3.96E-5




APPENDIX D

DETRILED SPECIMEN DIRECTIONS

SITE1 PC1S SPEC#: PC74-2 ’ K4
4
TEMP DEC , INC JCAZMD JAIN
20 + 98.5 + £0.8 1.208E-3 01.08a
300 + 14.7 - 30.4 V.23E~-3 99. 06
3%0 + 11.0 - 48.2 8. 30E-S 00.067
499 + 16.7 - 55.9 6.73SE-S 909. 03
450 + 13.3 + 43.3 4. 33E-3 00.093

SITE: PC1S SPEC#: PC?75-2

28 +162.8 + 75.0 1.3506E-3 01.00

3008 + 44,2 + 66.8 S5.952E-S 00, a3
. 350 + 25.0 - 23.8 2. 31E-S 00.01
‘,409 + 26.1 - 33.1 2. 19E-S . 00.01
4583 + 16.3 + 49.3 5.5%E-3 . 00.03

i o

. SITE: PCle SPEC#: PC75-B

2e + 57.4 + 24.4 9. 3€E-3 81.00
1@ + 3535.9 - 2.5 7.76E-5 .99.32
209 + €2.9 - 25.3 7.9%E-5 00. 84
300 + 67.6 - 41.9 5.87E-3 ) 00.62
3%0 + €8.3 - 40.2 S.<8E-S .08.5€

400 + 87.3 - 33.3 2. 96E-S 20. 22 i o
450 + S52.0 - 19.6 1. S5€E-3 . 80. 16

500 + 48.7 + 10.7 8.4GE-6/ 28. 98 .

560 + 24.8 - 3.0 7. 71E-€¢ 80. 88
5 599 + 81.4 + 40.4 S.49E-6 00. 03

SITE: PCI1E  SPECH: PC7§md.

01.00

20 + 83.8 +

300 + £0.2 + 00.13
3506 + 39.0 + 00.97
4008 + 62.0 + 09. 0%
454  +337.9 + 10.9 3.03E-5 90.13
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" RPPENDIX D “

DéTFl ILED SPECIMEM DIRECTIOHMS

SITE: PC17 = SPECH: PC81-2
TEMP DEC NG JCAMS o J/IM
. 20  +3%8.7 +75.3  3.096E-3 e1.00
100  +337.6 + 72.9  2.02E-3 00. €€
200 +337.9 + 69.%5  7.49E-4 00, 24
- 300 +341.1 + 54.3 2. 10E-4 0. 06
B 350 +351.9 + 32.6 1.12E-4 0. 03
400 +340.7 - S1.7 1.18E-4 0. 63
450  +3%8.8 - 35.9  6.04E-S 08. 81
98 +2%€.2 - .8 2.82E-5 = 09.00
SITE: PC17 SPECH: PC32-1
20 + 47.€ ¢ 81.8 2.69E-2 01.00
300  + 18.5 + 14.8 1.23E-4 49, 04
. 3%0 o+ 18.2 - 22.7 1.37E-4 00.05
400 + 11.5 - 43.6 = 8.5SE-S 00,33
4%¢ + 19.0 - 39.4  4.88E-S 0. B1
SITE: PC17 SPECH: PC33-2
20  +349.4  + 68.9 2.11E-3 21.00
300  +351.4 + 24.3  8.22E-5 0. P4 .
%@ - +3%2.2 - 31.8  8.85E-5- 00. 04 R
. 400 + 3.9 -52.8 7.82E-5 09. 93

450 +359.7 - 48.35 3.39€-5 - 00.01

SITE: PC1? SPEC#: PC384-2

20 +339.4 + 78.2 2.07E-3 @1. 09 : ;
308 + 23.5  + 48.8 6. 42E-S 90. 83 ‘
350 + 22.3 -~ 24.8 S. 98E-5 06. 02
. 402+ 19.0 - 51.2 7.13E-S 20.03
1458+ 17.7 - 41.7 2. 96E-S 00.01
| “~
SITE: PC17 SPEp#: PC85-2 e
. 20+ 2.5 77.5  2.4€E-3 01.00
/300  + 16.7 [+ 19.5 1.12E-4 0. 04
_’ 3%8  + 14,8 /- 22.2 1.02E-4 | @0. 24
7. 4@® . + 13.5 | - 51.1 9.71E-5 |  00.03
T - 458+ 25.5 \- 26.8  3.28E-5 00.01
. // )
14 [

e
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APPENDIX D-
' DETAILED SPECIMEN DIRECTIONS.

SITE: PC1E SPECH: PCS0-1

TEMP DEC INC JLAMY JA4IN
28  +336.9 + 84.5 2, 14E-3 © @l.90
398 + 47.8 + 73.1 1.43E-4 20. 96
356 + €6€.0 + 74.2 8.61E-5 - 00. a4
4880 + 52.9 + 41.09 4.31E-5 . B88.182
450 + 54.3 + 490.2 4.11E-5 80. 01

SITE: PC23 . SPEC#: PC121-B

20 +187.5  + 7?5.2 4.02E-2 01.0a
399 +1%8.9 + 47.1 5.01E-4 00.12
358 +1608.5  + 23.€ 3.79E-4 @0.09
408 +167.2 + 11.2 2.23E-4 09. 05
4580 +176.4  + 12.7 1.60E-4 00. @z
500 +297.4  + 39.5 3.64E-5 09. 90

SITE: PCZS SPEC#: PC122-A

20 +119.2 ' + 88.2 3.52E-3 31.20 _
38@  +152.5 + z1.0 3.53E-4 20. 09 .

358 +149.3 + 7.0 2.63E-4 08.97
408  +153.1 + 5.9 2.07E-4 @0. 0%

458 +152.6 + 5.5 1.37E-4 20.93
S00 +1€8.9 + 33.0 2,90E-5 29. @

-/
SITE: PC2S SPEC#: PC123-2
/

20 + 32.6 + 84,2 . 2.19E-3 81.09.
300 - +139.5 + 72.2 2.08€E-4 00.09
3%0 +134.4  + €9.0 1.55E-4 p0.07
400 +128.5 + 65.6 7.29€E-5 80.03
45 +14B.5 + €1.4 5. 15E~5 80. 02
S80 + 87.9 + 80.2 2.87E-S 99.91
SITE: PC2S SPEC#: PC124-2 .

28 +343.2 + 72.6 2.13E-3 91. 070 )
300 +120.€ + 79.3 2.39E-4 00.11 .
3%0 £123.7 + 79.7 1, 94E-4 20. 09 .

400 +167.1 - + ?8.%3 .9.20E-S 00. a4

459 +118.6 + 6£7.4 7.78E-S 00.03

508 +259.5  + 51.3 2.2%E-5 80.01
;)

e
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' APPENDIX O

DETRH.ED SPECIMEN DIRECTIONS
SITE: PC23  SPECH: PC12%5-A

TEMP DEC < INC J{A M

20 + 82.€ - + £4.4 2.S7E-3
380 +143.5 43.7 - 2.82E-4
350 +148.0 35.7 2.23E-4
400 +148.2 19.6 1.04E-4
4358 +134.6 19.5. 8.8€E-~-S
S99 <+ 85.7 9.6 2.73E-5

SITE: PCze SPEC#: PC126-1

84.2 2.43E-3 81.59
82.6 1.67E-3 08.67
76.2 7.62E-4 <190, 39 -
60.4 3, 7%E-4 00.15
43.9 2.61E-4 99. 10
47.¢ 1.87E-4 . 00.07
71.2 5. 23E-5 70. 82
68.4 2.96E-S 02,61

20 + 63.1
160 + 350.0
298 +110.3
300 +127.7
356 +13%.2
400 +132.3

. 450 +123.9
S8 + 73.8

P+ ++++4+ 4

{

SITE:s PC26 SPEC#: PC127-1

20 +139.3 76.9 2.37E-3
300 +139.3 51.3 3.26E-4
3%0 +137.8 45.2 2.49E-4
400  +143.1 42.3 1.30E-4
450  +138.7 45.9 ?7.87E-5
S0e  +174.1 44.1 3.42E-5

SITE: PC2¢ SPEC#: PC128-A

7. 2. 14E-3
€8.0 2.92E-4
66.0 2.42E-4
€4.0 1.05E-4
S6.4 1.85E-4
80.8 3.58E-S

20 +338.5
300 +167.9%
339 +152.4
490 +151.3
4350 +142. 5,
300 +230.2

+EE 4+ 4




APPENDIX D
DETRILED SPECIMEN DIRECTIONS

SFEC#: PC129-B

SITE:s PC2o

TEMP DEC INC JCAAMD JIN

20 + S50.1 + 7€.3 2.19€E-3 21.00

700  +193.4 + 72.2 3.57E-4 0. 16

3G +114.9 + 66.0 2.77e-4 00.12

400 +115.8 + 64.2 1.15E-4 20. 05

450 +133.8 + 60.0 1. BE-S 00. 64

80  + 75.9 + 54,0 3.97E-S 20. 01
SITE: PC2€ SFEC#: PC130-A

20  +341.2 .+ 72.9 2.27e-3 01.00 ’
300 +131.9 + 74.7 2.97e-4 00.13 N
3590 +130.3 + 70.3 2. 18E-4\ 29.09

400 +131.5 + 69.7 8.37E-S 00.083

450  +141.7° .+ S5.5 8.70E-S 99,03

586 +249.5 + 18.8 3.82E-S 00.01 N
SITE: PC27 SPEC#: PC121-B

20 +355.7 + 79,2 S.93E-4 01.90 .
198  +346.6 + 75.3 4.33E~-4 29, 22 L
209 +3%4.2 + 78.3 3. 12E~4 ‘00,52 n
W & 6.6 + 7%.2 1+,S2E-4'—~ = 00.2% /
358 + 17.08 + €€.€ fses—s 00.06¢< k
400 + 21.7 + 66.2 . S@E-S 00. 0%

450 + 30.€ ¢+ 76.6 2.02€E-5 00.03

Se@ + 7.8 ¢+ 58,1 1.E5EFS 00.02 .

" SITE: PC2? SPEC#: PC13Z-A

20 + 53.6 + 82.0 2.24E-4 ?1.00

300 + 54.0 + €4.0 3. 14E-S 88.13

2% +110.7 + 73.7  1.82E-S nH.08 -

40 + €3.9 ¢+ 53.6 1.0%E-5 00.04

458  +163.9 + 71.9 1.03E=S 00, 24
SITE: PC27 SPEC#: PC135-A

20 + 24.90 + 80.9 4.61E-4 21.90

300 + S€.7 '+ 46.2 €. 15E-S 90.13

3%9 + 65.9° +43.7 4.91E-5 20.10

400 + 81.1 + 31.9 2.20E-S 80.04 -

450 + 54.5%5  + 31.2 1.51E-S 9G.03 -




APPENDIEIX D
CETRILED SPECIMEN DIRECTIONS

SITE: PC28 SPEC#: PC137-1
TEMP DEC INC JCA/M
20 +302.4 76.8 7.5%E-4
100 +314.% 77.7 s, 19E-4
208 +303.7 78.6 2.93E-4
300 +32%.4 83.%6 1.27E-4
3% " +313.4 79.6 7.82E-5%
400 + 76.5 59.2 1.84E-5
4%@ + 8%.1 72.0 1.60E-%
=00 + €3.2 46.8  1.83E-S
530 +271.9 47.4’°  S.72E-6

LR I K SR B IR N

ITE: PC28 . SPEC#: PC138-1

+331.1 73.9 6.93E-4
+ 48.8 63.1 7.21E-S
30.2 73.1 3.52E-5
47.6€ 32.4 - 9.54E-6
84.9 36.4 1.36E-5

SITE: PC28 SPEC#: PC139-1

20  +315.3 + 73.8 6.43E-4
300 +3%2.6 69.3 1.24E-4
30 + .3 61.6 1.07E-4
400 + 2%.4 39.2 2.16E-5
4%  + 15.4 44.2 2.39E-%

. -

SITE: PC28 ‘SPEC#: PC140-B

20 © +121.80 + %3.8  1.2%E-3
300 +118.1 + 38.2 3.05E-4
338  +117.0 + 38.6 = 1.66E-4
400  +198.0. + 78.7 .  2.16E~S%
4%0 +202.2 + 64.6 1.09€-5

L 4

SITE:1 PC29 SPEC#: PCl142-1

3.7 1.87E-3
€3.6 S.11E-5
€6.1 7.63E-S
€2.7 2.39E-S
€9.4 2.14E-S
19.7 1.13E-S

v

20 85.5
300 44.7
3% 64.
400 65.4
450 9.6

%00 + 76.1°

I+ 4+ 4+ 4+ 4+




SITE: PCZ29

TEMP DEC
20 +352.2
300 + 94.6
350 +107.€
400 . +112.8
450  +126.2

SITE: PC25

20 +238.7
300 +41.5
358 «+ 57.9
400 + 48.2
450 +122.7

SITE: PC30

29 + 7.4
3086 . + 30.9
359 + 57.9
4900 + 43.8
45 +105.2

SITE: PC38

20 +328.8
300 +261.7
356 + 78.7
400 +114.4
4509 + €€.7

4

20 + 19.6
- 380 + 10.0
3%e + 26.9
N 400 + 66.0
450 + 74.4
SITE: PC30

RPPENDIX D

DETRILED SPECIMEN DIRECTIONS

SPEC#: PC143-A

+ + + + 4+

INC

7z2.4
84.0
7€.4
$2.9
€2.2

JCARAMD
5.86E-4
4.33E-3
2.58E-5
1.61E-5
1.98E-5

SPEC#: PC145-B

+ 4+ + + ¢+

&8S.2
68.2

44.9

48.0
Jv.0

8.21E-4
2.97E-S
2.0€E~-S
2.20E-3
1.90E-5

SPEC#: PC146-R

+ + 4+ + 4+

76.95
68.6
S6.2
54.8
45. 1

1.72E-3
1.95E-4
4.54E-S
2.12E-5
1.7EE-5

SPEC#: PC147-1

+ 85.7 1.19E-3
+ 82.8 8.36E-5
+ €9.9  4,60E-5
+ 66.9 1.61E-S
+ 44.8 1, 78E-S
SPEC#: PC149-2
+ 82.4 g, 29E~4
+ 89.6  8.12E-5
+ 84.6 4.64E-5
+ 56.9 1.34E-5
+ 78.9  9.25E-€

JZIN
21.00
00.087
00. 04
00.02

- 00.03

P1.09
20.03
90,02
00.082
00.02

01.00
PY. 86
90.02
P9.01
00.01

21.00
20.97
P9.83
00.01
06.01

01.00
99. 09
00.05
00.01
06.01
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—- - APPENDIX E
' '

SAL!PLING LOCALITY AND DIRECTIONS OF MAGNETIZATION -

LONG POINT GROUP

E.1 Sampling locality

" Lourdes Limestone: 48° 41.1'N, 58° 53.5'W (Sites BDl1-4)

An outcrop at -Black Duck Brook, on the southeastern

shore of the Long Point Peninsula, waé.sampled. The strata

3

are exposed in seacliffs. The total stratigraphic
&

thickness covered by the above 4 sites was 9 meters.

Tilt correction:

Sites . Strike, TDip

BD1 2200, 40°NW
BD2 2259, 38ONW
BD3 ~ 2239, 43°ONW

BD4 - 2249, 38°ONW

E.2 Detailed directions of magnetization

L\

Following are tﬁe directions of magnetization after
each step of thermal demagnetization for those specimens
listed in Table 7.1 from which a characteristic direction
was coﬁputed. The listing scheme is,ﬁhe same as describea
under Appendix B.2. Where applicable in the tables below,

"360°C" should be read "“370°C".




SITE: 8D1%
TEMP DEC
209 + 58.86
3600 +343.2
350 +257.8.
400 + 6.6
4350 + 7.5
r:ee +324.9
SITE: BODIL
20 + 5.5
300 +358.7
3308 + 3.3
3350 + 73.7
360 + 92.3
400 +134.3
409 + 71.2
SITE: BD2
20 + 28.4
3080 + 22.4
330 + 25.95
339 + 18.3
3€0 + 24.7
400 + 21.8
450 + €.9
SITE: BD4
20 + 2.9
300 +338.0
329 +341.7
350 +339.2
3€0 +339.5
4 +340.5
428 +321.0
1% %) + .0

DETARILED SPECIMEN DIRECTIONS

APPENDIIX

SPEC#: BD1-B
INC.q'
¢+, 80.2
+ 24,7 7™
+ 34.%
- 18.8
- 21.4
- 42,7

SPEC#: BD1-D

75.1
36.1
¢2.0
67.9
S$S.9
€9.9
Se.1

I + + 4+ 4+ 4+ +

SPEC#: BD5-D

84.3
34.0
21.8
25.1
20.4

5.9
32.4

+ 4+ + 4+ ++4+

SPEC#: BD13-A

52.2
25.9
S, 7
18.4
26.5
31.6
1.5

\fe.s

Il + 4+ 4+ 4+ 4+ 4+

E

JCA/MD
2.3%E-4
1.24E-4
2.27E-S
3.37E-5
7. 15€-5
6.88E-S

2.0VE-4
S:B3E-3
6.36E-S
4.355E-S
4.42E-5
3.95E-5

1.357E-S

1.€1E-4
6.27E-S
7.312E-S
6.28E~5
S.49€E-5
3.29E~-S
4.6%E-S

1.47E-4
6. 78E-S
€.83E-5

- 29E~3
€.82E-5
6.99E-S
4.87E-5
2.18e-4

JZIN
01.08
00.51
90, 29
0v0.14
90.29
00.28

01.00
00. 24
00, 30
00. 21
00.21
00.19
©00.07

01.89
0e. 23
00. 44
9. 33
08. 34

00,20

00. 28

01.00
03, 46
00. 4%
P0.42
08.44
¥8.4¢
00,33
21.48

~—————




APPENDIX E
DETRILED SPECIMEM DIRECTICHS
SITE: BD4 SPEC#: BO13-0

TEMP OEC INC J<CAMS
. 20 + 8.3 63.1 2.21E-4
300 +34¢&.4 S52.3 9.31E-5
3%0 +347.3 47.4 6.390E-5
400 +338.5 49.¢ 4.21E-%
458 +358.2 27.7 1.21E-4
See ++359.2 31.2 1.98E-4

SITE: BDd SPEC#: BD14-R

20 +3368.7 + 76.2 2.128E-4
100 +335.2 + 64,2 1.54E-4
200 +334.2 + 33.8 1.85E-4
300 +330.3 + %59.9 9.45E-5
350 +£4€.8 + 32,5 9.04E-5
420 +333.90 + 35.8 ?.B4E-S
450 +345.4 - 12.9 1.11E~-4
500 +358.2 - 13.3 1.35E-4

ITE: BOd SFEC#: BD15-1
20 +333.6 8a8.7 2.13E-4
300 +327.4 23.6 8.18E-5
350 +331.5 23.9 1.34E-4
400 +322.9 22.4 9.E88E-S
4350 +335.2 23.5 9.27E-5
508 + 14.7 26.7 1.22E~-4

SITE: BD4 SPEC#: BD1S-3

75.8 2.51E-4
9.7 8.49E-S
14.8 1.0€E-4
16.0 8.32E-5
12.6 8.11E-5

.1 €.9E~-S
25.6 9.32E-3
40.9 1.226E-4

29 + .3
300 +339.2
330 +345.3
350 +331.5
360 +333.3
400 +313.0
450 +328.0
500 +344.0

I+ 1 + 4+ 4+ ¢+ 4+




COETAILED SPECIMEN DIRECTIONS

SITE: BD4

TEMP , DEC

29 + 10.9
389 +341.€
350 +346.3
400  +265.1
4359 + 25.7
Seo + 35.0

- SITE: BD4

<9 + 15,6
309 + 3.2
33e + .1
330 +352.5
3€6@ - +33%8.6
400 + 4.9
459 +354.7

SPEC#: BD1I?-B

++ 4+ + 4+ 4+

SPELC#:

I + 4+ 4+ + + 4

AFPENDIX E

INC

77.1
5a.5
24.6
49.%5
10.5
10.9

8017-C

J(R/M>
4.99E-3
1.64E-5
1.19€E-5
3.5%E~-6
9. 95E-6
3. 35E-S5

—_—

S.13E-5
2.71E-S
2.54E-F

1.83e-5 "

1.70E-5
1.33E-5
1.92E-5

J/IN
01.00
Qa. 32
09.23
@0.07
20.19
00.¢7

01.02
29, 32
00.49
PA. 38
08.33
20. 20
©o, 37




APPENDIX P
STRUCTURAL CORRECTIONS AND DIRECTIONS OF MAGNETIZATION -

COW HEAD GROUP

F.l Sampling locality

Cow Head Peninsula: 49° 50.1'N, 570 52.1'W

F.2 Correction for plunging folds

»In plunging folds, the axis of movement is the fold
axis, which is not parallel to the strike of.the beds on
the limbs. To restore the beds to paleohorizontal, two
components of rotation are requirédf;_

°(1) The fold axis 1is rotated into.a horizontal
position through the angle of plunge. In this position the
two limbs have the same strike, which is parallel to tﬁe‘
fold axis. Thﬁs process will change the appar;nt dip of
each limb to & new dip value.

(2) The inclined planes of each limb are then restored
to horizontality by rotating about the strike through the
(new) dip values, as in the case of the non-plunging fold.

For the above twé—atep_correction to the magnetizatibn
vectors the following steps were undertaken to determine
the angle of plunge (items a-d, below) and then the bedding
correction (items e-g).

(a) All the strike and dip measurements on the

. bedding were plotted as great circles and as poles on a

Wulff's net (Figure 8.2a, poles are not shown). .

321 .
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(b) All the poles were averaged separately for the
two limbs, using Fisher's statistics.

(c) The strike and dip of each limb was determined,
corresponding £o the mean pole clacﬁlated in (b). This
gives the in glgg'orientatioﬁ of the limbs which was found

to be as follows:

Strike,  Dip

Eastern Limb 1410, 3308w
Western Limb 470, 58OSE
(d) Two great circles representing the strikes and

dips of (c) were plotted on another stereogram (Figure

8.2b). From the point of intersection of the two great

circles, the plunge angle = 30.59, and the trend (fold

axis) = S208W, wer; determined. Strictly speaking, this
interseétion should be the midpoint of the area-of maximum
density of the great cirkrcle intersections in Figqure 8,2a.
The intersection points'ignFigure 8.2a were subjected to
Fisher's statistics and it was found that theif mean
position almost coincideq with the intersection of the two
great circles of Figure 8.2Db,

{e) ~Next, the bedding‘was corrected for the plunge.
The mean bedding pole for each limb was reoriented by
rotating it through 30.59 along the fold axis (now
S208W). The in situ magnetizaiion vectors (Table 8.1) were .
now corrected for the plﬁnge, using a horizontal axis

striking 118°, and a dip of 30.50SW.

(f) From the reoriented bedding poles in (e), the new




323
strike and dip angles of the two limbs were determined,
Eorrenponding to their non-plunging orientation (Fig.

8.2b). These are listed below:

Strike, Dip

Eastern Limh_ 2089, 12.59NW
Western Limb 280, 54CsSE
(gj The plunéefporrected magnetization vectors in (e)
were further correct@d for the presumed horizontal position
of the folded strata, by using the strikes and dips in (f).
. The éharacteristic directions after st;uctufal
correction given in Table 8.1 are the final values obtained

after the two-step correction described in (e) and (gq),

above.

-

F.3 Detailed directions of magnetization

Directions after each thermal demagneti;ation‘step are
listed below for those specimens for which char;cteristic
directions are quoted in Tables 8.1 and 8.45 The listing
scheme is the same as described under Appendix B.2. Sites

"BB 14 East” and "BB 14 West"” correspond to "Bed No. 14

East" and "Bed No. 14 West" of Table 8.4. All directions

are before structural correction.

L{




500 + S2.1 34.2

APPENDIX F

. DETAILED SPECIMEN DIRECTIONS

SITE: CH4 ‘SPEC#: CHi14-C

TEMP DEC INC JCRAAMD
- ' - 20 + 75.0 + B5.5 3.4€E-4
100  +#116.9 + 83.1 2.42E-4
200 +139.2 -+ €9.2 1.52E-4
308 +141.9 + 44.5 9.0 3E-S
3%3 +139.5 + 37.6 7.88E-5
400 +143.5 + 42.% . 4.32E-5
450 + 45,5 - S.8 3.82E-5%
.- 500 +196.3 + 20.2 1.81E-4
S 30 +3@4.6 + €8.8 2.9€E-4
£ 560 +282.6 + 18.3 1.87E-4
) 90 + 94.7 + 8.6 1.71E-4
620 +165.8 - 66.5 s.B83E-5
it
SITE: CH4 SPECH#: CHIS~-B
20 +100.5 + 71.0 7.44E-4
1006 +113.4 + 71.9 s.71E-4
200 +126.8 + 61.5% 3.76E-4
300 +122.% + 48,1 2.74E-4
359 +134,9 + 43.2 2.17E-4
400 +132.5 + 4€.5  1.%9E-4
4590 +138.5 + 47.3 9.95E-5
S008 +286.6 - 62.0 2.16E-%
530 + 29.1 - 36.% 3.97E-%
S68 + 60.7 + ‘1.6  3.40E-5
SITE: CH4 SPEC#: CH16-B
20 + S5 .+ 82.8 1.01E-3
300 +133.7 + 57.5 2.%55E-4
3@ +133.7 + 54.7 2.19E-4
490  +141.7 + 54.8 1.51E-4
4%0 +140.7 + 7%.4 6.72E-5
S0  +2%0.3 - 27.7 1.51E-4
/
7
SITE: CH4 SFEC#: CH17-A
20 + 24.6 + 80.9 1.12-3
398 +123.8 + S6.€ 2.37E-4
‘ 350 +123.1 . + %0.9 1.33E-4
- 400 +126.7 + 51,5 1.52E-4
450 +129.8 + 73.9 S.83E-5%
+ 4,53E-%

J7/JIN
01.0a
00, x9
P0. 432
008. 26
00.22
00. 12
00.11
00. 352

00.85 .

00. 354
8B.49

T 88,14

01.90

0. 7€

' PO. S0

09,35

'90.29

0d.<1
29.13
00. 09
83. 03
00.04

01.00
00. 23
09.20
20.14
008, 8€
00. 14

01.00
00.21
20. 16
00.13

‘909,83
00.04 -
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APPENDIX F

DETRILED SPECIMEN OIRECTIONS

SITE: CH4 SPEC#: CH1=z-B
TEMP DEC INC JIRAMD J-IN
29 +188.9 + 82.7 2.84E-49 01,94
300 +118.3 + 47.6 1.20E-4 00. 31
350 +121.4 + 46.9 S.21E-5 80.232
‘400 +117.5 + 352.2 35.83E-5 - B8.13
450 +178.0 + €2.5 3.26E-5 T 606.08 : -
500 +268.9 + 38.8 3.58E~-4 20.93 . ‘

SITEs CHS SFEC#1 CHIS-A

20 + 49.1 + 82.0 1.30E-3 01.00
1860 + 66.5 + 82.2 9,39E-4 $0.72
200 . +116.6 + 7S.1 5.4%E—4 00,41
300 +126.8 + €2.2 - 3,69E-4 00,28
3%  +131.1 + 55.0 2.83E-4 20. 21
400 +132.2. .+ 54.9 1.98E-4 ~  ©@8.15
4%0 +134. 2 + S7.3 1.31E~4 90.10
90 +300.7 -~ S2.6  2.94E-% 06.62
38 +244.6 - 17.1 4.05E-5 2@.03
S6@ +29€.3 - £8%.,7 S.49E-5 00. 04
SITE: CHS SPEC#: CH208-1

20  +202.7 + 77.8 1.72E-3 01.00
100 +207.9 + 71.5S 1.47E-3 20,85
200 +207.5 .+ 63.5 1.16E-2 60.€7
300 +206.8 + S?.? S.91E-4 90,57
350  +206.3 + S55.3 8.57E-4 00.49
400 +209.2 + S2.6 6.26E-4 29. 36
450 +209.7 + 53.2 4.14E-4 00, 22.
500 +159.2 4 + 15.4 1.11E-5 00. 00
530 +132.8 + 24.4 . S.39E-S ©@0.03
560 +138.6 - 89.6 4,65E-% 00,82

-

SITE: CHS SPEC#: CHZ1-A

20 + 47,1 + 73.3 1.15E-3 81,93
300 + 82.9 + 44.4 3.64E-4 00. 31
350 + 83.1 + 42.3 3.19€E-4 v08.27
400 + 84.4 + 33.5 1.49E-4 00.12
430 + 86.4 + 352.9 9.81E-5 0. 38
See +217.1 -

60.8 S.S9E-3 00.04
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APPENDIX F
" DETAILED SPECIMEN DIRECTINNS
SITE: CHS SPEC#: CH22-A

TEMP OEC INC J{RAMD J~7JIN *

20 +162.7 .+ ?76.7 2.81E-2 Ql.e0
300 +123.3 + 52.8 ° 8.58E-4 29. 42
358 +12z2.6 + S51.1 7.62E-4 00.27
400 +122.3 + 351.2 6.48E—-4 0a. 31
458 +125.9 + 85.95 2.354E-4 00.12
See  + 75.4 + 33.6 4.30E-S 239.92

SITE: CHS SPEC#: CH22-B

’4.2 9.9BE~4 21.090

20 +116.6 +

308 +13&.1 + 37.7 2.89€-4¢ ea. 39
350 +131.7 + 36.3 3.05E-4 0. 30
408 +135.4 + 40.0 2.10E-4 ea.z1
450 +i21.8 + 23.7 9.39E-5 - 90,09
Sa +200.5 - 19.5 €.65E-5 @o. 6¢
SITE: CHS SPEC#: C 24-B

28 +i84.3 + 77.1 S.93E-4 @1.a9
ie +103.0 + 76.0 4,37E-4 P3. 82
208 - +109.2 + ?22.9 3.37E-4 8. 3¢
308 +119.6 + 73.7 g 24E—9 00. 37
3%0 +1i19.¢ + 78.1 ?.46!5—4 00.24
400 +112.3 + 81.6 9.04E-5 00. 15
459 +120.8 + 80.8 4,97E-S 00. 0% .
S8 +165.2 + 71.95 3.36E-S 00. a3
3286 +35%.8 + 58.5  2.51E-S 00. 04
560 +353.8. + 1.8 7.71E~S 29.13

SITE: CHE SPEC#: CHZ3-B

20 +323.9 + 38358.9 9.29E-4 01.929

100 +358.3 + 79.1 c.i6E-4 8a. 66

200 +357.Qa + 82.7 3.4%E-4 80. 37

3604 +237.7 + 88.4 1.94E-4 B0. 0o

356 +204.9 + 88.1 1.53E-4 00, 15 .
400 +2083.1 + 86.1 1.12E-4 0. 12

458 + 2.3 + 57.2 2.90E-S 20.83

J6e + 14,3 + 2.4 3.73E-S 00. 04 ) *
338 +123.6 - 72.5 6.32E-5 29 . A6

S¢a  +319.7 + 10.3 S5.€2E-S 80 . g¢

390 + 96.0 + 39.8 2.59€E-5 90. 82 .
620 +119.3 - 23.9 9.25E-5 o9, 89
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APPENDI¥ F
DETRILED SFECIMEN DIRECTIONS
SITEs CHE SFPEC#: CH2¢-B
TEMP - DEC INC JCRAMD - JAIN
29 +332.9 "+ 79.8 1.36E-3 01.060
300  +338.1 + 39.7 2.95E~4 929, 22
356 +137:5 + B88.2 2.18E-4 . 00e. 16
400 +276. 1 + 87.95 1.17E-4 08.03
450 +331.8 + 72.5 7.89E-3 'e8.08% R
See + 10.9 - .6 3.05%E-5 88.n2

ST

SITE: CHS - SPEC#: CH27-B

20 +912.6

+ 87.5 9.62E~4 21.00

300 +173.€ .+ €5.1 2.85E-4 09. 21
350 +169.3 + 64.7 2.21E-4 8. 24
408 +174.1 + 70.S 1.20E-4 ©8.13
450  +302.4 + ?4.4 A.74E-S 20. 0%
508  +241.3 + 7€.8 €.63E-% ~ 00,07
SITE: CH6'  3SFEC#: CH29-1 :

\

20 +329.9 " + 82.8 4.40E-4 01.209
308  +28%5.2 + 79.1 1.59E-4 99, 33
350  +288.1 + 75.86 1.30E~4 ©0.29
400  +284.7 + 72.4 9.45E-5 90. 21
450  +296.5 + €3.3 4.96E-5 00.11
S08  +287.8 + 62.6 3.30€E-S 80.07
SITE: CH? - SPEC#: CH29-1

28  + 34,6 + 74.3 7.35E-4 01.00
1006 +29.8 + 71.6 S.626-4 ©8.76
200 +28.7 + 73.7 3.89E-4 33. 52
300 +27.7 + 79.3 2.00E-4 00.27
350 + 23,8 + 75.8 1.52E-4 00.20
400 +17.8 + 76.0 1.19E-4 00.16
4580 +346.3 + 82.4 6.43E-S 06.08
See + 18.5 + 7S5.3 3.56E-S 008.04
53@  +165.1 - 14.0 3. 26E-S 00.04
568  +187.8 + 88.9 1.76E-4 80.23
590  +333.% - 1S.7 1.80E-4 88.24
620 + 37,6 + 68.2 1.88E-4 00.25%




TEMP
29
100

300
* - 3%@
400
459
500
530
560
590
620

20
309
350
400
450
500
S30
5€0

~

20
309
356
400
450
509

20
300
358
409
459
506

SITE:

200 -

SITE:

SITE:

SITE:

!

DETRILED SPECIMEN DIRECTIQNS

CH?.

DEC
+351.7
+340.2
+324.3
+316.9
+315.95
+314.95
+314.9
+316.3
+296.0
+313.7
+3207.€
+310.2

GH?

+342.6
+20%.3
+312.6
+316.9
+321.5
+279.6

© +339.1

+241.1

CH?

+340.2
+315.3
+312.6
+309.4

- +327.€

+337.7

CH?

+312.0
+279.6

- +277.5

+272.4
+273.8
+292.1

| SPECH: CH3B-1

INC

76.5
’1.5
0.6
68.5
66.5
66.0
6€.5
+ 77.1
-.50.3
- 29.6
- 5.0
+ 32.4

LR B B B B

+

SPEC#: CH31-B

63.2
&e. 1
67.7
66.9
64.0
€3.7
44.2
S€. 8

I+ + 4+ + + + +

SPEC#: CH32-1

+ 73.€
+ 83.8-
+ 83.5
+ 83.0
+ 78.6
+ 78.7

SPEC#: CH2Z-H

72.

€9.7
6€3.3
65.5
69.5
78.3

e

RPPENDIX

F

JCRAMD
9.97E-4

8.27E—4 -

€.46E-4
4.77E-4
4.35E-4
4,.e5e-4
1.76E-4
8. 34E-3
8.62E-5
4,.52E-S
1.46E-4
4.65E-5

1.93E-3
5.06E-4
4.57E-4
3.73E-4
1.67E-4
6.21E-5
4.38E-3
3. 5gE-S

9.6%E-4
3.81E-4
2.97E-4
2.21E-4
1.12E-4
6.659E-S

1.17E-3
S.27E-4
4. 18E-4
3.43E~-4
1.63E-4
7.32E-S

JIN
al.Qo
99,32
20.c4
Q0. 4?7
00.42
20. 40
@6.17
90. 08
00. 0%
99. 04
96.14
90. 24

+ 81.906

©60.49
P0. 44
00. 36
90. 16
00. 08¢
93.03
06.03

91. 00
P9, 39
@0. 0
0. 23
00.11
20. 06

81. @0
00. 44
#0. 35
00.29
P0.13




APPENDI X F
DETRILED SPELIMEN DIRECTIONS

SITE: CH12  SPECWA CHS4-R

TEMP DEC IM&\ JLASM>
20 82.0 74.8 2.90E-4
180 92.7 735.5 2,45E-4
200 9€.9 75.1 1.97E-4
300 85.4 76.8 - 8.49E-S
-. 350 88.6 71.1 €.29E-S
400 55.6 70.9 - 2,.68E-S
450 €8.3 1.9€E-5
See 34.0 1.46E-5
530 58.8 @ 7.6%E-S
J68 84.4 7.03E-5

T 390 , 49.4 1.72E-4
620 +384.6 58.9 7.15E~S

L+ 4+ +++++++ 4+

SITE: CH1Z2 SPEC#: CH5S-A

67.3 2.87E~4
67.3 1.5%E-4
68.4 T1.01E-4
57.4 S.20E-5
45.9  4,13E-5
37.4 ' 2.81E-S
33.8 3.73E-S
40.0 2.90E-5
6.3  6.78E-S
80.8  1,52E-S
sS.1 . 7.17E-S
32.1 3.26E-%

56.4
70.9
73.9
74.3
350 77.4
400+ 83.2
458 '+ 70.0
500  +155. 1
S38  +286.5.
S60  +328.1
S99  +248.4
620 + 8€.6

20
fe0
200
300

++ 4+ 4+ 4+ 4

+
+
+
+
+
+
+
+
+

SITEs CH12 SPECH#: CHS3-B

71.% 2.80E-4
v2.8 - 8,32E-S
68.0 S.09€-5
S8.1 3.06E-35
49.€ 3.23E-5
26.6 6. 14E-S

20 + 2.7
300 + .1
350 +339.1
400 + 1.3
4350 + 18.3
Sed. + £3.0

++++ 4+ 4




SITE: BB14 EARST

DEC

TEMP
20 + 50.8
189 + 4€.6
. 200 + 49,2
' . 200 +63.1
350 + 48.3
. 400 + 3€.2
450 + 37.9
500 + 48,1
530 +344.7
S5€0 +339.93
590 +216.7

SITE: EEBl4 EAST

20 + 18.7
ige + .4

200 +357.3
30  + 3.7
33508 +331.0
496 +346.4
450 +338.2°
SO0 +311.9
s30 +352.4
S60 + 7.3
590 +334.4
SITE: EB14 ERST
20 + 48. 95
199 + 43,5
200 + 45,0
300 + 51.8
350 + 48.8
400 + 35.0
450 + 58.2
SO0 +270.8
5309 +253.1
o] X% +182.1
90 +316.4

+ I+ 4+ 4+ +4+4+4+4+4

I ++ 4+ 4+ 4+ + 4+ ++

I + 4+ 4+ 4+ + 4+ + 4+

APPENDIXN

F

DETAILED SPECIMEN DIRECTIONS

SPEC#r C1-AR

INC
33.2
75.5
76.1
66.5
46.9
48.2
49.9
55,7
50. 4

5.9
30.5

SPEC#:

v2.9
76.8
76.2
73.8°
73.8
72.2
51.1

PG W

O & WO

SPECH:

€3.7
€06.8
56.7
S4.1
60.2
€7.6
S54.3
€4.6
24.4
83.6

JCA/MD
V.82E-S
6.2€E-S
4.64E-5

- 2.96E-5S

1.55E-S
1.40E-5
9.65E-6
€.78E-6
3.60E-6
3.0ZE-6

. 2.23E-6

C3-B

1.84E~4
1.24E-4
8.94E-5
5.€1E-5
2.93E-5
2.28E-5
1.29€-%
9.80E-6
1.70E-5
1.10E-5
2.86E-5

Ca-A

7.21E-4
5.50E-4
4.13E-4
2.72E-4
1.09%~4
8.21E-5
2.87E-S
1.33E-S
9.37E-6
2.30E-S
3.02E-S

J/ZIN
91.00
8a. 29
20. 66
09.42
@9.22 .
@a.19
23.13
00.09
29. 03
00. 04
00. 03

21.008
0a.&7

‘20. 48

0a. 20
29. 16
06.12
138.97
89.8S5
909, 99
20. 05
00.195

a1.90
99.76
09,58
0. 37
298. 195
00.11
98. 03
00.01
9. a1
00.062




‘\\

RPPEMDIX F
——————

DETAILED SPECIMEN DIRECTIONS -+
SITE:s BB14 ERST SPEC#: C12-B

TEMP DEC INC JCA/MD

20 +143.4 81.8 2.31E-4
300 +135.5 79.9 1.09E-4
35e +140.7 80.9 3.52E-S5
400 +117.2 ’’.9 5. 85E-5
430 +136.1 78.6 3.66E-5
5008 +1€4.1 7S.@ Z.85E-5.
S3e A+ 79.8. 61.9° | 2.22E-5

SITE: BE14 EAST SPEC#: C11-A

1.18E-4
S.33E-5
4.69E-5
4.73E-S
3. 11E-5
3.6VE-S
3.48E-5

20 43.5
300 435.0
3350 40.4
400 47.1
450 31.7
500 335.9
S30 43.1

+ 4+ 4+ 4+ 4+ 4+ 4+

SITE: BB14 EARST Cl4-A

1.23E-4
3. 54E-5
2.32E-S
1.79€E-5
1.92E-5
2,.97E-5
9.352E-6

20 35.0
300 41.8
330 S2.2
400 27.2
450 27.8
See .9
S30 19.2

+ ++ 4+ 4+ 4+ 4

SITE: BB14 ERST C15

2.96E-4
9.89E-5
7.33E-5
3.01E-5
2.77E-5
2.58E-S5
- 9.56E-6

20
300
350
40
430
S00
330

+++++ 4+




SITE:

TEMP
20
300
350
400
450
f : See
S30

20
300
350
409
4350
S00
S30

DETAILED SPECIMEN DIRECTIONS

BB14 ERST

DEC
+187.0
+ 74,5
+131.4
+ 72.8
+121.8
+117.1
+ 64.1

SITE: BB14 EAST

20 + 19.3
o - 300 + 24.3
350 + 208.6
400 + 20.1
456° + 37.7
S0 +333.0@
538 + 24.8
SITE: BB14 ERST
20 +268.3
300 +268. 2
* 350 +268.3
: 400 - +2€€.0
4350 +2635.08
’ S5ee +262.9
530 +247.7

SITE: BB14 EAST

+254.6
+212.2
+203.8
+147.6

 +153.3

+ 98.2
+ 76.8

+

++++++ 4+

+ 1+ +++ 4+

- APPENDIX F

SPEC#:

INC

77.4
73.0
73.0
66.9
76.3
48,6
43.9

SPECH#:

54,5
S1.1
56.4
S56.2
48.2
33.9
43.7

SPEC# :

68.7
659.9
69.4
78.0
69.3-
€8.3
71.2

SPECH#

. 68,3

75.9
81.2
80.2
7?.1
435.9

9.4

C16-1

J<CRZMD

6.71E-5"

2.81E-S
1.92E-35
1.&82E-5
1.36E-5
1.07E-5
S.34E-6

C17-A

1.20€E-4
4.92€E-%
3.9%E-5
2.94E-5

‘2.98E-5

S.46E-S
S.41E-5

Cile-E

1.73E-3
1.18€-3
9.354E-4
6.65E-4
S.83tE-4
2.92E-4
7.42E-5

Ci9-R

1.45E-4
8.350E-S
5.80E-5
3.39E-5
2.43E-35
9.9S5E-€
1.68E-35

“JZIN
e1.00
00. 41
90.2
00.27
20.20
28.1%
00.07

/1,90
09. 40
08e. 32
00. 24
90.17
006.45
P0.45

01.00
00.67
eel 54
00. 38
00.33
08.1¢6
08.04

01.00
0. 38
00. 40
00.23
00.16
00.0¢
00.11




AFFENDIXK F

\ :
DETRILED SPECIMEM DIRECTIOMS

SITE: BB14 EAST ' SPEC#: C209-1

TEMP DEC INC J<AAMD

20. +348.3 23.6 2.15E-4
300 +341.2 27.2 1.13E-4
. 3% +346.3 - 29.4 6.77E-5
400 +3%54.¢€ 21.3 2.89E-5
4508 +355.0 12.6 2.42E-5
S0 +358.5 18.7 1.96E-5S
530 <+ 58.0 16.2 S.91E-S

SITE: BBi4 WEST SFECH#: Bi-1

20 +269.8 24.8  S.35E-4
100 +267.5 18.94  S.SZE-4
200 +262.% 7.3 S.33E-4
300 +261.0 12.2 - S.31E-4
3% +2%9.8 14.5  4.39E-4
400 +260.7 15.4 3.94E-4
450  +262.S 16.7  2.49E-4
00  +2€4.3 6.7  4.73E-S
30 +282.1 29.8  2.1BE-S5
S68  +290.8 g3.8 3. 79E-5
590 +285.9 + 34.8  4.73E-S

SITE: EE14 WEST SPEC#: BE-2

20 32.95 78.7 S.686-4
300 35.2 77.9 t.306E-4
359 356.9 79.2 9.78E-S
400 3€.5 84.5 4.82E-5
4358 +359.4 ve.2 3.87E-S5
Seo + 84.3 43.8 2.24E-S

SITE: BBi4 WEST SPECH#:

20 +148.9
\¥aﬂa +221.6
330 +232.4
400 +142.6
459 +129.6
S00 +148.9

8e. 2

86.4

8R.0

86.2.

83.4 2.71E-5%
?7.9 2.44E-S

++ 4+ 4+ 4+ 4




AFFEMOIX F

DETAILED SFECIMEM DIRECTIONS
SITE: BB14 LIEST SPEC#: BS-2

. TEMP DEC INC JCARMD
\ 20 88.8 89.2 3.3%E-4
300 93.8 80.5 {.28E-4
3509 85.9 88.8 1.17E-4
400 75.3 82.1 5. €EEE-S
450 84.3 76.8 3.97E-5
500 41.4 82.8 3.54E-5

SITE: BB14 WEST SPEC#: B9-2

S.&€8E-4 @1.a0
82.5 1.405E-4 -93.25
1.15E-4 00. 20
6.25E-5 00. 11
S.706E-S 64.10
3.27E-S 00.93
1. 12E-4 Ba. 29
1.91E-4 29. 3

20 +353.9
390 +299.2
2350 +282.2
400 +332.2
450 + 29.8
500 +330.09
S30 +33€.4
560 +237.2

++ 1+ 4+ 4+ + 4+

SITE: BB14 WEST gle-2

20 56. ™ 2. 39E-4 @1.0a
200 34.8 4.9€E-5 eu.21
3350 78.1 3. 34E-S 90.23
400 ?7.2 4.47E-% 00.13 "
450 71.5 2.18E-5 00.089
500 42.7 . 2.71E-5 00.11
538 . +349.9 3.42E-S 20.14
S€o +356.5 7.47E-S Bo. 32

SITE: BB14 LEST B12-A

91.006
03, 538

20 +29Q.¢& +
369 +271.1 +
350 +27€.3 + 6. 44
400 +269.3 + Q0. 31
458  +271.2 4+ 8. 535E-% 00,22
+
+
+

S00 +232.7 7.31E-3 99.19
3309 +257.7 S5.357E-S 00. 14
S60 +229.3 1.41€-5 96,93




AFPEMDIX F
CETAILED SPECIMEN DIRECTIONS
SITE: BBl14 WEST SPEC#: B13-AR

TEMP DEC INC - J<R/M)

20 +287.8 61.1 4,34E-4
309 +287.0 €a.?7 1.5eE-4
3350 +291.2 68.9 9.78E-S
400 +299.3 £€5.3 ?.9%5E-5
430 +302.1 62.5 $.85E-S
=17 +310.0 €8.5 3.47E-S
533\ +308. 3

@

12.6 2.41E-5
=12 +284.8

I+ 4+ 4+ 4+ 4+ + 4+

2.19E-5

SITE: BB14 LEST: = B14-2

20 +1335.2 . 4. 95E-S
380 +149.4 - 1.26E-5
350 +147.9 1.84E-5
420 - +144.9 1.29E-5
450 +17%5.8 . 1.90E-S
See +294.9 3.67E-6

SITE: BE14 WEST SPEC#: B15-A

72.2 9.22E-4
72.3 3.41E-4
70.6 1.96E-4
72.5 1.20E-4
65.2  S.9%E-S
.78.0 6. 13E-5
62.1 4.65E~5
73.9 3. 18-

20 +287.8
300 +283. 1
330 +271.4
400 +269.9
430 +267.9
S500 +29€.2 -
330 +289.1
Sé60 +2€06.0

+ 4+ ¢+ 4+ 4+ e+

SITE: BB14 WEST SPEC#: B1s5-1

20 +273.2 €9.4 7.08E-4 01.0a
300 +285.9 78.2 3.935E-4 29. 55
350 +304.7 82.7 2.66E-4 0. 37
490 +331.2 81.1 1.36E-4 03. 19,
430 +320.0 g0.8 9.48E-5 00.13
See +302.0 ’7.4 6. 76E-3 96. 139
S3e +316.6 76.1 5.87E-3 00. 686
See +307.0 72.3 4.45E-5 98. 36
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APPENDIIX F

DETRILED SFECIMEN DIRECTIONS

SITE: BB14 WEST SPEC#: B17-R T

" TEMP DEC INC JCASMD J/IN
28 +356.4 + S4.2 6.71E-4 21.00
308 + 11.6 + £81.8 2.65E-4 00. 29
3%0  + 29.4 + 78.3 1.92E-4 20. 28
400 + 49.1 + 78.7 8.%2E-5 00. 12
450 + 49.6 + 81.4 s.SSE-S 20. 28
S60  + 15.%  + 77.9 S.Q0E-5 ea.07
30 + 5.2 + ?71.5 4.29E-% 90,95
S€0 +215.8  + 63.8 €.63E-" 0. a9

SITE: BB14 WEST SPEC#: B13-R
. ' 20 +297.7 + £@.4 S.SOE-4 21.00
300 +300.6 + 38%.1 3.92E-4 20, %4
X 380 +29€.1 + 79.4 2.07E-4 2@.37
420 +320.6 + 81.6 1.15E—4 99. 21
450 +3203.2 + 88.0 9.29E-5 20. 1€
s9@ +258.5 + 82.% 6.39E~5S 20,12
%20 +279.7 + 80.3 S. 16E~S 20.09
! 550 +2583.2 + 74.0 3.96E-5 29.05

SITE: EB14 WEST SPEC#: Bz@-1
290  + 37.1  + 63.1 S.61E~4 21.02
30 + 43.3 + 55,0 2.33E-4 20. 41

3%9  + 43.%  + %3.4 1.1%E—-4 2@.2
400 + 58.90 + 53.2 8.07E-S e0.14
450 ° + 36.7 + 7.7 6.19E~5 90.11
508 + 26.2  + 45.2 5. 12E-5 20.09
530 + 30.6 + 53.3 3. 32E-5 90.05
+ 27.1 -

. 5€9 17.9  1.41E-5 09.02
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