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ABSTRACT 

The 550 Ma Skinner Cove Formation is a structural unit within the Humber Arm 

Allochthon of western Newfoundland, occurring as an alkali volcanic suite affected only by 

zeolite facies metamorphism. At 10 sites from its flows and dykes a magnetite-borne, stable 

characteristic 'A' remanence direction (tilt-corrected mean D=144", /=31.5"; ct9s=l0.8", 

k=21. l) is recognized and shown to be a primary thermal remanence by an intraformational 

conglomerate test. The palaeolatitude calculated for the Skinner Cove Formation from its ten 

'A' site virtual geomagnetic poles is l8.6"S ±9" . 

An original relation between the Skinner Cove Formation and the Iapetan margin of 

Laurentia is suggested by several lines of evidence: As a structural slice it occupies a lower, 

less transported position in the Humber Arm Allochthon, implying an original adjacency to 

underlying slices of Laurentian margin sediments. The Skinner Cove volcanics have a within

plate trace element geochemistry with enriched light rare earth elements (LREE), shared with 

other alkali volcanics of the northeastern Appalachians Humber Zone. Also, the -550 Ma 

Skinner Cove volcanics are of similar age to alkali magmatic activity of Laurentia's Iapetan 

margin, marked by the -554 Ma Tibbit Hill metavolcanics of Quebec and the -555 MaLady 

Slipper Pluton of west Newfoundland. Hence, the l8.6°S palaeolatitude of the Skinner Cove 

Formation constrains Laurentia to an equatorial position at -550 Ma. 

Comparison with other palaeomagnetically determined high southerly palaeolatitudes 

for -570 Ma implies a large rapid northward drift of -34 crn/yr for Laurentia during the latest 

Neoproterozoic. The start of Laurentia's rapid northward movement at -570 Ma may mark 
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the beginning of Iapetus sea-floor spreading, consistent with Laurentian geological data if 

thermally-delayed subsidence of the Laurentian margin is assumed. Further well-constrained 

palaeomagnetic results of -580 --550 Ma age from Laurentia and especially its suspected 

conjugate margins Amazonia and Rio de la Plata are required to test this proposed 

palaeogeography and to define the birth ofthe Iapetus Ocean precisely. 
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Chapter 1: Introduction 

1. 1 Purpose and scope 

Earth in the late Neoproterozoic featured supercontinental breakup and 

reorganization (Bond et al., 1984) which may have influenced the timing of the emergence 

and early evolution of macroscopic animals. These events may have been triggered by 

mechanisms sensitive to palaeogeography such as changes in palaeoclimate (Young, 1995), 

seawater chemistry and oceanic circulation (Brasier, 1992; Nicholas, 1996), and burial of 

organic carbon (Knoll and Walter, 1992). The opening of the Iapetus Ocean (Harland and 

Gayer, 1972), creating an east-west subtropical seaway, might be a key palaeogeographic 

change which aided the diversification of life (Valentine and Moores, 1970). 

Recently several late Neoproterozoic continental reconstructions have been 

proposed (Hoffman, 1991; Dalziel, 1991; 1992; 1997; Torsvik et al., 1996), offering 

insights on worldwide palaeogeographic and palaeoclimatic conditions during this seminal 

period of Earth's history. However, more Neoproterozoic geological and palaeomagnetic 

data are needed to better constrain the relative positions and movements of cratons 

involved in the breakup of the supercontinent Rodinia (McMenamin and McMenamin

Schulte, 1990), and in the final dispersal of the proposed late Neoproterozoic 

supercontinent Pannotia (Powell, 1995; Dalziel, 1997). The need for clarification is 

especially acute for a craton such as Laurentia, which likely had a high absolute plate 

velocity during the dispersal (Meert et al. , 1993; Gumis and Torsvik, 1994). 



A test for the late Neoproterozoic position of Laurentia in palaeocontinental 

reconstructions is offered by the ca. 550 Ma flows and dykes of the Skinner Cove 

Formation in western Newfoundland. Preliminary palaeomagnetic data in abstract form 

only (Beaubouef et al., 1988; McCausland et al., 1996) are available for these rocks. This 

work reports on the palaeomagnetism of the volcanics, and discusses their role in 

constraining the position of the newly formed Iapetus margin of Laurentia, the timing of 

Iapetus opening, and the palaeogeography of the latest Neoproterozoic. 

1.2 Re~ional setting 

In western Newfoundland the Humber Zone of the Appalachian Orogen records the 

history of the ancient Laurentian continental margin through the opening and closure of 

the Iapetus Ocean (Williams, 1975), involving late Proterozoic rifting, the Cambrian 

formation of a stable carbonate platform and its subsequent foundering during the 

obduction of mid-Ordovician (faconic) allochthons. The largest of these allochthons is the 

Humber Arm Allochthon (Stevens, 1970), which consists of five lithologically distinct 

slice assemblages collected in an imbricate stack (Williams, 1995). 

The Skinner Cove Formation comprises the lowermost, least displaced igneous slice 

assemblage in the Humber Arm Allochthon (Williams, 1975), and overlies melanges and 

transported slices of Laurentian shelf slope sediments in the Humber Arm Supergroup 

(Stevens, 1970). The Skinner Cove Fonnation and correlative units are overlain by higher 
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igneous slice assemblages of island arc volcanics and back-arc ophiolites (Jenner et al., 

1991), of which the ophiolite units are topmost and farthest-travelled (Williams, 1975). 

Transport of the Skinner Cove Formation appears to have started with its inclusion 

in the mid-Ordovician assembly of the Humber Ann Allochthon imbricate stack and 

emplacement onto the Laurentian margin (Williams, 1975). Further movement of some 

100-200 km may have occurred in the late Silurian during further cratonward transport of 

much of western Newfoundland (Stockmal and Waldron, 1993). The structural position 

of the Skinner Cove Formation in the allochthon as well as its geochemistry and age 

suggest that it formed close to the Iapetan margin of Laurentia, as will be discussed later. 

1. 3 General geology of the Skinner Cove Formation 

The Skinner Cove Formation (Williams, 1975) was first identified (and mapped) 

by Troelsen (1947) as the Skinner Cove Volcanics. Rocks of the Skinner Cove Formation 

are best revealed in coastal bluff and wave cut platform exposures beneath the Table 

Mountain massif along the frontal edge of the Humber Arm Allochthon. The field area is 

accessible by a -4.5 km long trail from highway 431 between Trout River and Woody 

Point, within the boundary of Gros Mome National Park (Figure 1). 

Skinner Cove volcanic rocks are a differentiated assemblage of interlayered 

volcanic and volcaniclastic units cut by subvolcanic dykes. Most units are laterally 

discontinuous, remarkably fresh and relatively undeformed, dipping steeply to the 
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Figure l. Outcrop sketch map and sampled sites of the Skinner Cove Formation (adapted from Baker, 1979). 
Regional relation of the Skinner Cove Formation with late Neoproterozoic alkali units of the northeast Appalachians 
Humber Zone is shown in Figure 7. 



southeast and trending northeast-southwest, parallel to the coast. 

Units of the type area Trout River slice have been defined in three members: a 

basal Main Sea Stack member, an extensively brecciated and volcaniclastic rich Wallace 

Brook member, and the trachyte-only Red Fire Brook member (Baker, 1979). No basal 

or top contact relations are observed for any of the three members, and their stratigraphic 

order is established by other local field relations. Little to no penetrative deformation is 

present in units of the type area Trout River Slice (Baker, 1979; Williams, 1995). Total 

thickness of the Skinner Cove Formation volcanic pile is estimated at 0.8 km (Baker, 

1979). 

Four main volcanic compositions are present in the members: Ankaramite, alkali 

basalt, trachybasalt, and trachyte. The more distinctive lithologies present include: black 

pillow basalts with limestone filled interstices, purple trachybasalt and dark ankaramite 

flows, red volcanic breccias, reworked volcaniclastic tuffs with volcanic clasts, brecciated 

basalt fragments in calcite cement, and massive trachyte. 

Major element geochemistry performed on the Skinner Cove volcanics (Strong, 

1974; Baker, 1979) shows all rock types present to be strongly alkalic. Ti02 content is 

typically high in the alkali basalts, averaging 3.24% by weight. Trace element 

concentrations determined by X-Ray Fluorescence (Baker, 1979) show alkali basalts to 

have elevated LREE relative to chondrite, with Nb averaging 70 ppm, La 99 ppm, Ce 163 

ppm. Zr concentration averages 233 ppm in alkali basalts, and Zr/Y ratios are high, 
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ranging from 5.4 to 12.4, indicating an original alkalic magmatic affinity. Major and trace 

element abundances are summarized from Baker ( 1979) in Table 1. 

Zeolite facies metamorphism is indicated by the presence of brown fibrous zeolite 

and analcime-quartz in ankaramite, and analcime-quartz in other rock types. While minor 

epidote and pumpellyite have been identified in trachyte, this is interpreted to be due to 

the felsic chemical composition, rather than an indicator of metamorphic condition (Baker, 

1979). 

Brachiopod fragments and graptolites which implied a late Cambrian-early 

Ordovician age for the Skinner Cove Formation (Williams, 1975), have since been 

determined to come from a melange that is not in stratigraphic continuity with other rocks 

of the formation (Williams, 1995). A U-Pb zircon age of 550.5 +3/-2 Ma (McCausland, 

1995) has been obtained from an ankaramite flow (site 2) in the volcanic pile, and is 

reported in Cawood and others (submitted). The sampled ankaramite flow lies atop greater 

than lOOm thickness of flows and interlayered, reworked tuffs and breccias (Baker, 1979). 

Hence, the ca. 550 Ma date obtained from the zircons likely represents the age of the 

Skinner Cove Formation. 

U-Pb sampling, 14 of the 16 palaeomagnetic sites, and the conglomerate test were 

drawn from units of the Main Sea Stack member (Figure 1). Site 7 was obtained from 

pillow basalt of the Wallace Book member, while site 6 was obtained from trachyte of the 

Red Fire Brook member. The two trachyte dykes sampled from the Main Sea Stack 
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Tablel: Average major and trace element abundances, Skinner Cove Formation* 

Ankaramite** Alkali Basalt Trachybasalt Trachyte 

av. s.d. av. S.d. av. s.d. av. s.d. 

Si02 40.74 1.16 44.46 2.28 50.16 2.05 60.04 1.74 
Ti02 3.68 0.51 3.24 0.53 l.74 0.52 0.25 0.23 
A!zOJ 13.19 0.88 15.65 0.89 16.73 0 .69 18.49 0.55 
Fez03 7.29 l.04 5.49 2.04 4.38 1.68 2.57 1.03 
FcO 5.56 1.03 5.8 1.34 4.80 1.65 1.88 0.64 
MnO 0.22 0.12 0 .29 0.16 0. 18 0 .06 0.16 0.05 
MgO 8.37 2.04 5 . 14 1.43 3.41 1.54 1.03 0.74 
CaO 11.88 1.53 7. 13 1.61 4.21 1.81 1.31 o.n 
Nap 2.22 0.41 4 .08 0.84 4.64 1.08 5.56 l.31 
~0 0.64 0.32 1.58 0.73 3.27 1.95 5.93 1.75 
PPs 0.72 0. 10 1.10 0.41 0.81 0 .17 0.07 0.03 
LOI 4.84 0.92 5.50 1.29 4.82 1.14 2.52 0.79 
Total 99.34 0.71 99.46 0.98 99.15 0 .93 99.80 1.18 

Zr 205.9 8.8 233.2 89.7 310.3 60.9 761.3 307.7 
Sr 687.7 142.2 740.0 274.3 638.1 164.9 228.9 109.0 
Rb 8.4 5.6 18.1 8.5 33.9 22.0 81.4 34.0 
Zn 108.4 7. 1 119.5 8.4 133.4 11.8 144.9 30.4 
Ba 296.2 62.5 823.7 673.2 1503.1 1803.0 431.0 145.3 
Nb 46.3 4.3 70.5 13.6 104.9 14.8 203.4 47.2 
Ga 18.3 1.1 19.4 2.4 20. 1 1.4 19.9 4.9 
Pb 6.1 0.3 6 .8 0.6 7.4 0 .7 10.1 1.7 
Ni 139.3 101.0 19.9 21.4 11.1 1.5 16.1 4.2 
La 74.1 4.2 99.2 18.3 121.1 15.1 177.5 25.9 
Cr 152.5 127.6 26.5 28.6 6.0 
v 262.1 15.3 188.7 53.3 83.6 41.0 4.3 2.6 
y 19.8 1.1 22.7 1.6 26.3 2.9 36.6 7.4 

Cc 112.9 9.9 157.0 29.0 194.9 26.4 313.3 146.7 

n 10 23 10 8 

Averaged from analyses presented in Baker (1979) . n = number of samples averaged 

* Major element abundances in wt %; trace element abundances in ppm 
**Ankaramite average includes three Ti-rich "pyroxene phyric basalt" samples 
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member (sites 10, 14) may represent feeder dykes for the Red Fire Brook member. The 

numbering of sample sites in Figure 1 has no stratigraphic significance. 
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Chapter 2: Palaeomagnetic methods and results 

2.1 Palaeomagnetic sampling and methods 

Ninety-seven oriented block samples were collected for palaeomagnetic study from 

the 16 sites shown in Figure 1. Each site is represented by at least six samples. In addition, 

36 oriented block samples were collected for an intraformational conglomerate test from 

volcanic clasts in a reworked tuff. Block samples were oriented with the aid of a sun 

compass. Strike and dip at each site were determined from interbedded tuffs. Cylindrical 

specimens with 2.4 em diameter and 2.1 em length were cut from the oriented samples in 

the laboratory. 

Remanent magnetizations in the oriented specimens were measured using a 

Schonstedt SSM-1 spinner magnetometer. A specimen from each block sample was 

subjected to stepwise alternating-field (AF) demagnetization using a Schonstedt 

demagnetizer GSD-1. Some specimens (at least one per site) were subjected to stepwise 

thermal demagnetization using a Schonstedt TSD-1 demagnetizer. The remanence direction 

and intensity were measured after each step in demagnetization and are listed in Appendix 

A for each sample. 

Orthogonal vector plots of the detailed stepwise demagnetizations allowed straight 

line segments to be identified by visual inspection (Zijderveld, 1967), and to be 

quantitatively resolved with principal-component analysis (Kirschvink, 1980). 
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2.2 Palaeomagnetic results 

Examples of typical demagnetization behaviour for samples from the four main 

rock types of the Skinner Cove volcanics are shown in tilt-corrected orthogonal vector 

plots (Figure 2). 

A trachybasalt sample from site 3 (Figure 2a) exhibits an initial change in direction 

during AF demagnetization with the removal of a small viscous component, but above -20 

mT (200 Oe) the remanence maintains a southeasterly down direction as intensity decreases 

towards the vector plot origin. Thermal demagnetization of a second specimen from the 

same block sample shows similar behaviour (Figure 2b), with remanence above -3ooac 

showing little change in its southeasterly down direction. A pair of alkali basalt specimens 

from a site 4 block sample show broadly similar demagnetization characteristics, with a 

southeast and down magnetization isolated at coercivities higher than 25 mT (Figure 2c) 

and at unblocking temperatures higher than 300aC (Figure 2d). 

Demagnetizations of trachyte samples tended to be more complex, with behaviours 

broadly divisible into two families on the basis of NRM intensity. Trachyte with higher 

NRM intensity C 1 A/m) was evident in nine out of the 22 trachyte samples from three 

sites, including all six samples of site 6. These nine samples exhibit a low-coercivity 

remanence that decays towards the origin of an orthogonal vector plot, dominated by a soft 

viscous magnetization which is mostly removed by 30 mT. Thermal demagnetization and 

careful AF demagnetization reveal a hard, southeast and down directed remanence of 
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Figure 2. Comparison of alternating field (AF) demagnetizations (a,c,e,g) with 
thermal demagnetizations (b,d,f,h) for specimens from a site 3 trachybasalt sample (a),(b), 
a site 4 alkali basalt sample (c),(d), a site 14 trachyte sample (e),(f), and a site 1 
ankaramite sample (g),(h). Thermal demagnetizations were preceded by AF 
demagnetization to 10-15 mT, as indicated. Orthogonal vector plots show decay projected 
in the UP-S (E-S) plane with closed (open) circles. 
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typically less than 20% NRM intensity which persists to coercivities of -so mT and 

unblocking temperatures of -540°C. Thirteen lower NRM intensity trachyte samples (.1 

to .01 Nm), including all six from site 10, are difficult to interpret (Figure 2e,t), as the 

remanence intensity approaches the resolution of the demagnetization and measurement 

techniques. During AF demagnetization (e.g. Figure 2e), measured remanence directions 

become unstable at coercivities above -35 mT, or are undiminished by further AF 

treatment, suggesting the presence of a haematite-based component. Thermal 

demagnetization resolves a component between 575°C and 675°C that decays to the 

origin, corresponding to a component magnetization based in haematite (Figure 2t). 

Ankaramite block samples typically exhibit a low coercivity and unblocking 

temperature remanence, which is removed by -25 mT or 350°C. In block samples from 

site 1, an additional remanence of typically less than 20% NRM intensity with a southeast 

and down direction is resolved at higher coercivity and unblocking temperatures to -45 mT 

and 575°C (Figure 2g,h). 

The soft viscous remanent magnetization (VRM) initially removed in the specimens 

of Figure 2 is present in most block samples, and is resolvable in forty-seven. VRM 

appears to be fully removed by AF demagnetization to 20 mT or thermal demagnetization 

to 300°C in most specimens. However, a few specimens required 30 mT or 400°C to 

completely remove VRM. Specimen VRMs typically have a north, steep down in-situ 

direction, with Formation mean 0=3510, 1=72.4° (~5 =8.2° k=36.2, N=lO sites). This 
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direction is similar to the present Earth field direction (D=335, 1=72°) at the sampling 

sites, and is likely of recent origin. 

For 25 specimens, the existence of any component beyond a VRM could not be 

resolved due to remanence above 25 mT or 350°C being unstable or too weak to be 

measured. In the other 71 specimens, a stable remanence direction is resolvable by least 

squares line fitting to vector plots, excluding coercivities below 20 mT and unblocking 

temperatures below 300°C to avoid contribution from VRM. 

A tilt-corrected southeast and down characteristic remanence (here called the' A' 

component) is resolved in 62 of the specimens with stable remanence, of which 57 

contribute to 10 ' A' site means (Table 2). It is recognized as a high coercivity and 

unblocking temperature component that usually decays linearly towards the origin of a 

vector plot. The' A' component is fully removed between 520°C and 580°C, showing that 

it is likely carried by magnetite. 

Stable component magnetizations carried by magnetite with directions other than 

'A' have been identified in ten specimens. Four specimens at site 7 retain a high 

coercivity, high unblocking temperature west-southwest and up 'B' component (all 

directions tilt corrected) which is distinct from VRM and decays toward the origin (Table 

2). All five specimens from site 8 along with one sample from site 16 display a high 

coercivity, high unblocking temperature southeast, up 'C' component. These other 

component directions do not coexist with the 'A' component in any specimen or sample. 
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Table 2: Skinner Cove Formation ~alaeomagnetic results 
Site Rock type Str Dip N NT D I 0' r a; 95 k 

Cl n n Cl Cl n (o) 
A: 6 Trachyte 073 80 6 A&T 17.::!. 78.2 155.9 19.7 14.0 23.7 

1 Ankaramite 057 70 5 A 98.3 89.3 146.5 19.5 12.0 41.9 

3 Trachybasalt 062 67 6 A&T 341.3 56.3 142.7 56.0 9.2 54.4 

4 Alkali Basalt 062 67 5 A 7.4 71.4 138.5 37.6 5.6 188.9 

9 Alkali Basalt 044 69 6 A 314.8 72.7 133.6 38.3 10.7 40.4 
5 Alkali Basalt 044 69 6 A&T 310.6 51.0 138.3 59.8 13.9 24.1 
12 Ankaramite 053 62 2 A&T 205.4 81.8 150.9 24.0 
11 Mafic Dyke 057 56 4 A&T 207.6 80.3 156.7 28.8 17.5 28.6 
10 Trachyte Dyke 057 56 3 A&T 151.2 70.1 148.8 14.1 30.2 17.8 

15 Trachybasalt 059 77 5 A&T 345.0 79.4 145.8 23.2 8.5 8 1.9 

14 Trachyte: Dyke: 059 72 9 A&T ::!.19.1 87.8 15l.L 17.2 11.1 22.4 

13 Mafic D~ke 050 80 5 A&T 16. 1 77.2 128.9 16.9 14.5 28.7 
MEAN OF 10 'A' SITES -IN SITU 336.7 78.0 9 .7 25.9 

- TILT CORRECTED 144.4 31.5 10.8 21.1 
B: 7 Alkali Basalt 020 78 4 A 143.2 -38.2 247.3 -50.5 12.7 53 .0 

C: 8 Alkali Basalt 044 69 5 A&T 153.5 18.4 161.2 -46.2 20.7 14.6 

16 Mafic D~ke 062 67 1 T 151.8 23.6 151.8 -43.4 

*Sites 10, 12 not used for calculating mean of "A" sites due to insufficient number of 
samples 
Str, Dip = Strike, Dip in degrees of bedding used for tilt correction; N = number of 
samples which contribute to the site mean; AfT = AF or Thermal demagnetizations; D, 
I = Declination and Inclination in situ; D', I' = Declination and Inclination after tilt 
correction; a 9s = circle of 95% confidence about mean direction; k - precision 
parameter estimate 
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There appears to be a small magnetization component held by haematite, resolved 

with thennal demagnetization above 600oC in seven specimens from 6 sites. The resolved 

haematite magnetization directions define a horizontal swath from southwest to southeast 

when tilt corrected, and do not seem to have a clear relation to any one of the magnetite

based components. 

2.3 Rock magnetism 

Curie balance heatings in a 100 mT field for 16 samples representing all four rock 

types drawn from the ten sites with ' A' component remanence and the conglomerate test 

clasts show that magnetite is the dominant magnetic mineral. Observed Curie points range 

from -530°C for the trachyte to -ssooc for most samples of other rock types. A fraction 

of haematite is also identified in five specimens which remain slightly magnetic at 

temperatures between 580°C and 640°C. Intensities of magnetization measured during 

cooling are similar to those found during heating, implying that there is little creation or 

destruction of magnetic phases during thermal demagnetization. 

Hysteresis loops were traced for several samples from ankaramite, alkali basalt, 

trachybasalt, and trachyte. In all cases the ratio of saturation remanence to saturation 

magnetization suggests that the magnetite is dominantly pseudo-single domain, rather than 

single domain. 

Backscatter electron microscopy with capability of semi-quantitative analysis was 
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used to examine polished sections from the four rock types. Large (80 #'m) magnetite 

grains in alkali basalt, trachybasalt and ankaramite samples are finely subdivided by 

intergrowth with a titanium-rich phase, likely ilmenite. Typically, grains in trachyte are 

smaller C 10 JLffi), and contain less Ti than similar grains in the more mafic volcanics, but 

show patchy Ti-enriched portions which may be due to unresolved exsolution lamellae. 

Most larger magnetite grains in the alkali pillow basalt (site 4), ankaramite (site 1), and 

an amygdaloidal basalt conglomerate test clast had ilmenite lamellae in their cores, with 

titanium-free cracks and margins and a rim of rutile grains (Plate 1). 
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Plate 1. Backscatter photomicrograph of amygdaloidal clast 18794-2 typical 
titanomagnetite grains. Rutile occurs as a dark phase along grain boundaries and cracks, 
while magnetite is brightest, hosting darker grey Fe-Ti rich patches which may represent 
areas of ilmenite lamellae development. 
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Chapter 3: Tests for primary remanence 

3. l Fold test 

For this study, there is no significant change in the clustering of the lO 

characteristic· A' component site mean directions when tilt correction is applied. The fold 

test is thus inconclusive, as expected since there is little variation in bedding attitude 

throughout the exposed section. 

Previous palaeomagnetic work on the Skinner Cove volcanics is summarized in an 

abstract by Beaubouef et al. (1988). They report a palaeolatitude of -12oS and a "large 

declination anomaly" for remanence of Skinner Cove volcanics from a site at Beverley 

Head, a nearby slice under the North Arm massif. The presence of Skinner Cove volcanics 

with similar tilt corrected remanence inclination, but different declination implies that the 

characteristic remanence predates relative tectonic rotation of the slices in the Humber Arm 

Allochthon, suggesting that the characteristic remanence predates mid-Ordovician 

(Taconic) transport (Beaubouef et al., 1988). However, rotation of slices relative to one 

another could have happened in the late Silurian to mid Devonian during orogenic 

reactivation (Cawood et al., 1988), or during the movement of much of western 

Newfoundland as part of a greater Port au Port Allochthon (Stockrnal and Waldron, 1993). 
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3. 2 Intraformational conglomerate test 

An intraformational conglomerate test (Graham, 1949) was performed using 

samples collected from clasts of blocky trachybasalt and rounded amygdaloidal basalt in 

a layered, reworked tuff (Plate 2) that overlies a trachybasalt flow (site 3). The sampling 

location lies stratigraphically -2m above the trachybasalt flow and -wm below the 

overlying 2m thick U~Pb dated ankaramite flow (site 2). Results for specimens from the 

21 trachybasalt and 15 amygdaloidal basalt clasts are presented in Appendix A. 

Trachybasalt clast specimens typically display two well resolved component 

magnetizations (Figure 3a-b). A soft component is removed by -15 mT (150 Oe) or 

300 o C. It is resolved in 13 clasts and has a consistent northwest and steep down in situ 

direction (0=310°, 1=81°; a95 =22.5°, k=4.3; N=l3), which is close to the present 

Earth's field direction and is likely a recent VRM. 

A hard component resolved in 20 clasts has coercivities mainly greater than 30 roT 

and unblocking temperatures greater than 400°C. This stable, hard component of 

magnetization has similar demagnetization behaviour to that observed in specimens drawn 

from the underlying site 3 trachybasalt, and shows a large scatter of directions among the 

20 clasts (Figure 4a). A statistical test of randomness (Watson, 1956; Irving, 1964) shows 

that the 20 scattered hard component directions pass the intraformational conglomerate test 

(i.e. the specimens' unit vector sum R=5.38 is less than the Ro = 7.17 expected for 20 

specimens at the 95% confidence level). 
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Plate 2. Blocky trachybasalt and rounded amygdaloidal (alkali) basalt clasts 
sampled from an intraformational tuff for the conglomerate test. Scale pen is 14 em long. 
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Figure 3. Orthogonal vector plots of thermal (a),(c) and AF (b) ,(d) demagnetization 
of representative samples from conglomerate test clasts: Trachybasalt clasts (a),(b); 
Amygdaloidal alkali basalt clasts (c),(d). Decay paths for each sample are projected in the 
UP-S (E-S) plane with closed {open) circles. 
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Amygdaloidal basalt clast specimens typically behave as shown in Figure 3c-d. A 

soft component is removed by demagnetization to -25 mT or -400°C. It is well resolved 

in all 15 clast specimens, and has a mean in situ direction (0=350°, 1=83°; a9s=4.8°, 

k=64.9; N= 15) close to the present Earth's field direction and is likely a recent VRM. 

A hard component of magnetization is also present in 11 of the 15 arnygdaloidal 

clast specimens, but is more difficult to resolve, since it begins to be removed at -15 mT 

or -3oooc while much of the dominant soft component is still present. The arnygdaloidal 

basalt clast hard component directions scatter loosely (Figure 4b), but are not statistically 

random (unit vector sum R=9.33, greater than Ro=5.28 expected for 11 specimens at the 

95% confidence level). The hard remanence appears to be mostly overprinted, with a tilt

corrected mean direction ofD=l45; I=5.r {a9s=20.0°, k=6.2; N=ll). 

Equal area stereoplots of hard component directions from trachybasalt and 

amygdaloidal basalt clasts are presented in Figure 4. 

3. 3 Primary remanence and evidence for an overprint 

The positive conglomerate test (Figure 4a) proves that magnetite-borne remanence 

in trachybasalt with coercivities above 15 mT and unblocking temperatures above 300oC 

was acquired before the incorporation of the trachybasalt clasts into the intraformational 

tuff (Graham, 1949). Hence, the 'A' component direction dates from the ca. 550 Ma age 

of the volcanics. 
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directions for conglomerate tests based on (a) 20 trachybasalt clasts, and (b) ll 
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This is consistent with the zeolite facies metamorphism of the Skinner Cove 

volcanics which implies heating to less than 200aC (Liou et al., 1991; Beiersdorfer and 

Day, 1995). Even if applied for a million years, heating to 200°C should not have 

thermoviscously reset magnetite with unblocking temperatures above 300°C, according to 

single domain theory (Pulliah et al., 1975), whereas the' A' component mostly resides in 

magnetite with unblocking temperatures above 400°C. Any thermoviscous remagnetization 

with anomalously high unblocking temperatures (Middleton and Schmidt, 1982) should 

reside in soft multidomain magnetite (Dunlop et al., 1997) and should have been removed 

by the AF demagnetization to -15 mT which preceded all thermal demagnetizations in this 

study (e.g Figure 3a,c). 

The non-randomness of the amygdaloidal basalt clast hard component scatter 

(Figure 4b) is puzzling, in light of the positive conglomerate test using trachybasalt clasts 

with similar high coercivity and high unblocking temperature magnetite-borne remanence. 

The amygdaloidal basalt clasts appear to be overprinted by a high coercivity, high 

unblocking temperature remanence which cannot be a thermoviscous overprint for the 

reasons given above. 

Amygdaloidal basalt clasts may carry a thermo-chemical overprint of high 

coercivity and high unblocking temperature, acquired through heating of the conglomerate 

during emplacement of the overlying flows. This best explains both the source of heating 

for the thermo-chemical process and the similarity of a partial overprint remanence 
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direction to the 'A' remanence direction of the surrounding flows. Although this direction 

is also similar to the present Earth's field direction, there is no known Tertiary thermal 

event hot enough to cause the overprint. A Taconic or Siluro-Devonian thermal event is 

possible, but likely would not have magnetized the rocks in a steep down direction. 

The mechanism for the acquisition of a thermo-chemical overprint is uncertain, but 

may involve the following process. Although basaltic rocks usually crystallize with 

titanomagnetite of high titanium content, the titanomagnetite in subaerial and intrusive 

basaltic rocks usually oxidizes during initial cooling to a fine intergrowth of ilmenite and 

magnetite with Curie point near 580oC (Ade-Hall et al., 1971). However, in submarine 

basalts the titanomagnetite often remains unexsolved with a Curie point near 150°C (Ade

Hall et al., 1976). Subsequent burial beneath a lava pile can cause zeolite facies 

metamorphism which often alters the titanomagnetite to a -sgooc Curie point magnetite 

containing fine rutile granules (Ade-Hall et al., 1971). 

This seems to have occurred to the conglomerate test amygdaloidal basalt clasts, 

except that less oxygen was available to the cores of the titanomagnetite grains, which 

exsolved ilmenite instead, rutile being mostly restricted to the margins of the grains (e.g 

Plate 1). That is, the amygdaloidal basalt clasts seem to have been incorporated into the 

conglomerate with unexsolved titanomagnetite of too low a Curie point for stable 

remanence. During burial by contemporaneous overlying flows, zeolite facies 

metamorphism occurred, causing titanomagnetite to exsolve ilmenite (in grain cores) and 
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rutile (at grain margins and in cracks), raising the Curie point to 580°C and stably 

magnetizing the clasts in the same direction as the overlying flows. This may also have 

happened in the pillow basalt flow (site 4) which is the only 'A' site sampled from an 

obviously submarine setting. 

The likely contemporaneous origin of the overprint in amygdaloidal basalt clasts, 

and the absence of any overprint in the trachybasalt clasts indicates that the hard 'A' 

component remanence recognized in flows and dykes of the Skinner Cove Formation is 

likely primary, acquired at -sso Ma by thermoviscous and possibly in site 4, thermo

chemical mechanisms during the time of flow and conglomerate emplacement at -550 Ma. 

The hard 'B' component remanence is found only in site 7 pillow basalt, the only 

site from the Wallace Brook member (Baker, 1979). It is similar to the 'A' component in 

demagnetization characteristics, and may represent a reversal, although it is not strictly 

antiparallel to 'A'. The hard 'C' component remanence may be a Kiaman-type overprint 

acquired during post-folding orogenic activity, since it is found in samples drawn from the 

lowermost exposed units (sites 8, 15) in the structural slice and has an in situ south

southeast, shallow down direction. 

Figure 5 shows a stereoplot of the 10 'A' sites and their mean. The tilt corrected 

southeast and down mean direction derived in Table 2 for the Skinner Cove Formation is 

D= 1440, 1=31.5°, with ~5= 10.8° and precision parameter k=21.1. This result yields 

a palaeolatitude of 17.1 os +7.4 °/-6.3°. Calculation of a mean pole and ~s from 'A' site 
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Figure 5. Equal area stereoplot of the ten tilt-corrected 'A' component site mean 
directions (Table 2). The formation mean direction derived from them is D = 144 o, 

1=31.5°; a95 =10.8°, k=21.1. Down directions marked by closed circles. 
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virtual geomagnetic poles (VGPs) gives a palaeolatitude of l8.6°S +9°. The latter will 

be used below for comparison with palaeolatitudes calculated from other published 

palaeopoles. 
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Chapter 4: Discussion 

4.1 Relation to laurentia 

Although the Skinner Cove volcanics have been transported, their palaeolatitude 

should constrain Laurentia at -sso Ma, since an original relation with Laurentia is implied 

by local structural associations as well as regional age and trace element geochemistry 

correlations with other Humber Zone units. 

Within the Humber Arm Allochthon imbricate stack, units of the Skinner Cove 

Formation overlie Laurentian shelf slope sediments of the Humber Arm Supergroup, 

implying that the two were originally adjacent before their mid-Ordovician obduction. 

Within the Skinner Cove Formation, the lateral discontinuity of units, evidence for 

subaqueous eruption of some units and clastic indicators of locally steep palaeoslopes 

favour an oceanic volcanic setting, while the lack of continentally-derived sediments rules 

out a strictly continental rift setting. On the basis of these observations, Baker (1979) 

suggested that the Skinner Cove volcanics formed as an oceanic seamount near the margin 

of Laurentia. 

Tectonic discrimination plots (e.g Meschede, 1986) using immobile elements Zr, 

Y, Ti, Nb indicate a within-plate setting for the Skinner Cove Formation alkali volcanism 

(Figure 6), either associated with continental rifting, or with a mantle plume. Titaniferous 

alkali basalts with similarly high Zr/Y, Nb/Y, and generally enriched LREE are found as 
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Figure 6. Tectonic discrimination plot (Meschede, 1986) using trace elements Zr, 
Y, and Nb concentrations. The 23 alkali basalt samples analysed by Baker (1979) from the 
Skinner Cove volcanics plot in the within-plate alkali field, reflecting their strongly alkali 
character. AI, All fields -Within plate alkali; All, C fields- Within plate tholeiite; B, D 
fields- Mid Ocean Ridge Basalts; C, D fields- Volcanic arc basalt. 
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allochthonous units in the Chaudiere River Nappe and Drummondville Olistostrome (Olive 

et al., 1997), as well as the Ste-Anne River Nappe (Camire et al., 1995), and are 

interpreted to be lateral equivalents of the Tibbit Hill metavolcanics (St-Julien and Hubert, 

1975). These units are thought to have a Laurentia-related seamount origin similar to that 

of the Skinner Cove volcanics (see Fyffe and Swidden, 1991). 

The Tibbit Hill metavolcanics have been dated at 554 +4/-2 Ma (U-Pb zircon, 

Kumarapeli et al., 1989), and have a confirmed continental setting in the Green Mountains 

of Vermont, where they rest on Grenville basement (St-Julien and Hubert, 1975). Similar 

aged magmatism is present in the Humber Zone of western Newfoundland, where the Lady 

Slipper Pluton occurs in association with allochthonous Grenvillian basement gneiss and 

unconformably overlying passive margin sediments. A tonalitic gneiss of the pluton was 

dated at 555 +31-5 Ma (U-Pb zircon; Cawood et al., 1996), with a -1500 Ma inherited 

component interpreted to come from the local Grenville basement of the Laurentian 

margin. The Lady Slipper Pluton likely represents the margin-intrusive equivalent of the 

ca. 550 Ma Skinner Cove Formation and other margin-edge Humber Zone alkali volcanics 

(Cawood et al . , submitted). 

Figure 7 shows the distribution of selected latest Neoproterozoic failed rift grabens 

and magmatic features of the northeast Appalachians. Similarity of age, trace element 

geochemistry and tectonic setting favours a common, regional origin for the Tibbit Hill, 

Quebec Humber Zone alkali volcanics, Lady Slipper Pluton and Skinner Cove volcanics. 
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Figure 7. Distribution of selected rift-related and magmatic features along the incipient latest Neoproterozoic 
Iapetan margin of Laurentia. Deformed, variably transported units of the margin are marked by the Humber Zone 
(outlined in stipple). Units with ages are dated by the U-Pb zircon method (references in text). Failed rift graben 
(Kumarapeli, 1993; Murthy et al., 1992) are outlined within spiked line pairs. Abbreviations for Quebec Humber Zone 
alkali volcanics (Camire et al., 1995) are: CRN- Chaudierre River Nappe; DO- Drummondville Olistostrome; SAR
St. Anne River Nappe. 



4.2 Late Neoproterozoic palaeomagnetism of Laurentia 

The l8.6°S +9° palaeolatitude derived from site VGPs for the Skinner Cove 

Formation constrains the Iapetus margin of Laurentia, implying that Laurentia occupied 

an equatorial position at -550 Ma. Figure 8 presents the palaeolatitudinal drift history of 

the Newfoundland segment of the Laurentian margin, calculated for published Laurentian 

palaeopoles from 580 Ma to 510 Ma which have well-constrained magnetization ages 

(Table 3). 

Recently tabulated Laurentian poles of ca. 550 Ma age (Meert et al., 1994; 

MacNiociall and Smethurst, 1994; Torsvik et al., 1996) typically have poor control on the 

age of magnetization. For example, the Buckingham volcanics of Quebec (Dankers and 

Lapointe, 1981) have yielded only an imprecise whole-rock K-Ar age of 573 +32 Ma 

(Lafleur and Hogarth, 1981). The Long Range Dykes of Labrador have a K-Ar (biotite) 

date of 553 +22 Ma (Wanless et al., 1970), which is interpreted as the age of a 

remagnetization event giving a low-inclination remanence direction (Meert et al., 1994). 

However, a baked contact test suggests the low-inclination remanence corresponds to the 

crystallization age of the dykes (Murthy et al., 1992) given by U-Pb zircon and baddelyite 

dates of 615 +2 Ma (Kamo et al., 1989) and 614 +6/-4 Ma (Kamo and Gower, 1994). 

The Double Mer Formation red beds of Labrador (Murthy et al., 1992) have a low

inclination remanence like the Long Range Dykes, but poor age control. 

The Buckingham volcanics, Long Range Dykes, and Double Mer Formation poles 

33 



o NEOPROTEROZOIC CAMBRIAN 
0 

: : TAP 

--------~------------ ---~---- ------------~~------- ---

JRU 
f I MH 

' 

0 ' ' ' 
E)() - --------~------ ----------~---- ------------1-----------------

SIB 

,., r-H 
Cf ~ CAA11 

0 I I I' 
eo~--~~1--~1 ~-~1 ~1~~1--~ 

580 570 560 550 540 530 520 51 0 

Age (Ma) 

Figure 8. Palaeolatitude plot of the west Newfoundland segment of Laurentia's 
Iapetan margin calculated from late Neoproterozoic to Cambrian Laurentian palaeopoles 
(Table 3). Abbreviations are: CAA -Catoctin ... A' component; CAL -Callander Complex; 
JRU -Johnnie Rainstorm Fm, Unrotated; MH -Moores Hollow; SIB -Sept lies ... B' 
component; SKF -Skinner Cove Formation; TAP -Tapeats Sandstone. 
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Table 3: Palaeolatitude of the west Newfoundland Iapetan margin between 580 Ma and 
510 Ma calculated from published poles for Laurentia.* 

Unit : Aee <Mal : Palaeopole** : ACK : K : Palaeolatitude 

*Palaeolatitude calculated for present-day Skinner Cove location 49.5°N, 302°E (see text). 
**North palaeopole calculated as the mean of site VGPs (Virtual Geomagnetic Poles), with 
A95 being the circle of 95% confidence about the mean pole direction, and K is the 
precision parameter. 
•skinner Cove Fm pole is a proxy for Laurentia, but does not account for possible net 
tectonic rotation relative to the craton. 
Ages obtained from biostratigraphic (bio) or radiometric (U-Pb) methods. 
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are excluded from Figure 8, since their uncertain age of magnetization makes them of only 

limited support for the discussion below. However, a regional (thermal?) remagnetization 

event at -sss Ma most plausibly accounts for the similarity of low-inclination directions 

between these three studies, and may be related to the regional activity which produced the 

ca. 555-550 Ma Tibbit Hill, Skinner Cove, and Lady Slipper magmatism. 

Sandstones of the dual-polarity Johnnie Formation (Rainstorm member) of Nevada 

are estimated to be -w Ma older than the Precambrian-Cambrian boundary (cf. Meert et 

al., 1994), giving an age of -555 Ma using the timescale of Tucker and McKerrow (1995). 

The (unrotated) pole derived for the Johnnie Formation (van Alstine and Gillett, 1979) 

implies a low southerly palaeolatitudinal position for Laurentia at roughly 555 Ma (Figure 

8), which supports the -550 Ma Skinner Cove Formation result. An equatorial to low 

southerly palaeolatitudinal position for Laurentia is also supported by early to mid 

Cambrian poles (fable 3, and Elston and Bressler, 1977; Farrand Gose, 1991) , implying 

that Laurentia remained at low palaeolatitudes from -550 Ma onwards through the 

Cambrian. 

The Callander Complex of Ontario is well-constrained in age (577 + 1, U-Pb 

zircon; Kamo et al., 1995) and carries a primary remanence, demonstrated by a positive 

baked contact test (Symons and Chiasson, 1991). Comparison of its well-constrained 

palaeolatitude estimate for the Laurentian margin (87° +6°S) with the 18.6° +9°S Skinner 

Cove Formation result for -550 Ma implies a northward latitudinal drift rate for Laurentia 
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of -28 cm/yr (68°/27 Ma), with an uncertainty of-+ 10 cm/yr, if full advantage is taken 

of the 95% confidence ranges (Figure 8). 

An even higher apparent drift rate is implied by palaeopoles for the Catoctin 

volcanics (Meert et al., 1994) and the Sept Des anorthosite (fanczyk et al., 1987). For the 

Catoctin basalts, U-Pb ages (572 +5 Ma and 564 ±9 Ma; Aleinikoff et al., 1995) and a 

remanence that predates Taconic folding (Meert et al, 1994) imply that the Laurentian 

margin remained at high southerly palaeolatitudes of -86°S as late as -570 Ma. The Sept 

lies anorthosite' B' component (fanczyk et al., 1987) is less constrained in magnetization 

age, there being no proof of primary remanence. However, if the ' B' pole is primary, as 

reinterpreted by Symons and Chiasson (1991), then Laurentia started its rapid northward 

drift by 564 + 3 Ma (U-Pb zircon, Higgins and van Breemen, in press). 

Rapid northward apparent drift appears to have begun within -7 Ma of 570 Ma, 

based on the results from the Callander Complex, the Catoctin volcanics and the Sept lies 

Anorthosite. A latitudinal drift rate of -34 + 15 cm/yr for Laurentia seems to be the most 

reasonable estimate which can be derived from existing late Neoproterozoic Laurentian 

palaeomagnetic data, calculated for -68° of drift during the period between -570 Ma and 

-550 Ma. A rapid northward drift of Laurentia from high southerly palaeolatitudes to the 

equator between 580 Ma and 540 Ma has been proposed (Meert et al., 1993), with 

interpolated minimum (latitudinal) drift rates as high as 23 cm/yr (Gumis and Torsvik, 

1994). The Skinner Cove Formation result provides support for a high latitudinal drift rate 
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and constrains Laurentia to have reached an equatorial position by -550 Ma. 

Kirschvink and others (1997) recently presented evidence for a major true polar 

wander (fPW) event of some goo between -530 Ma and -515 Ma to account for much of 

the inferred rapid apparent motions of Laurentia and an assembled Gondwana, as well as 

apparent rotations of Siberia and Australia. Results from the Skinner Cove volcanics do 

not support a mid-Cambrian major TPW event since this would require Laurentia to reside 

near the south pole until -530 Ma instead of approaching the equator by -550 Ma as 

implied primarily by this study and the Johnnie Rainstorm result. A TPW contribution to 

apparently rapid latitudinal movements of Laurentia (and Baltica; Gumis and Torsvik, 

1994) is possible (Evans, 1998), but difficult to evaluate since there is a general lack of 

late Neoproterozoic palaeomagnetic data from other cratons. 

4.3 Implications for timin~: of Iapetus opening 

Alkali magmatism of ca. 555-550 Ma age along the Laurentian margin, followed 

by transgressive sedimentation at the time of the Precambrian-Cambrian boundary (Bond 

et al., 1984; Williams and Hiscott, 1987; Thomas, 1991) are together interpreted to mark 

the final stage of rifting between Laurentia and the proto-Andean margin of Gondwana 

along Rio de Ia Plata-Amazonia, signalling the birth of the Iapetus Ocean at -545 Ma (e.g. 

Dalziel, 1997). The Laurentia-Amazonia-Rio de la Plata association is attractive because 

it preserves the global budget of late Neoproterozoic rifted margins proposed by Bond and 
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others (1984). An ancestral association of Laurentia with these South American cratons is 

suggested by a geometrical fit of the reconstructed Labrador-Scotland promontory of 

Laurentia with the Arica embayment of South America (Dalziel, 1992), and supported by 

similarities in age of Grenvillian-aged basement (Dalziel et al., 1994; Wasteneys et al., 

1995), and possibly by the similarity of the late Neoproterozoic Puncoviscana Formation 

of northwest Argentina with rift deposits along Laurentia's Iapetan margin (Dalziel et al., 

1994). 

However, the geological interpretation for a rifting relation between these cratons 

at the Precambrian-Cambrian boundary is not consistent with -550 Ma palaeomagnetic 

data (e.g., Torsvik et al., 1996; this study) which imply a large separation of up to -75° 

between Laurentia and Gondwana's proto-Andean margin at that time. Gondwanan ca. 550 

Ma palaeopoles from the Mozambique belt (Congo), India and Australia (summarized in 

Meert and Vander Voo, 1997) would place Laurentia astride the south pole instead of near 

the equator, if a ca. 550 Ma rifting relation with the proto-Andean margin (Dalziel, 1997) 

is maintained. 

The discussion to follow will explore possibilities for reconciling the late 

Neoproterozoic palaeomagnetism with the geology, with the aim of proposing a 

palaeogeographic model for the much-disputed period between ca. 580 Ma and ca. 540 

Ma. 
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4.3.1 Palaeomagnetic constraints 

While no palaeomagnetic data for Gondwanan cratons during the critical late 

Neoproterozoic period are available, several poles of -550 Ma age are published. 

The position of Gondwana at -sso Ma may be constrained by the Sinyai Dolerite 

dike of Kenya, which intrudes gneisses of the Mozambique belt in Kenya as a solitary, 150 

m wide dyke (Meert and Van der Voo, 1996). It has a remanence that exhibits dual 

polarities but is interpreted to be a remagnetization, likely acquired at the dike's 40 Ar/39 Ar 

metamorphic biotite closure age of 547 +4 Ma. No tilt correction was possible for the 

result, although local tectonic rotation seems unlikely (Meert and Vander Voo, 1996). The 

dual polarity of the dyke remanence is considered to indicate that secular variation was 

likely averaged out over the time of remanence acquisition during the metamorphic cooling 

of the dyke. 

The Sinyai dyke pole is an uncertain constraint on the -sso Ma position of the 

Congo craton of Gondwana because the dyke's age of remanence acquisition may not be 

the biotite closure age, the dyke's palaeomagnetic data may require tilt correction, and the 

dyke's relation to the Congo craton may have changed since the remanence was acquired. 

Nevertheless, the similarity of the Sinyai Dyke pole with other ca. 550 Ma Gondwana 

paleopoles from India (McElhinny et al., 1978) and Australia (summarized in Li and 

Powell, 1993) support the interpretation of Meert and Vander Voo (1996). 

The ca. 550 Ma Gondwanan poles only represent the Rio de la Plata and Amazonia 
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cratons if no significant separations remained between constituent Gondwanan cratons at 

550 Ma. Wide separations between Gondwanan cratons appear to be unlikely across basins 

that are interpreted to be narrow, intracratonic or closed by that time (Unrug, 1996; 

Trompette, 1997). Assuming an assembled West Gondwana and a Dalziel (1997) 

reconstruction, the proto-Andean margin of Gondwana and Laurentia would occupy a 

position at the Sinyai Dyke south pole, instead of the equatorial position implied by the 

Skinner Cove Formation paleolatitude. The -550 Ma Gondwanan poles from India and 

Australia have poorly constrained age ( + 30 Ma and + 15 Ma, respectively), but still 

require the proto-Andean margin to reside at high southerly palaeolatitudes, some 60° 

from Laurentia's Iapetan margin as constrained by the -550 Ma Skinner Cove result. 

Other Gondwanan poles from the Cambrian imply the movement of Amazonia and 

West Africa cratons across the south pole during the Cambrian (Meert and Vander Voo, 

1997), lending support to the polar position of the proto-Andean margin implied by the ca. 

550 poles. If the proto-Andean margin and cratons of a nearly assembled Gondwana had 

travelled rapidly north with Laurentia during the late Neoproterozoic to rift from the its 

Iapetan margin at low southerly palaeolatitudes at -550 Ma, they must then have drifted 

rapidly south to occupy the south polar position implied by ca. 530-510 Ma poles from 

Gondwana. A continued south polar position for the proto-Andean margin throughout the 

late Neoproterozoic into the Cambrian, as implied by the poorly constrained -sso Ma 

Gondwanan poles, is the most plausible alternative. For the remainder of this discussion 
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the ca. 550 Ma Gondwanan palaeopoles are assumed to be approximately correct in age, 

representing an assembled or nearly assembled Gondwana supercontinent. 

The Laurentian poles have been discussed above, but a few remarks on the basis 

of their reliability are warranted: The Callander Complex (Symons and Chiasson, 1991) 

provides a well detennined near south polar position for Laurentia at -577 Ma, along with 

an adjacent proto-Andean margin of Gondwana, if the Laurentia-Amazonia-Rio de Ia Plata 

association and post 570 Ma timing of rifting is correct. The Callander Complex result is 

broadly supported by similar, but less well constrained high palaeolatitude results from the 

Catoctin basalts (Meert et al., 1994) and the Sept lies Anorthosite (Tanczyk et al., 1987). 

This study provides results from the -sso Ma Skinner Cove volcanics, which are 

not part of the Laurentian craton. If their above argued original relation with the 

Laurentian margin is correct, then the Skinner Cove volcanics constrain the Iapetan margin 

of Laurentia to low southerly palaeolatitudes at -550 Ma. Sandstones of the -555 Ma 

Johnnie Formation, Rainstorm member in Nevada also provide a low southerly 

palaeolatitude position for Laurentia (Figure 8), and are part of the craton, but may have 

been subject to tectonic rotation (van Alstine and Gillett, 1979). However, like the Skinner 

Cove volcanics result, a possible tectonic rotation of the Johnnie Rainstorm pole would not 

alter the latitudinal separation between Laurentia and its palaeopole, only Laurentia's 

orientation at low latitude would vary. In other words, net tectonic rotation about a vertical 

axis of the locally tilt-corrected palaeomagnetically sampled units does not alter the unit's 
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distance to its palaeopole. Hence, no net rotation of the Skinner Cove volcanics or Johnnie 

Rainstorm units would allow Laurentia to be closer to the south pole and the proto-Andean 

margin of Gondwana at -550 Ma. 

Other ca. 550 Ma cratonic poles for Laurentia (e.g. tabulated in Torsvik et al., 

1996) are similar to the Johnnie Rainstorm result, but have ages of magnetization that are 

less well constrained or tested. 

If an ancestral relation between Laurentia and the proto-Andean margin of 

Gondwana (Bond et at., 1984; Dalziel, 1997) is correct, then the most plausible 

interpretation of the palaeomagnetic data from Laurentia between 580 Ma and 550 Ma 

(Figure 8) and ca. 550 Ma Gondwana is that the apparent rapid northward movement of 

Laurentia away from a south polar proto-Andean margin of Gondwana represents the 

opening of the Iapetus Ocean between -570 Ma and -550 Ma. 

4.3.2 Geological constraints 

Evidence for rifting along the Appalachian margin of Laurentia prior to the opening 

of the Iapetus extends back to the mid-Neoproterozoic, involving the emplacement of ca. 

750 Ma granitoids, rhyolites and tholeiitic continental flood basalts in units such as the Mt. 

Rogers and Grandfather Mountain Formations of the southern Appalachians (Aleinikoff 

et al., 1995). This early rifting activity is of the same age as rifting along Laurentia's 

proto-Pacific margin (Moores, 1991; Hoffman, 1991; Dalziel, 1991, 1997), but apparently 
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did not proceed to completion, as there is little evidence of ca. 750 Ma plutonic or rifting 

activity in the northeast Appalachians (Kumarapeli, 1993; Aleinikoff et al., 1995). 

Initiation of the continental extension which led to the opening of the Iapetus is first 

dated by the -615 Ma Long Range Dykes and -s90 Ma Grenville Dyke swarm 

(Kumarapeli, 1993). Much of the development of the Ottawa-Bonnechere rift graben and 

related alkaline intrusions is interpreted to have occurred between -590 Ma and the -s70 

Ma ages of most of the alkaline intrusions (Figure 7), such as the -577 Ma Callander 

Complex and the -s64 Ma Sept Des Anorthosite (Kumarapeli, 1993; Higgins and van 

Breemen, in press). 

Alkali volcanic and plutonic units (e.g., the -554 Ma Tibbit Hill meta volcanics and 

-555 Ma Lady Slipper Pluton) have been interpreted to represent the last stage of rifting 

prior to initial sea-floor spreading of the Iapetus (Kumarapeli, 1993; Cawood et al., 1996). 

This is at variance with the palaeomagnetic evidence which suggests that sea-floor 

spreading began at -s70 Ma. Transgressive sedimentation of latest Neoproterozoic-early 

Cambrian age is found in passive margin sections along the Appalachians (Williams and 

Hiscott, 1987; Simpson and Sundberg, 1987; St-Julien and Hubert, 1975; Cawood et al. , 

1996), and has been interpreted to represent post-rift margin thermal subsidence that marks 

a transition from rift to drift. This implies that final separation of Laurentia from its 

conjugate margin occurred near the time of the Precambrian-Cambrian boundary (Williams 

and Hiscott, 1987; Thomas, 1991), which is also at variance with palaeomagnetic evidence 
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suggesting this final separation occurred at -570 Ma. 

Cambro-Ordovician passive margin strata from Newfoundland and Virginia have 

also been used in subsidence curve analysis, or 'back-stripping,' in which lilhification and 

loading due to overlying sediments is calculated and removed from the section to arrive 

at an estimate of the thickness of sediment cover, and therefore the subsidence of the 

margin by comparison with model thermal subsidence curves (McKenzie, 1978). 

Subsidence curve analysis of Laurentia's Iapetan margin by best visual fit of the calculated 

curves with modelled subsidence yields an estimated initiation of thermal subsidence at the 

time of Precambrian-Cambrian boundary (Bond et al., 1984). These analyses are now 

revised on the basis of biostratigraphic dating of units in the new Cambrian timescale 

(e.g., Tucker and McKerrow, 1995) to give an age of 550 Ma for the initiation of thermal 

subsidence, with an age of at most 600 Ma possible, assuming maximum delithification 

factors in the restored section calculation (Bond, 1997). 

Units of the proposed conjugate margin to Laurentia in South America include 

upper Precambrian to lower Cambrian alkali volcanics of the Puncoviscana Formation in 

northwest Argentina (Dalla Salda et al., 1992), related granitoids with tholeiitic affinities 

(Rapela et al., 1990), and a transgressive section (Acenolaza and Durand, 1986). To the 

north, bordering the southern margin of the Amazonia craton are late Neoproterozoic to 

early Cambrian sections of the Paraguay and Tucavaca Belts, in which Vendian 

glaciogenic and turbiditic rocks are overlain by limestones which contain Ediacaran-like 
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fauna indicative of a late Vendian (570-545 Ma) age. The upper part of the Paraguay 

section consists of poorly sorted, cross-bedded sandstones overlain by red shales, siltstone 

and arkoses (Pimentel et al., 1996). Subsidence analysis of a section from northwest 

Argentina (Bond et al., 1984) yields a curve similar to those of the Appalachian margin 

of Laurentia, implying the onset of thermal subsidence was at the Precambrian-Cambrian 

boundary. 

Infonnation from the proto-Andean margin tends as yet to be less well constrained 

in age, making comparisons with its proposed conjugate Laurentian margin unclear. 

Another complication stems from the Long-standing convergent aspect of the Andean 

margin, in which continental subduction arc plutonism, metamorphism, terrane accretion 

and multiple deformation events act to make analysis of late Neoproterozoic to early 

Cambrian units more difficult (Dalla Salda et al. , 1992). 

The simplest interpretation of geological evidence from Laurentia and the proto

Andean margin of Amazonia and Rio de Ia Plata is that rifting occurred between them at 

the Precambrian-Cambrian boundary, with subsequent early Cambrian transgressive 

sedimentation due to thermal subsidence of the rifted margins (e.g Dalziel, 1997). The 

following section discusses an alternative interpretation of the geologic data that is 

consistent with the palaeomagnetically inferred -570 Ma birth of the Iapetus. 
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4.3.3 Is a ca. 570 Ma birth of Iapetus compatible with the geolo2y? 

The timing of Laurentian magmatic and structural events, interpreted to culminate 

in rifting at -550-545 Ma (Kumarapeli, 1993; Dalziel, 1997; Cawood et al., submitted), 

is also consistent with rifting at -570 Ma. Large volume Catoctin tholeiitic flood basalt and 

rhyolitic volcanism at -570 Ma (Burton et al., 1995) may mark the final breakup of 

Laurentia from its conjugate margin, while ca. 555-550 alkali magmatism of the 

Laurentian margin can be interpreted as post-rifting activity, occurring as seamounts and 

intrusions in a manner analogous to Atlantic passive-margin alkali magmatism during the 

early Cretaceous (Jansa and Pe-Piper, 1985; Oyarzun et al., 1997). 

Intersections of major Atlantic oceanic transforms with the North American margin 

seem to have controlled the location of passive margin alkali seamounts and volcanics 

(Jansa and Pe-Piper, 1985). A similar controlling mechanism has been suggested for the 

formation of Humber Zone alkali volcanics in Quebec (Kumarapeli et al., 1988), and 

could also account for the Skinner Cove volcanics and the margin-intrusive Lady Slipper 

Pluton. A relation between the promontories and embayments of margins with early 

transform development is recognized for the modem-day Atlantic, and for the formation 

of Iapetan transforms with respect to the sinuous Laurentian margin (Stockmal et al., 

1987). Opening of the Iapetus at -570 Main Quebec and west Newfoundland may have 

involved transform development in connection with both the Ottawa-Bonnechere failed rift 

arm (Kumarapeli, 1993) and with the abrupt bend in the margin at the tip of the St. 
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Lawrence promontory (Stockmal et al., 1987), thus controlling the later occurrence of 

alkali magmatism along the Quebec reentrant and St. Lawrence promontory (Figure 7). 

Stratigraphic evidence for widespread transgression of the Laurentian margin at 

-540 Ma (Thomas, 1991; Cawood et al., 1996) that is interpreted to represent margin 

subsidence recording a rift-drift transition may have a viable alternative interpretation as 

well. The first drift sedimentation is recognized at the base of early Cambrian transgressive 

sections which overlap sediment-filled rift grabens and rift volcanics (Thomas, 1991 ~ 

Cawood et al., submitted). The nature of the contact between the onlapping transgressive 

sediments (e.g., Chilhowee Formation, Bradore Formation) and underlying strata is 

generally uncertain (Thomas, 1991; Simpson and Sundberg, 1987), and in several 

locations appears to represent a hiatus in deposition (e.g. Cawood et al., submitted), or an 

erosional surface (e.g. Burton et al, 1995). Transgressive drift sedimentation after a time 

break is consistent with a post-breakup unconformity and margin subsidence following a 

rift-drift transition at -540 Ma, but is also consistent with a longer hiatus in sedimentation 

following rifting and breakup at -570 Ma. Early Cambrian transgressive sedimentation 

may not necessarily reflect the rift-drift transition of the Laurentian margin if anomalous 

uplift of the margin occurred during the birth of the Iapetus. 

Analyses of tectonic subsidence curves from Cambrian to Devonian passive margin 

sediments indicate that the initiation of Laurentian margin subsidence (the start of Iapetus 

opening) occurred at -525 Ma (Bond, 1997). The analyses are based on comparison with 
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kinematic models (McKenzie, 1978; Jarvis and McKenzie, 1980) of thennally-controlled 

margin subsidence following various degrees of pure shear (uniform) lithospheric extension 

and thinning during rifting. Uniform stretching models have been successfully compared 

with observed degrees of extension and sedimentation in modem intracratonic basins and 

continental margins (e.g Barton and Wood, 1984; Roydon and Keen, 1981). However, 

margin subsidence modelling that involved significant melt generation during rifting 

(Bown, 1994; Buck, 1986; Keen, 1986) suggests alternative margin subsidence curves. 

Indeed, deep borehole data from present-day continental margins indicate that large 

deviations from post-rift kinematically modelled subsidence can occur, producing a relative 

uplift of several hundred metres, and delaying first sedimentation by -10-30 m.y. (e.g 

Heller et al., 1982). 

Anomalous margin subsidence appears to occur in connection with volcanic-type 

margins (Eldholm et al., 1995), in which the syn-rift and post-rift development of the 

margin is substantially modified by large-scale magmatic activity. White and McKenzie 

(1989) attribute the magmatism of volcanic margins to anomalously high upper mantle 

temperature due to the impact of a mantle plume, leading to much greater melt generation 

during decompression melting of the asthenospheric mantle underlying the continental rift. 

Modelling which involves rift-initiated asthenospheric circulation during lithospheric 

extension (Keen and Boutilier, 1995) also provides a mechanism for producing large 

volumes of decompression melting and anomalous margin subsidence, without requiring 
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elevated upper mantle temperatures or the involvement of a mantle plume. 

In the uniform stretching models of Bown and White (1995), the effect of syn-rift 

melt production on margin subsidence is related to initially elevated asthenospheric mantle 

temperatures (modelled for 100°C and 200°C in excess of the upper mantle nominal 

-1300°C temperature) brought about by mantle plume involvement in rifting. In the cases 

of enhanced asthenospheric melt production, the production of a more buoyant depleted 

mantle and the magmatic addition (underplating) of heated mafic material to lower 

extended crust results in buoyant support of the rifted margin, slowing, and in some cases 

reversing the extensional subsidence of the attenuated crust during final stages of rifting 

(Bown and White, 1995). Post-rifting margin thermal subsidence curves for all elevated 

asthenospheric mantle temperature cases mimic the form of the nominal l300°C curves 

used in subsidence analysis, but are displaced upwards by up to several kilometres, 

reflecting the slowing or negation of major syn-rift extensional subsidence due to the 

addition of buoyant crustal material and support from the underlying depleted 

asthenospheric mantle. 

For a subsiding margin this could mean a delay in the onset of transgressive 

sedimentation compared with that implied by cwves for a 'normal' rifted margin. In other 

words, a freshly rifted volcanic margin may ride several hundred meters to several 

kilometres higher at the rift-drift transition than would a normal rifted margin, such that 

subsidence-related transgressive sedimentation atop continental rift grabens and volcanics 
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would be delayed until the volcanic margin had subsided to the eustatic sea level over some 

tens of millions of years. 

Local small-scale circulation of the lithospheric mantle and the asthenosphere below 

developing rifts may similarly account for localized decompression melting of 

asthenospheric mantle, and the development of a volcanic margin and anomalous margin 

subsidence (Keen and Boutilier, 1995). In these models, vigourous rift-initiated circulation 

appears to require steep lateral thermal gradients in the lithospheric mantle, best developed 

across a narrow rift (less than 200 km wide), with a narrow transition from unextended to 

extended continental crust, and with mantle material of comparatively low-viscosity. 

Continued local mantle circulation under the rifted margin following breakup may continue 

to provide heat to the margin, resulting in its delayed post-rift subsidence. While 

continent-ocean lithosphere transitions may not provide sufficient conditions for a 

continued local mantle convection following final rifting (Keen and Boutilier, 1995), the 

modelled convection-related delay in post rift subsidence may apply to failed rift arms of 

the Iapetus. Transgressive sections in Vermont, Quebec, west Newfoundland and 

northwest Argentina may have been influenced by anomalously delayed subsidence in 

relation to failed rift arms (Figure 7 and Dalziel, 1994), if conditions for vigourous rift

initiated local mantle circulation prevailed. 

The inferred maximum possible age of breakup for Iapetan transgressive sections 

from Laurentia and Rio de Ia Plata would be -570 Ma if syn-rift uplift of the margin 
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displaced first drift sedimentation by 20-30 m.y. Rifted margin buoyancy related to syn-rift 

melt emplacement would likely involve a -200-600 m reduction in extensional syn-rift 

subsidence in order to account for a 20-30 m.y. delay in first transgressive sedimentation, 

based on melt-modified margin subsidence models (Bown and White, 1995; Keen and 

Boutilier, 1995), and observations of perturbations in margin subsidence history from 

present day volcanic margins (e.g. Heller et al., 1982). 

A delay in the recording of drift transgressive sedimentation on a volcanic margin 

would result in a flatter subsidence curve, best fitted to the latter portion of model 

subsidence curves since the sedimentation would be initiated after much of the uplifted 

margin's exponentially decaying thermal subsidence had taken place. Tectonic subsidence 

curves for the Iapetus margin of Laurentia between New York and Greenland are 

recognized to be surprisingly flat (Bond, 1997), perhaps indicating a delay in the recording 

of drift sedimentation. 

While a rift-drift transition at -540 Ma is the simplest interpretation of geological 

data from Laurentia, an alternative interpretation involving initial Iapetan opening at -570 

Ma is also feasible, if the development of a volcanic-type margin (Eldholm et al., 1995) 

and its likely anomalous subsidence is invoked to account for a -20-30 m.y. delay in first 

drift sedimentation. Did rifting to form the Iapetus involve the development of conjugate 

volcanic-type margins with anomalous margin subsidence? How might this be recognized 

in the preserved rock record? 
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Present-day volcanic margins are identified by a number of features related to their 

extensive magmatism, including l) onshore rift-setting continental flood basalts; 2) 

voluminous extrusive basaltic complexes erupted in shallow water or subaerially atop crust 

of the continent-ocean transition, with intrusive counterparts; 3) sills and low-angle dykes 

in pre-opening sediments cratonward of the continent-ocean transitional crust; 4) volcanic 

vents and a regional tephra horizon in coeval strata; 5) thicker than normal oceanic crust 

adjacent to the continent-ocean transition, and; 6) a lower crustal body of mafic material 

which underplates the attenuated continental-oceanic transitional crust (Eldholm et al., 

1995). 

A good deal of the evidence for present-day volcanic margins is found with 

lithosphere of the continent-ocean transition. What happened to past continent-ocean 

transitions during collision and orogeny? Is any of it preserved, or accessible? The 

obduction onto the Laurentian margin of Taconic allochthons and the initiation of 

subduction along the proto-Andean margin implies that Iapetan continent-ocean transitional 

lithosphere may have been overridden, to become lost as deep roots in the Appalachian and 

Andean orogens. 

More likely to be preserved are the peripheral products of a volcanic margin, such 

as continental flood basalts, a regional tephra horizon and possibly sills in pre-opening 

sediments later preserved in allochthons. Continental flood basalts related to the Iapetus 

opening are found along the Laurentian margin as the Catoctin volcanics of the Blue Ridge 
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mountains and the Lighthouse Cove Fonnation of west Newfoundland and southeast 

Labrador. However, the presence of flood basalts is not itself diagnostic of a volcanic 

margin. 

If a volcanic margin developed in response to the arrival of a mantle plume (White 

and McKenzie, 1989; Bown and White, 1995), then evidence for the late Neoproterozoic 

arrival of a mantle plume in the Quebec reentrant portion of the rifting Laurentian margin 

(Kumarapeli, 1993; Higgins and van Breemen, in press), may be important. Both 

discussions propose regional C 1000 km) domal uplift of the Laurentian margin in response 

to the impact of a mantle plume, similar to the plume-related dynamic (thermal) uplift 

component in the models ofBown (1994) and Bown and White (1995). The direct effects 

of a plume head impact may extend over no more than an area of 2000 km diameter about 

it (White and McKenzie, 1989). However, plume-influenced thermal and magmatic uplift 

along the greater than 3500 km length of Laurentia's incipient Iapetan margin may have 

occurred if a mantle plume arrived under or near a region of previously thinned continental 

lithosphere with already heightened upper mantle temperature or fluid content (e.g 

Thompson and Gibson, 1991; Eldholm et al., 1995). The magmatic and thermal effects 

on the lithosphere may have extended beyond the region affected by the plume head 

directly if plume material migrated along a sub-lithospheric channel under the rifting 

margin (e.g White, 1992; Oyarzun et al., 1997), perhaps influencing the timing and 

volume of the Catoctin volcanism. 
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In summary, the start of Iapetus opening at -570 Ma is implied by palaeomagnetic 

data, and is permissible within the constraints of geologic data, if the following conditions 

are invoked: l) passive margin alkali magmatism to account for ca. 555-550 Ma units of 

the northeastern Appalachians; and 2) a -20-30 m.y. delay of the first drift transgressive 

sedimentation to early Cambrian, due to anomalous margin subsidence. Initial sea-floor 

spreading of the Iapetus Ocean may have predated ca. 555-550 Ma alkali magmatism by 

15-20 million years, and the first Laurentian margin transgressive sedimentation by as 

much as 30 million years. 

Definitive tests to prove or disprove this alternate geological interpretation of -570 

Ma final rifting to fonn the Iapetus are possible but difficult to find. The identification of 

continental flood basalts and tephra horizons in coeval strata in cratonic Laurentia and 

possibly Amazonia and Rio de la Plata would support the possibility of Iapetan volcanic

type margins, and anomalous margin subsidence leading to delayed transgressive 

sedimentation. On the other hand, the finding of conformable contacts between syn-rift and 

drift sedimentation would be strong evidence against final rifting at -570 Ma, as it would 

imply that there was no break in time in latest Neoproterozoic to early Cambrian 

sedimentation which records final rifting and the first drift-phase margin subsidence. 
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4.4 Late Neoproterozoic palaeogeography 

Palaeogeographic reconstructions for -575 Ma and for -550 Ma which seek to 

reconcile latest Neoproterozoic palaeomagnetic and geologic data are presented in Figure 

9. These reconstructions are consistent with geology for the time (Dalziel, 1997; 

Trompette, 1997; Unrug, 1996), with reinterpretation for Laurentia and Rio de la Plata 

as discussed in section 4.3, and are consistent with the palaeomagnetic data available from 

constituent cratons at the time (Meert and Vander Voo, 1997; Torsvik et al., 1996). 

The conjugate margin which rifted from Laurentia at -570 Ma giving birth to the 

Iapetus Ocean may have been the Amazonia and Rio de Ia Plata cratons of West 

Gondwana, as argued by Dalziel (1992, 1997). Early rifting between Laurentia and 

Amazonia-Rio de Ia Plata is shown for the -575 Ma reconstruction (Figure 9a), marked 

by syenite and carbonatite rift-related magmatism (e.g. Callander Complex) along the 

Ottawa-Bonnechere failed rift arm (Kumarapeli, 1993) and volcanism along Laurentia's 

incipient lapetan margin (e.g. Catoctin volcanics at -570 Ma; Burton et al., 1995). An 

association between Amazonia and Congo-Sao Francisco cratons across the Goias Massif 

reflects their collision between -630 Ma and -600 Ma (Pimentel et al., 1997; Trompette, 

1997). By 575 Ma, rocks of the Goias Massif were undergoing extensional uplift (Pimentel 

et al., 1996), as part of overall extension and dispersal amongst West Gondwana, 

Laurentia, Baltica and Siberia (e.g. Trompette, 1997; Gurnis and Torsvik, 1994; Torsvik 

et al., 1996). Other relations between cratons of Gondwana follow Dalziel (1997), 
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Figure 9. Late Neoproterozoic paleogeography for ·575 Ma and -sso Ma, based on Dalziel, (1997). Cross·hatched zone in ·575 Ma diagram 
represe08 incipiem rifting to form the Iapetus, which had opened by the ·sso Ma diagram. Abbreviations: Cal- Callander Complex, Laurentia; Csd
Sinyai Dike, Congo; Ljr- Jolumie Rainstonn, Laurentia, Lscv- Skinner Cove volcanics, Laurentia; a-Adamastor Ocean; b-Brazilide Ocean/Orogen; 
m-Mozambique Ocean/Orogc:n; AM-Amazonia; AN-Antan:tica; AU-Australia (and pole); C-Congo-Sao FrtUlcisco; IN-India (and pole); K-Kahthari; 
L-Laurentia; RP-Rio de Ia Plata; SIB-Siberia; W-West Africa. Baltica is omitttld for clarity. Poles are plotted with circl~s of 95% confidenc~. 
Diagram creattld with th~ assistanctl of PLATES softwartl frum thc: University of T~xas Institute for Gt:ophysics. 



although there are many alternative interpretations (e.g Grunow et al., 1996; Unrug, 1996; 

Meert and Van der Voo, 1997). 

By the end of the Neoproterozoic C550 Ma), the Iapetus Ocean had opened 

between Laurentia, West Gondwana, and Baltica, as shown in Figure 9b, which resembles 

the ca. 550 Ma reconstruction ofTorsvik et al. (1996). Siberia is shown abutting Laurentia 

(Pelachaty, 1996), but it may have rifted away by 550 Ma (Torsvik et al., 1996). 

Laurentian margin ca. 555-550 Ma alkalic magmatism (Tibbit Hill, Lady Slipper Pluton, 

Skinner Cove Volcanics and others) would in this view have postdated rifting, perhaps 

erupting from remaining mantle plume material in response to a major rearrangement of 

plate boundaries and motions (e.g., Jansa and Pe-Piper, 1985), marked by the cessation 

of Laurentia's rapid northward drift (Figure 8); Laurentia may have stalled at the equator 

in a geoid low over a mantle sink (Gumis and Torsvik, 1994). Gondwana is shown to be 

consolidated, although final closure of the Adamastor Ocean may have been at -540 Ma 

(Hoffman, 1997), and final consolidation of Gondwana by -530 Ma (Meert and Vander 

Voo, 1997). 

Cambrian movement of Gondwana's Amazonia and West Africa cratons across the 

south pole (Meert et al., 1996; Dalziel, 1997) reflects the beginning of Iapetus closure and 

the initiation of subduction along the Gondwanan palaeo-Pacific margins of Antarctica and 

Rio de la Plata cratons (Grunow et al., 1996) and the Avalonian-Cadomian arcs (e.g 

Dalziel, 1997, Figure 14). 

58 



These reconstructions allow for the possible fleeting existence of a Pannotia 

supercontinent between the unifying -630 Ma Himalayan-style collision of Amazonia with 

Congo-Sao Francisco cratons (Pimentel et al., 1996; 1997) and the rifting of Baltica and 

Laurentia-Siberia from the consolidating Gondwanan cratons between -600 Ma and -565 

Ma (Torsvik et al., 1996). The existence of Pannotia also depends on the timing of 

Gondwana assembly, which is variously estimated to have taken place between -700 and 

-600 Ma (Stem, 1994) or by -530 Ma at latest (Meert and Vander Voo, 1997). However, 

the existence of Laurentia united with Gondwana in the Pannotia supercontinent is not 

palaeomagnetically supportable by ca. 550 Ma. 

Pannotia may best be viewed as a loose, transitional assembly of cratons at the end 

of the Neoproterozoic, during a period of apparently intense global reorganization of plate 

boundaries and sometimes rapid cratonic movement. The dispersal of Pannotia resulted in 

the consolidation of Gondwana and its separation from Laurentia, Siberia and Baltica by 

the Iapetus Ocean. These cratons ultimately assembled through closure of the Iapetus to 

form Pangea. 
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Chapter 5: Concluding remarks 

Alkali volcanic flows and dykes of the ca. 550 Ma Skinner Cove Formation in 

western Newfoundland retain a characteristic "A' remanence in ten sites which is 

interpreted to be primary on the basis of a positive intraformational conglomerate test. The 

palaeolatitude calculated from the ten tilt-corrected "A' site virtual geomagnetic poles is 

l8.6°S +9°, and is interpreted to represent the Iapetan margin of Laurentia at -550 Ma, 

based on the age of the Skinner Cove Formation and geological evidence for its original 

relation with Laurentia. 

The low southerly palaeolatitude of the Skinner Cove Formation constrains 

Laurentia to have occupied an equatorial position by -550 Ma. Comparison with other 

palaeomagnetic results from Laurentia suggests it drifted rapidly northward from near 

south polar palaeolatitudes at -575 Ma (Figure 8). The rapid northward drift of Laurentia 

may accommodate the opening of a wide Iapetus by -550 Ma, following initial spreading 

some 20 million years beforehand (Figure 9a,b). Subsidence of the Laurentian margin 

recorded in early Cambrian transgressive sections may not necessarily record its rift to 

drift transition, if anomalous margin subsidence due to large-scale syn-rift magmatic 

activity is invoked. 

Of abiding interest are questions involving the apparent rapid movement of 

continents during the late Precambrian and Cambrian. Rapid northward movement of 
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Laurentia and Baltica during the late Neoproterozoic, followed by the movement of West 

Gondwana across the south pole in the early-mid Cambrian (Meert et al., 1996) suggests 

differing periods of apparently rapid cratonic movement. While rapid cratonic motion of 

-34 + 15 cm/yr is implied by existing late Neoproterozoic palaeomagnetic data for 

Laurentia, the reconstructions proposed here do not require a role for true polar wander, 

although late Neoproterozoic TPW cannot be ruled out. Mechanisms to account for the 

driving forces of rapidly moving continents are much debated, and may act in concert in 

some cases. In the case of late Neoproterozoic Laurentia, several mechanisms for 

movement have been proposed, including slab pull during distant subduction of the proto

Pacific plate attached to Laurentia (Grunow et al., 1996; Dalziel, 1997), Iapetan spreading 

ridge push (Jurdy et al., 1995), or mantle push off of a thermal high under the late 

Neoproterozoic supercontinent, perhaps involving gravity as a motivator from a geoid high 

at the thermal anomaly to a geoid low over a mantle sink (Gumis and Torsvik, 1994). 

If the Iapetus Ocean began to open at -570 Ma, and rapidly attained a -7500 km 

width by -sso Ma, as implied by palaeomagnetic data, then what are the consequences of 

such rapid seafloor spreading and the production of so much young, buoyant ocean crust? 

Eustatic sea level rise during the late Neoproterozoic and into the Cambrian may be due 

to Iapetan ridge-volume displacement and the replacement of old ocean crust at convergent 

margins with new more buoyant Iapetan crust (Thomas and Whiting, 1995). 

Final rifting between Laurentia and an adjacent craton to form the Iapetus opened 
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an ocean which provided a new, subtropical east-west seaway and new flooded margins 

by the Precambrian-Cambrian boundary. The ca. 549-543 Ma diversification of Ediacaran 

life (Grotzinger et al., 1995) may have been aided by a new, more vigorous subtropical 

circulation and eustatic sea level rise (Valentine and Moores, 1970) amongst more 

dispersed cratons in a radically altered palaeogeography. 

The results reported here encourage further precisely dated and tested 

palaeomagnetic investigation of units from Laurentia, Amazonia, Rio de la Plata and other 

cratons to resolve their role in the formation of the Iapetus and to evaluate 

palaeogeographic reconstructions such as that proposed here. For the late Neoproterozoic

early Cambrian period of apparently rapid cratonic movement and changing plate 

boundaries, a finer resolution of magnetization and geological events to within + I % of 

age ( +5 Ma) may be required to clearly establish relations between the cratons involved 

in the possible existence of Pannotia, its dispersal, and the assembly of Gondwana. 
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APPENDIX A 

The declination (DECL) and inclination (INCL.) in degrees and the magnetic moment 

(MOMENT) in c.g.s. units are listed during stepwise demagnetizations for each specimen 

carrying a stable component of remanence. Magnetization in c.g.s. units can be obtained by 

dividing the magnetic moment by simple volume which is -10 cm3
· These c.g.s. 

magnetizations can then be converted to Nm by multiplying by 1 03
. 

The alternating field strengths (FIELD) are given in Oersteds and should be divided 

by 10 to obtain the mT equivalent. The temperatures used in thermal demagnetization 

(TEMP) are listed in oc. Thermal demagnetization was usually preceded by alternating field 

demagnetization to 15 or 20 mT and are indicated between 0 and the 200°C initial step of 

thermal demagnetization. 

A list of sites and their constituent samples foUows. 

Site 6 Trachyte 
19794-22.2 
19794-23 .2A 
19794-24.2 
19794-25.1 
19794-26.1 
19794-27.1 

Site 3 Trachybasalt 
l8794-6.2b 
18784-7.3 
18794-8.1 
18794-9.1 
18794-10.1 
18794-12.1a 

Site 1 Ankaramite 
17794-1.2.2 
17794-2.2A 
17794-3.18 
17794-4.1C 
17794-5.3 
21794-25.1c 

Site 4 Pillowed Headland Basalt 
19794-16.1 
19794-17.1 
19794- 18.1 
19794- 19.1 
19794-21.1a 
19794-20.1 
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Site 9 Alkali Basalt 
21794-7.1 
21794-8.2 
21794-9.1 
21794-10.1 
21794-11. l 
21794-12 

Site 12 Pinnacle 
13995-1. lb 
13995-6.lb 
13995-2. 1 
13995-3.2 
13995-5.2b 
13995-5.2a 

Site lO Trachyte Dyke 
12995-l.lb 
12995-5.2 
12995-6.2 
12995-2.1a 
12995-3.1a 
12995-4.2.2 

Site 14 Trachyte Dyke 
13995-13.2b 
13995-15a 
16995-17.2 
16995-18.1b 
16995-19 
13996-1.2 
13996-2.2b 
13996-3.2 
13996-4.1a 
l3995-l4.2a 

Site 5 Alkali Basalt 
21794-13.1 
21794-14.3 
21794-15.la 
21794-16.1a 
21794-17b 
21794-18b 

Ankaramite Site 11 Mafic Dyke 
12995-8.2b 
12995-9.2b 
12995-11.1a 
12995-12.1a 
12995-7.1a 
12995-10.2 

Site 15 Trachybasalt 
16995-2.2a 
16995-3.1 
16995-4.2a 
16995-6.1 
16995-20.2 
16995-5.1 
16995-l.2a 

Site 13 Mafic Dyke 
13995-8.3 
13995-9A 
13995-10.1a 
13995-11.1 
13995-12.2 
13995-7.1b 
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Site 7 Cliff Pillow Basalt 
21794-19.1a 
21794-20.1a 
21794-21.2 
21794-22.1a 
21794-23.1a 
21794-24.la 

Site 2 Ankaramite (U-Pb Dated) 
17994-6.1b 
17794-9.2 
17794-10 .2b 
17794-7.1a 
17794-8.1 
21794-26.1a 

Conglomerate Test Clasts 

Amygdaloidal Alkaki Basalt 
17794-11.2 
17794-12.2b 
17794-13. 1 A 
17794-14. la 
17794-15.2 
18794-l.Ja 
18794-2. 1A 
18794-3.3 
18794-4.2 
18794-5 
19794-11.2A 
19794-12.1A 
19794-13.2 
l9794-14.2A 
19794-15 

Site 8 Main Sea Stack 
Pillows 
21794-l.la 
21794-3.1b 
21794-4.2 
21794-S. la 
21794-6.2 

Site 16 Pillowed Headland 
Mafic Dyke 
16995-26.1 
16995-22 
16995-24 
16995-25 

Trachybasalt 
19794-1.4 
19794-2.1 
19794-3.1 
19794-4.1 
19794-5.2 
19794-6 
19794-7 
19794-8 
19794-9 
19794-10 
1993-l.lA 
l993-2B1A 
1993-3 
1993-4.1 
1993-5.1 
1993-6.1A 
18794-13.1 
18794-14.1 
18794-15.1 
18794-16.2 
18794-17.2 
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SPEC. NAME: 18794-6.28 Site 3 SPEC. NAME: 18794-7 . 3 Site 3 
TEMP DECL. INCL. MOMENT E"IELD DECL . INCL . MOMENT 

0 347.1 55.9 1. 545E-02 0 360.0 50.9 9 . 926E-03 
5 348.9 53 . 4 1.484E-02 25 1.4 5 1. 5 9.281E-03 

10 349.4 51.5 1.381E-02 50 357 . 4 52.9 8.611E-03 
15 349.5 50.6 1.238E-02 75 357 . 0 53 . 3 7.468E-03 

200 349.1 49.1 1.197E-02 100 358.8 53 . 2 6.142E-03 
250 349.1 49.2 1.180E-02 125 2.2 52.6 4.883E- 03 
300 348.0 48.9 1.157E-02 150 3.0 52 . 6 4.034E-03 
350 348.2 48 . 7 l.ll8E-02 175 3.0 53 . 7 3.305E-03 
400 350.3 48 . 6 1.037E-02 200 5.2 52 . 8 2.850E-03 
450 349.5 48 . 0 8.961E-03 250 6.9 53.3 1. 989E-03 
500 349.2 45.6 3.971E-03 300 6 . 2 53.8 1 . 496E-03 
520 348 . 7 49 . 8 7.971E-04 350 6.1 54 . 1 1.071E-03 
540 345.4 57 . 9 2 . 684E-04 400 12.1 55 .1 7.168E-04 
560 308.0 75.6 9.684E-05 
580 244.4 58.1 9.227E-05 
600 211.6 67.2 8.629E-05 

SPEC. NAME: 18794-8.1 Site 3 SPEC. NAME: 18794-9.1 Site 3 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 330.6 67 . 0 1. 051E-02 0 351.3 6 1. 8 1.090E-02 
25 323 . 5 61.9 1. OllE- 02 25 349.0 59 . 3 1.051E- 02 
50 323 . 4 63 . 4 9.756E-03 50 348 . 2 60. 9 9 . 697E-03 
75 316 . 6 61.8 8.315E-03 75 347.7 60. 0 8.380E-03 

100 312 . 3 58 . 2 7.225E-03 100 346.1 59 . 3 7.005E-03 
125 313 . 2 58 . 9 6.107E-03 125 347.8 5 7.7 5.513E-03 
150 312 . 6 55 . 2 4 . 852E-03 150 348.7 58. 2 4.565E-03 
175 312.5 54 . 9 3.953E-03 200 351.4 58 . 8 3 . 333E-03 
200 313 . 6 54 . 7 3.239E-03 250 352.1 59 .1 4 . 800E-03 
250 316 . 0 56.7 2.162E-03 251 352.1 59.1 2.400E-03 
300 315.7 58.5 1. 475E-03 300 351.1 57 .9 1 . 761E-03 
350 316.6 58.6 1.030E-03 350 352.6 60.5 1.344E-03 

400 350 . 5 59.0 9.987E-04 

SPEC. NAME: 18794-10.1 Site 3 SPEC. NAME: 18794-12 . 1a Site 3 
FIELD DECL. INCL. MOMENT FIELD DECL. I NCL. MOMENT 

0 352 . 4 59.9 9.356E- 03 0 333 . 1 59.5 2. 451E- 02 
25 351.1 60.9 9 . 215E- 03 25 332.2 59. 4 2.423E - 02 
50 349 . 4 60. 2 8 . 749E- 03 50 329.7 59. 2 2. 355E- 0 2 
75 348.9 60.2 8.130E-03 75 328.3 5 9 .1 2 . 264E-02 

100 346.6 59 . 7 7.356E-03 100 326.8 59.3 2.144E-02 
150 345 . 6 59.6 5 . 852E-03 125 325.6 59.2 2.016E-02 
200 345.4 59.5 4.308E-03 150 323.7 59 . 1 1.871E-02 
250 346.3 60.3 3 . 348E-03 175 322.6 59 . 1 1.667E-02 
300 347 . 7 60 . 1 2.561E-03 200 322.3 59.0 1 . 482E-02 
400 350.0 62. 4 1. 434E-03 250 321.1 59.1 1.139E- 02 
500 359 . 3 63. 2 8.613E- 04 300 319 . 3 5 9. 3 8 . 281E- 03 

350 319 . 5 58 .9 5 . 7 9 9E- 03 
400 321.0 59. 2 4.268E- 03 
500 312.1 61.1 2.07 8E-03 
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SPEC. NAME: 12995-7.~ Site 11 SPECIMEN NAME:12995-8.2B Site 11 
FIELD DECL. INCL. MOMENT E'IELD DECL. INCL. MOMENT 

0 97.8 82.4 3.158E-02 0 235.8 73.3 8.546E-05 
25 95.4 88.4 2.263E-02 25 230.5 69 . 6 7.682E-05 
50 87.4 86.2 1 . 771E-02 50 232.6 68.9 7.495E-05 
75 112.5 87 . 3 1.291E-02 75 233.4 68.7 7.188E-05 

100 152.6 87 . 1 9.273E-03 100 232.6 68 . 2 6.668E-05 
125 165.9 86.6 6.756E-03 150 226.7 71.2 5.810E-05 
150 176.1 85.6 5.126E-03 200 224.8 70 . 7 4.702E-05 
200 205.8 86.5 3 .117E-03 250 219.1 69.1 3.892E-05 
250 192.4 82 . 4 2.093E-03 300 213.1 75 . 1 3.200E-05 

400 358.1 68.0 1.690E-05 
500 234.3 31.4 3.263E-05 

SPECIMEN NAME:12995-9.2B Site 11 SPECIMEN NAME:12995-10.2 Site 11 
TEMP DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 143.8 -4.1 1. 845E-04 0 254.0 53.8 7.150E-05 
5 143.8 -4.2 1. 865E-04 25 266.2 50.1 6 . 634E-05 

10 147.0 -3.8 1.767E-04 50 258.2 46.4 6.163E-05 
300 11.7 44.2 6 . 534E- 05 75 255.8 44.7 5.747E-05 
350 176 . 0 61.1 1 . 458E-04 100 257.5 41.5 5.259E-05 
400 181.3 62 . 6 l. 303E-04 150 257.0 36.1 4.626E-05 
475 179.0 -26.8 4 . 813E-05 200 268.9 31.4 3 . 391E-05 
500 184.6 -32 . 6 4.576E-05 250 258.0 21.6 3.060E-05 

300 262.9 43.7 2.378E-05 

SPEC. NAME: 12995-11.LA Site 11 SPEC. NAME: 12995-12.LA Site 11 
TEMP DECL. INCL. MOMENT E'IELD DECL. INCL. MOMENT 

0 337.3 75 . 5 4.067E-02 0 232.7 73 . 5 3.942E-05 
3 332.4 75.6 3 . 878E-02 25 232.5 73.6 3.412E-05 
5 340.2 76.8 3.400E-02 50 234.4 74 . 6 3.383E-05 

200 342 . 4 81.2 l. 620E-02 75 232 . 9 75.4 3.316E-05 
250 346.7 83.3 1. 211E-02 100 234 . 0 75.5 3 . 155E-05 
300 341.9 85.5 9.182E-03 150 230.4 76 . 3 2.707E-05 
350 359.0 86.3 7.710E-03 200 223 . 7 78.6 2.253E-05 
400 28.2 87.9 6.157E-03 250 226.2 77 . 3 1. 884E- 05 
450 108.0 88.5 4 . 899E-03 300 203.8 81.7 1 . 536E-05 
500 122.9 84 . 7 2.997E- 03 400 15.0 78.0 8 . 255E- 06 
520 142.4 84.7 2.820E- 03 
540 129.3 85 . 5 2.269E- 03 
560 177.8 88.3 1.979E-03 
580 218 . 7 64 . 1 7.327E-04 
600 206 . 5 37.3 2.932E- 04 
620 229.3 20.8 1. 357E- 04 
640 219.5 14.5 1.141E- 04 
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SPEC. NAME: 13995-1.1b TH Site12 SPEC. NAME: 13995-2.1 Site 12 
TEMP DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 341.9 67.7 3.994E-03 0 281.4 39.3 1. 439E-02 
5 329.9 73.2 3.309E-03 25 279.0 38.4 1.411E-02 

10 318.9 73.2 2.423E-03 so 276.1 37.7 1.343E-02 
15 327.4 76.7 1.825E-03 75 273.2 35.3 1. 279E-02 

200 248.2 76.1 9.387E-04 100 272.5 35.2 l. 271E-02 
300 228.5 78.9 7.202E-04 150 270.8 29.4 1.124E-02 
350 236.7 80.6 5.986E-04 200 271.0 25.5 9.831E-03 
400 263.3 81.6 5.362E-04 250 269.3 21.8 9.032E-03 
450 234.5 71.4 3.947E-04 300 272.2 23.1 7.027E-03 
475 242.4 69.2 2.966E-04 350 277.3 20.2 5.443E-03 
500 245.5 68.5 2.259E-04 400 267.3 19.6 4.665E-03 
525 221.4 67.6 1.155E-04 500 282.8 26.6 2.366E-03 
550 200.8 -0.6 5.430E-05 600 295 . 8 13.5 1.401E-03 

SPEC. NAME: 13995-3.2 Site 12 SPEC. NAME: 13995-5. 2A Site 12 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 239.0 68.8 7.127E-03 0 297.6 61.1 1.612E-02 
25 242.3 67.5 6.977E-03 25 295.7 57.4 1.530E-02 
50 240.8 65.3 6.667E-03 50 289.6 57.7 1.402E-02 
75 240.6 60.3 6.179E-03 75 284.3 53.2 l. 257E-02 

100 241.7 58.3 5. 611E-03 100 278.2 50.7 1.114E-02 
125 239.7 53.7 4.915E-03 125 273.2 48.6 1.037E-02 
150 242.0 50.5 4.612E-03 150 274.3 44.8 9 . 200E- 03 
200 245.7 48.5 3.938E-03 200 273.7 39.2 7.568E-03 
250 255.6 45.1 3 .131E-03 250 274.2 35.0 6.053E-03 
300 253.2 38.3 2. 748E-03 300 274.1 30.5 5.043E-03 
400 265.1 54.5 1.292E-03 350 275.9 30.2 3.924E-03 
500 325.3 40.3 7. OSlE-04 400 283.2 27.4 3.053E-03 

500 270.3 28.5 1.964E-03 
600 304.9 40.1 l. 082E-03 

SPEC. NAME:13995-5.2b TH Site 12 SPEC. NAME: 13995-6.18 Site 12 
TEMP DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 299.0 53 . 7 1 . 043E-02 0 142.5 76.2 2.164E-02 
5 285.6 45.3 1 . 119E-02 25 147.2 77.8 2.023E-02 

10 278.8 32.6 1. OSSE-02 so 144.0 79.7 1.656E-02 
15 274.4 24.5 9.676E-03 75 141.6 80.4 1.256E-02 
20 274.2 17.2 8.735E-03 100 147.2 79.8 9.318E-03 
25 276.2 13 . 0 7.491E- 03 125 142.2 80.4 7.466E-03 

200 270 . 0 8.5 8.455E-03 150 146 . 8 80.2 5.648E-03 
300 273.8 7 . 9 8.192E-03 175 146.6 80.5 4.355E-03 
350 274.9 2.8 8.098E-03 200 141.7 78.8 3.373E-03 
400 278.4 0.6 7.688E-03 225 145.3 78.6 2.684E-03 
450 277.6 -3.0 6.920E-03 250 142.3 79.3 2.234E-03 
475 278.8 -4.7 6.687E-03 300 133.3 80.8 1.540E-03 
500 279.3 -7.4 6.260E-03 
525 281.4 -9.3 4.718E-03 
550 273.4 -6.6 3.479E-04 
575 224.4 19.5 l. 624E-04 
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SPEC. NAME: 17794-1 . 2.2 Site 1 SPEC. NAME: 17794- 2.2A Site 1 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL . MOMENT 

0 264.1 84.2 3.659E- 02 0 277.9 75.6 2.077E-02 
100 262.0 82.5 1.235E-02 100 203 . 8 83.4 1 . 118E-02 
125 257.1 81.4 8.900E-03 125 202.2 82.6 8 . 046E-03 
150 257.6 80.5 6.274E-03 150 199.7 80.8 5.443E-03 
175 262.0 79.3 4.504E-03 175 197.4 79.7 3.904E-03 
200 261.2 78.9 3.336E-03 200 200.4 77.7 2.886E-03 
225 263 . 0 77.4 2.472E-03 225 205.2 79.5 2.107E-03 
250 261.5 75.3 1.820E-03 250 203.8 78.4 1.494E-03 
300 264.5 74 . 1 1.185E-03 275 211.6 78.6 1.148E-03 
325 272.6 73 . 0 8.777E-04 300 206.3 74.8 9.459E-04 
350 277.0 72.2 6.961E-04 325 219.8 71.9 6 . 354E-04 
375 255.9 76.0 5.919E-04 350 207.0 79 . 0 4.612E- 04 
400 299.9 78 . 0 3.912E-04 375 215.0 81.7 4 . 185E-04 

400 202.3 72.3 2.732E-04 
425 272.3 76.1 1.822E-04 

SPEC . NAME: 17794-3.18 Site 1 SPEC. NAME: 17794-4 . 1C Site 1 
FIELD DECL. INCL. MOMENT FIELD DECL . INCL. MOMENT 

0 11.1 59.7 2.243E-02 0 19.8 63.0 2.447E-02 
100 36 . 7 73.8 6.946E-03 100 31.9 70.7 1.132E-02 
125 53.6 78 . 1 4 . 771E-03 125 33.2 73.9 8.489E-03 
150 76.5 78.8 3.340E-03 150 33.9 75.7 6.202E- 03 
200 105 . 8 77.6 1. 686E- 03 175 29.8 76 . 9 4. 411E- 03 
225 117 . 4 74 . 3 1. 286E-03 200 35.5 80.1 3.275E- 03 
250 117 . 3 71.6 9.648E-04 225 30 . 0 81.1 2.458E-03 
275 123.1 72.7 7.227E-04 250 15.2 80.8 1.807E-03 
300 130.2 73.3 5.880E-04 275 19.1 80 . 0 1 . 350E- 03 
325 110.4 62.6 3.420E- 04 300 0.5 81.6 1 .139E- 03 
350 150 . 9 71.8 2.452E-04 325 359.4 79.4 7.851E-04 

350 357.6 80.5 6.500E-04 
375 18 . 9 81.6 5.851E- 04 
400 354.4 70.6 2.992E-04 
425 325.5 76.0 3.082E-04 
450 14.7 72.6 3. 811E- 04 

SPEC. NAME: 17794-5.3 Site 1 SPEC . NAME: 21794-25.1c Site 1 
FIELD DECL. INCL . MOMENT FIELD DECL. INCL. MOMENT 

0 335.6 74.8 3.952E- 02 0 220.1 62 .8 2. 913E- 02 
100 349.5 77 . 1 1. 672E-02 100 201.0 50 . 3 5.351E-03 
125 349.3 77.6 1.264E-02 125 197.5 62.0 6.601E-03 
150 355.5 77.7 9. 414E- 03 150 198.1 63.6 4 . 659E-03 
175 347.6 77.4 7.284E-03 175 198.4 60.5 3.518E- 0 3 
200 341.3 75.9 5.699E- 03 200 220.6 60.7 2.379E-03 
225 342.7 80.9 4.566E-03 225 215.9 63.9 1.772E-03 
250 342.7 80.0 3 . 448E- 03 250 217 . 8 55.6 1.445E- 03 
275 341.6 79.0 2. 716E- 03 275 235.8 46.1 1.187E- 03 
300 347.7 82 . 5 2.141E- 03 300 230 . 2 48.9 8.430E-04 
325 339 .1 84 . 0 1. 749E-03 325 232.4 52.1 6 . 096E-04 
350 328.0 79 . 0 1. 572E- 03 350 254.2 36 . 1 6.624E- 04 
375 315 . 8 77 . 8 1.116E-03 350 275.3 22.0 6.268E- 04 
400 111.8 85 . 3 1. 074E-03 375 285.1 18.9 7.993E- 04 
425 320.4 74 . 5 6.623E-04 
450 2 47 . 2 85 . 9 6.934E- 04 
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SPEC. NAME: 19794-16.1 Site 4 SPEC. NAME: 19794-17.1 Site 4 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 23.0 72.3 1. 816E-02 0 347.5 58.3 2.519E-02 
25 21.2 73.2 1.744E-02 25 343.0 66.9 2.195E-02 
so 13.5 71.4 1.535E-02 50 345.3 69.8 1.924E-02 
75 10.2 72.7 1.320E-02 75 344.8 71.6 1.630E-02 

100 10.6 73.0 1.100E- 02 100 345.2 70.9 1.311E-02 
125 8.8 72.3 8.958E-03 125 345.7 69.8 1.033E-02 
150 7 . 3 71.9 7.139E-03 150 346.0 68.7 7.979E-03 
175 7.1 71.3 5.727E-03 175 344.4 67.1 6.288E-03 
200 8.2 70.7 4.382E-03 200 344.1 65.7 4.704E-03 
250 11.6 71.0 2.963E-03 250 341.6 65.8 3.130E-03 
300 6.4 70.2 2.083E-03 300 339.8 62.7 2.107E-03 
350 16.6 70.8 1.427E-03 

SPEC. NAME: 19794-18.1 Site 4 SPEC. NAME: 19794-19.1 Site 4 
FIELD DECL . INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 54.7 70.6 2.224E-02 0 326.4 82.2 1 . 576E-02 
25 54.3 69.9 2.170E-02 25 325.9 80.6 1.461E-02 
50 53.6 72.5 1. 930E-02 50 356.9 81.5 1. 481E-02 
75 42.8 74.9 1.641E-02 75 6.9 80.2 1.424E-02 

100 37.2 75.6 1. 410E-02 100 18.3 77.1 1.314E-02 
125 28.4 76.7 1.170E-02 125 22.6 75.6 1.199E-02 
150 21.1 76.6 9.799E-03 150 21.3 75.2 1.065E-02 
175 19.0 76.3 8.044E-03 175 20.3 74.5 9.226E-03 
200 18.9 76.8 6.637E-03 200 20.3 73.6 7.917E-03 
250 21.2 77.0 4.473E-03 250 15.9 72.4 5.816E-03 
300 17.8 76.4 3.053E-03 300 13.9 70.5 4.023E-03 
350 13.2 77.6 2.151E-03 350 15.0 69.3 2.974E-03 

400 7 . 5 73.3 2.268E-03 
450 8.4 71.3 2.012E-03 
500 22.4 61.1 1.163E-03 

SPEC. NAME: 19794-20.1 Site 4 SPEC. NAME: 19794-21.1a Site 4 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 275.5 37.4 1.469E- 02 0 31.2 65.9 1.562E- 02 
25 280.8 38.4 1.350E-02 25 20.9 68.1 1.493E-02 
50 283.0 38.4 1. 211E-02 50 20.3 69.5 1.353E-02 
75 284.0 43.3 9.743E-03 75 19.6 69.2 1.182E-02 

100 284.4 44.6 7.631E-03 100 14.8 68 . 7 1. 017E-02 
125 285.1 46.5 5.902E-03 125 15.9 68.0 8.655E-03 
150 285.7 47.7 4.548E-03 150 14.9 68.1 7.525E-03 
175 285.7 48.0 3.649E-03 200 12.8 67.4 5.696E-03 
200 286.3 48.0 2.891E-03 250 15.3 64.7 4.331E-03 
250 282.8 49.9 1.903E- 03 300 16.4 64.4 3.338E-03 
300 289.6 55.6 1.252E-03 350 14.5 63.9 2.665E-03 

400 18.8 63.4 2.156E-03 
450 18.4 63.5 1.629E-03 
500 23.4 59.9 1.353E-03 
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SPEC. NAME: 19794K-22.2 TH Site 6 SPEC. NAME: 19794-23.2A Site 6 
TEMP DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 210.9 83.9 5.024E-04 0 12.8 75.6 3.019E-03 
5 193.2 79.3 4.626E-04 100 11.7 77.0 1. 886E-03 
8 190.1 77.6 4.410E-04 125 12.5 77.4 1.513E-03 

10 188.6 74.3 4.330E-04 150 10.9 75.5 1.191E-03 
15 182.9 71.4 4.028E-04 175 357.9 77.5 9.363E-04 
20 182.5 68.8 3.802E-04 200 13.8 82.3 7.443£-04 

200 178.1 64.8 3.552£-04 225 3.3 81.4 6.145£-04 
300 178.9 64.0 3.120E-04 250 12.1 80.4 5.033E-04 
350 177.6 63.9 2.891E-04 275 35.8 83.5 4.185E-04 
400 178.5 64.6 2.403E-04 300 46.1 82.6 3.370E-04 
450 177.4 65.0 2.060E-04 325 68.8 82.2 3.035E-04 
475 175.4 64.2 1.888E-04 350 25.3 82.4 2.318E-04 
500 175.5 63.0 1. 719E-04 375 280.0 88.7 2.191£-04 
525 179.3 62.3 1. 626E-04 400 136.0 79.0 1. 863E-04 
550 178 . 0 61.4 1.491E-04 425 161.8 72.7 1.629E-04 
575 177 . 8 60.6 1.473E-04 450 204.9 80.3 1.340E-04 
600 172 . 6 57 . 6 1.274£-04 475 216.1 68.0 1.011£-04 
625 174.0 58.9 1.143£-04 500 221.8 9.4 5.646£-05 
650 175.0 60.5 8.574E-05 500 222.7 50.9 8.954£-05 
675 187.1 54.1 2.858E-06 525 174.7 69.7 7.470E-05 

550 69.3 48.0 9.430£-05 
500 195.8 64.1 5.487£-05 
525 196.7 60.5 4.877E-05 
550 243.6 46.2 3.761E-05 

SPEC. NAME: 19794-24.2 Site 6 SPEC. NAME: 19794- 25.1 Site 6 
TEMP DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 303.0 70.5 3.778£-03 0 358.3 80.2 9.143E-04 
5 303.5 70 . 5 3.414E- 03 25 10.0 79.0 8.075£-04 

10 302.5 70.3 2.458E- 03 50 358.9 83.1 7.430E-04 
200 7.6 73.5 8.236£-04 75 24.1 83.1 6.455E-04 
250 34.5 81.1 4.297£-04 100 35.0 86.2 5.863E-04 
300 127.0 79.4 2.776£-04 125 51.8 88.2 4.942E-04 
350 157.2 79.3 2 . 477£-04 150 114.4 89 . 1 4.459E-04 
400 75.0 62.0 2.276£-04 200 162.6 85.7 3.545£-04 
450 186.9 72.0 1.364E-04 250 151.9 81.1 2.896E-04 
500 143.6 40.3 6.887E-05 300 149.6 79.0 2.483E-04 
520 192.6 46.7 4.966E- 05 350 176.3 74.9 2.312E- 04 

400 140.5 70 . 3 2.068£- 04 
450 141.8 66.8 1.947E-04 
500 137.8 80.4 2.050£-04 
550 187.0 64.9 2. 072E-04 
600 132.2 61.5 1.777E-04 
625 190 .0 62.8 2.092E-04 
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SPEC. NAME: 21794-26.1 Site 6 SPEC. NAME: 19794-27.3 Site 6 
FIELD DECL. INCL . MOMENT FIELD DECL. INCL. MOMENT 

0 333.0 63 . 1 1.034E-03 0 353.6 65.6 2.186E- 03 
25 334.7 61.9 9.497E-04 100 346.0 83 . 5 1.506E-03 
50 329.9 66 . 0 8.355E-04 125 355.1 68.3 1.455E- 03 
75 331.6 67.6 7 . 653E-04 150 351.3 68 . 7 l.185E-03 

100 333.0 69.8 6.264E- 04 175 353 . 2 68 . 9 9.813E- 04 
125 329.1 75.2 5.200E-04 200 357.8 69.3 7.788E-04 
150 325.4 75 . 3 4.597E-04 225 354.6 68.9 6.619E-04 
200 317.3 82 . 2 3.451E-04 250 4.4 72.6 5.226E-04 
250 271.0 86 . 3 2.719E-04 275 1.4 76.0 4 . 444E- 04 
300 209.9 86.0 2.294E-04 300 352.2 76.4 3.830E-04 
400 181.8 81.6 1 . 947E-04 325 23.5 70.2 3.272E-04 
500 207.0 72.1 1.875E-04 350 41.7 75.5 2.772E-04 

375 0.6 74.4 2.268E-04 
400 268.0 32 .7 1.957E- 04 
425 183.0 76.3 1.518E-04 
450 19.2 62. 0 1 .325E- 04 
475 202.4 2 5.8 2 . 578E-04 
500 118 . 5 53 . 3 9.149E-05 
525 326.1 65 . 3 5.487E-05 
550 232 . 4 36.6 9 . 101E-05 

SPEC. NAME: 21794 - 7.1 Site 9 SPEC. NAME: 21794-8.2 Site 9 
FIELD DECL . INCL . MOMENT FIELD DECL . I NCL . MOMENT 

0 343.7 75.5 8 . 637E-03 0 342 . 9 67.1 1 . 133E-02 
25 338 . 9 7 6.6 7.936E- 03 25 344 . 6 68.7 1.015E- 02 
50 341.8 77.9 6 . 777E-03 50 339.9 67.3 9 .260E- 03 
75 342.1 78.4 5.584E-03 75 338.4 66.9 7.671E-03 

100 340.1 78.0 4.409E-03 100 337 . 6 68.4 6.423E-03 
125 341.9 79.0 3.807E-03 150 339.6 68.5 4.478E- 03 
150 339.9 80.5 3.295E- 03 200 340.9 71.3 3 . 345E- 03 
200 347.7 81.8 2.591E-03 250 339 . 6 73 . 8 2.523E-03 
250 349.1 84.0 2.032E-03 300 338.3 77.2 1.820E-03 
300 352 . 1 86 . 5 1. 590E-03 400 319 . 6 86.0 1.038E- 03 
400 155 . 9 83 . 7 9.721E-04 
450 150 . 9 77 . 3 7.055E-04 
500 151 . 7 70.5 5.950E-04 
550 157 .6 62 . 3 4.836E- 04 
600 159.9 62.8 4 . 335E-04 
7 00 158.8 58 . 6 4.089E-04 
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SPEC. NAME : 21794-9.1 Site 9 SPEC. NAME: 21794-10.1 Site 9 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 328.6 68.8 1.668E-02 0 281.6 75.4 4.034E-02 
25 323.6 66.8 1.573E-02 25 285.5 74.4 4.063E-02 
so 326.9 66.4 1.515E-02 50 288.0 74.2 4.035E-02 
75 325.2 65.5 1.385E-02 75 289.4 73.3 3.967E-02 

100 325.0 64.8 1.264E-02 100 290.9 72.5 3.871E-02 
150 325.3 64.4 1. 013E-02 125 291.9 71.7 3.715E-02 
200 324.9 64.4 7 . 913E-03 150 292.1 70.9 3.550E-02 
250 326.0 65.5 6.170E-03 200 293.2 69.6 3 .113E-02 
300 329 . 6 64.4 4.569E-03 250 293.4 68 . 6 2.611E-02 
350 330.3 66.1 3.598E-03 300 297.8 66.9 2.079E-02 
400 331.8 69.5 2.846E-03 350 295.7 67.0 1.585E-02 
500 335.8 70 . 2 1.604E-03 400 296.7 64.6 1.265E-02 

450 309.6 62.1 8.402E-03 
500 291.3 70 . 9 6.093E-03 
550 298 . 6 61.8 5.448E-03 
600 335.6 46.1 2.638E-03 

SPEC. NAME: 21794-11.1 Site 9 SPEC. NAME : 21794-12 Site 9 
FIELD DECL . INCL. MOMENT TEMP DECL. INCL . MOMENT 

0 292.5 45 . 1 3.452E-03 0 182 . 6 71 . 8 1.154E- 02 
50 294.1 57.2 2.306E-03 3 185 . 2 71.4 9.691 E-03 

100 288.5 67.9 1 . 467E-03 5 177.3 70.3 8. 517E-03 
125 293.3 65 . 8 1.206E-03 10 175 . 9 70 . 8 6.241E-03 
150 297.3 66.9 8.973E-04 15 174.6 70 . 7 4.686E-03 
175 294.4 67.9 7.354E-04 200 152.0 66.6 2.263E-03 
225 296.8 71.8 4.466E-04 300 140.8 62.8 1.963E-03 
250 282.1 73.6 3.774E- 04 350 147.1 59.1 1.796E-03 
275 275.7 68 . 5 2.590E-04 400 140.9 59 . 5 1.766E-03 
300 277.9 70 . 7 1.506E-04 450 148 . 5 50 .8 1.059E- 03 
325 268.7 57.7 1.239E- 04 475 149.3 48. 7 8 . 232E-04 
350 255.1 64 . 2 1.404E-04 500 162.9 52. 6 3 . 814E-04 
375 223 . 7 58.5 1. 061E-04 525 163.1 45.1 1.986E-04 
400 234 . 4 73.3 6.754E-05 
425 348 . 8 61.2 8.911E - 05 
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SPEC. NAME: 21794-13 . 1 Site 5 SPEC . NAME: 21794-14.3 Site 5 
FIELD DECL. INCL. MOMENT TEMP DECL. INCL. MOMENT 

0 322.5 47.7 3.077E-02 0 315.6 62 . 0 7.151E-03 
25 321.4 46.9 3.148E-02 5 317.5 63.7 6.697E-03 
50 321.7 45.3 3 .llSE-02 10 318.2 62.1 4.746E-03 
75 321.9 44 . 2 3.070E-02 200 321.6 61.2 4.165E-03 

100 321.0 43.2 2.967E-02 250 321.6 59.0 3.913E-03 
125 321.2 42 . 6 2.801E-02 300 322 . 9 58 . 3 3.671E-03 
150 320.8 41 . 8 2.612E-02 350 323 . 1 57.8 3.394E-03 
175 320.4 41.9 2 . 370E-02 400 324 . 3 59 . 1 2.980E-03 
200 320.9 41.8 2.083E-02 450 318.6 59 . 3 1 . 961E-03 
225 321.0 41. 2 1.825E-02 500 315 . 5 70 . 4 4.170E-04 
250 320.7 41.3 1.577E-02 520 233 . 2 71.0 2.157E-04 
300 321.2 41.4 1.175E-02 540 218.6 75 . 6 2.256E-04 
350 323.7 40 . 2 8 . 699E-03 560 213.5 67.1 1. 079E-04 
400 317.0 40 . 8 5.900E-03 580 187.3 58 . 3 1.967E-04 
450 326 . 5 44 . 3 4.045E-03 600 196.7 43.4 1. 477E-04 
500 333.7 35.9 3.647E-03 620 183.9 52.0 1. OOlE-04 
550 293.2 41.0 2 . 400E-03 640 168.7 50.6 1 . 002E-04 

660 126 . 7 8.9 1 . 911E-05 

SPEC. NAME: 21794-15.1a Site 5 SPEC . NAME: 21794-16.1a Site 5 
FIELD DECL . INCL. MOMENT FIELD DECL. INCL . MOMENT 

0 295 . 7 33.9 2.254E-02 0 289 . 8 56.5 1.348E-02 
25 295 . 7 34.0 2.229E-02 25 295.1 55 . 9 1.261E-02 
so 294.9 33 . 4 2.217E-02 50 298.7 57 . 5 1.177E-02 
75 294 . 4 32.3 2.182E-02 75 300 . 3 55 . 7 1.083E-02 

100 294.1 32.1 2.102E-02 100 302.5 55.1 9 . 742E-03 
150 292.9 31.3 1. 843E-02 150 305.0 53.0 7.876E-03 
200 293.0 30.6 1 . 465E-02 200 304.9 49.6 5 . 881E-03 
250 293.1 30 . 6 1.083E- 02 250 304 . 5 49.4 4.489E-03 
300 292.6 29.4 7.785E-03 300 304 . 8 50.1 3.494E-03 
350 293 . 5 29.6 5.413E-03 400 309 . 4 47 . 3 1 . 949E-03 
400 293 . 2 30. 2 3.692E-03 450 298.1 53 . 4 1 . 408E-03 
500 288 . 5 14.1 2 .111E-03 500 301.3 57.1 1. 2 1 7E-03 

SPEC. NAME: 21794-17b Site 5 SPEC. NAME: 217 94-18b S i te 5 
FIELD DECL. INCL. MOMENT FIELD DECL. I NCL. MOMENT 

0 352 .2 76 . 4 1.054E-02 0 313 . 8 56 . 9 1. 2 83E-02 
25 349 . 6 76 . 4 9 . 508E-03 2 5 314.4 56 . 4 1.209E-02 
50 342.7 74 . 9 8 . 251E- 03 5 0 312.6 55.8 1 . 157E- 02 
75 343.7 73.1 6.447E-03 75 310.8 55.5 1 . 003E-02 

100 343.1 72 . 5 4.638E-03 100 309.8 53.2 8 . 665E-03 
125 349 . 5 74 . 0 3.485E-03 150 309.8 52.8 5.907E-03 
150 348.3 74.7 2 . 642E- 03 200 308.8 53.0 3 . 8 4 5E - 03 
200 351. 1 77.6 1.606E- 03 250 307 . 2 54.3 2 . 522 E- 03 
250 18 . 2 80 . 8 1. 037E-03 300 307 . 2 57.4 1 . 591E-03 

350 312.9 59 . 7 1. llOE-03 
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SPEC. NAME: 12995-l.lb Site 10 SPEC. NAME: 12995-2.1A Site 10 
TEMP DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 141.1 58.0 1.534E-04 0 145.0 58.0 l. 220E-04 
5 140.2 56.8 1. 460E-04 25 146.6 56.7 1.193E-04 

10 139.7 55.6 1.359E-04 50 147.9 54.9 1.171E-04 
200 137.9 51.2 1.196E-04 100 150.2 53.4 1.100E-04 
250 138.5 51.2 1.160E-04 150 150.7 52.4 1.025E-04 
300 138.9 52.2 1. 075E-04 200 148.3 51.4 9.183E-05 
350 139.6 53 . 4 9.949E-05 250 152.2 50.6 7.730E-05 
400 140.3 54.2 8.888E-05 300 153.4 50.3 6.655E-05 
450 140.3 57.3 7.560E-05 350 150.0 49.9 5.728E-05 
500 139.5 63.8 4.533E-05 400 147.5 48.7 4.489E-05 
520 138.6 64.4 4.365E-05 450 156.9 46.3 4.219E-05 
540 140.1 66.0 3.824E-05 500 147.2 46.8 4.015E-05 
560 140.6 67.2 3.660E-05 600 142.9 46.2 2.988E-05 
580 140.0 67.1 3.434E-05 700 161.5 37.8 3.600E-05 
600 135.0 68.4 3.163E-05 
620 140.0 67.8 2.875E-05 
640 148.3 67.5 2.198E-05 
660 112.0 -24.4 1. 652E-06 

SPEC. NAME: 12995-3.1A Site 10 SPEC. NAME: 12995-4.2.2 Site 10 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 135.6 69 . 9 1.087E-04 0 119.7 73.1 6.358E-05 
25 137.8 69 . 7 1.058E-04 25 121.9 72.4 5.982E-05 
50 140.4 68.7 1.048E-04 so 124.3 71.5 5.795E-05 
75 143.0 68 .2 1.026E-04 75 124 . 6 70.7 5.602E-05 

100 142.7 68.1 1.009E-04 100 126.9 70.3 5.477E-05 
150 145.6 67.5 9.288E-05 150 129.6 70.0 5.240E-05 
200 146.8 68.7 8.367E-05 200 132.9 69.8 4 . 795E-05 
250 144.7 69.8 7.542E-05 250 132.6 69.6 4.333E-05 
300 155.0 71.9 6.668E-05 300 134.7 66.8 3.755E-05 
350 162.6 74.6 6.097E-05 350 136.8 67.4 3.597E-05 
400 144.7 67.6 5.972E-05 400 137.8 69 .1 3.364E-05 
450 169.9 76.3 5.824E-05 500 131.7 58.3 2.621E-05 

600 137.1 68.1 3.464E-05 

SPEC. NAME: 12995-5.2 Site 10 SPEC. NAME: 12995- 6.2 Site 10 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 125.0 83.3 1. 527E-04 0 200.0 73.0 7.566E-05 
25 125.2 83.4 1. 526E-04 25 199.2 72.8 7.542E-05 
50 128.9 82.5 1.513E-04 50 195.8 72.0 7.374E-05 
75 121 . 6 81.7 1.493E-04 50 196.0 72.1 7.348E-05 

100 134.5 80.2 1 . 471E-04 100 190.4 71.2 6.926E-05 
150 132.1 81.8 1.429E- 04 150 189 .2 69.7 6.335E-05 
200 130.9 78 .2 1.344E- 04 200 187 . 2 69 .7 5.617E-05 
250 141.5 79.5 1.213E-04 250 188.4 68.0 4.777E-05 
300 124 . 0 78 . 3 1.030E-04 300 193.7 68.3 4.123E-05 
350 106.0 81.2 1. 050E-04 350 183.6 69 . 6 3.918E-05 
400 224.9 82 . 6 8.932E-05 400 187.1 65.3 2.983E-05 
450 99.7 61.4 6.290E-05 500 204.7 65.3 3.185E-05 

600 168.3 71.1 3.514E-05 
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SPEC. NAME: 13996-1.2 Site 14 SPEC. NAME: 13996-2.2b Site 14 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 321.5 79.4 1. 786E-05 0 328.5 85.9 1.220E-05 
25 317.6 78.7 1. 429E-05 25 227.3 85.3 9.598E-06 
50 311.5 81.8 1. 161E-05 50 229.5 87.9 8.881E-06 
75 265.2 83.5 9.284E-06 75 174.3 82.5 7.304E-06 

100 199.9 86.9 7.337E-06 100 132.6 80.9 6.249E-06 
125 133.4 89.3 6.103E-06 125 138.1 83.3 5.717E-06 
150 268.6 84.0 5.978E-06 150 108 . 3 84.0 5 .l34E-06 
200 302.0 89.2 4.058E-06 200 93.7 83.4 4.834E-06 
250 344.8 81.3 3.657E-06 250 92.1 83.7 4.345E-06 
400 34.1 67.6 3.037E-06 300 71.5 82.4 4.031E-06 

400 135.6 86.9 3.448E-06 
500 90.8 75.5 3.317E-06 

SPEC. NAME: 13996-3.2 Site 14 SPEC. NAME: 13996-4.1A Site 14 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 173.9 64.2 1. 058E-03 0 20.6 76.2 5.733E-04 
25 158.9 65.6 1.045E-03 25 331.6 70.8 6.076E-04 
50 168.9 61.8 8.009E-04 50 326 . 6 82.6 4.433E-04 
75 177.2 64.2 5.778E-04 75 354.9 79.5 3.309E-04 

100 179.5 62.6 4.828E-C4 100 304.6 80.2 2.530E-04 
125 175. a 63.2 3.733£-04 125 301.0 83.3 2.092E-04 
150 180.1 61.9 2.876E-04 150 296.0 79.3 1.529E-04 
175 180.4 60.4 2.362E-04 175 259.2 77.1 1.276£-04 
200 174.7 61.8 2.028E-04 200 265.1 74.3 1.144E-04 
250 190.6 62.5 1.395E-04 250 247.9 67.1 7.088E-05 
300 194.7 59.2 1.098E-04 300 223.9 66.9 5.454E-05 
350 184.6 65.2 9.648E-05 

SPEC. NAME:13995-13.2bTH Sitel4 SPEC. NAME : 13995-14.2aTH Site14 
TEMP DECL. INCL. MOMENT TEMP DECL. INCL. MOMENT 

0 117.3 70.2 9.302E-05 0 128.6 44.8 1 . 065E-04 
5 119.5 70.7 9.421E-05 5 129.7 46.1 1.041E-04 

10 121.7 70.7 9.096E-05 10 130.9 46.4 9 . 803E-05 
15 122.3 71.6 8.398E-05 200 134.2 46.6 8. 721E-05 

200 126.6 70 . 8 8.202E-05 300 134.0 48.4 7.613E-05 
300 126.4 71.8 7.416E-05 350 135.1 51.2 6.647E-05 
350 125.7 72.8 6.733E-05 450 133.1 59.8 5.419E- 05 
400 126.5 73.5 6.412E-05 475 134.5 63.7 4.967E-05 
450 118.5 75 . 6 5.473E-OS 500 123.3 69.0 3.630E-05 
475 113.3 76.9 4.873E-05 525 122.2 69.6 3.547E-05 
500 90.0 78.2 3.679E-05 550 117.6 72.6 3.045E-05 
525 81.5 78.4 3.308E-05 575 115.0 73.1 2.810E-05 
550 50.6 80.2 2.530E-05 600 112.6 72.2 2.575E-05 
575 48.7 79.0 2.573E-05 625 115.4 69.6 2.125E-05 
600 57.1 79.2 2.442E-05 650 116.4 63.4 1.308E-05 
625 58.5 78 . 6 2.183E-05 675 349.7 32.1 3.915E-07 
650 64.0 79.7 1. 509E-05 
675 194.6 54.2 1.207E-06 
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SPEC. NAME: 13995-15A Site 14 SPEC. NAME: 16995-17.2 Site 14 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 229.2 84.2 1.356E-04 0 6.6 67.5 1.451E-05 
25 219.8 84.2 1.338E-04 25 358.6 66.5 1. 375E-05 
50 208.5 82.8 1. 311E-04 50 1.5 69.4 1.332E-05 

100 190.5 80.5 l.225E-04 100 3.1 67-5 1.049E-05 
150 190.8 79.4 1.140E-04 125 9.2 68.8 9.119E-06 
200 187.2 78.9 l. 025E-04 150 6.5 71.0 8.097E-06 
300 183.9 81.0 7.012E-05 200 11.9 72.5 6.616E-06 
350 216.3 81.9 6.221E-05 250 2 . 8 71.8 5.419E-06 
400 151.7 84.9 6.973E-05 300 18.9 67.1 4.325E-06 

400 33.8 72.3 3.752E-06 

SPEC. NAME: 16995-18.1 Site 14 SPEC. NAME: 16995-19 Site 14 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 4.7 49.1 2.630E-05 0 287.7 74.1 1.316E-03 
25 2 . 4 49.6 1.843E-05 25 289.5 74.2 l. 292E-03 
50 11.5 56.9 1.445E-05 50 284.5 74.7 l.205E-03 
75 24.1 57.6 l. 014E-05 75 289.4 73.3 1.126E-03 

100 25.8 68.0 7.581E-06 100 275.6 74.8 1.007E-03 
125 34.9 72.1 6.584E-06 125 277.6 75.5 8.794E-04 
150 51.7 68.5 5.844E-06 150 287.4 74.7 8.265E-04 
200 38.9 68 . 1 4.715E-06 175 280.6 74.6 7.098E-04 
250 29.8 70 . 4 4.313E-06 200 283.4 74.9 6.375E-04 
300 54.4 68.7 3.345E-06 250 282.8 73.9 5 . 183E-04 
350 45.7 71.1 3.216E-06 300 287.7 75.1 4.334E-04 
400 77.8 57.9 2.825E-06 400 295.7 73.8 3.091E-04 
500 29.9 52.4 3.816E-06 500 285.7 71.2 2.038E-04 

600 276.7 78.0 1. 581E-04 
700 297.5 73.2 1.157E-04 

SPEC. NAME: 21794-19.1a Site 7 SPEC. NAME: 21794-20.1a Site 7 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 132.2 -4.7 1.391E- 02 0 125-6 - 2.1 1.044E-02 
25 134.2 -12.6 1.359E- 02 25 129.5 -5.2 1. OllE-02 
50 132.4 -15.4 l. 282E-02 50 132.1 - 14.5 1.064E-02 
75 131.6 -19.5 1.218E-02 75 136.8 -21.9 1. 052E-02 

100 132.9 -22 . 8 1.058E-02 100 136.4 -25.1 1. 020E-02 
125 134.0 -25.5 9.180E-03 125 136 . 1 -29.3 9.319E-03 
150 132 . 9 -26.5 7.798E-03 175 136 . 9 -33.6 7.470E-03 
175 131.8 -27.9 6.186E-03 200 136.8 -34.6 6.605E-03 
200 130 . 7 -27.9 5.108E-03 250 137.9 -35.9 5.131E-03 
250 131.0 -28.0 3.586E-03 300 135 . 4 -36.5 4.029E- 03 
300 124.7 -23 . 5 2.751E-03 350 137 - 5 -38.6 2.976E-03 
400 132.8 -23.8 l. 083E-03 400 135 . 0 -37.7 2.148E-03 

500 126.8 -29.2 1. 474E-03 
600 166.0 -55.7 7.378E-04 

88 



SPEC. NAME: 21794-21.2 Site 7 SPEC. NAME: 21794-22.1a Site 7 
FIELD DECL. INCL . MOMENT FIELD DECL. INCL. MOMENT 

0 114.3 35 . 7 7.236E-03 0 148.0 10.7 5.777E-03 
25 117.3 24 . 4 6.479E-03 25 148.8 4.8 7 . 423E-03 
50 125.3 13.0 5.271E-03 50 149.2 -9.7 7.932E-03 
75 131.3 -6.2 5.009E-03 75 154.4 -17.8 9.077E-03 

100 136.7 -23.6 5.439E-03 100 153.4 -24.1 9.671E-03 
125 138.0 -31.5 5.794E-03 125 153.6 -28.9 1. 011E-02 
150 141.9 -36.5 5.888E-03 150 153 . 6 -31.4 1.005E-02 
175 142.6 -39.3 5.934E-03 175 154.6 -33.1 9.666E-03 
200 145.0 -42.2 5.661E-03 200 153 . 9 -34.6 9.055E-03 
225 145.4 -42.8 5.327E-03 225 153.9 -35.6 8.331E-03 
250 144.5 -44.7 4.935E-03 250 154.7 -36.3 7.583E-03 
300 146.2 -46.7 4.152E-03 275 153.4 -37.0 6.691E-03 
350 145.6 -46.7 3.276E-03 300 154.3 -37.9 6.003E-03 
400 142.5 -46.8 2.692E-03 350 153.1 -37.3 4.888E-03 
450 151.4 -55 . 2 2.158E-03 375 156.1 -39.1 4 .211E-03 
500 143.3 -42.1 1. 256E-03 400 152.8 -39.8 3.583E-03 
600 126.2 -35.1 1.230E-03 425 150.8 -36.9 3.385E-03 

450 161.9 -42.3 2.815E-03 
500 147.7 -41.9 2.187E-03 
550 144.5 -43.1 1.521E-03 
600 131.8 -26.5 1.747E-03 

SPEC. NAME: 21794-23.1a Site 7 SPEC. NAME: 21794-24.1a Site 7 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL . MOMENT 

0 350.3 84.1 1. 679E-02 0 317.1 89.7 9.389E-03 
25 346.9 85.4 1.517E-02 25 7 . 6 88.9 8.978E-03 
50 358.7 84.2 1.294E-02 so 180.5 87.8 7.985E-03 
75 41.1 85.6 1.027E-02 75 154.6 85.4 6.575E-03 

100 59.0 86.5 8.003E-03 100 137.5 81.4 5 .115E- 03 
125 96.1 84.8 6.125E-03 125 138.6 77.1 3.839~-03 

150 99.7 84 . 0 4.710E-03 150 138 .0 73 .2 2.990E-03 
175 113.7 84 . 6 3.621E-03 175 135.0 71.0 2.321E-03 
200 112.3 81.6 2.925E-03 200 133 . 8 69.4 1.876E-03 
250 116.9 81.1 1. 915E-03 225 139.5 69.1 1. 460E-03 
300 116.3 83.3 1. 319E-03 250 125.2 69.2 1.168E-03 

275 127.1 69.9 9 . 580E-04 
300 127.0 66.6 8.057E-04 
325 117 . 4 64.6 6.951E-04 
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SPEC. NAME: 17794-6.lb Site 2 SPEC. NAME: 17794-7.1a Site 2 
TEMP DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 283.7 52.3 9.872E-03 0 269.6 5.2 4. 211E-03 
5 286.0 29.7 9.178E-03 25 268.8 3.7 3.719E-03 

10 284.8 27.4 6.124E-03 50 268.4 5.0 3.337E-03 
200 280.1 14.6 3.852E-03 75 267.4 6.0 2.868E-03 
250 273.8 22.2 3.080E-03 100 268.6 7.0 2.422E-03 
300 266.9 27.6 2.511E-03 125 268.0 9.3 1.994E-03 
350 260.9 31.4 2.039E-03 150 266.8 11.0 1. 660E-03 
450 247.7 40.7 1.622E-03 200 267.8 15.9 1.202E-03 
500 243.9 39.2 1.192E-03 250 266.1 38.7 9.039E-04 
520 232.0 43.2 1. 079E-03 300 235.1 -4.4 5.474E-04 
540 239.5 42.5 9.091E-04 
560 240.0 45.0 7.730E-04 
sao 219.3 15.4 5.863E-04 
600 207.3 32.6 3. 712E-04 
620 233.0 -25.2 5.996E-05 
640 196.3 41.3 1. 098E-04 

SPEC. NAME: 17794-8.1 Site 2 SPEC. NAME: 17794-9.2 TH Site 2 
FIELD DECL. INCL. MOMENT TEMP DECL. INCL. MOMENT 

0 90.7 27.3 1. 447E-02 0 243.4 0.3 5.362E-03 
25 91.9 26.3 1. 313E-02 5 243.2 3.6 4.903E-03 
50 92.8 26.8 1. 201E-02 10 244.2 10.2 4.062E-03 
75 94.1 27.2 1.067E-02 15 242.4 15.6 3.061E-03 

100 94.5 28.1 9.440E-03 20 243.3 20.0 2.269E-03 
125 96.1 29.4 8.455E-03 200 243.7 35 . 5 1.554E-03 
150 97.9 30.3 7.440E-03 300 243.3 36.9 1.230E-03 
175 98.3 31.5 6.568E-03 350 244.7 37 . 8 1.046E-03 
200 100.4 33.8 5.858E-03 400 244.8 39.2 9.400E-04 
225 104.6 32.4 4.912E-03 450 244.5 39.9 8.304E-04 
250 100.6 35.7 4.175E-03 475 251.9 40.9 7.263£-04 
275 94.6 42.6 4.165E-03 500 242.6 41.4 6.627£-04 
300 117.5 24 . 9 3.102E-03 525 242.4 42.5 6.198£-04 
325 87.6 45.2 2.249E-03 550 240.2 44.7 3.028E-04 

575 240.1 46.2 2 . 262E-04 
600 146.9 -24.5 1.791£-05 

SPEC. NAME:17794-10.2b TH Site 2 SPEC . NAME : 21794-26.1a Site 2 
TEMP DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 50.7 -2.0 5.348E-03 0 30.4 27.9 2.641E-02 
5 51.3 -0.4 5 .247E-03 25 33.3 30.8 2.307E-02 

10 51.9 2.3 4.673E-03 so 33.1 36.0 2.038E-02 
15 54.0 5.5 3.989E-03 75 35.1 41.6 1. 687E-02 
20 56.3 8.2 3.299E-03 100 37.2 46.1 1.331E-02 

200 65.3 17.4 2.129E-03 125 40.3 50.9 1.029E-02 
300 75.8 23.7 1.621E-03 150 49.2 57.3 7 . 707E-03 
350 82.2 25.0 1. 323E-03 175 48.1 57.8 5.446E-03 
400 89.3 27.7 1.193E-03 200 55.2 62.8 4.517E-03 
450 87.9 27.7 1. 024E- 03 250 90.4 57.7 1.798E-03 
475 92.3 27.6 9.204E-04 275 17.9 59.5 1.848£-03 
500 92.4 26.7 7 . 985E-04 
525 104.8 31.6 5.824E-04 
550 181.6 38.6 6.992E-05 
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SPEC. NAME: 16995-1.2A Site 15 SPEC. NAME: 16995-2.2A Site 15 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 239.9 69.3 1.334E-05 0 315.0 79.0 1.648E-05 
25 241.5 72.7 1.341E-05 25 333.7 79.7 1.608E-05 
50 223.3 78.7 1.149E-05 so 339.4 80.1 1.184E-05 
75 227.4 80.6 1.135E-05 75 325.9 80.0 1.224E-05 

100 211.3 78.9 9.854E-06 100 354.7 79.6 1.260E-05 
125 185.5 80.8 9.097E-06 125 16.1 81.4 1. 027E-05 
150 194.2 81.1 8.736E-06 150 12.0 79.5 9.947E-06 
175 206.0 80.4 8.025E-06 175 20.3 80.5 9.043E-06 
200 172.7 85.5 7.381E-06 200 16.2 80.6 8.345E-06 
250 3.9 88.1 6.560E-06 225 25.4 80.7 7.938E-06 
300 283.7 81.3 6.462E-06 250 19.2 82.9 7.298E-06 

300 39.8 79.8 6.156E-06 
350 21.6 75.4 6.708E-06 
400 22.3 83.9 6.072E-06 

SPEC. NAME: 16995-3.1 Site 15 SPEC. NAME: 16995-4.2A Site 15 
TEMP DECL. INCL. MOMENT TEMP DECL. INCL. MOMENT 

0 99.0 79.6 1.105E-03 0 21.6 69.5 1.405E-03 
5 69.8 85.1 9.867E-04 5 346.0 73.4 1.138E-03 

10 127.0 86.0 6.019E-04 10 336.6 75.1 6.765E-04 
15 233.2 85.3 3.595E-04 200 288.1 73.4 4.417E-04 

200 225 . 9 75.8 1.666E-04 250 256.0 74.9 2.542E-04 
300 284.0 78.5 1. 325E-04 300 270.3 77.7 2.585E-04 
350 293.6 76.2 1.291E-04 350 251.5 75.3 2.467E-04 
450 248.9 78.5 1.140E-04 400 247.7 71.8 2.156E-04 
475 212.4 82.0 1.008E-04 450 240.3 63.4 1.951E-04 
500 303.0 81.8 8.314E-05 500 205.1 56.6 1.296E-04 
525 294.7 81.0 6.113E-05 520 227.3 45.0 1.313E-04 
550 208 . 0 49 . 6 4.267E-05 540 211.5 2.2 1.560E-04 

560 194.0 17.2 5.124E-05 
580 215.5 19 . 2 2.028E-05 
600 210.6 1.1 3.035E-05 

SPEC. NAME: 16995-5.1 Site 15 SPEC. NAME: 16995-6.1 Site 15 
FIELD DECL. INCL. MOMENT TEMP DECL. INCL. MOMENT 

0 38.4 25.2 7.123E-04 0 239.9 82.0 2.152E-03 
25 35.3 30.9 5.214E-04 3 236.7 77.9 1.726E-03 
50 31.2 48.3 3.720E-04 5 227.9 81.4 1.376E-03 
75 34.6 47.8 2.648E-04 10 198.8 84.5 6.955E-04 

100 32.6 52.9 1.734E-04 200 160.8 81.8 2.963E-04 
125 30.0 56.6 1.240E- 04 300 157.8 72.9 2.382E-04 
150 33.6 56.8 9.298E - 05 350 168.1 77.7 2.244E-04 
200 31.3 62.0 5.479E- 05 450 154.7 74.1 1.911E-04 
225 37.6 70.6 4.916E-05 475 175.5 71.7 1.694E-04 
250 44.0 63.4 3.574E- 05 500 161.7 64.3 1. 609E- 04 
275 14.6 66.7 3.037E-05 525 157.6 66.0 1.459E-04 

550 235.6 26.5 6.069E-05 
575 196.4 34.3 2.217E-05 
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SPEC. 
FIELD 

0 
25 
so 
75 

100 
125 
150 
175 
200 
250 

SPEC. 
FIELD 

0 
100 
150 
175 
175 
200 
225 
250 
275 
300 
325 
350 
375 
400 
425 
450 
475 
500 
525 
550 
575 
600 
625 

NAME: 16995-20.2 Site 15 
DECL. INCL. MOMENT 

41.7 45.3 1.023E-03 
36.5 62.0 5.703E-04 
51.3 63.5 4.915E-04 
46.7 74.8 3.562E-04 
60.0 70.5 2.475E-04 
76.5 74.2 1.811E-04 
71.6 74.8 1.362E-04 
68.0 74.9 1.030E-04 
74.1 80.3 9.003E-05 
99.7 80.7 7.610E-05 

NAME: 13995-7.1A Site 13 
DECL. INCL. MOMENT 
191.4 -43.0 4.000E-03 
161.0 26.5 2.128E-03 
155.5 36.8 2.313E-03 
153 . 6 44.4 1.997E-03 
152.7 44.2 2.005E-03 
146.8 47.5 1.759E-03 
150.2 49.1 1. 592E-03 
151.0 48 . 0 1. 335E-03 
142.4 50.4 1.145E-03 
141.1 60.5 1.413E-03 
152.0 45.6 8.231E-04 
131.9 60.4 6 . 347E-04 
153.7 58.5 5 . 640E-04 
161.7 45.9 5.909E-04 

74.7 49.6 5.298E-04 
153.7 69.5 3.454E- 04 
166.5 23.7 4.019E-04 
27.6 26.7 4.234E-04 

122.7 80.8 3.097E- 04 
154.1 16.2 5.598E- 04 
19.7 11.2 5.125E-04 
81.0 69.7 2.469E-04 

167.7 28.8 5.479E-04 

SPEC. NAME: 13995-8.3TH Site 13 
TEMP DECL. INCL. MOMENT 

0 104.5 51.0 1.384E-02 
5 104.2 52.2 1. 203E-02 

10 103.0 53.9 8.033E-03 
15 104.6 55.6 4.916E-03 

200 108.1 59.5 2.799E-03 
300 106.0 60.1 2.157E-03 
350 108.8 61.1 1. 781E-03 
400 111.4 61.9 1.485E-03 
450 121.0 60.5 1.100E-03 
475 125.8 61.6 1. OOOE-03 
500 125.5 57.0 7.906E-04 
525 150.5 49.9 4.785E-04 
550 182.5 36.8 1.547E-04 
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SPEC. NAME: 13995-9A Site 13 SPEC. NAME: 13995-10.1a Site 13 
FIELD DECL. INCL. MOMENT TEMP DECL. INCL. MOMENT 

0 217.4 74.6 2.340E-02 0 32.3 65.8 1.976E-02 
100 223.0 80.3 1.020E-02 5 31.8 66.7 1.595E-02 
150 197.9 80.2 6.016E-03 10 33.4 69.7 1.111E-02 
175 210.5 81.9 4.446E-03 200 41.3 73.7 5.402E-03 
200 212.6 79.6 3.370E-03 250 50.5 74.7 4.362E-03 
225 208.4 79.7 2.754E-03 300 58.7 76.1 3.708E-03 
250 204.0 77.5 2.086E-03 350 72.0 78.0 3.148E-03 
275 201.2 77.7 1.642E-03 400 93.9 77.9 2 . 636E-03 
300 208.9 74.1 1.395E-03 450 122.5 78.1 2.052E-03 
325 208.8 75.3 8.760E-04 500 149 .1 77.7 1.258E-03 
350 197.1 67.7 8.275E-04 520 169.0 72.3 1.157E-03 
375 191.3 69.7 8.070E-04 540 182.7 79.7 5.959E-04 
400 220.8 69.5 5.246E-04 560 206.3 78.1 4.223E-04 
425 211.6 63.7 4.089E-04 580 192.2 29.6 2.916E-04 

600 206.6 -0 . 5 2 . 190E-04 

SPEC. NAME:13995-11 . 1TH Site 13 SPEC. NAME: 13995-12.2 Site 13 
TEMP DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 23.1 51.9 3.887E-03 0 57.2 71.0 1.161E-04 
5 22.6 55.6 3.042E-03 25 56.0 70.9 1.149E-04 

10 24.4 58.6 1.865E-03 50 56.8 71.2 1.144E-04 
15 24.0 59.2 1. 117E-03 75 55.1 71.2 1.124E-04 

200 25.5 68.9 7.754E-04 100 55.9 71.2 1.097E-04 
300 33 . 9 67.4 6.280E-04 150 53.7 70.5 1.026E-04 
350 34.1 70.2 5.024E-04 200 51.3 69 . 5 9.395E-05 
400 42.0 70.0 3.951E-04 250 50.8 69.8 8.578E-05 
450 74.1 49.7 2.739E-04 300 48 . 0 68.9 7 . 541E-05 
475 47.2 75.6 2.231£-04 350 43 . 7 65.8 6.320£-05 
500 40.3 75.6 1.863E-04 400 47 . 9 70.3 5.316E-05 
525 191.8 53.4 7.280E-05 450 44.1 53.2 3.006E-05 

500 32.9 56.8 3.472E-05 
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SPEC . NAME: 21794-l.la Site 8 SPEC. NAME: 21794-3. 1b TH Site 8 
E'IELD DECL. INCL. MOMENT TEMP DECL. INCL. MOMENT 

0 187 . 6 24.7 5.437E-03 0 234.0 21.9 1. 135E-02 
25 198.6 60.5 5 . 547E-03 5 214.4 24.2 6.847E-03 
50 168.3 52.6 4.724E-03 10 196.1 19.7 4.452E-03 
75 169.3 46.8 3.638E-03 15 185.8 17 . 8 3.102E-03 

100 161.9 46.8 2.561E-03 200 164.4 11.4 3.201E-03 
125 155.5 41.6 1.950E-03 300 158.1 8 . 4 3.073E-03 
150 157 . 5 38.1 1. 504E-03 350 159.4 4.9 2.854E-03 
175 159.1 38.2 1. 057E-03 450 156.4 2.3 2.150E-03 
200 154.5 37.2 8.857E-04 475 154.8 3.6 1.793E-03 
250 147.9 38.2 5.316E-04 500 154.5 4.1 1.381E-03 

525 166 . 6 10.7 8.891E-04 
550 162.5 25.6 4.597E-04 
575 214.8 8.8 1.189E-04 

SPEC. NAME: 21794-4.2 Site 8 SPEC. NAME: 21794-5.1a Site 8 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 53.5 51.5 4.486E-03 0 138.3 17.5 7.263E-03 
25 66.7 56.3 5 .135E-03 25 136.0 33 . 1 7.567E-03 
50 110.2 66.0 4.303E-03 50 141.6 34 . 8 6.692E-03 
75 114 . 8 59.9 3.580E-03 75 145.7 31.7 4.881E-03 

100 130 . 0 54 . 4 2.775E-03 100 149.7 23 . 6 3.652E-03 
125 131.2 49 . 1 2.169E-03 125 150.1 16 . 7 2 . 612E-03 
150 132 . 1 44 . 5 1. 729E-03 150 152.1 14.2 2.064E-03 
175 134.5 42.3 1.428E-03 175 150.8 13.5 1.538E-03 
200 132 . 5 40 . 4 1.181E-03 200 153.2 12.4 1.126E-03 
250 135.1 40.4 8 .136E-04 225 152.6 13.1 9. l34E-04 
300 137.9 46.0 6 . 260E-04 250 152.3 14 . 7 6 . 859E-04 
350 143 . 7 48.5 3 . 871E-04 275 148.7 14 . 8 5 . 712E-04 

SPEC . NAME: 21794-6.2 Site 8 
FIELD DECL. INCL. MOMENT 

0 150.3 85.6 1.116E-02 
25 153.6 83 . 1 1.061E- 02 
50 159.5 82 . 3 1. 009E- 02 
75 148.0 77.9 8.234E- 03 

100 154.8 69 . 1 6.322E- 03 
125 154.4 58 . 3 4 . 867E- 03 
150 156.2 46 . 6 3 . 945E- 03 
175 155.7 33 . 4 3.290E-03 
200 157.2 24.7 2.998E- 03 
225 156 . 0 16.6 2.637E- 03 
250 156 . 2 10.6 2.356E- 03 
300 155.1 0.4 1.896E- 03 
350 151.3 - 2.9 1.361E- 03 
400 152.3 - 4.5 1.274E- 03 
500 164.0 - 28.7 6.683E-04 
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SPEC. NAME: 16995-22.1b Site 16 SPEC. NAME: 16995-24.1a Site 16 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 337.3 58.6 9.620E-03 0 199.2 28.2 1.075E-02 
25 353.0 68.2 7.264E-03 25 194.4 26.8 8.086E-03 
50 347.5 68.1 5.173E-03 so 199.0 33.6 5.428E-03 
75 344.3 77.0 3.136E-03 75 201.8 39.0 3.477E-03 

100 351.6 84.2 2.020E-03 100 204.0 45.0 2.138E-03 
125 55.0 89.2 l. 327E-03 125 204.2 52.3 1.400E-03 
150 194.4 84.9 9.104E-04 150 203.3 56.2 9.666E-04 
175 203.6 85.3 6.499E-04 175 203.9 61.2 6.590E-04 
200 175.4 83.0 4.928E-04 200 206.8 66.0 5.085E-04 
225 191.7 77.8 3.232E-04 225 191.6 67.0 3.915E-04 

250 217.0 73.9 3.485E-04 

SPEC. NAME: 16995-25.2 Site 16 SPEC. NAME: 16995-26.1 TH Site 16 
FIELD DECL. INCL. MOMENT TEMP DECL. INCL. MOMENT 

0 272.9 30.9 3.849E-03 0 57.4 29.8 1.132E-02 
25 263.3 25.0 3.895E-03 5 68.0 26.2 9.182E-03 
so 259.7 20.0 2.978E-03 10 76.9 26.6 6.160E-03 
75 256.9 15.8 2.467E-03 15 86.5 27.8 3.641E-03 

100 253.6 17.4 1.791E-03 200 119.6 19.4 2.499E-03 
125 249.1 17.6 1.335E-03 300 136.7 18.2 1.987E-03 
150 245.3 18 . 4 1.052E-03 350 142.5 16.5 1.700E-03 
200 225.1 20.9 6.582E-04 400 144.5 21.3 1.432E-03 
250 229.4 15 . 6 5.218E-04 450 150.4 28.6 1. 072E-03 
300 308.1 45.4 2.268E-04 475 159.8 19.7 8.830E-04 

500 153.7 23.0 6.817E-04 
525 160.5 36.2 1.667E-04 
550 166.0 33.8 1.664E-04 
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SPEC. NAME : 17 7 9 4-11 . 2 Amyg Test SPEC. NAME:17794-12.2B TH Amyg Test 
FIELD DECL. INCL. MOMENT TEMP DECL. INCL. MOMENT 

0 39.4 69.6 1.346£-02 0 120.0 58.9 1.595£-02 
50 48.3 63.4 7.824£-03 3 102.8 65.1 1. 016E-02 
75 45 . 0 62.0 6.009£-03 200 90.2 66.7 5.610£-03 

100 50.5 53.0 4.776E-03 250 91.0 67.0 4.559E-03 
125 52.1 49.4 4.045E-03 300 86 . 1 65 . 3 3 ~ 894E-03 
150 55.0 44.8 3.475E-03 350 90.2 64.8 2.981E-03 
175 55.5 23.0 2.368E-03 400 96.3 64.7 2.405E-03 
200 55.8 40 . 5 2.447E-03 500 78.3 67 . 1 1.083E-03 
225 53.9 40 . 0 2.010E-03 520 76.1 65.4 9.269E-04 
250 56.8 40.3 1. 647E-03 540 117.5 73.1 4.783E-04 
300 58.0 41.7 1.091E-03 560 122.0 78.4 2.224E-04 
350 57.3 47.1 7.167E-04 580 175.2 24.4 2.238E-04 

600 208.4 9.9 3.261E-04 

SPEC. NAME:17794-13.1A Amyg Test SPEC. NAME:17794-14.1A TH Amyg Test 
FIELD DECL. INCL. MOMENT TEMP DECL. INCL. MOMENT 

0 72.0 82.2 1. 872E-02 0 278.4 74.6 1.590£-02 
25 79.4 82.0 1.677£-02 3 294.3 69 . 1 1.429E-02 
50 71.5 80.0 1.499E-02 200 292.8 66 . 0 9.459E-03 
75 85.6 78 . 4 1. 202E-02 250 287.7 63.4 7.984E-03 

100 90.1 76 . 3 9.748£-03 300 288.9 61.0 6.868E-03 
125 95 . 0 73.9 7.878E-03 350 288.5 57.3 5.641£-03 
150 103.3 70 .1 6.638E-03 400 284.6 58.3 4.826E-03 
175 102.1 69 . 7 5 . 525£-03 500 269.5 65.8 2 . 032£-03 
200 104.2 65 . 5 4.644£-03 520 272 . 4 67 . 7 1 . 704E-03 
225 105.3 65 . 3 4.070£-03 540 256.3 69.0 1.375£-03 
250 104.3 65 . 0 3.592£-03 560 253.8 70.0 6.693£-04 
300 103.9 63 . 3 2.920E-03 580 218.1 37.4 6.184E-04 
350 105.3 62.3 2.202£-03 600 241.0 57 . 7 1.847E- 04 
400 108.3 59 . 3 1.900£-03 
450 103.3 61.3 1.258E- 03 

SPEC. NAME:17794-15.2 Amyg Test SPEC. NAME: 18794-1 .3A TH Amyg Test 
FIELD DECL. INCL. MOMENT TEMP DECL. INCL. MOMENT 

0 115.7 83.1 1.383E-02 0 110.2 70.6 1 . 355E-02 
25 111.5 82.9 1.318E-02 3 131.1 70.5 1.165E-02 
50 136.7 79.6 1.187£-02 200 165.3 58 . 7 7.322E-03 
75 144 .2 75 .4 9.922£-03 250 166.4 51.1 6.194E-03 

100 149. 7 71.6 8 . 550E-03 300 167.5 43.9 5.260E- 03 
125 149.0 68.2 7.288£- 03 350 172.4 39.7 4.439£- 03 
150 150.7 65.5 6.378£-03 400 171.6 37 . 6 3.858£-03 
200 153.5 61.1 4.983E-03 500 166.5 44.2 1. 929E-03 
250 156.3 58.7 3.837E-03 520 169.4 43 . 9 1.635£-03 
300 155.0 58 . 1 2.957£-03 540 169 . 4 44.1 1 . 346E-03 
350 155 .2 57.3 2.315E-03 560 171.1 48.0 9.734E-04 
400 158.7 59 . 5 1.822E-03 580 183.2 39.2 6 . 381E- 04 
500 152.7 65.1 1.070£-03 600 175.4 29.1 2.378E-04 

620 220.5 51.8 6.499E-05 
640 199.0 4.8 1.582E-04 
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SPEC. N~~:18794-2.1A Amyg Test SPEC. NAME·: 18794-3.3 Amyg Test 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 305.5 70.4 1. 490E-02 0 135.4 76.6 1.322E-02 
25 298.9 70.9 1.340E-02 25 116.4 75.8 1.261E-02 
50 300.9 68.6 1.205E-02 50 137.5 73.2 1.049E-02 
75 292.5 67.4 1.003E-02 75 131.8 70.0 8.649E-03 

100 288.4 64.5 8 .llSE-03 100 125.2 70.2 6.826£-03 
125 284.0 60.9 6.656£-03 125 123.4 65.8 5.251E-03 
150 280.0 57.8 5.576E-03 150 125.4 60.5 4.059£-03 
200 275 . 5 50.4 4.142E-03 200 116.9 53.9 2.583E-03 
250 274.9 47.3 3.231E-03 250 115.7 50.2 1.691E-03 
300 273.6 44.2 2.526E-03 300 114.2 44.8 1.177E-03 
400 266.4 43.3 1.554E-03 
500 273.4 36.5 9.946E-04 

SPEC. NAME: 18794-4.2 Amyg Test SPEC. NAME: 18794-5.1 Amyg Test 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 337.9 72.6 1. HOE-02 0 303.7 75.8 1.340E-02 
25 331.0 72.4 1. 366E-02 25 301.4 78.1 1.232E-02 
so 334 . 8 72.0 1. 192E-02 so 297.5 75.1 1.061E-02 
75 333 . 0 71.9 9.540£-03 75 288.5 76.1 8.643E-03 

100 330.9 70 . 3 7.475E-03 100 278.8 72.9 6.412E-03 
150 327 . 3 66.9 4.651E-03 125 276 . 4 70.2 4.893E-03 
200 323.5 62.7 3 .111E-03 150 266.7 66 .2 3 . 798E-03 
300 316 . 4 58.8 1.755E-03 200 265.4 62.2 2.576£-03 
400 312.0 53.0 1.067E-03 250 261.2 55.7 1.838E-03 

300 264 . 4 51.4 1. 317E-03 

SPEC. NAME: 19 7 9 4-11 . 2A Amyg Test SPEC. NAME: 19794-12.1A Amyg Test 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 178.8 82.6 1.395E-02 0 60.0 72.4 9.808E-03 
25 189.9 83.2 1. 362E-02 25 42.7 74.0 9.738E-03 
so 181.5 78.8 1.184E-02 so 61.9 69.2 7.702E-03 
75 178.4 75.5 1.030E-02 75 69.3 69.1 5.590E-03 

100 176.4 72.3 8.705E-03 100 65.2 64.4 4. 013E-03 
125 172.9 67.6 7.585E-03 125 65 . 8 63.2 3.083E-03 
150 172.6 63.7 6.458E-03 150 67.9 62.3 2.279E-03 
200 171.9 59.0 5. OllE- 03 200 55.2 62.8 1. 384E-03 
250 171.0 56.1 3.864E-03 250 54.3 58.7 8.988E-04 
300 169.2 55 . 5 2.947E-03 
400 167.1 52.4 1.801E- 03 
500 185.9 51.5 8.798E-04 

97 



SPEC. NAME: 19794-13.2 Amyg Test SPEC. NAME: 19794-14. 2A Amyg Test 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 290.0 83.8 1.028E-02 0 44.3 84.5 1.359E-02 
25 261.0 82.0 l. 021E-02 25 24.5 83.7 1.354E-03 
50 280.1 83.4 8. 6llE-03 50 43.0 83.1 1. 242E-02 
75 248.0 83.3 6 . SllE-03 75 65.1 82.4 1.096E-02 

100 214.2 83.3 5.251E-03 100 70.3 79.6 9.371E-03 
125 204.3 78.4 4.022E-03 125 74.5 75.7 7.410E-03 
150 193.4 73.5 3.132E-03 150 78.2 70.9 5.917E-03 
200 184.1 65.4 2.026E-03 200 82.0 64.8 4.612E-03 
250 186.5 S7.6 1.377E-03 2SO 83.2 S7.9 3.629E-03 
300 185.2 S5.1 1. 027E-03 300 84.5 49.1 2.68SE-03 
3SO 169 . 9 48.0 8.419E-04 400 87.3 40.0 1.732E-03 

500 86.0 39.2 1.066E-03 

SPEC. NAME: 19794-1S Amyg Test 
FIELD DECL. INCL. MOMENT 

0 340.1 7S.6 1.220E-02 
2S 341.4 74.7 1.159E-02 
so 342.6 7S.3 1. 076E-02 
7S 344.3 75.7 9.349E-03 

100 345.3 75.3 7.962E-03 
150 35S.2 73.8 S.069E-03 
200 s.o 70.9 3.093E-03 
250 11.1 66.6 2.0S9E-03 
300 14.7 63.8 1.729E-03 
400 22.8 54.2 1 . 019E-03 

SPEC. NAME: 19794-1.4 Tryb Test SPEC. NAME: 19794-2.1 TH Tryb Test 
FIELD DECL. INCL. MOMENT TEMP DECL. INCL. MOMENT 

0 27S.4 57.7 2.503E- 02 0 28.0 19.0 3.013E-02 
25 276.5 57.0 2.416E-02 3 29.5 16.0 2.978E-02 
so 276.6 56 .6 2.385E-02 s 30.7 14.8 2.970E- 02 
75 275.9 55.9 2.318E-02 8 31.1 12.8 2.9S3E-02 

100 275.2 54 .8 2.202E- 02 200 33.9 9. 3 3.034E- 02 
12S 276.2 55.4 2.085E-02 250 34.1 8 . 8 3.024E-02 
150 275 . 6 55.2 2. OllE-02 300 32.7 8.2 2.948E-02 
175 276.8 54.2 1 . 645E- 02 350 33.8 7.S 2.705E-02 
200 278.2 54.6 1. 421E-02 400 34.8 7.2 2.284E-02 
225 27S.O 54.2 1.116E-02 4SO 33.0 6.8 1.914E-02 
2SO 27S.3 54.3 9.120E-03 500 34.1 10.3 1.643E-03 
275 274.8 52.7 7.640E-03 S20 34.7 13.8 1 .126E-03 
300 277.2 54.5 6.352E-03 540 44.0 71.5 9.104E-04 
350 273 . 4 45.7 4.632E-03 560 22.9 19.6 2.018E-04 
400 274.9 59.5 2.905E-03 sao 28.4 24.4 9 .117E-05 
450 274.5 38.6 2.203E-03 600 65.3 31.5 3.546E-05 
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SPEC. NAME: 19794-3.1 Tryb Test SPEC. NAME: 19794-4.1 Tryb Test 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 115.5 19 . 2 l.285E-02 0 84 . 2 -44.0 9.429E-03 
25 114.6 16.1 1.303E-02 25 85.4 -46.3 9.925E-03 
50 114.8 11.6 1.259E-02 50 88.2 -48.2 1.062E-02 
75 114.9 7.4 1.180E-02 75 89.8 -49.9 1.053E-02 

100 114.0 5.3 l. 028E-02 100 91.1 -51 . 9 9. 719E-03 
125 113.1 4.7 8.973E-03 125 91.5 -51.7 9.659E-03 
150 114.4 4.2 7.336E-03 150 90.0 -52.7 6.669E-03 
175 114.6 4.8 5.337E-03 175 88.3 - 51.8 5.100E-03 
200 114.5 3.9 4.381E-03 200 89.2 -52.3 4.182E-03 
225 113.6 3.9 3 . 621E-03 225 87.3 -S2.1 3.433E-03 
250 114.2 3.4 2.980E-03 250 90.7 -S0.3 2.785E-03 
300 116.6 3. 1 2.200E-03 300 90.9 -S2.9 1 . 944E-03 
350 111. s 5 . 4 1.768E-03 350 82.9 -48.2 1. 578E-03 
400 114.4 1.4 1.095E-03 400 95.5 -39.4 1.145E- 03 

450 97 . 8 -33.5 9.302E-04 

SPEC. NAME: 19794-5.2 Tryb Test SPEC. NAME: 19794-6 Tryb Tes t 
FIELD DECL . INCL. MOMENT FIELD OECL. INCL. MOMENT 

0 52.2 S7.2 2.764E-02 0 167.2 76.9 2.001E-02 
25 S2.1 57.S 2.731E-02 2S 168.7 76.1 1. 968E-02 
so S2.2 S6.3 2.682E-02 so 170.8 74.6 1. 866E-02 
7S 51.2 55.1 2.622E-02 75 168.8 73.3 1.701E-02 

100 51.9 S5.2 2.558E-02 100 170.6 72.5 1.501E-02 
125 51.7 55 . 2 2.378E-02 125 173.4 71 . 7 l. 286E-02 
150 52.1 54.6 2.191E-02 150 173.6 71.0 l. 053E-02 
175 52.2 54.7 1.989E-02 175 173.7 70.9 8.661£-03 
200 51.6 54 . 8 1.722E-02 200 173 . 6 71.2 7. 511E-03 
225 50.1 54.7 l. 519E-02 250 174.1 69.9 4.778E-03 
250 52.1 54.5 l.280E-02 300 171.8 66.5 3.694E-03 
300 50.8 54 . 3 8.968E- 03 350 174.5 70 . 5 2.612E-03 
350 42.6 S0 . 9 7.061E- 03 400 173 . 2 75.1 1 . 700E-03 
400 64.6 54 . 9 4.388E-03 450 163 . 7 64.8 1.464E-03 
450 42.4 42.8 2. 416E-03 

SPEC. NAME : 19794-7 Tryb Test SPEC . NAME: 19794-8 Tryb Test 
FIELD DECL. INCL. MOMENT FIELD OECL. I NCL. MOMENT 

0 167.6 67.0 2.009E-02 0 94.5 84.0 1.441E-02 
25 166.6 65.3 1.961E- 02 25 133.5 84.4 l. 254E-02 
50 165.4 64 . 6 1. 857E-02 50 98.6 75. 2 9.339E- 03 
75 164.7 63.4 1. 741E-02 75 106.2 73. 2 6 . 945E-03 

100 164 . 9 63 . 7 1 . 522E-02 100 112.1 71.4 4.949E- 03 
125 164.7 63 . 0 1.281E- 02 125 113.6 69.0 3.477E-03 
150 164.3 62.9 1.054E-02 150 117 . 3 68.4 2.536E- 03 
175 163.6 63.0 8.613E-03 175 117 . 0 68.4 1 . 867E-0 3 
200 164.4 63.0 7.059E - 03 200 119 . 0 68.4 l. 514E-03 
225 163.0 64 . 5 5.868E- 03 225 135.7 64. 2 1.129E-03 
250 164.8 61.7 4.696E- 03 
300 170 . 3 62 . 2 3.342E-03 
350 160.3 68.8 2.541E- 03 
400 160.5 71.3 1. 973E-03 
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SPEC NAME: 19794-9 Tryb Test SPEC . NAME: 19794-10 Tryb Test 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 281.3 -69.4 1. 315E-02 0 9.3 60 . 8 1.116E-02 
25 281.9 -70.8 1. 401E-02 25 4.4 56.8 1.038E-02 
50 277.7 -74.4 1.436E-02 50 8.2 54 . 9 8 . 815E-03 
75 277 . 3 -77.7 1. 508E-02 75 7.0 53.5 6 . 951E-03 

100 274.3 -80.6 1. 515E-02 100 7.7 51.9 5.074E-03 
125 275.6 -81.7 1.488E-02 125 8.7 51.5 3.951E-03 
150 273.5 -82.2 1. 410E-02 150 7 . 6 51.1 3.083E-03 
175 277.8 -83.3 1. 313E-02 175 7.1 50.2 2 . 516E-03 
200 280.0 -84.2 1.193E-02 200 8.6 51.2 2 . 038E-03 
225 283 . 0 -84.3 1.064E-02 250 8 . 6 49 . 9 1 . 457E-03 
250 285.2 -84.9 9.590E-03 300 9.1 50.9 1.075E-03 
275 283.2 -84.4 8.333E-03 350 8.9 50 . 1 8.407E-04 
300 296.9 -84.7 7.238E-03 
350 281.6 -86.0 5.457E-03 
400 288.3 -83.7 4.035E-03 
450 203.1 -88.3 2.886E-03 
500 280.1 -80.0 2 . 459E-03 
550 355.7 -59 . 1 1. 652E-03 

SPEC. NP..ME: 1993-1-1A Tryb Test SPEC. NAME: 1993-2B . 1A TH Tryb Test 
FIELD DECL . I NCL. MOMENT TEMP DECL. INCL. MOMENT 

0 151.6 65.8 7.708E-03 0 310.5 -6.9 9.923E-03 
50 136.0 77.8 3.458E-03 5 313 . 5 -17.9 9 . 605E-03 
75 134.5 77.6 3.122E-03 10 314.3 -22.2 9 . 050E-03 

100 140.1 77 . 8 1 . 790E-03 15 314.8 -24.1 7.016E-03 
125 140.9 78.5 1. 391E-03 200 312.7 -26.7 7.225E-03 
150 130.2 77 . 9 1. 054E-03 250 313.4 -27.1 7.348E-03 
175 136.7 75 . 8 8.463E-04 300 313.8 -27.7 7.313E-03 
200 154.3 77.1 6.970E-04 350 313.8 -28.5 6 . 932E-03 
225 135.5 75 . 1 5.648E-04 400 314 . 7 -28.6 6.287E-03 
250 133.6 70.8 5.239E- 04 450 309.5 -23.8 5 . 792E-03 
275 134.6 71.0 4 . 365E-04 500 295.8 -21.0 7 . 498E-04 
300 131.9 77.0 3.503E-.J4 520 300.3 -13.9 3.800E-04 
325 149.4 74.0 3.048E-04 540 262 . 8 1.6 1. 751E-0 4 
350 153.4 73.6 2.403E-04 560 233 . 9 -7 . 8 6. 154E-05 
375 202.4 88.3 2.295E- 0 4 580 197 . 1 9 . 6 1.565E-04 

600 205.8 4.6 1.039E-04 
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SPEC. NAME: 1993-3 Tryb Test SPEC. NAME: 1993-4.1A Tryb Test 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 116.2 -11.5 1.619E-02 0 195.9 -26 . 7 4.053E-03 
so 112.8 -12.9 1.624E-02 so 205.7 21.6 1.844E-03 
75 112.4 -14 . 5 1.626E-02 75 173.9 68.5 1.565E-03 

100 111.3 -16 . 0 1.585E-02 100 72.9 80.1 1.877E-03 
125 111.0 -16.6 1.522E-02 125 45.6 68.4 2.087E-03 
150 110.0 -17.3 1. 397E-02 150 36.8 63.2 2.136E-03 
175 109.4 -17.8 1.251E-02 175 35.6 61.0 2.023E-03 
200 108.9 -18.1 1.093E-02 200 33.4 59.4 1.850E-03 
225 109 . 4 -18.5 9.235E-03 225 30.9 58.9 1. 748E-03 
250 108 . 3 -18.3 7. 771E-03 250 28.8 55.5 1.597E-03 
275 108 . 3 -18.0 6.625E-03 275 34.1 56.0 1.375E-03 
300 108 . 7 -20.7 5.204E-03 300 30.6 57.9 1.285E-03 
325 105.9 -19.1 4.247E-03 325 31.1 54.0 1.233E-03 
350 105.3 -20.1 3.474E-03 350 21.9 54.8 9. 672E-04 
375 107.5 -18.0 3.300E-03 375 17.5 45.0 9.178E-04 
400 111.8 -32.1 2.247E-03 400 54.2 54.4 6.787E-04 
425 98.3 -18.1 1.854E-03 425 11.6 51.0 5.957E-04 
450 108.0 -15.0 2.248E-03 450 13.4 30.7 7.893E-04 
475 124.7 -56.3 1.240E-03 500 116 . 4 47.3 4.854E-04 

SPEC. NAME: 1993-5.1 Tryb Test SPEC. NAME: 1993-6.1A Tryb Test 
FIELD DECL. INCL. MOMENT E'IELD DECL. INCL. MOMENT 

0 258.8 64.4 1 . 564E-02 0 54.9 72.2 1.621E-02 
50 252.9 58.5 1. 535E-02 50 112 . 7 76.3 1.356E-02 
75 250.6 57.3 1. 419E-02 75 137 . 2 73.9 1.266E-02 

100 250.9 55 . 6 1.169E-02 100 143.0 73.3 1.111E-02 
125 250.6 55 . 3 9.212E-03 125 150.2 71.8 1 . 010E-02 
150 252.3 56.5 7.326E-03 150 156.9 71.0 9.139E-03 
175 253.3 52.6 5.696E-03 175 164.0 70.5 8.295E-03 
200 251.4 53.9 3.925E-03 200 169.7 72.1 6.948E-03 
225 251.4 55.2 3.252E-03 225 169.0 70 . 4 6.187E- 03 
250 255.7 55.4 2.188E-03 250 174.5 72 . 5 4 . 894E-03 
275 249.5 53.4 1.653E- 03 275 172.4 87 .2 3 . 830E-03 
300 252.9 52.7 1. 446E-03 300 164.4 67 .2 3 . 432E- 03 
325 266.7 58.2 1.059E- 03 325 208.8 71.9 2.488E-03 
350 247.8 52 .6 8 . 325E-04 350 355.3 63 . 5 2 . 282E-03 
375 2 56 . 5 52 .3 7.598E- 04 375 156.1 52.1 2.222E-03 

400 245.0 57.5 1.285E-03 
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SPEC. NAME: 18794-13.1 TH Tryb Test SPEC. NAME : 18 7 9 4- 14 . 1 Tryb Test 
TEMP DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 218.8 -23.1 2.31SE-02 0 188 .1 39.4 1.19SE-02 
s 216.1 -27.1 2.429E-02 2S 186.3 38 . S 1.1S9E-02 

10 214.1 -30.3 2.478E-02 so 187.8 33.3 1.143E-02 
1S 213.8 -31.7 2.3S1E-02 75 188.7 29.6 1. 051E-02 

200 210.9 -33.8 2.388E-02 100 190.0 26.7 9.079E-03 
250 211.8 -34.1 2.391E-02 12S 188.8 25.3 7.678E-03 
300 211.9 -34.6 2.308E-02 150 190.4 24.1 6.388E-03 
350 211.6 -3S.O 2.171E-02 17S 190.2 24.1 S.068E-03 
400 211 . 1 -3S.4 1.928E-02 200 189.8 23.S 4.226E-03 
4SO 214.8 -3S.2 1.673E-02 2~S 190.0 23.7 3.407E-03 
soo 209.4 -34.9 2.84SE-03 2SO 189.0 23.1 2.838E-03 
S20 209.7 -29.6 1.S28E-03 300 189.4 2S.1 1.860E-03 
S40 211.8 -24.3 6.283E-04 3SO 183.8 24.2 1.384E-03 
S60 201.4 -23.8 2.133£-04 400 191.7 23.7 9.S91E-04 
sao 196.3 -9 .S 2.SS8E-04 
600 204.7 -3.3 l. 6S3E-04 

SPEC. NAME:18794-1S.1 Tryb Test SPEC. NAME:18794-16.2 Tryb Test 
FIELD DECL. INCL. MOMENT FIELD DECL. INCL. MOMENT 

0 297.9 S9.3 1.S64E-02 0 182.9 3.7 1.307E-02 
2S 300.7 60.1 1. 436E-02 2S 182.S 1.3 1.290E-02 
so 297.7 S7.4 1. 273E-02 so 180.7 -1.9 1.232E-02 
7S 297.9 S6.6 1. OS4E-02 7S 180.7 -4.7 1.093E-02 

100 298.9 S4.9 8.3SOE-03 100 180 . 2 -7.0 9.077E-03 
125 296.6 S2.5 6.098E-03 125 180.1 -7.9 7.087E-03 
150 298.2 52.7 4.943E-03 150 180.0 -7.9 5 . 539E-03 
175 298.5 52.5 3.976£-03 175 179.7 -7 . 0 4.184E-03 
200 297.7 52.5 3.288E-03 200 180.4 -8.0 3.362E-03 
2SO 299.8 53.0 2.309E-03 225 179.8 -7.2 2.691E-03 
300 298.4 50.7 l. 624E-03 250 178.7 -5 . 5 2.288E-03 
350 302.6 54.8 1. 321E-03 300 180.7 -10.6 1.571E-03 

350 178.6 -4.8 1.039E-03 

SPEC. NAME:18794-17.2 Tryb Test 
FIELD DECL. INCL. MOMENT 

0 97.7 -1.0 2.289E-02 
2S 97.8 -2.3 2.282E-02 
so 98.8 -4.2 2.278E-02 
7S 98.9 - 6.1 2.206E-02 

100 99.1 -6 . 9 2.079E- 02 
125 99.2 - 7.6 1.847E- 02 
150 98.3 -8.6 l. 589E-02 
175 97.8 -8.7 l. 314E-02 
200 97.9 -a. 8 1.090£-02 
225 97.7 -9.4 8.740E-03 
250 95.9 -8.8 7.153E-03 
275 97.3 -8.3 5.784E-03 
300 97.3 -10.0 4.4S5E-03 
350 89.3 -3.2 3.100£-03 
400 100.6 -5.2 2.306£-03 
4SO 97.4 -22.4 1.332£-03 

102 






