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ABSTRACT 

Nd and Sr isotopic data are reported from samples of the 

Alexander, Wrangellia, and stikine terranes of the Canadian 

Cordillera. Initial fNd values range from 0 to +9.5, for 

Alexander, -0.5 to +6.7 for stikine, and +1 to +7.3 for 

Wrangellia. Initial 87sr/~sr ratios for igneous samples of 

the terranes range from 0.70276-0.70663 (Alexander) i 0.70369-

0.70531 (stikine), and 0.70323-0.70481 (Wrangellia). These 

data indicate that the terranes are isotopically very 

juvenile and probably resided in intra-oceanic environments 

until their accretion to North America. The origin of the 

terranes is envisioned to have occurred via island-arc 

volcanic processes, with accompanying erosion, sedimentary 

recycling, metamorphism and plutonism, with the critical 

characteristic that none of these processes involved more 

than trivial amounts of old, pre-existing continental crustal 

material. The terranes are thus exceptional when compared 

to many other Phanerozoic crustal regions that are composed 

predominantly of remobilized, pre-existing crust. 

Isotopic data are also presented for the Gravina belt, 

the Taku terrane, the Yukon Crystalline terrane (YCT), and 

the Coast Mountains batholith. The Gravina belt is 

isotopically similar to the Alexander terrane and most of the 

material in the belt was probably derived from Alexander. 
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The Taku terrane is composed of juvenile and evolved crust 

and its relation to surrounding terranes is poorly under

stood. Nd data from the yeT indicate that it is partly 

composed of material derived from an early Proterozoic 

source. The proximity of the yeT to stikine therefore raises 

important questions about the styles of accretion of the 

terranes. It is possible that the yeT was positioned next 

to stikine by strike-slip faults, that there is a strati

graphic link between the terranes, or stikine and other 

inboard terranes are thrust fragments that were emplaced on 

top of yeT. The yeT is isotopically and lithologically 

similar to the Yukon-Tanana terrane and may be the southern 

continuation of that terrane. Nd and U-Pb data for the CMB 

requires that it is composed of a Proterozoic crustal 

component and an isotopically juvenile component. It is 

likely that the Proterozoic component is yeT crust and the 

juvenile component is a combination of mantle-derived 

material and juvenile terrane crust. 

The style of crustal growth in the Cordillera, the 

sweeping up of juvenile terranes, may be an important analog 

to Precambrian crustal genesis. 
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INTRODUCTION 
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Fundamental questions regarding the evolution of the 

continental crust are: what has been the rate, or rates, at 

which crustal growth has occurred, and what have been the 

styles or mechanisms of this continental crustal generation. 

Because it has long been recognized that orogenic belts are 

good candidates for sites of new crustal material, the 

detailed study of orogenic zones provides us with an oppor

tuni ty to address important questions about the growth of the 

continents. Isotopic studies of orogenic belts can provide 

evidence for whether true crustal growth has occurred, that 

is, if new, mantle-derived crust has been added to a conti

nent, or if the orogenic zone contains only pre-existing 

crust that has simply been reworked or remobilized. Previous 

isotopic studies of several Proterozoic orogenic belts, such 

as the 1.7 - 1.9 Ga crust in the Colorado Front Range 

(DePaolo 1981), in the North American mid-continent (Nelson 

and DePaolo 1985), in the Penokean crust of the Lake superior 

region of North America (Barovich et al., 1989), in the 

Svecofennian orogenic terrain of Sweden and Finland (Patchett 

and Kouvo, 1986; Patchett et ale 1987) and in the Ketilidian 

terrain of southern Greenland (Patchett and Bridgwater 1984) , 

the late Proterozoic Pan African crust in the Arabian-Nubian 
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shield (Duyverman et ale 1982), and early Proterozoic crust 

in Australia (McCulloch 1987), have shown that much of the 

crust in these belts is juvenile, mantle-derived material. 

Isotopic studies of several Phanerozoic orogenic belts, such 

as the Caledonian belt (Hamilton et ale 1980; Harmon and 

Halliday, 1980; Frost and O'Nions 1985), the Hercynian belt 

(Bernard-Griffiths et ale 1985; Liew and Hofmann 1988), and 

the Himalayan belt (Vidal et ale 1984; Gariepy et ale 1985), 

however, have shown that much of the crust in these belts is 

reworked, pre-existing crust. The contrast between Protero

zoic orogenic processes and those of Phanerozoic time has 

been further shown in a Rb-Sr and Sm-Nd isotopic study of 

world-wide granitoids (Allegre and Ben othman, 1980). The 

study showed that a large amount of an older crustal compo

nent must have been involved in the genesis of many Phanero

zoic granitoids. However, most of the Precambrian granitoids 

have initial 87sr/86sr and 143Nd/44Nd ratios similar to mantle 

values and therefore no significant older crustal component 

was involved in their genesis. 

The above studies reinforce the idea that only a small 

amount of mantle-derived, juvenile crustal material has been 

added to the continents during Phanerozoic time. If this is 

correct then other major Phanerozoic orogenic belts would 

also be derived from remobilized, pre-existing crust. Sm-
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Nd and Rb-Sr isotopic studies of those orogenic regions, such 

as the North American cordillera, should demonstrate the 

reworked, evolved nature of that crust. 

Because the North American Cordillera is actually an 

assemblage of many tectonostratigraphic terranes, the 

isotopic characterization of the orogen can only be 

accomplished by the detailed characteriz'ation of the individ

ual terranes. The isotopic study of an allochthonous terrane 

can determine to what extent its formation and accretion 

represents true crustal growth of a continent and to what 

extent this process represents the emplacement of a pre

existing crustal fragment. The isotopic characterization of 

a region also provides a sometimes unique signature or 

fingerprint of the region that allows it to be distinguished 

from a different crustal region. Thus different terranes can 

potentially be distinguished from one another based ,on their 

overall isotopic composition. A knowledge of the isotopic 

make-up of a terrane can also be used to determine whether 

or not that terrane could be the source, or partial source, 

of a crustal region, such as a plutonic belt or sedimentary 

assemblage for instance. 

This dissertation considers the detailed Nd and Sr 

isotopic characterization of a SUbstantial region of the 

Alaskan and Canadian Cordillera. The first half of the 
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dissertation concentrates on three of the largest tectono

stratigraphic terranes of the Canadian cordillera, the 

Alexander, Wrangellia, and stikine terranes. The latter half 

of the dissertation considers the crustal region between the 

Alexander and stikine terranes, a region comprised of the 

Gravina belt, the Taku terrane, the Yukon Crystalline 

terrane, and the Coast Mountains batholith, and compares its 

isotopic nature to that of the three terranes. The isotopic 

data are used not only to determine the proportions of new, 

mantle-derived crust added to North America but also to place 

new constraints on the tectonic evolution of this region of 

the Cordillera. 
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CHAPTER 2 

DATA REPRESENTATION AND ISOTOPIC CHARACTERIZATION OF TERRANES 

To isotopically thoroughly characterize an allochthonous 

terrane, or any crustal fragment, representative samples of 

all major lithologic units must be analyzed. This includes 

plutonic, volcanic, metamorphic and fine-grained clastic 

sedimentary samples. The combination of plutonic plus 

sedimentary samples is particularly useful because they can 

provide different, but complementary, information. Plutons 

can provide information both about their source and the 

unexposed crust through which they have passed. Fine-grained 

sedimentary rocks are important because the geological 

processes of sedimentation can produce good averages of a 

large area of crust that was exposed at the time of sedimen

tation and Sm and Nd are not significantly fractionated by 

the sedimentary process (McLenna,n and Taylor, 1982: Goldstein 

et al., 1984). 

Although much information can be gleaned from the 

present-day isotopic ratios of rocks the initial isotopic 

ratio of a rock is often-of much greater importance. The 

initial isotopic ratio of an igneous rock is considered to 

be the ratio the sample had at its crystallization or 

eruptive age, and for a sedimentary rock its stratigraphic 
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age. Initial isotopic ratios for the Rb-Sr, Sm-Nd, and Lu

Hf systems are determined from the following equations: 

(87S r/86S r)initial = (87Sr/86S r)measured - 87Rb/86Sr(eA.Rbt - 1) 

(143Nd/144Nd)initial = (143Nd/144Nd)measured -147Sm/144Nd(eA.smt - 1) 

(176Hf/177Hf)lnitial:: (176Hf/177Hf)measured - 176Lu/177Hf(eA.LUt - 1) 

The symbol A in the equations is the decay constant of an 

isotope of the element that follows the A • The decay 

constants used in this dissertation are 1. 42 x 10-11 a-1 for 

87Rb , 6.54 x 10-12 a-1 for 147sm , and 1.94 x 10-11 a-1 for 176Lu • 

Rather than discussing the numerical values of 

143Nd;144Nd and 176af;177Hf isotopic measurements, Nd and Hf 

isotopic data can be more conveniently expressed in terms of 

the epsilon parameters, ENd and EHf • These values are defined 

by: 

ENd = [(143Nd;144Nd) SAMPLE/ (143Nd;144Nd) CHUR - 1] X 104 

EHf = [(176af;177Hf) SAMPLE/ (176Hf;177Hf) CHUR - 1] X 104 

The notation CHUR stands for chondritic uniform reservoir, 

which is equivalent to the bulk Earth. The value for CHUR 

was determined by Jacobsen and Wasserburg (1984) by analyzing 

five chondrite meteorites and two achondrite meteorites. 

Because different laboratories choose different values to 
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normalize Nd isotopic ratios due to mass fractionation, not 

all laboratories use the same value of CHOR. In this 

dissertation all Nd isotopic data was normalized to 

1~d/144Nd = 0.7219, thus the present day 143Nd/44Nd CHUR value 

used in this study is 0.512638. Although different labora

tories use different values of CHUR the Nd isotopic data can 

be directly compared between different laboratories because 

the eNd notation takes into account the different normaliza

tion schemes. The present day CHUR value of 17~f/77Hf was 

determined by analyzing Eucrite meteorites, determining their 

initial 176Hf/77Hf (Solar System initial value) and "growing" 

that value to the present based on a 176LU/77Hf ratio of 

0.0334, determined from analyzing the chondrite meteorite 

Murchison (Patchett, 1983). The present day CHUR value 

reported by Patchett (1983) using this method was 0.28286. 

However, that value was based on a 176Hf/77Hf value of 

0.282195 ± 15 for the Johnson Matthey Hf standard JMC 475 

measured on a single collector NBS-type mass spectrometer at 

the USGS in Denver, Colorado (Patchett and Tatsumoto, 1980). 

The value of the JMC 475 standard has since been modified 

because most modern mass spectrometers equipped with 

multiple-collectors give a slightly different 176Hf/177Hf 

value. As a result, the present day 176Hf/77Hf of CHUR has 

been changed to 0.28281 to account for the discrepancy in the 
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earlier Hf isotopic measurements. The 143Nd/144Nd and 176HflnHf 

ratios of CHUR can be calculated for any time in the past, 

and therefore the £-values of a rock can be determined for 

any time in the past, using the following equations: 

(143Nd/144Nd)CHUR = 0.512638 - 0.1966(eA.Sm t - 1) 

(176Hf/177Hf)CH'UR = 0.28281 - 0.0334(eA.Lu t - 1) 

The numbers 0.1966 and 0.0334 are, 

147 sml44Nd (Jacobsen and Wasserburg, 

(Patchett, 1983) ratios of CHUR. 

respectively, the 

1984) and 176LUlnHf 

Only present-day eNd values can be reported if the rock's 

geologic age is unknown, but Nd model ages can be calculated 

for the rock because they are independent of the crystalli-

zation age of the rock. Different Nd model ages can be 

calculated for rocks. For rocks that are of Archean age a 

TCHUR model age may be the most appropriate. This age is 

determined by calculating at what time in the past the rock 

would have had the same 143Ndl44Nd ratio as the bulk Earth, 

or chondritic uniform reservoir. However, for rocks younger 

than 2 Ga TCHUR model ages are not as useful because by this 

time the mantle, from which continental crust is ultimately 

derived, had become depleted in light rare earth elements 

and therefore had developed 143Ndl44Nd ratios greater than 

the bulk Earth (see DePaolo, 19812). Model ages based on the 
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evolution of the depleted mantle are therefore more useful 

for Proterozoic and younger rocks. The Nd depleted mantle 

model age of a rock is determined by calculating at what time 

in the past the rock, and the mantle from which the rock was 

ultimately derived, had the same 143Nd/144Nd ratio. Different 

values for depleted mantle model ages will result depending 

upon the different models for mantle evolution used. For 

instance, in the model of DePaolo (198151) the €:Nd of the 

mantle throughout time is determined by the equation 

€:Nd (T) = 8.5 + O. 25T2 
- 3T 

where T i.s the time of interest in billions of years. Model 

ages calculated using the model of DePaolo (1981g) are often 

referred to simply as Nd model ages, denoted TOM' In the 

model of Goldstein et al. (1984), the depleted mantle evolved 

along a straight line defined by a present day ENd equal to 

+10 and ENd equal to 0 at 4.5 Ga. Model ages calculated from 

the Goldstein et ale (1984) model, often referred to as 
'. < , 

crustal residence ages (TCR)' result in ages that are about 

200 Ma older than TOM ages. To facilitate the comparison of 

data of other isotopic Nd studies of sedimentary rocks I have 

listed both the TOM and TCR ages of the sedimentary samples 

from the Alexander, stikine and Wrangellia terranes in the 

data tables. For all other samples that model ages have been 

calculated only the TOM age is reported. 
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It is much more difficult to calculate depleted-mantle 

model ages for Hf because the Hf isotopic evolution of the 

depleted mantle is not known as well as the ENd mantle 

evolution. However, the relationship of EHf ~ 2ENd for the 

mantle does appear to be a close approximation, and allows 

for at least estimates of Hf depleted-mantle model ages 

(Patchett et al., 1981). 

To determine the different proportions of crustal 

material that may contribute to the ENd of a given rock, a 

simple mixing equation considering two end-members components 

can used. The formula of the mixing equation used in this 

study, calling the two components A and B, is defined as 

[CNd]mix = [CNd]A [Nd]~onc[%A] + [cNd]B [Nd]~onc[%B] 

[Nd]~ond%A] + [Nd]~ond%B] 

Where conc refers to the concentration of Nd in component A 

or Band [%A] and [%B] refers to the percent by weight of 

component A and B respectively. 
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CHAPTER 3 

THE ALEXANDER AND STIKINE TERRANES 

The Alexander terrane is one of the largest terranes in 

the North American Cordillera. The terrane extends over 1000 

kIn from Coastal British Columbia, through southeastern Alaska 

to the saint Elias Mountains in the Yukon Territory and 

eastern Alaska (Fig 3.1). The Alexander terrane has been 

associated with the Wrangell terrane s~nce at least 309 Ma 

and both terranes were in proximity to the Peninsular terrane 

since at least Late Jurassic (Jones and Silberling, 1979: 

Coney et al., 1980). Early-Middle Jurassic deformation along 

the eastern margin of Alexander has been interpreted as its 

initial j uxtaposi tion with North America (McClelland and 

Gehrels, 1990). Final structural accretion of Alexander to 

the western margin of the stikine terrane occurred during 

mid-Cretaceous time (Monger et al., 1982). 

The displacement history of the Alexander terrane is not 

well constrained. Paleomagnetic data suggest the terrane was 

in equatorial regions for much of the Paleozoic (Van der Voo 

et al., 1980). The presence of bivalves of low paleolatitu

dinal affinity in Triassic rocks of the terrane supports this 

inference (Tozer, 1982). 

Magmatically and tectonically active phases of the 

Alexander terrane can be grouped into three main periods. 
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The first phase, which lasted from the earliest Cambrian to 

Early Devonian time, was characterized by extensive arc-like 

volcanism and plutonism and by two orogenic events, the Wales 

orogeny and the Klakas Orogeny (Gehrels and Saleeby, 1987). 

The terrane was tectonically stable through most of Middle 

Devonian to mid-Permian time. The second active phase was 

marked by Triassic volcanics and sediments that are inter

preted to have formed in a rift environment (Gehrels and 

Saleeby, 1987; MacIntyre, D.G., 1984). The third active 

phase occurred in the Early Cretaceous with the intrusion of 

granodioritic plutons which may have been associated with an 

active volcanic arc. 

The stikine terrane is the largest allochthonous terrane 

in the Canadian Cordillera (Coney et al., 1980). It extends 

from near the U.S.A. - Canada border to the Yukon Territory -

Alaska border (fig 3.1). stikine rocks range in age from 

probable Devonian metavolcanics to Jurassic subaerial and 

submarine volcanic and sedimentary rocks (Monger, 1977). 

By about Middle Jurassic time the stikine terrane and 

the Cache Creek terrane, a terrane along the eastern margin 

of Stikine, are considered to have accreted to North America 

(Monger et al., 1982; Cordey et al., 1987). 

The displacement history of the stikine terrane, like 

that of the Alexander terrane, is controversial. 
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Figure 3.1 - Tectonostratigraphic terrane map of the North American Cordillera (adapted 

from Coney et al., 1980). Terranes labelled as follows: Ax = Alexander; St = Stikine ; W = 

Wrangellia; Ch = Cache Creek; P = Peninsular; E = Eastern assemblage of terranes 

(includes Quesnel terrane). Area studied shown by square. 
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Paleomagnetic data from Permian and Triassic rocks do not 

show any significant latitudinal transport of the terrane 

with respect to the stable North American craton (May and 

Butler, 1986; Irving and Monger, 1987). It is possible that 

the terrane evol ved near, but outboard of the margin of 

North America. 

SAMPLES 

Twenty-eight samples of the Alexander terrane, including 

cretaceous plutons intruding the terrane, were analyzed for 

both Nd and Sr isotopic compositions (table 3.1). Although 

two of the cretaceous plutons intrude the Upper Jurassic -

Lower cretaceous Gravina assemblage (see Fig 3.2) they have 

been included in this study because they probably interacted 

with the Alexander terrane at depth, and are therefore probes 

of that terrane. Of the Alexander samples, ten were fine 

grained clastic sediments. Plutonic samples of the terrane 

include mafic rocks such as gabbro, intermediate compositions 

such as quartz monzonite, and felsic rocks such as granite 

and trondhjemite. Volcanic samples range in lithology from 

basal tic to rhyolitic. The sediments analyzed are mudstones, 

siltstones, and fine-grained sandstones. The range in age 

of the samples is from greater than 560 Ma to about 90 Ma. 

Sample location sites are shown in Fig 3.2. 
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Figure 3.2 • Sample locality map (enlargement of area in fig 3.1). Closed symbols are 

locations for the Alexander terrane samples, open symbols are locations of the Stikine 

terrane samples. Triangles = felsic volcanic rocks; inverted triangles = mafic volcanic rocks; 
circles = felsic plutonic rocks; diamonds = mafic plutonic rocks; squares = sedimentary 
rocks. Terrane boundaries are shown by heavy lines. Ax:: Alexander terrane; Gb = Gravina 

belt; Tu = Taku terrane; Cm = Coast Mountains batholith; St = Stikine terrane. 
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Twenty-four samples of the stikine terrane were analyzed 

for Nd and Sr isotopes (table 3.2). The range in lithologies 

of the stikine samples is very similar to that of the Alexan

der samples. Of the nine sedimentary samples analyzed six 

are Middle and Upper Jurassic sediments from the Bowser 

Basin, a clastic sedimentary sequence overlying the stikine 

terrane (Eisbacher, 1974). The range in age for these 

samples is from about 400 Ma to about 155 Ma. Sample location 

sites are shown in Fig 3.2 and listed in Appendix 2. 

RESOLTS 

The results are given in tables 3.1 and 3.2 and Figs 

3 • 3 , 3 • 4 , and 3. 5 • Typical duplicate analyses of a rock 

powder show that the 147 sml'44Nd ratios can be reproduced to 

better than 0.5% and eNd values to within 0.5 e-units 

(Patchett and Ruiz, 1987). Seven repeat Nd analyses (tables 

3.1 and 3.2) were performed to determine reproducibility. 

six of the repeat analyses agreed to within 0.2 eNd units, 

the seventh analysis agreed to within 0.5 eNd units. Rb-Sr 

systematics are often observed to be disturbed for felsic 

and intermediate volcanics and therefore reliable initial 

87sr/86sr ratios cannot be determined (Bell and Blenkinsop, 

1978). Rb-Sr isotope data for this type of sample were 

therefore not collected. Further analytical information is 

given in the tables and in Patchett and Ruiz (1987). 
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Sample Age Rb Sr 87Rb 87Sra 87Sr Sm Nd 147Sm 143Nda £(0)£(1) TOMbTcRc 
ppm ppm 86S r 86S r 86S r ppm ppm 144Nd 144Nd (Ma) (Ma) 

measured Initial measured 

Igneous rocks 
1. Me~rhyolite 560 11.0 87.3 0.364 0.706215 (13) 0.70331 2.70 8.04 0.2034 0.513148 (6) +9.9 +9.5 

11.4 91.4 0.361 0.706193 (11) 0.70331 2.74 8.120.2046 0.513164 (5) +10.3 +9.7 
2. Metabasalt 560 6.72 338 0.05750.705046 (11) 0.70459 8.29 31.1 0.1610 0.512848 (6) +4.1 +6.7 

6.66 339 0.0569 0.704942 (10) 0.70449 8.22 30.9 0.1608 0.512826 (6) +3.7 +6.2 
3. Quartz Diorite 525 1.49 160 0.0269 0.702960 (11) 0.70276 2.77 9.81 0.1706 0.513006 (5) +7.2 +8.9 
4. Diorite 470 77.7 349 0.644 0.708079 (11) 0.70377 4.11 18.2 0.1363 0.512620 (5) -0.4 +3.3 
5. Granodiorite 468 9.87 79.8 0.358 0.707955 (10) 0.70557 2.89 15.4 0.1135 0.512574 (7) -1.3 +3.7 
6. Quartz Monzonite 438 51.1 558 0.265 0.705618 (10) 0.70396 5.53 25.3 0.1323 0.512688 (6) +1.0 +4.6 
7. Trondhjemite 409 24.3 1074 0.0654 0.704037 (10) 0.70366 3.29 17.1 0.1162 0.512720 (6) +1.6 +5.8 
8. Trondhjemite 409 27.5 713 0.122 0.704412 (13) 0.70376 0.657 3.840.1036 0.512668 (8) +0.6 +5.5 
9. MaficTuH 380 18.9 220 0.249 0.705694 (9) 0.70435 7.08 33.1 0.1292 0.512796 (5) +3.1 +6.4 . 19.5 226 0.249 0.705652 (10) 0.70431 7.07 33.1 0.1291 0.512788 (6) +2.9 +6.2 
10. Quartz Syenite 290 45.6 371 0.355 0.705132 (9) 0.70367 5.03 37.4 0.0814 0.512640 (5) 0.0 +4.3 
11. Rhyolite 225 8.17 39.4 0.1253 0.512774 (4) +2.7 +4.7 
12. Basalt 210 24.2 1226 0.0572 0.706797 (14) 0.70663 2.91 9.150.1925 0.513037 (4) +7.8 +7.9 
13. Rhyolite 210 9.29 55.6 0.1010 0.512695 (7) +1.1 +3.7 
14. Granite 171280 27.529.6 0.775921 (12) 0.7038844.1 193 0.1383 0.512847 (4) +4.1 +5.4 
15. Granodiorite 115 26.7 656 0.118 0.703829 (10) 0.70364 0.932 4.520.1247 0.512859 (7) +4.3 +5.4 
16. Diorite 100 24.1 252 0.276 0.704966 (11) 0.70457 1.16 3.850.1824 0.512940 (7) +5.9 +5.9 
17. Homblendeite 90 5.50 292 0.05450.703467 (8) 0.70340 4.99 15.7 0.1924 0.512940 (7) +4.9 +5.7 
18. Granodiorite 90 58.2 
Sedimentary rocks 

939 0.179 0.703962 (11) 0.70373 3.55 16.4 0.1306 0.512891 (8) +4.9 +5.7 

19. Metasiltstone 560 20.7 277 0.216 0.706593 (14) 0.70487 3.01 13.8 0.1315 0.512480 (5) -3.1 +1.6 1050 1250 
20. Siltstone 450 36.6 165 0.642 0.709776 (13) 0.70566 2.87 13.4 0.1300 0.512443 (5) -3.8 0.0 1100 1300 
21. Sandstone 430 40.9 269 0.440 0.708452 (13) 0.70575 4.06 18.40 0.1333 0.512608 (6) -0.6 +2.9 840 1040 
22. Mudstone 420 66.3 751 0.255 0.705645 (17) 0.70412 9.04 52.2 0.1048 0.512639 (6) 0.0 +5.0 590 730 
23. Siltstone 380 3.35 13.1 0.1544 0.512754 (5) +2.3 +4.3 
24. Siltstone 370 12.7 166 0.220 0.708108 (13) 0.70695 2.87 12.4 0.1403 0.512614 (4) -0.5 +2.2 900 1130 
25. Siltstone 350 27.0 60.6 1.29 0.710712 (11) 0.70430 2.99 11.9 0.1517 0.512794 (5) +3.0 +5.1 640 890 
26. Mudstone 215 21.7 112 0.561 0.708790 (11) 0.70707 3.15 14.9 0.1276 0.512723 (7) +1.7 +3.6 590 no . 21.7 111 0.565 0.708768 (10) 0.70704 
27. Mudstone 155 40.4 365 0.319 0.705617 (13) 0.70491 4.27 20.6 0.1253 0.512692 (7) +1.1 +2.5 630 830 
28. Sandstone 140 60.2 437 0.399 0.706685911) 0.70589 4.04 19.2 0.1271 0.512683 (7) +0.9 +2.1 650 840 

aNumbers in parentheses are two standard errors of the mean (2Gm) 
bSased on the model of DePaolo (1981a). Model ages were not calculated for sedimentary rocks with 147Sm/144Nd > 0.152 (indicated by •••• ). 

N 
cBased on the model of Goldstein et al. (1984). ....J 
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Sample Age Rb Sr 87Rb 87Sr 8 87Sr Sm Nd 147Sm 143Nd8 E(O) E(T) TOMb TCRc 
ppm ppm 86S r 86S r 86Sr ppm ppm 144Nd 144Nd (Ma) (Ma) 

measured Initial measured 

Igneous rocks 
1. Felsic Tuff 400 4.36 20.8 0.1270 0.5.12751(11) +2.2 +5.8 . 4.22 20.0 0.12n 0.512761 (6) +2.4 +5.9 
2. MaficTuff 400 87.0 1056 0.238 0.706667(11) 0.70531 2.90 11.1 0.1571 0.512794 (6) +3.0 +5.1 
3. Basalt 340 4.05 131 0.089 0.705310 (11) 0.70488 4.17 15.3 0.1653 0.512828 (6) +3.7 +5.1 
4. Basalt 260 22.9 . 462 0.144 0.704883 (8) 0.70435 3.50 15.0 0.1417 0.512878 (6) +4.7 +6.5 
5. Volcaniclastic 220 7.54 439 0.050 0.703965 (8) 0.70381 2.61 9.49 0.1665 0.512939 (9) +5.9 +6.7 
6. Andesite 210 4.15 19.1 0.1315 0.512668 (7) +0.6 +2.3 
7. Qtz monzonite 213 55.0 390 0.408 0.704979 (11) 0.70374 2.91 14.1 0.1246 0.512801 (6) +3.2 +5.1 
8. Rhyolite 200 5.98 .24.2 0.1497 0.512557 (6) -1.6 -0.4 -. 6.12 24.7 0.1500 0.512550 (5) -1.7 -0.5 
9. Granodiorite 198 76.5 518 0.427 0.705548 (10) 0.70435 3.39 16.7 0.1231 0.512664(15) +0.5 +2.4 

10. Diorite 191 38.2 470 0.235 0.704330 (10) 0.70369 3.87 15.5 0.1512 0.5128n (5) +4.7 +5.8 
11. Qtz monzonite 190 58.6 634 0.267 0.704711 (11) 0.70399 1.45 6.76 0.1299 0.512803 (8) +3.2 +4.8 
12. Gabbro In 6.63 281 0.068 0.704608 (10) 0.70443 3.45 11.7 0.1787 0.513006 (7) +7.2 +7.6 
13. Qtz monzodiorite 170 57.6 394 0.423 0.704828 (11) 0.70381 4.20 21.7 0.1170 0.512804 (5) +3.2 +5.0 
14. K-spar syenite 167241 2040 0.341 0.704903 (17) 0.70409 1.32 6.54 0.1225 0.512847 (9) +4.1 +5.7 
Sedimentary rocks 
15. Greywacke 270 15.7 250 0.182 0.704498 (11) 0.70380 5.00 20.3 0.1489 0.512874 (5) +4.6 +6.3 440 669 
16. Mudstone 270 2.75 12.5 0.1333 0.512604(15) -0.7 +1.5 850 1049 
17. Siltstone 190 88.4 513 0.498 0.705809 (11) 0.70446 3.50 16.2 0.1309 0.512769 (6) +2.6 +4.2 530 717 
18. Shale 170 49.9 137 1.05 0.708013 (14) 0.70547 3.83 17.2 0.1350 0.512635 (7) -0.1 +1.3 810 1012 
19. Shale 170 46.0 56.5 2.35 0.709235 (14) 0.70355 3.84 18.0 0.1291 0.512706 (6) +1.3 +2.8 630 815 
20. Greywacke 155 39.1 338 0.335 0.705868 (9) 0.70513 2.30 10.3 0.1345 0.512699 (4) +1.2 +2.4 570 699 
21. Shale 155 50.5 46.2 3.16 0.711049 (10) 0.70408 1.57 9.69 0.0982 0.512629 (5) -0.2 +1.8 730 883 
22. Greywacke 155 29.0 131 0.640 0.706549 (10) 0.70514 2.91 12.9 0.1368 0.512682 (6) +0.9 +2.0 730 943 
23. Shale 155 30.6 63.5 1.40 0.708167 (11) 0.70509 3.53 13.5 0.1585 0.512687 (7) +1.0 +1.7 
Metamorphic rocks 
24. Biotite schist 191 59.0 353 0.484 0.707178 (11) 0.70587 4.63 21.4 0.1307 0.512761 (6) +2.4 +4.0 540 730 

aNumbers in parentheses are two standard errors of the mean (2am) 
bBased on the model of DePaolo (1981 a). Model ages were not calculated for sedimentary rocks with 147Sml144Nd > 0.152 Ondicated by •••• ). 
cBased on the model of Goldstein et al. (1984). 

N 
en 
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The rocks comprising both the Alexander and stikine 

terranes have high positive fNd values and low 87sr/86sr 

ratios, determined for the time of magmatism or sedimenta

tion. The range of initial ENd and 87sr/86sr for the Alexander 

terrane is 0 to +9.6 and 0.70276 to 0.70707, respectively. 

corresponding ranges of values for the stikine terrane are -

0.5 to +7.7 and 0.70355 to 0.70547. There is no correlation 

between age or lithology and ENd value or 87sr/86sr for the 

volcanic and plutonic samples of the Alexander terrane (Fig. 

3.3) whereas the oldest and most mafic samples of the stikine 

terrane generally have the highest initial ENd values and 

lowest 87 sr/86sr (Fig. 3.4). 

Figs 3.3 and 3.4 show initial ENd versus crystallization 

or stratigraphic age for the samples. The ages of the 

have been determined from sedimentary samples 

biostratigraphic ~ata. Shown for reference are the bulk 

earth, or CHUR evolution line, the depleted mantle (OM) curve 

of DePaolo (1981a), and an evolution curve for average 

Proterozoic crust that separated from this depleted mantle 

1.8 Ga ago with a 147sm/144Nd ratio of 0.115. If the terranes 

were composed of mostly reworked mid-Proterozoic crust then 

most of the samples would plot somewhere near this idealized 

curve, or below if the terranes were composed of reworked 

crust older than mid-Proterozoic. If the terranes were a 
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Figure 3.3 - Initial ~d versus age for the Alexander terrane samples. Shown for reference 

are the bulk Earth evolution line (CHl:JR), depleted mantle curve (OM) of DePaolo (1981a), 
and a Proterozoic crustal evolution line (147Sm/144Nd = 0.115, ENd (1.8 Ga) = +3.9). The 

high positive ENd values indicate the juvenile nature of the Alexander crust. 
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Figure 3.4 • Initial ~d versus age for-the Stikine terrane samples. Reference lines are the 

same as in fig 3.3. 
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mixture of ancient crust and juvenile crust then samples 

would likely plot in a broad range between the Proterozoic 

curve and the OM curve. However, the figures show that for 

both terranes virtually every sample has an initial eNd 

between that of CHUR and the OM curve. 

The sediment samples from both terranes have positive 

initial eNd values, ranging from 0 to +6.3, but in general 

have slightly lower eNd values than the igneous samples. 

This has been noted in other isotopic studies characterizing 

juvenile continental crust (Patchett and Bridgwater, 1984~ 

Patchett et al., 1987). The lower eNd value of the sediments 

can be explained as a mixture of terrane-derived sediment 

with sediment that has the isotopic characteristics of 

average upper continental crust, such as pelagic sediment 

that is ultimately derived from well mixed continental 

detri tus. Just a few percent of this average crustal 

sediment mixed with terrane-derived sediment could produce 

. the observed values because of the very negative eNd value of 

crustal sediment. A similar possibility is mixing of a 

larger amount of sediment with higher eNd values than those 

of average crustal sediment, but still lower than pure 

terrane-derived sediment. Sediment with such intermediate 

Nd isotopic values, such as eNd = -4.5, have been analyzed 

from rivers draining the western united States such as the 
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Columbia, Snake, and Merced rivers (Goldstein et al., 1984; 

Goldstein and Jacobsen, 1988). If rivers with suspended 

material of similar isotopic values existed during the 

Phanerozoic then sediment from such rivers could have mixed 

with terrane-derived sediment to give the observed values. 

Either of these mixing scenarios can also explain the 

slightly higher 87sr/86sr of the sediment samples (tables 3.1, 

3.2) • 

DISCUSSION 

The Nd isotopic data show that neither terrane is 

comprised mostly of older reworked crustal material. Rather, 

the data clearly demonstrate that unlike crust in some other 

Phanerozoic orogenic regions the crust of the Alexander and 

Stikine terranes is composed almost completely of juvenile, 

mantle-derived material. Even the sediment samples, although 

they have lower ENd values than many other samples, have 

positive values and show the juvenile nature of the terranes. 

The juvenile nature of both terranes is further shown in Fig 

3.5, an initial 87sr/86sr versus initial ENd diagram. Shown 

for reference are the fields for mid-ocean ridge basalts 

(MORB) and island arc volcanics (IAV). The regions of IAV 

uncontaminated by continental sediments (e.g. arcs like the 

Aleutians, the Marianas, and New Britain) and IAV heavily 

contaminated by sediments (e.g. parts of the Banda and Sunda 
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Figure 3.5 - Initial ~ versus Innlal 87Sr/86Sr for the Alexander and Stiklne terrane samples. 

Shown for reference are the fields for mid-ocean ridge basalts (MORB) and island-arc 

volcanic rocks (IAV). Symbols as in figs 3.3 and 3.4. Most of the Igneous samples plot near 

the uncontaminated IAV field. MORB and IAV fields from White and Patchett (1984). 
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With the exception of one basaltic 

sample of the Alexander terrane wi th an anomalously high 

81sr/86sr ratio, which may have been caused by basalt-seawater 

interaction, most of the igneous samples from both terranes 

plot either in the MORB field or near the uncontaminated IAV 

field. These data indicat~ both terranes likely formed in 

a volcanic arc setting, probably in an intraoceanic environ

ment. The terranes could not have been in close proximity 

to a continent during their magmatically active periods. 

otherwise, some volcanic samples would probably show evidence 

of continental sediment contamination, as do modern island 

arcs like Banda and Sunda, and would plot near such arc 

fields (Fig 3.5). similarly, the terranes could not have 

been obducted upon an evolved continent during any period 

that they were magmaticallY active without at least some 

plutons showing evidence of crustal contamination. Even the 

very felsic plutonic samples, such as the Jurassic Bokan 

Mountain granite body, have very unevolved isotopic values 

(£Nd = +5.4) and display little evidence of crustal contamina

tion. 

Most of the sediment samples, although lower in £Nd than 

the igneous samples, also rule out evolved continental 

material as a major component of the terranes. The Bowser 

Basin samples display a general decrease in £Nd value with 
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This may be an indication of increasing 

contamination of the terrane sediment with evolved North 

American sediment, but samples younger than Late Jurassic 

have not yet been analyzed so the trend is insufficiently 

documented. 

The demonstration that two of the largest terranes of 

the northern Cordillera are composed predominantly of mantle

derived crust documents that new crust has been added to 

North America during Phanerozoic time. The quantification 

of the amount of new crustal material that has been added to 

the continent as a result of the accretion of these terranes, 

and calculations of the rate of that crustal addition, is 

discussed in the broader terms of world-wide Phanerozoic 

crustal growth in chapter 8. 
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CHAPTER 4 

THE WRANGELLIA TERRANE 

One of the first recognized and largest terranes of the 

North American Cordillera is Wrangellia (Jones et al. 1977). 

Because Wrangellia is a volumetrically significant part of 

the Cordillera, its isotopic characterization is important 

to the overall determination of the proportion of new 

juvenile crust in this Phanerozoic orogenic belt. 

In this chapter I present Sm-Nd and Rb-Sr isotopic data 

for representative samples of Wrangellia from the Queen 

Charlotte Islands and Vancouver Island, Canada, and from the 

Chilkat Peninsula, Alaska. The isotopic nature of the crust 

of Wrangellia is compared to the character o'f the crust in 

other Phanerozoic orogens, and also to the Alexander and 

Stikine terranes. 

GEOLOGICAL BACKGROUND OF WRANGELLIA 

As originally defined by Jones et al. (1977), fragments 

of Wrangellia occur from south-central Alaska through 

southernmost British Columbia and possibly into northeastern 

Oregon and western IdahG (fig 4.1). The main unifying 

feature of Wrangellian fragments is the characteristic 

Triassic strata, particularly the extensive Upper Triassic 

basalts. Some workers have questioned whether the fragment 

in northeastern Oregon, referred to as the Seven Devils 
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Figure 4.1 - Map of part of the North-American Cordillera showing the distribution of the 

Wrangellia (black), Alexander (horizontal Ii.nes), and Stikine (diagonal lines) terranes 
(modified after Jones et al., 1977, 1987; Monger and Berg 1987). CP = Chilkat Peninsula, 

QCI = Queen Charlotte Islands, VI = Vancouver Island, SO = Seven Devils region, MG = 
Miogeocline. Stippled pattern is cratonal North America. 
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region, is part of the wrangellia terrane, or if it is 

actually a different terrane (Sarewitz 1983; Scheffler 1983; 

Mortimer 1986). Others have reinterpreted the geology of 

what was considered to be a part of the Taku terrane in 

southeastern Alaska and now consider it to be part of Wran

gellia (Plafker et al. 1989). 

Several paleomagnetic studies of the Upper Triassic 

volcanic rocks from the disparate fragments of Wrangellia 

have shown that all of these fragments had approximately the 

same paleolatitude, between about 10° and 17° (Hillhouse 

1977; Yole and Irving 1980; Hillhouse et al. 1982; Hillhouse 

and Gromme 1984). It is not known if this paleolatitude is 

in the northern or southern hemisphere, however, because of 

the rapid succession of polarity reversals of the geomagnetic 

field during this portion of the Late Triassic (Hillhouse 

1987). Harbert et al. (1988) argued that the Seven Devils 

part of Wrangellia was in the northern hemisphere during 

Early Permian time, based on the highest blocking temperature 

magnetic component measured on Lower Permian sedimentary 

rocks. Panuska and Stone (1981) came to a similar conclusion 

based on their paleomagnetic work on Pennsylvanian and 

Permian volcaniclastic rocks of Wrangellia. 

The interpretation of the paleomagnetic studies of the 

Triassic rocks has been that the Late Triassic paleolatitude 
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of Wrangellia was substantially different than that of 

cratonal North America. May and Butler (1986), however, 

demonstrated that the reference poles for North America used 

by the above authors suffered from the inclusion of some 

unreliable data and data from rocks that have since been 

shown to be Early Jurassic in age rather than Late Triassic. 

As a result, the North American reference poles were chosen 

at a significantly higher latitude and more easterly longi

tude than they would have otherwise. Using the Chinle 

Formation (of the Colorado Plateau) reference pole, of 

Carnian-Norian age, May and Butler (1986) showed that, 

assuming a northern hemisphere location in the Late Triassic 

(reversed geomagnetic polarity), Wrangellia was located at 

a similar iatitude as the northern Oregon - southern British 

Columbia region of North America, obviating the requirement 

of large amounts of latitudinal transport for the terrane. 

Previous views about the relationship of Wrangellia to 

other terranes, such as the Alexander terrane, have also 

recently been revised. The traditional view has been that 

the Alexander and Wrangellia terranes evolved separately 

during the Paleozoic and at least during the early part of 

the Mesozoic (Jones et ale 1977, 1986). Gardner et ale 

(1988), however, have shown that plutons in eastern Alaska, 

dated at 309 ± 5 Ma by the U-Pb method, stitch the Alexander 
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and Wrangellia terranes together, thus forming a composite 

terrane. The final structural accretion of this composite 

terrane to North America occurred during mid-Cretaceous time 

(Monger et ale 1982). 

SAMPLES AND AGES OF L~THOLOGIC UNITS 

In addition to the Nd and Sr isotopic results presented 

in this chapter, numerous 87sr/86sr ratios for Mesozoic 

plutons from Vancouver Island have been presented by Arm

strong (1988). Aleinikoff et ale (1987) have reported Pb 

isotopic data from three Wrangellian granitoids from east

central Alaska, and Andrew and Godwin (1989g,198912) have 

reported Pb data from igneous rocks of the Paleozoic Myra 

Formation and Pb and Sr data from igneous rocks of Triassic 

and Jurassic age, from Vancouver Island. It is emphasized, 

however, that in order to thoroughly isotopically character

ize a terrane all of the major lithologic units of the 

terrane must be analyzed. Isotopic data were collected from 

31 samples of lithologic units of Wrangellia that range in 

age from about 420 Ma to about 90 Ma, and include mafic 

through felsic volcanic and plutonic samples, as well as many 

fine-grained clastic sedimentary samples (table 4.2). As 

mentioned earlier, the combination of plutonic plus sedimen

tary samples is particularly useful because they can provide 

different, but complementary, information. A brief summary 
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of sample descriptions and ages are given in table 4. 1. 

Sample locations are given in table 4.1 and in figs 4.2 and 

4.3. 

The oldest rocks of Wrangellia, belonging to the Paleo

zoic Sicker Group, are exposed on southern Vancouver Island. 

Yole (1969) divided the Sicker Group into two formal units, 

an upper unit called the Buttle Lake Formation and a lower 

unit, consisting of all stratified rocks below the Buttle 

Lake Formation, called the Youbou Formation. Subdivisions of 

the Youbou Formation have been proposed (Muller 1980) 

including, from oldest to youngest, the Nitinat Formation, 

the Myra Formation, and the "Sediment-sill unit." The 

Nitinat Formation consists of pyroclastic rocks characterized 

by black (uralitized) pyroxene phenocrysts (Muller 1980; 

Brandon et ale 1986). These volcanic rocks are pre-Middle 

Devonian in age because they are intruded by granodioritic 

plutons, referred to as the saltspring intrusions, that have 

been dated at about 390 Ma (Muller 1980; Brandon et ale 

1986). A K-Ar date of 421 ± 36 Ma, determined from analysis 

of uralitized pyroxene, is further evidence of the pre

Devonian age of the tuffs of the Nitinat Formation (Brandon 

et ale 1986). Two samples each of the Nitinat Formation and 

Sal tspring plutons were analyzed. The Myra Formation, a 

sequence of silicic pyroclastic and hypabyssal rocks, has a 
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Table 4.1 • Descriptions. locations and ages of samples from the Wrangellia terrane 

SAMPLE LOCATION AGE AGE REFERENCE 

VANCOUVER ISLAND 
t::IlUllIu 811maUIID 
1. Pyroxene tuff 48°53'09'N 123°34'48'W 421 ± 36 (K·Ar) Brandon et al. 1986 
2. Pyroxene tuff 48°53'05'1\1 123°34'53'W 421 ± 36 (K·Ar) Brandon et al. 1986 
Sall:lllDDg IDlI:usillDS 
3. Granodiorite 48°53'ls'N 123"29'03'W 391 +25/·10 (U·Pb) MuUer 1980; Brandon etal.1986 
4. Granodiorite 48°51'28'N 123"26'54'W 391 +25/·10 (U·Pb) Muller 1980; Brandon et al. 1986 
~dilDllDHzill !Jeil 
20. Mudstone 48°50'53'N 123°37'01'W Tournaisian Brandon et al. 1986 
21. Sandstone 48°50'53'N 123°37'01 'W Tournsisian Brandon et al. 1986 
22. Mudstone 49°18'21'N 124°12'21'W Tournsisian Brandon et al. 1986 
23. Sandstone 49°18'21'N 124°12'21'W Tournsisian Brandon et al. 1986 
IMIIIl La~g ElIllIlallllD 
24. Mudstone 49°10'17'N 124°32'48'W Bashkirian·Sakmarian Brandon et al. 1986 
25. Mudstone . 49°10'08'N 124°32'54'W Bashkirian·Sakmarian Brandon et al. 1986 
!JCWllIKla !JDil 
5. Pillow Basalt 49°17'28'N 124 "08'26'W <Sakmarian Sutherland Brown and Yorath 1985 
lSillDlUllille ElIllIlaUIID 
6. Basalt 49°17'08'N 124°35'12'W Late Ladinian·Late Carnian Muller19n 
7. Basalt 49°08'41'N 124°47'03'W Late LadiniDn·Late Carnian Muller19n 
8. Basalt 48°48'26'N 124"07'18'W Late Ladinian·Late Carnian Muller19n 
Islaod IDlI:l.!slIlD!I 
10. Granodiorite 49°19'03'N 124°33'12'W 185-190 (U-Pb, Rb-Sr) Armstrong 1988 
11. Granodiorite 49°11'15'N 124°45'17'W 185-190 (U-Pb, Rb-Sr) Armstrong 1988 
12. Hbl.·rich xenolith 49°11'ls'N 124°45'17'W 185-190 (U-Pb, Rb-Sr) Armstrong 1988 
13. Granodiorite 49°03'37'N 124°43'47'W 185-190 (U-Pb, Rb-Sr) Armstrong 1988 
B2DilOii:a !J[1I1112 
14. Dacite 48°53'04'N 124°4Q'18'W Sinemurian·Pliensbachian Muller 19n; Tipper 1984 
15. Basaltic tuff 48°53'Q4'N 124°4Q'18'W Sinemurian·Pliensbachian Muller 19n; Tipper 1984 
16. Andesite 48°54'25'N 124"24'38'W Sinemurian·Pliensbachian Muller 19n; Tipper 1984 
QUEEN CHARLOTTE ISLANDS 
SaDdIIaDds EII[[WIUIIO 
26. Mudstone 53°24'38'N 132°18'25'W Hettangian-Sinemurian Thompson et al. 1990 
M!UIl:lbll !J[l11112 
28. Greywacke 53° 12'40'N 
SiiD Qbri!llllllill ~llIllIol," SIIII!! 

131°59'10'W Bathonian·Callovian Thompson et al. 1990 

17. Qtz diorite 52°32'52'N 131°41'02'W 172 ± 11 (U-Pb) Anderson and Reichenbach 1990 
aU[Dab~ lalaDd ~Iullloi," Suilll 
18. Qtz monzonite 53°Q4'33'N 131°38'09'W ~165 (U·Pb) Anderson and Reichenbach 1990 
19. Qtz monzodiorite 52°23'20'N 131°16'18'W 165 ±4 (U-Pb) Anderson and Reichenbach 1990 
LgcgalDl EII[[WIUIIC 
29. Sandstone 53°08'17'N 132°10'38'W Tithonian-Aptian Thompson et al. 1990 
l:Iaida Eg[lDlllilm 
30. Mudstone 53°15'12'N 132"07'04'W Cenomanian-Turonian Thompson et al. 1990 
31. Mudstone 53° 14'28'N 132°12'00'W Cenomanian-Turonian Thompson et al. 1990 
CHILKAT PENINSULA 
!JDDlIlIKld !.loila 
9. Basalt 49°17'28'N 124"08'26"W Late Ladinian·Late Carnian Plalker et al. 1989 
27. Siltstone 59°08'17'N 135"22'20'W Hettangian-Toracian Plafker et al. 1989 

Note.· Numerical ages are radiometric ages. Method of determination given in parentheses. The range in the age 01 a 
sedimentary sample is given as the range in age 01 the formation to which the sample belongs. 
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Figure 4.2 - Locality map for the samples from Vancouver Island, Canada. Numbers 
correspond to the samples in tables 4.1 and 4.2 
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Figure 4.3 - Locality map for the samples from the Queen Charlotte Islands, Canada. 

Numbers correspond to the samples in tables 4.1 and 4.2. 
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minimum age of 370 Ma based on U-Pb zircon dates (Brandon 

et ale 1986). The Sediment-Sill unit is composed of sedimen

tary rocks such as argillite, mudstone, sandstone and chert, 

that are intruded by diabasic sills (Muller 1980). Muller 

(1980) suggested that the Sediment-sill unit might in part 

be coeval with the Buttle Lake Formation and also might 

correlate with sedimentary rocks of the Myra Formation. 

Recent biostratigraphic work, however, has shown that the 

Buttle Lake Formation was deposited from Middle Pennsylvanian 

through Early Permian time (Brandon et al. 1986). In 

addition, Brandon et al. (1986) have shown that a chert unit 

at the base of the Sediment-sill unit contains Lower Missi

ssippian conodonts. The Sediment-sill unit is therefore 

older than the Buttle Lake Formation but younger than the 

Myra Formation. Four fine-grained clastic rocks of the 

Sediment-sill unit were analyzed. 

Although the Buttle Lake Formation consists mainly of 

massive and bedded limestone it does contain some interbeds 

of siltstone and mUdstone. Two mUdstones from the lower 

portion of this formation were analyzed. A pillow basalt 

from unit PSa of Sutherland Brown and Yorath (1985), assumed 

to be of Permian age and to overlie the Buttle Lake Forma

tion, was also analyzed. 

Above the Buttle Lake Formation lie extensive Middle to 
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Upper Triassic tholeiitic basalts of the Karmutsen Formation. 

The Karmutsen Formation consists locally of more than 6000 

meters of pillow basalts and massive lava flows, along with 

a small amount of interlava shale and limestone (Muller 

1977). Fossils of Late Ladinian age occur in shales just 

below the base of the Karmutsen basalts and fossils of Late 

carnian age occur in interlava limestone near the top of the 

basalts (Muller 1977). Trace element analyses of the 

Karmutsen pillow basal'ts plot in the fields of mid-ocean 

ridge basalts and within-plate basalts on discriminant 

diagrams (Barker et ale 1989). Barker et ale (1989) inter-

preted the trace element data as indicating that the basalts 

were erupted as arc-rift tholeiite in a near-axial back-arc 

rifting event. Three samples of Karmutsen basalts from 

Vancouver Island were analyzed. In addition, a Triassic 

basalt from the Chilkat Peninsula, southeastern Alaska, was 

analyzed. This basalt is chemically similar to the Karmutsen 

basalts and lies within a sequence that has recently been 

reinterpreted to be part of Wrangellia (Plafker et al. 1989). 

Jurassic rocks of Wrangellia include Lower Jurassic 

volcanic rocks of the Bonanza Group, Lower to Upper Jurassic 

plutons, and Lower to Upper Jurassic clastic rocks. The 
I 

Bonanza Group consists of basaltic to rhyodacitic tuffs and 

fragmental breccias with minor intercalated sedimentary rocks 
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bearing Sinemurian and Pliensbachian fossils (Muller 1977; 

Tipper 1984). Three samples of Bonanza tuffs from southern 

Vancouver Island, ranging in composition from basaltic to 

daci tic, were analyzed. Also of Lower Jurassic age are the 

granodioritic Island Intrusion plutons of Vancouver Island. 

Most of the U-Pb and Rb-Sr radiometric dates for these 

plutons are between 185 and 190 Ma (Armstrong 1988). Three 

samples of the Island Intrusion plutons, plus a hornble.nde

rich inclusion from ·one of the plutons, were analyzed. 

Jurassic plutons on the Queen Charlotte Islands are slightly 

younger than on Vancouver Island; plutons of the San Christo

val suite have been dated by the U-Pb method at about 172 Ma 

while U-Pb dates of plutons of the Burnaby Island suite range 

from 158-168 Ma (Anderson and Reichenbach 1990). Three 

Jurassic plutons from the Queen Charlotte Islands were 

analyzed. Sedimentary rock samples of Jurassic age that were 

analyzed include a mUdstone from the Lower Jurassic Sandi

lands Formation and a greywacke from the Middle Jurassic 

Moresby Group. A mUdstone from an unnamed flysch unit that 

unconformably overlies the Triassic basalt from the Chilkat 

Peninsula was also analyzed. 

but Plafker et ale (1989) 

The age of this unit is unknown 

argue that the unit closely 

resembles the upper part of the Kunga Group and the Maude 

Group of the Queen Charlotte Islands. If this correlation 
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is correct then the age range for this unit is from 

Hettangian to Toracian. 

The basal unit of the cretaceous of the Queen Charlotte 

Islands is the Longarm Formation (Cameron and Hamilton 1988) • 

This formation is lithologically variable and ranges in age 

from Hauterivian to Barremian. One sandstone sample was 

analyzed from this formation. Two mudstones, also of Creta

ceous age (-90 Ma), were analyzed from the upper part of the 

Haida Formation of the Queen Charlotte Islands (Thompson et 

al. 1990). 

RESULTS 

The results are given in table 4.2 and figs 4.4, 4.5 and 

4.6. 143Nd/44Nd ratios were measured for all samples and 

87sr/86sr ratios were measured for plutonic and most mafic 

volcanic samples. As with the Alexander and Stikine samples, 

felsic and intermediate volcanic rocks were not analyzed for 

Sr isotopes because Rb-Sr systematics have often been 

disturbed for these types of samples (Bell and Blenkinsop 

1978). 

Only one repeat analysis is reported here (table 4.2). 

Sample 20 reproduces to within 0.2% for the 147sm/44Nd ratio 

and the €Nd values agree to within 0.1 €-unit. The differ

ence between the absolute concentrations of the replicate 
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Sample Agea Sm Nd 147Sm 143Ndb £(0) £(T) ToMc TCRd Rb Sr 87Rb 87Srb 87Sr 

(Ma) ppm ppm 144Nd 144Nd (Ma) (Ma) ppm ppm 86Sr 86Sr 86Sr 
measured measured Initial 

Igneous Rocks 
1 Pyrox. Tuff 421 3.07 14.8 .1253 .512589 (8) -0.9 +2.9 
2 Pyrox. Tuff 421 4.12 21.5 .1106 .512580 (9) -1.1 +3.5 1.26 435 .008 .704854 (10) .70481 
3 Granodiorite 391 1.31 7.52 .1051 .512726 (8) +1.7 +6.3 51.8 142 1.059 .709404 (11) .70367 
4 Granodiorite 391 1.67 9.00 .1122 .512749 (13) +2.2 +6.4 62.5 118 1.506 .711596 (11) .70323 
5 Basalt 260 7.11 33.5 .1282 .512860 (10) +4.3 +6.3 1.11 610 .005 .703458 (8) .70344 
6 Basalt 230 3.75 13.1 .1728 .512922 (7) +5.5 +6.2 5.22 271 .056 .703748 (10) .70358 
7 Basalt 230 3.42 12.3 .1684 .512937 (6) +5.8 +6.7 1.49 141 .030 .703666 (10) .70357 
8 Basalt 230 3.69 12.9 .1724 .512954 (6) +6.2 +6.9 5.73 407 .041 .704135 (12) .70400 
9 Basalt 230 1.66 4.90 .2050 .513025 (7) +7.5 +7.3 
10 Granodiorite 190 2.86 14.6 .1186 .512829 (6) +3.7 +5.6 37.2 309 .348 .705128 (7) .70419 
11 Granodiorite 190 1.98 9.58 .1249 .512791 (10) +3.0 +4.7 47.6 274 .502 .705211 (10) .70386 
12 Hbld. rich inc~ 190 3.27 13.9 .1421 .512821 (7) +3.6 +4.9 46.1 309 .431 .704996 (17) .70383 
13 Granodiorite 190 3.15 14.7 .1296 .512794 (8) +3.0 +4.7 47.2 389 .351 .704950 (10) .70400 
14 Dacite 190 3.43 22.0 .0942 .512742 (10) +2.0 +6.6 
15 Basaltic Tuff 190 3.13 11.9 .1586 .512943 (11) +5.9 +6.9 16.7 363 .133 .704427 (7) .70407 
16 Andesite 190 4.02 18.4 .1321 .512745 (9) +2.1 +3.7 
17 Quartz Diorite 172 2.97 12.9 .1393 .512884 (7) +4.8 +6.1 27.0 430 .181 .703943 (11) .70350 
18 Quartz Monz. 165 3.79 16.9 .1352 .512918 (10) +5.5 +6.8 67.7 208 .942 .705686 (9) .70348 
19 Monzodiorite 165 3.59 14.5 .1499 .512922 (5) +5.5 +6.5 37.0 299 .358 .704385 (11) .70357 
Sedimentary Rocks 
20 Mudstone 350 3.12 14.7 .1289 .512817 (6) +3.5 +6.5 440 620 

2.97 13.9 .1292 .512811 (9) +3.4 +6.4 450 630 
21 Sandstone 350 6.02 22.7 .1606 .512915 (6) +5.4 +7.0 
22 Mudstone 350 3.21 13.0 .1498 .512n5 (6) +2.7 +4.8 660 910 
23 Sandstone 350 4.21 16.3 .1564 .512906 (14) +5.2 +7.0 410 670 
24 Mudstone 290 2.58 12.2 .1273 .512651 (7) +0.3 +2.8 710 890 
25 Mudstone 290 2.73 13.2 .1252 .512551 (7) -1.7 +1.0 860 1040 
26 Mudstone 200 4.04 17.9 .1366 .512859 (10) +4.3 +5.8 400 590 
27 Siltstone 200 3.20 14.3 .1351 .512670 (8) +0.6 +2.2 750 950 
28 Greywacke 175 3.78 15.1 .1519 .512925 (8) +5.6 +6.6 340 580 
29 Sandstone 125 3.74 17.6 .1284 .512nO (8) +2.6 +3.7 520 690 
30 Mudstone 90 4.49 15.7 .1735 .512860 (7) +4.3 +4.6 
31 Mudstone 90 3.58 17.2 .1261 .512725 (7) +1.7 +2.5 580 750 

aNon·radiometricages are based on the ages in table 4.1 and on the time scale of Palmer (1983). 
bNumbers in parentheses are two standard errors of the mean (2am). 
cBased on the model of DePaolo (1981a). Model ages were not calculated for sedimentary rocks with 147Sml144Nd > 0.157 Qndicated by···). U1 

dBased on the model of Goldstein et a1. (1984). 0 
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sample may be due to a combination of static electrical 

effects during weighing of rock powders and spike solutions 

and rock powder heterogeneity. 

The range in initial ENd values for the igneous samples 

of Wrangellia is from +2.9 to +7.3. The range in initial 

87sr/&sr ratios is from 0.70323 to 0.70481. Samples from a 

particular plutonic suite or volcanic suite generally have 

similar initial Nd isotopic ratios. For instance, the 

samples of the Jurassic Island Intrusion plutons have ENd 

values of +4.7 to +5.6. Even a hornblende-rich inclusion in 

one of the Island Intrusion plutons has the same ENd value 

(+4.9) as its host rock (+4.7), within analytical uncer

tainty. ENd values for Jurassic plutons from the Queen 

Charlotte Islands range from +6.1 to +6.8. The Karmutsen 

basalts have initial ENd values that vary from +6.2 to +6.9, 

(or up to +7.3 if the Chilkat Peninsula sample is included). 

The initial ENd values of the Triassic pillow basalts 

are similar to the value calculated for DePaolo's (1981g) 

model of the depleted mantle for the same time period (fig 

4.4) • These data demonstrate that the mantle beneath 

Wrangellia was a reasonably typical light rare earth element 

(LREE) depleted mantle, rather than a long-term metasomati

cally or otherwise LREE enrichep one. The ENd values of the 

samples, therefore, should be compared to depleted mantle 
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values. Andrew and Godwin (19B9~) argued that volcanic rocks 

of the Karmutsen Formation display evidence of sediment 

contamination based on initial Pb isotopic ratios. Mixing 

of crustal sediment with typical ocean basaltic magmas is 

possible, but a maximum of just a few percent of an evolved 

sedimentary component is allowed by the Nd and Sr isotopic 

data. Other volcanic samples, however, such as tuffs from 

the Nitinat Formation and an andesite from the Bonanza Group, 

have ENd values that are too low for these volcanic rocks to 

have been derived solely from a depleted mantle. These rocks 

must have incorporated some older crustal material, perhaps 

as subducted continental sediment. This is further indicated 

by the depleted mantle model ages (TOM) of 560 to BOO Ma for 

these samples. The high positive ENd values and low 87sr/86sr 

ratios of most of the other igneous samples, however, 

indicate that only a small amount of recycled older continen

tal crust could have been involved in their genesis. This 

situation differs from the results of a study of Phanerozoic 

plutons, sampled on a world-wide scale, by Allegre and Ben 

Othman (19BO). They showed that most of the Phanerozoic 

plutons they analyzed contained a large recycled crustal 

component. 

The initial ENd values for the sedimentary samples of 

Wrangellia, determined for the stratigraphic age of the 
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formation, range from +1.0 to +7.0. There is no correlation 

between €Nd and stratigraphic age (table 4.2). About half of 

the sedimentary samples have slightly lower €Nd values than 

most of the volcanic and plutonic samples. This situation 

has also been noted in other characterization studies of 

mostly juvenile crust (Patchett and Bridgwater 1984; Patchett 

et ale 1987) including that of the Alexander and stikine 

terranes. For Alexander and stikine it was argued that just 

a few percent of continent-derived sediment mixed with 

terrane-derived sediment would give lower ENd values because 

of the very negative €Nd value of average crustal sediment. 

Because the difference in ENd for igneous and sedimentary 

rocks of Wrangellia is less than that of the Alexander and 

stikine samples, an even smaller fraction of average crustal 

sediment mixed with terrane-derived sediment would explain 

the results for Wrangellia. The important point is, however, 

that the 143Nd;144Nd ratios of the Wrangellia sedimentary rocks 

are high, illustrating the juvenile nature of Wrangellia. 

Figure 4.4 is a plot of ENd versus age for all of the 

Wrangellia samples. The lines and bands curves shown for 

reference are the bulk-Earth evolution curve (CHUR), the 

depleted mantle curve (OM) of DePaolo (1981g), and an 

evolution band for average continental crust that separated 
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Figure 4.4 - Initial ~d versus age for all of the samples of Wrangellia. Reference lines as in 
fig 3.3. The uniform, high positive eNd values indicate that the terrane is an isotopically 

unevolved, juvenile crustal fragment. 
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from the depleted mantle 1.8 Ga ago. All of the Wrangellia 

samples plot above the CHUR curve. In fact, 75% of the 

samples have €Nd values above +4.5. This rules out the 

possibility that most of the crust of Wrangellia, like the 

crust in several other Phanerozoic orogens, is largely 

reworked, pre-existing crust. It also eliminates the possi

bility that Wrangellia is composed of equal parts of old, 

evolved crust and new, juvenile crust. If Wrangellia had 

been composed .of a significant component of ancient crust 

the data would have plotted in a broad range from near the 

1.8 Ga Proterozoic crustal band to near the DM curve. 

Rather, fig 4.4 shows that Wrangellia is composed predomi

nantly of juvenile, mantle-derived crust. The demonstration 

of positive ENd values for sedimentary rocks of Wrangellia is 

particularly important in documenting the overall mantle

derived nature of the terrane because sedimentary rocks 

supply information from a large, averaged geographical area. 

The initial €Nd values for the two samples from the 

Chilkat Peninsula are very similar to the values from similar 

rock types from Vancouver Island and the Queen Charlotte 

Islands. This reinforces Plafker et al.'s (1989) interpre

tation that this region is actually part of Wrangellia. Nd 

isotopic data from other regions of the Cordillera that have 

been called part of Wrangellia, however, are lacking. Such 
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data would be useful in helping to determine if these regions 

belong to Wrangellia or if they are actually parts of differ

ent terranes. 

TECTONIC ENVIRONMENT 

The isotopic data presented in this chapter, combined 

with other published Sr and Pb isotopic data (Aleinikoff et 

ale 1987; Armstrong 1988; Andrew and Godwin 1989g, 1989Q), 

indicate that Wrangellia resided in an intra-oceanic environ

ment for much of its displacement history. Figure 4.5 shows 

that the Nd and Sr isotopic ratios for all of the igneous 

samples of Wrangellia, as well as from the igneous Stikine 

terrane samples and most of the Alexander terrane samples, 

overlap with results from island arc volcanic rocks (IAV). 

In particular, the volcanic rocks of Wrangellia have eNd 

values more similar to the values for intra-oceanic IAV than 

for arcs near a large continental sediment source (i.e. the 

samples plot in the central and upper left-hand corner of fig 

4.5 rather than the lower right-hand corner). The isotopic 

ratios for plutons of Wrangellia are also more compatible 

with magma genesis in a· region with a limited amount of 

crustal contaminants available. In addition, at least some 

of the analyzed sedimentary samples would be expected to have 

negative eNd values if Wrangellia had been part of, or in 

close proximity to, an evolved continent for much of its 
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Figure 4.5 - Initial ~ versus 87Srf86Sr for Volcanic and plutonic samples of the Wrangellia 
terrane and the Alexander and Stlklne terranes. The samples plot in the fields for MORB 

and IAV uncontaminated by continental sediments. 
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Paleontological studies have also 

argued for an intra-oceanic environment for Wrangellia to 

explain the presence of fauna from diverse paleozoogeographic 

affinities (Tozer 1982; Newton 1986). Such a conclusion is 

not in conflict with paleomagnetic results for Wrangellia. 

Andrew and Godwin (1989~) also proposed that Wrangellia 

was in a primitive (intra-oceanic) arc environment during 

Jurassic time. This was based on the observation that 

initial Pb isotopic ratios of samples from the Bonanza 

Volcanic Group and from plutons of the Island Intrusions are 

similar to the same ratios calculated for ocean island and 

island-arc fields at 190 Ma. In contrast, they argued that 

initial Pb isotopic ratios for samples of the Myra Formation, 

part of the Paleozoic Sicker Group, were more radiogenic than 

estimates for Ph isotopic ratios of MORB samples calculated 

at 390 Ma. They concluded that a SUbstantial input of 

continental detritus must have been involved in the formation 

of the Myra volcanic rocks and therefore Wrangellia may have 

lain near a continent during the Paleozoic. I disagree with 

their interpretation for two main reasons. First, although 

the initial Ph ratios for the Myra Formation volcanic rocks 

do not plot in the field estimated for MORB the ratios are 

not extremely radiogenic - they do overlap at least part of 

the field for island arcs. It is therefore not necessary to 
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invoke the mixing of sUbstantial quantities of continental 

crustal sediment with mantle-derived magmas to produce the 

observed Pb isotopic ratios. Because typical upper crustal 

Pb concentrations are so much higher than mantle Pb concen

trations, 24 ppm (Zartman and Doe 1981) versus about 0.2 ppm 

(Sun 1982), the addition of just a few percent of crustal 

sediment to mantle-derived magmas could produce the slightly 

more radiogenic Pb isotopic ratios Of the Myra Formation 

samples. The second main reason I disagree with the inter

pretation of Andrew and Godwin (19892) is that there is not 

a systematic difference between initial €Nd values and initial 

87 sr/86sr ratios for the Paleozoic and Jurassic rocks of 

Wrangellia, as would be expected if the terrane resided in 

different paleotectonic settings during these two time 

periods. For instance, the initial €Nd values and 87sr/86sr 

ratios of the Paleozoic Saltspring Intrusions overlap with 

those of the Jurassic plutons and the Paleozoic Nitinat 

volcanic samples of intermediate composition have similar 

initial €Nd values to those of intermediate volcanic rocks of 

the Jurassic Bonanza Group (table 4.2). This lack of syste

matic isotopic difference between the Jurassic and Paleozoic 

rocks might have been missed if detailed sampling of the main 

lithologic units of Wrangellia had not been carried out. 

Andrew and Godwin (19892) did not report Pb data from either 
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the Paleozoic Nitinat Formation or the Saltspring Intrusions. 

The results for the Wrangellia terrane are very similar 

to the results for the Alexander and Stik~ne terranes. The 

documentation of Wrangellia being composed predominantly of 

mantle-derived, juvenile crust, and its accretion to North 

America, further documents the growth of continental crust 

during Phanerozoic time. The amount and rate of crustal 

addition due to the accretion of Wrangellia will be compared 

with the amounts and rates of Alexander and stikine, along 

with world-wide accretion rates, in chapter eight. 
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CHAPTER 5 

GRAVINA BELT, TARU TERRANE AND YUKON CRYSTALLINE TERRANE 

One of the outstanding problems in our understanding of 

the geological evolution of the Alaskan and Canadian Cordill

eran orogenic belt is the relationship of the crustal region 

of the Coast Mountains range to the tectonostratigraphic 

terranes that lie to either side of this region. The crust 

of the Coast Mountains is composed of a complex area of rocks 

that are metamorphosed to high grades, disrupted by faults, 

intensely deformed, and intruded by the voluminous plutons 
) 

of the Coast Mountains Batholith. It is therefore very 

difficult to make regional correlations with rocks of the 

Alexander and Wrangellia terranes to the west, with rocks 

of the stikine terrane to the east, or with other regions of 

the Cordillera. This difficulty is demonstrated by the many 

different interpretations that have recently been made 

regarding the tectonic affinity of the crust of the Coast 

Mountains region. For instance, Berg et ale (1978) called 

the central part of the Coast Mountains the Tracy Arm terrane 

and the region along the western part of the range the Taku 

terrane. They suggested that the two terranes were different 

from one another and from the surrounding terranes. Brew and 

Ford (1984), however, concluded that both the Tracy Arm 

terrane and the Taku terrane are simply metamorphosed parts 
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of the Alexander terrane. Rubin and Saleeby (1988) suggested 

that the Taku terrane is actually part of the stikine terrane 

and Hill et ale (1985) argued that the eastern part of the 

Tracy Arm terrane is actually metamorphosed stikine terrane. 

As briefly mentioned in chapter 1, the isotopic charac

terization of terranes can be a powerful method of 

distinguishing between regions that are composed of crustal 

material that has had very different chemical evolutionary 

histories. A comparison of the isotopic composition of the 

crust of the Coast Mountains region with the isotopic compo

si tion of nearby terranes, therefore, would be extremely 

useful in helping to determine the possible relationships 

between these crustal regions. It was therefore important 

to collect and analyze a large number of samples, of a wide 

variety of lithologies, from the Coast Mountains region for 

their Nd isotopic composition. The samples were collected 

from localities ranging from near Prince Rupert in British 

Columbia to Taku Inlet in southeastern Alaska. In addition, 

Lu-Hf data was collected from detrital zircons from quartz

rich metasedimentary rocks of the Coast Mountains that have 

recently been dated by the U-Pb method (Gehrels et al., 

1990a). The Nd and Hf data, combined with the published U

Pb zircon data, are used to place constraints on possible 

models of the evolution of this part of the North American 

Cordilleran orogen. 
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GEOLOGIC SETTING 

The crustal region between the Alexander-Wrangellia 

composi te terrane and the stikine terrane can be grouped into 

four broad assemblages. These regions have been discussed 

extensively by other workers and only a brief review is given 

here. 

Of the four assemblages the one -furthest west is the 

Gravina belt, an overlap assemblage of Upper Jurassic-Lower 

cretaceous volcanic and clastic sedimentary strata which 

depositionally overlie the eastern margin of the Alexander 

terrane. Volcanic rocks typical of the Gravina assemblage 

include widespread basaltic flows, tuffs and breccias, of 

probable Late Jurassic-Early cretaceous age, that are 

inferred to have erupted during arc-related rifting (Ford and 

Brew, 1988). Mafic volcanic rocks of the assemblage often 

contain calcic-clinopyroxene phenocrysts (Irvine, 1973; 

McClelland and Gehrels, 1990) that help to distinguish them 

from nearby, similar volcanic rocks of the Alexander terrane 

(McClelland and Gehrels, 1990). Sedimentary rocks include 

volcaniclastic siltstone and sandstone, argillite, mudstone, 

and conglomerate (Berg et al., 1972). Granodioritic plutons 

were emplaced into Gravina strata during the mid-Cretaceous. 

The Gravina belt is structurally overlain by the Taku 

terrane along a northeast-dipping thrust fault, called the 
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Fanshaw fault (Gehrels et al., 1990b). The Taku terrane is 

a metamorphic terrane consisting predominantly of greenschist 

pillow basalts and mafic tuffs, graphite-rich metapelites, 

schists, and marble. Fossils that have been identified from 

strata of the Taku terrane indicate that most of the rocks 

are probably of Early Permian and Middle to Late Triassic age 

(Silberling et al., 1982: Brew and Grybeck, 1984). 

To the east of the Taku terrane, the next main assem

blage structurally overlies the Taku terrane along the 

eastward dipping Sumdum fault (Gehrels et al., 1990g ). 

Gehrels et ale (1990g) consider this assemblage to be 

correlative with the Yukon crystalline terrane (Tempelman

Kluit, 1976) primarily on the basis of lithologic similari

ties. The assemblage is also lithologically similar to the 

Nisling terrane and Nisultin and Pelly Gneiss subterranes 

(Wheeler and McFeely, 1987: Wheeler et al., 1988) but I will 

use the term Yukon Crystalline terrane, hereafter called the 

YCT, because it is a more general term. The YCT, like the 

Taku terrane, is a metamorphic terrane. The metamorphic 

rocks of the YCT have been divided into three subassemblages 

by Gehrels et ale (1990R). The eastern assemblage is called 

the Tracy Arm assemblage and consists of quartzite, quartz

rich gneisses, migmatites, marble and metapelites. The Tracy 

Arm assemblage grades westward into the Endicott Arm assem-
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blage which also consists of quartzites and metapelites but 

also of more metabasalts and metarhyolites. This assemblage 

grades into the Port Houghton assemblage that is charac

terized by quartz-rich metasedimentary rocks, metaconglom

erate, and metabasalt. Most of the metamorphic rocks in ,each 

assemblage are of amphibolite-facies grade but rocks up to 

granulite facies also occur. In general, the metamorphic 

rocks of the Yukon Crystalline terrane are more quartz-rich 

than those of the Taku terrane. In the past, roc]cs of the 

YCT have been considered to be part of the Taku terrane 

(Monger and Berg, 1987) and the Tracy Arm terrane (Coney et 

al., 1980). The protolith ages of most of the metamorphic 

rocks of the YCT are unknown, but a marble unit, interbedded 

with a quartz-rich metaconglomerate layer, has yielded 

crinoid columns and fragments of brachiopods similar to those 

found in Permian limestones of the Taku terrane (Gehrels et 

al., 1990a). At least part of the YCT assemblage, therefore, 

was deposited some time during the late Paleozoic. Two other 

protolith ages include U-Pb zircon ages of 367 ± 10 Ma from 

a metatuff and 345 ± 13 Ma from an orthogneiss, both from the 

LeConte Bay region of the YCT (McClelland, 1990). 

The fourth assemblage is made up of the Late Cretaceous

Early Tertiary plutons of the Co~st Mountains Batholith. 

From west to east this plutonic suite includes massive 
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tabular bodies of foliated tonalite that are of Late Creta

ceous-Paleocene in age. To the immediate east of the tabular 

tonalite bodies are slightly younger granodiorites and 

tonalites, and furthest to the east are massive Eocene grano

diorite plutons (Gehrels et al., 1984). Large pendants of 

quartz-rich rocks of the YCT are found within plutons of the 

Coast Mountains Batholith. The transition between the YCT 

and the Coast Mountains plutons is gradational and begins 

near the tabular tonalite plutons. The Eocene granodiorite 

bodies obscure the contact of the stikine terrane with the 

eastern margin of the YCT. A discussion of the petrogenesis 

of the Coast Mountains Batholith is given in the next 

chapter. 

SAMPLES 

Seven samples of the Gravina belt were analyzed for Nd 

isotopes. These samples include two clinopyroxene-bearing 

tuffs and four siltstones and fine-grained sandstones. 

Because many of the fossil ages of Gravina strata are Albian, 

the samples have been assigned a numerical age of 100 Ma. 

In addition to the Gravina samples, four Upper Creta

ceous garnet-bearing, biotite granodioritic plutons emplaced 

into Gravina strata, and one intruding into the Taku terrane, 

were analyzed for both Sr and Nd isotopes. One of these 

plutons (87SD-32) has been dated by the U-Pb method at 
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92.3 ± 4.7 Ma (McClelland, 1990). The other three plutons 

are lithologically very similar to the first, as well as very 

similar to many other nearby plutons that have K-Ar dates of 

between 85 an 91 Ma (Douglass et al., 1989), and have 

therefore been assigned ages of 90 Ma. A fine-grained 

sandstone xenolith, considered to be Gravina wall rock, 

contained in one of these plutons was also analyzed. 

Eight samples of the Taku terrane were analyzed for Nd 

isotopes. These samples included graphite-rich metapelites, 

quartz-rich metasandstones, metasiltstones, and a metabasalt. 

Forty metamorphic samples of the Yukon Crystalline 

terrane were analyzed for Nd isotopes. These samples 

included quartzites, quartz-rich schists and gneisses, 

graphite-rich metapelites, migmatites, and probable felsic 

and mafic metavolcanic rocks. In addition to the whole-rock 

samples analyzed, four zircon fractions from two quartzites 

of the Yukon Crystalline terrane were analyzed for Hf 

isotopes. 

Two samples of Eocene granitoid plutons that intrude the 

Stikine terrane were analyzed for Nd and Sr isotopes. 

RESULTS 

The Rb-Sr and Sm-Nd data for the Gravina assemblage 

samples and Late Cretaceous plutons are given in tdble 5.1. 

Sm-Nd data for the Taku terrane are given in table 5.2. Sm-
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Nd data for the Yukon Crystalline terrane are given in table 

5.3. Lu-Hf data for zircons from Yukon crystalline terrane 

quartzites are given in table 5.4. Nd and Sr isotopic data 

for stikine plutons of Eocene age are given in table 5.5. 

Five repeat Nd analyses (table 5.3) from this group of 

samples were performed to determine reproducibility. Four 

of the five replicate analyses were within ± 0.3 ~Nd-units, 

the fifth replicate was within ± 0.4 eNd-units. 

Gravina Belt 

The initial eNd values of the Gravina belt samples range 

from -1.2 to +8.3 (table 5.1, fig 5.1). The pyroxene tuffs 

have the highest initial eNd values, +7.0 and +8.3. These 

values are essentially the same as depleted mantle values, 

indicating that these volcanic rocks could not have been 

contaminated by any significant quantity of old, continental 

crust. The initial eNd values of the mid-Cretaceous plutonic 

samples (table 5.1), +4.4 to +5.7, are slightly lower than 

the values of the volcanic rocks, but are still highly 

positive and also indicate the juvenile nature of these 

rocks. Although these plutons intrude Gravina rocks, they 

may have been produced by melting of Alexander terrane crust 

at depth, or more likely, by mantle-derived melts that 

incorporated some Alexander crust. This would explain the 

fact that zircon from some of these plutons contains a slight 
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Sample Age Rb Sr 87Rb 87Sr 87Sr Sm Nd 147Sm 143Nd E(O) E(T) TOMb 
ppmppm 86Sr 86S r 86S r ppm ppm 144Nd 144Nd (Ma) 

measured Initial measured 

GRAVINA ASSEMBLAGE 
Sedimentary and Metasedimentary rocks 
87-36 Shale -100 2.74 13.1 0.1262 0.512535 (8) -2.0 -1.1 900 
87-41 Phyllite -100 2.75 13.0 0.1275 0.512530 (6) -2.1 -1.2 900 
87-45 Metasiltstone -100 3.83 17.0 0.1362 0.512809 (7) +3.3 +4.1 500 
88-48 Sandstone -100 2.85 12.6 0.1366 0.512806 (6) +3.2 +4.0 500 
88-49 Sandstone -100 4.37 20.2 0.1305 0.512686 (8) +0.9 +1.8 650 
Volcanic rocks 
88-61 Pyroxene-tuff -100 3.40 13.8 0.1495 0.513030 (7) +7.6 +8.3 100 
88-47 Pyroxene-tuff -100 

• 
4.00 17.2 0.1410 0.512962 (9) +6.3 +7.0 200 

MID-CRETACEOUS PLUTONS IN GRAVINA BELT 
87-263 Granodiorite -90 34.9 1171 0.0863 0.703884 (7) 0.70377 7.14 37.8 0.1142 0.512849 (7) +4.1 +5.1 330 
87-32 Granodiorite 92 68.2 710 0.2n6 0.704308 (13) 0.70395 3.29 15.8 0.1258 0.512823 (6) +3.6 +4.4 350 
87-35 Granodiorite -90 25.61248 0.0594 0.703879 (7) 0.70380 4.97 25.4 0.1182 0.512852 (6) +4.2 +5.1 330 
87-54a Granodiorite -90 58.2 939 0.1792 0.703962 (11) 0.70373 3.55 16.4 0.1305 0.512891 (8) +4.9 +5.7 320 

aData from table 3.1 
bBased on the model of DePaolo (1981a). 

0'1 
\0 
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Figure 5.1 • Initial ~d versus age for the samples ::J'! :~:~ Gravina belt. Note that the ~d 
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inherited Pb component (McClelland et al., 1990). 

The sedimentary and metasedimentary samples of the 

Gravina assemblage have a slightly larger range in initial 

eNd' -1.2 to +4.1, compared to the igneous samples. The eNd 

values of the sedimentary rocks are lower than those of the 

plutonic and volcanic rocks and indicate that the sediments 

have incorporated a larger amount of a more isotopically 

evolved component. This is also reflected in the higher TOM 

ages of the sedimentary samples, up to 900 Ma, compared to 

the igneous samples (table 5.1). As discussed in the 

previous chapters, because of the very negative eNd values of 

old continental crust the addition of just a few percent of 

isotopically evolved sediment to juvenile sediment can sub

stantially lower the eNd of the mixture. Therefore, although 

the eNd values of the Gravina sedimentary rocks are somewhat 

lower than the eNd values of the igneous samples, the major 

component of the sedimentary rocks is still juvenile, mantle

derived crustal material. 

The eNd values of the Gravina samples are very similar 

to the ENd values of the Alexander terrane (chapter 2), upon 

which Gravina strata were deposited. Because the crust of 

the Alexander terrane is isotopically juvenile, it was 

inferred that the terrane was in an intra-oceanic island-arc 

setting for much of its history. The similarly juvenile 
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nature of the Gravina assemblage could indicate that strata 

from this assemblage were being deposited on the Alexander 

terrane while the terrane was still far enough from North 

America that a large quantity of old, evolved sediments were 

not incorporated with Gravina rocks. An alternative explana

tion is that Gravina sediments were deposited in a restricted 

basin within the Alexander terrane and were effectively 

shielded from most cratonal sediments. The slightly negative 

ENd values of some Gravina sedimentary samples, however, 

demonstrates that at least some evolved material was incorpo

rated with Gravina sediment. The isotopic data are consis

tent with Gravina rocks being deposited in a back-arc basinal 

setting, as the Alexander terrane approached North America. 

Taku terrane 

The Taku terrane has a range in present-day ENd values 

of -5.5 to +3.3. (table 5.2). This corresponds to a large 

range in TDM ages, 440 to 1430 Ma (fig 5.2), implying that 

the Taku terrane is a fairly heterogeneous crustal fragment. 

There is some overlap in ENd values between the Taku terrane 

and the Alexander, stikine, and Wrangellia terranes, but the 

fine-grained metasedimentary samples of the Taku terrane have 

more negative ENd values, and higher TDM ages, than these 

three juvenile terranes. In addition, Nd isotopic analyses 
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TABLE §.2 - Sm-Nd dlltll f2[ [2,kll 1[2m tbg Iilku tg[[IIOg 

Sample Sm Nd 147Sm 143Nd8 £(0) TOMb 

ppm ppm 144Nd 144Nd (Ma) 

TAKU TERRANE 
Farragut Bay 
88-64 Qtz·rlch schist 4.31 19.0 0.1371 0.512808 (5) +3.3 500 
Holkham Bay 
88-06 Andeslte·tutt 6.83 33.5 0.1235 0.51203 (5) +3.2 450 
88-08 Black mudstone 1.02 4.28 0.1442 0.512390 (8) -4.9 1400 
Port Houghton 
88-44 Metapelite 9.99 58.1 0.1039 0.512385 (7) -4.9 920 
88-45 Metapelite 0.75 3.76 0.1211 0.512368 (6) -5.3 1100 
88-32 Quartzite 4.52 21.6 0.1263 0.512802 (6) +3.2 450 
88-33 Qtz·rlch pellte 4.86 22.6 0.1300 0.512748 (6) +2.1 560 
Port Snettlsham 
89GJ-10 Siltstone 4.45 21.0 0.1283 0.512405 (8) -4.6 1340 

8Numbers In parenthese are two standard errors of the mean (2crm)' 
bBased on the model of DePaolo (1981 a). 
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Figure 5.2 - Trajectories of eNd through time for samples of the Taku terrane. The time of 

intersection of the lines with the curve for the depleted mantle Is the Nd model age of the 
rock. 
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by Arth et. al (1988) have shown that cretaceous plutons 

from Revillagigedo Island, also part of the Taku terrane, 

have higher TDM ages than most of the samples from the three 

juvenile terranes (Arth et al., 1988). The isotopic data 

that is currently available for Taku, therefore, at least 

suggests that this terrane is a more isotopically evolved, 

less juvenile crustal fragment than are the Alexander, 

Stikine, and Wrangellia terranes. Clearly, more Nd isotopic 

data will have to be collected for the Taku terrane before 

the possibility that it does belong to one of the juvenile 

terranes can be ruled out. Until then the validity of the 

correlations of the Taku terrane with either the Stikine 

terrane 

terrane 

(Rubin and Saleeby, 1988) 

(Brew and Ford, 1984), 

determined. 

Yukon crystalline terrane 

or with the Alexander 

cannot be definitively 

The E'Nd values and TDM ages of the YCT samples span an 

extremely broad range and demonstrate that this terrane is 

a very heterogeneous and complex crustal region. E'Nd values 

range from a high of about-+2 for metavolcanic rocks to a low 

of -26 for a quartzite from the Tracy Arm assemblage. The 

majority of the E'Nd values, however, fall within three 

regions, +2 to -4, -7 to -13, -24 to -26. There is a notice

able gap of E'Nd values between -15 to -22. This gap may be 
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Sample Sm Nd 147Sm 143Nda £(0) TOMb 

ppm ppm 144Nd 144Nd (Ma) 

YUKON CRYSTALLINE TERRANE 
Teku Inlet 
89GJ·02 Metasandstone 3.43 15.0 0.1381 0.512698 (6) +1.2 720 
89GJ·03 Metatuff 5.22 22.2 0.1423 0.512673 (5) +0.7 810 
89GC·656 Quartzite 1.43 7.32 0.1180 0.512131 (12) -9.9 1630 
Tracy Arm 
sa-12 Metatuff 2.69 11.0 0.1475 0.512554 (21) -1.6 1100 
sa-13 Quartzite 5.14 26.5 0.1172 0.512201 (7) -8.5 1350 
saGC·420 Quartzite 5.61 28.8 0.1177 0.512061 (6) -11 1550 
sa·15 Quartz·rlch gneiss 3.65 17.9 0.1230 0.512018 (7) ·12 1700 

" 3.64 18.0 0.1224 0.512050 (13) ·12 1650 
sa·16 Biotite gneiss 2.37 10.0 0.1432 0.512664 (7) +0.5 850 
sa·17 Biotite gneiss 4.24 25.5 0.1005 0.511966 (6) -13 1450 
sa-18 Biotite gneiss 3.96 17.4 0.1376 0.512234 (8) -7.9 1600 
sa·19 Biotite schist 7.70 35.2 0.1324 0.512617 (6) -0.4 800 
sa·20 Quartzite 1.84 11.0 0.1012 0.511409 (6) -24 2210 
sa-21 Quartzite 5.62 33.2 0.1022 0.511290 (12) ·26 2400 
saGC·414 Quartzite 7.63 43.4 0.1062 0.511317 (20) ·26 2450 
sa-24 Biotite gneiss 4.48 19.4 0.1396 0.512636 (7) 0.0 850 
Endicott Arm 
sa·01 Qtz·rlch schist 3.09 13.7 0.1365 0.512570 (9) -1.3 950 
sa-02 Quartzite 1.08 5.12 0.1277 0.512161 (9) -9.3 1550 
sa·04 Mafic metavolcanic 2.59 9.16 0.1707 0.512528 (11) ·2.1 
saGC·344 Quartzite 1.18 6.16 0.1157 0.512125 (7) -10.0 1400 
Port Houghton 
sa·40 Quartzite 4.55 27.6 0.0995 0.512190 (15) ·8.7 1150 
sa·43 Garnet biotite schist 5.74 28.1 0.1236 0.512197 (7) -8.6 1400 

" 5.71 27.9 0.1238 0.512154 (17) ·9.4 1500 
sa·42 Garnet granodiorite 4.91 25.7 0.1158 0.512802 (16) +3.2 410 
87GC·81 Quartzite 1.05 5.34 0.1184 0.512264 (11) ·7.3 1250 
sa·36 Muscovlte·rlch quartzite 24.2 131 0.1112 0.512663 (7) +0.5 580 

" 24.7 134 0.1112 0.512694 (5) +1.1 550 
sa-37 Quartz biotite schist 3.79 19.2 0.1195 0.512398 (12) ·4.7 1050 
89GJ-16 Metapelite 6.06 30.6 0.1198 0.512165 (9) ·9.2 1420 
89GJ·17 Quartzite 4.44 21.3 0.1258 0.512505 (9) -2.6 940 
Thomas Bay 
87ST·42 Hornblende gneiss 3.20 13.5 0.1431 0.5126sa (7) +1.0 750 
87ST-43 Metavolcanic 3.47 13.1 0.1602 0.512858 (7) +4.3 
sa·56 Quartz-rich gneiss 2.60 9.84 0.1595 0.512743 (6) +2.0 ... 
sa·57 Quartz·rlch metatuff 9.11 43.7 0.1261 0.512510 (6) ·2.5 950 
LeConte Bay 
87ST·40 Biotite schist 3.78 18.4 0.1240 0.512682 (9) +0.9 650 
saBC·67 Garnet biotite quartzite 10.2 47.3 0.1303 0.512646 (7) +0.2 750 
sa·50 Qtz·rlch metasandstone 2.32 11.8 0.1189 0.512478 (6) -3.1 900 
sa·51 Orthogneiss 6.20- 34.5 0.1086 0.512155 (7) ·9.4 1300 
Prince RupertC 

89·95·4 Biotite metapelite 3.39 15.2 0.1351 0.512533 (7) -2.0 1000 
89·98·5 Quartzite 1.14 5.26 0.1301 0.512465 (13) ·3.4 1070 
89·133·3 Orthogneiss 2.67 14.1 0.1145 0.512185 (7) ·8.8 1320 

aNumbers In parenthese are two standard errors of the mean (2<rm). 
bBased on the model of DePaolo (1981 a). Model ages were not calculated for rocks with 
147Sml144Nd> 0.155 (Indicated by····). 
cSamples donated by S. Gareau. 
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a real feature of the YCT or it may be a result of in-

sufficient sampling. Al though every effort was made to 

thoroughly isotopically characterize this terrane it is so 

heterogeneous that it is possible that unsampled regions have 

ENd values between -15 to -22. 

The lack of a systematic relationship of ENd value and 

lithology for the YCT samples adds to the complexity of the 

terrane. Part of this non-systematic relationship could be 

attributed to the difficulty in determining the protolith of 

many ~f the metamorphic rocks, but this is probably only part 

of the explanation. For instance, although the samples with 

the most negative ENd values are either quartzites or very 

quartz-rich metamorphic rocks, some quartz-rich metamorphic 

rocks that almost definitely have sedimentary protoliths have 

ENd values that are positive. contributing to the complexity 

of the region is the lack of any pattern between ENd and 

geographic location, on both a regional scale and a very 

restricted scale, of YCT samples. For instance, three 

quartz-rich rocks with ENd values of -0.4, -7.9, and -24, 

were all collected from the eastern end of the Tracy Arm 

fiord. Samples from as far south as near Prince Rupert have 

similar isotopic compositions, ENd = -8.8 to -2, to those 

from the central and northern regions of the study area. 

The range in TDM ages of the YCT samples is from about 
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600 Ma to 2450 Ma, with most ages between 1.0 and 1.6 Ga (fig 

5.3). TOM ages were not calculated for samples with Sm/Nd 

ratios greater than 0.25 because it was considered that these 

ratios are too similar to mantle values for the TOM ages to 

be meaningful. The fact that many of the yeT rocks have such 

old TOM ages indicates that the terrane contains a signifi

cant fraction of crust that is Proterozoic in age. On the 

other hand, because the Nd model age of a sedimentary rock 

cannot be younger than its stratigraphic age, the young TOM 

ages of some of the samples indicate that strata were also 

being deposited at least as late as the end of the Protero

zoic. Because volcanic and plutonic rocks of Devonian and 

Mississippian age have been identified in the yeT it is very 

likely that many of the sedimentary samples are a mixture of 

mid-Paleozoic sediment and Early Proterozoic sediment. 

Mixtures of these sedimentary components in various propor

tions could produce the pattern of variable ENd values and 

TDM ages that is observed for the metasedimentary rocks of 

the yeT it the younger sedimentary component is from juvenile 

continental crust. Obviously rocks that are mixtures of 

Proterozoic sediment with Paleozoic sediment derived from 

reworked, isotopically evolved crust would not have the 

observed intermediate and highly variable Nd model ages. 

Kf ISOTOPIC STUDY OF YCT DETRITAL ZIRCONS 
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The fact that many of the YCT samples have negative ENd 

values and very old TOM ages indicates that a significant 

proportion of the YCT crust is Proterozoic in age. The great 

antiquity of at least part of the terrane is further docu

mented by U-Pb dating of detrital zircon from quartzites of 

the YCT. Gehrels et al. (1990a) have shown that quartzites 

from both the Tracy Arm Assemblage and Endicott Arm Assem

blage contain zircon with an average age of about 2.1-2.2 Ga. 

Zircon from a quartzite from the Port Houghton Assemblage has 

average U-Pb ages of up to 1580 Ma. 

Hf isotopic data were collected from two zircon frac

tions from the Tracy Arm Assemblage quartzite and two 

fractions from the Port Houghton Assemblage quartzite (table 

5.4) The zircons were from individual populations based on 

size, color, and magnetic susceptibility. The fractions were 

hand-picked from splits of the same zircon fractions that had 

been dated by the U-Pb method (Gehrels et al., 1990a). The 

Hf data were collected to try to better interpret the 

discordancy patterns from the U-Pb data. 

The two fractions from quartzite 88GC-414 are part of 

a suite of 11 multi-grain zircon fractions that define a 

chord with upper and lower intercepts with concordia of 2,143 

± 37 Ma and 181 ± 47 Ma, respectively (Gehrels et al., 



TABLE 5,4 - Lu-Hf data for zircons from YCT quartzites 

Weight Size Lu Hf 176Lu 176Hf8 

(mg) J.1m ppm ppm 177Hf 177Hf 
measured 

Tracy Arm Assemblage (88GC-414) 
3.40 80-100 clear 6.01 11,288 0.0000755 0.281646 (13) 
3.04 80-100 metamict 7.32 11,718 0.0000885 0.281641 (17) 

Port Houghton Assemblage (87GC-81) 
2.80 63-80 clear 16.2 10,797 0.000213 0.282581 (15) 
3.43 >100 clear 17.0 11,684 0.000206 0.282753 (15) 

8Numbers in parentheses are two standard errors of the mean (2<1m). 
bModel age based on £Hf .. 2£Nd. See chapter 2 for explanation. 
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£(0) TOMb 

-41.1 2100 
-41.3 2100 

-8.1 900 
-2.0 650 
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1990b) • Both zircon fractions have the same measured 

17~f;171Hf ratio, ( f Hf = -41. 2 and -41. 3 ) and were therefore 

thought to be from the same single aged source. However, U

Pb ages of single zircons were determined after the Hf 

isotopic work was completed and ages of between 1.78 - 2.0 

Ga, 2.3 - 2.7 Ga, and about 3 Ga were determined. No U-Pb 

ages of between 2. 1 - 2.2 Ga were determined, indicating that 

the zircon fractions that defined the 2,143 Ma U-Pb chord 

were actually homogeneous mixtures of zircons from multiple 

sources. Because the 176Hf;171Hf ratios are the same for the 

two multi-grain zircon fractions analyzed it shows that the 

different degrees of Pb discordancy of the multi-grain 

fractions is a result of severe Pb loss. The fractions would 

have had different 176Hf;171Hf ratios if the Pb discordancy 

was a result of differing amounts of young metamorphic zircon 

overgrowths. 

The two zircon fractions from sample 87GC-81 are from 

a suite of 10 zircon fractions that do not form a single line 

on the concordia diagram, but rather plot within a discordia 

band with upper intercepts of 15JO Ma and 660 Ma, centered 

on a lower intercept of 100 Ma (Gehrels et al., 1990a). The 

207pb/06pb apparent ages of the two fractions are 1086 Ma (63-

80J.l. fraction) and 715 Ma (+100J.l. fraction) (Gehrels, pers. 

corom.). These ages are obviously minimum ages~ assuming Pb 
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loss at some time before the present would give greater upper 

intercept ages for the two zircon fractions. Using the 

equations from chapter 2, €Hf values can be calculated for 

zircon fractions at their 207Pb/206Pb ages. The fHf value of 

the 63-80 '" fraction, determined at its 207Pb/206Pb age of 

1086, is +16.9. This €Hf value is equal to 3.0 times the fNd 

value of the depleted mantle expected for 1.1 Ga. If the age 

of the zircon. is closer to 1.2 Ga, remembering that the 

207Pb/206pb age is only a minimum, then the €Hf value would be 

equal to 3.7 times the €Nd value of the mantle at this time. 

As discussed in chapter 2, the Hf isotopic evolution of the 

depleted mantle is not known as well as the €Nd mantle 

evolution, but the relationship of €Hf ~ 2€Nd for the mantle 

appears to be a close approximation (Patchett et al., 1981). 

The fHf values for these Port Houghton samples, even given 

the uncertainty of the isotopic evolution of the mantle, are 

therefore much too high to be reasonable depleted mantle 

values. The data therefore indicate that these zircons must 

contain younger metamorphic overgrowths with more radiogenic 

Hf. The fHf value of the +100", fraction at 715 Ma is +14.4, 

or about 2.2 times the fNd value of the mantle at this time. 

This value is probably still reasonable for the depleted 

mantle, but if the true age of the zircon is much older than 

715 Ma the €Hf value for that age would also be too high for 
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normal depleted mantle and metamorphic overgrowths would also 

be implied. 

If high precision Hf isotopic measurements can even

tually be made on single zircons then the combination of 

1T~f/7THf ratios with U-Pb ages will provide very useful 

information about the crustal provenance of the zircons. Any 

proposed crustal source region will not only have to be of 

the correct age but it will also have to have the same 

initial EHf value as the zircon. 

RELATIONSHIP OP THE YCT TO OTHER CORDILLERAN TERRANES 

The presence of Proterozoic crust in the yeT is in 

marked contrast to the crustal make-up of the surrounding 

terranes. A histogram of present day ENd values for the YCT 

terrane and the Alexander, Wrangellia and stikine terranes 

shows the large difference between the character of the yeT 

crust and the crust of these juvenile terranes (fig 5.4). 

Even the least negative ENd values of the YCT are different 

from the main peak of the Alexander, Wrangellia and stikine 

data. The combined Sm-Nd and U-Pb data, therefore, rule out 

a genetic link between the yeT and the surrounding juvenile 

terranes. Thus the previous interpretations that the yeT is 

equivalent to metamorphosed Alexander or stikine crust are 

not correct (Brew and Ford, 1984, Hill et al., 1985). 
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Figure 5.4 - Histogram of present-day eNd values of the Yukon Crystalline terrane (YCT) 

compared to the present-day eNd values of the Gravina belt, Alexander, Wrangellia and 

Stikine terranes. There is an overlap in values only with the highest eNd region of the YCT 
and the lowest eNd region of the juvenile terranes. 
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Although the YCT is not part of the surrounding 

Alexander, Wrangellia, and Stikine terranes it could be 

related to the lithologically similar Yukon-Tanana terrane 

(YTT) of east-central Alaska and the Yukon territory (Coney 

et al., 1980). The YTT is a deformed, metamorphic terrane 

composed of a wide variety of protoliths, including pelitic 

and quartzofeldspathic schists and gneisses, marbles, and 

deformed metavolcanic and metaplutonic rocks predominantly 

of Devonian-Mississippian age (Mortensen, 1990). These 

lithologies are very similar to the YCT lithologies described 

above. Constraints on the depositional age of strata of the 

YTT are almost as few as for the YCT. Crinoid columns, 

however, have been discovered in a few areas of the YTT 

(Foster 1976; Foster et al., 1987; Green, 1972, Mortensen, 

1988a,b) demonstrating that, like the YCT, at least part of 

the YTT assemblages were deposited in Paleozoic time. The 

YCT and YTT are therefore lithologically similar enough and 

of a similar enough age to suggest a possible link between 

the two separate crustal regions. The isotopic character of 

the YCT and the U-Pb ages of the detrital zircons provide 

further criteria to test the possible relationship of the YCT 

and YTT. McCulloch and Wasserburg (1978) determined a 

present-day €Nd value of -27 for a sample of the Birch Creek 

Schist, from the Healy quadrangle of southern Alaska, which 
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is part of the YTT. The TOM age of their sample is 2.5 Ga, 

similar to the oldest TOM ages of the YCT. Aleinikoff et al. 

(1981) determined a present-day €Nd value of -20 for a sample 

of augen gneiss from the Big Delta quadrangle of southern 

Alaska. Their TOM age, 2.1 Ga, is also similar to the Tracy 

Arm YCT samples. Bennett and Hansen (1988) determined model 

ages of between 2.0-2.3 Ga for ten Devonian-Mississippian 

augen orthogneisses from southern Alaska and western and 

southern Yukon Territory. The model ages from these three 

studies are comparable to the oldest model ages from the 

Tracy Arm assemblage of the yeT (2.2-2.5). Nd data from 

Cretaceous monzogranites from north of the Denali fault in 

the YTT have €Nd values of -8.9 to -14.1 with model ages of 

-1.8 Ga (Farmer et al., 1987). The Nd data from the YTT are 

therefore consistent wi th the Nd data from the yeT. A 

comparison between the pelitic metasedimentary rocks and 

metavolcanic rocks from the YTT and the yeT can not yet be 

made because no data is currently available for these 

lithologies from the YTT. 

U-Pb data from detrital zircons from quartzites are 

available from both the yeT and YTT. Multi-grain zircon 

fractions from quartzites in the Big Delta quadrangle of 

Alaska do not fall along single chords but form a triangular 

band converging towards -2.25 Ga (Aleinikoff et al., 1984, 
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1986). The average age of these detrital zircons are similar 

t.) the average age of the detrital zircons from the Tracy Arm 

and Endicott Arm assemblages (Gehrels et al., 1990b). 

Mortensen (1990) reports U-Pb ages of single zircons from 

quartzofeldspathic metasedimentary rocks from the Fairbanks, 

Alaska region of the YTT of 1.16-1.18 Ga, 1.33-1.44 Ga, 1.83-

1.93 Ga, 2.45 Ga, and 3.37 Ga. Several of these ages are 

similar to the average detrital zircon ages reported from all 

three assemblages of the YCT (Gehrels et al., 1990b). 

Further indication that YTT rocks contain a significant 

Proterozoic component comes from zircon in Paleozoic ortho

gneisses and metavolcanic rocks that contain cores of xeno

crystic zircon that have an average early Proterozoic age 

(Aleinikoff et al., 1981, 1984, 1986; Aleinikoff and 

Nokleberg, 1985, 1990; Mortensen, 1990a, 1990b), and from the 

very radiogenic Pb isotopic composition of feldspars from 

augen gneisses and metagranitic rocks from the eastern 

Alaskan portion of the YTT (Aleinikoff et al., 1987). 

In summary, the YCT and YTT have metasedimentary assem

blages that are lithologically very similar, both terranes 

were intruded by Devonian-Mississippian plutons, at least 

part of the strata from each terrane was deposited in 

Paleozoic time, the terranes have similar Nd isotopic 

compositions, and detrital zircons from quartzites of both 
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terranes have similar average U-Pb ages. The YCT, therefore, 

is probably a southern extension of the YTT that is exposed 

along the western flank of the coast Mountains Batholith and 

extends at least as far south as near Prince Rupert. 

CONCLUSIONS FOR THE GRAVINA BELT, TARU AND YCT TERRANES 

The crust between the Alexander, Wrangellia and stikine 

terranes is a complex, lithologically and isotopically 

heterogenous region. Nd isotopic data are consistent with 

strata of the Gravina belt having been deposited in.a back

arc tectonic setting with a minimum amount of contamination 

by continental crustal sediment. The Taku terrane is 

slightly more isotopically evolved (lower eNd) than the 

surrounding juvenile terranes, possibly indicating that it 

is not genetically related to those terranes. Lithological 

and isotopic similarities suggest that the YCT could be a 

part of the YTT. In any event, the yeT is composed of a 

significant proportion of Early Proterozoic crustal material 

and is definitely not part of the Gravina belt or the 

Alexander, Wrangellia, and stikine terranes. The tectonic 

significance of the presence of an ancient crustal sliver 

caught between two large juvenile terranes is discussed in 

chapter 7. 
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CHAPTER 6 

COAST MOUNTAINS BATHOLITH 

The Coast Mountains batholith (CMB) of Alaska and Canada 

is one of the main physiographic segments of the North 

American Cordilleran orogenic belt. The batholith, extending 

for over 1700 km from southernmost British Columbia through 

southeast Alaska and into the Yukon Territory (Roddick and 

Hutchison, 1974), is the largest continental-margin batholith 

in North America (Barker and Arth, 1984). An understanding 

of the petrogenesis and subsequent evolution of the batholith 

is particularly important to the overall understanding of the 

evolution of the Cordillera because the CMB is such a 

volumetrically sUbstantial part of the orogen. In addition 

to its volumetric significance, the northern CMB is a 

geographically very important region of the Canadian 

Cordillera because it straddles the boundary between three 

of the largest tectonostratigraphic terranes. To the west 

lie the Alexander and Wrangellia terranes and to the east 

lies the stikine terrane (fig 6.1). The beginning of the 

major episode of magmatic activity in the batholith, 

occurring about late Cretaceous time (Roddick and Hutchison, 

1974: Gehrels et al., 1984, in review), corresponds closely 

to the timing of the final accretion of the composite 

Alexander-Wrangellia terrane to inboard terranes (Monger et 
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Figure 6.1 - Locality map of the Coast Mountains batholith samples. Black pattern = Late 

Cretaceous-Paleocene foliated tonalite bodies; horizontal lines = Paleocene granodiorite

tonalite unit; stipples pattern = Eocene granodiorite-granite bodies; vertical lines = 
undivided granitic plutons. Numbers correspond to sample numbers in table 6.1. Ax = 
Alexander-Wrangellia terrane; Cg = Chugach terrane; St = Stiklne terrane. Inset diagram 

shows region of Cordillera studied. 
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al., 1982). Thus a clearer knowledge of the tectonic history 

of the CMB should lead to a better understanding of the major 

events that have affected the Cordilleran orogen. 

In this chapter Nd and Sr isotopic data are presented 

for plutons of the CMB from southeast Alaska. The isotopic 

data of the batholith are compared to data from other regions 

of the Cordillera to try to constrain possible sources of the 

batholith. The data are also compared to that of two other 

Cretaceous Cordilleran batholiths, the Sierra Nevada and 

Peninsular batholiths. 

DESCRIPTION OF THE BATHOLITH 

The compositional range of the batholith is from 

diorite to granite, but by far the most common rock types are 

quartz diorite, tonalite, and granodiorite (Peto, 1974; 

Roddick and Hutchison, 1974). 

In southeast Alaska, there is a general trend in age, 

composition, and degree of deformation of the Coast Mountains 

plutons from west to east. Along the western edge of the 

batholith are numerous tabular, highly elongated bodies of 

biotite-hornblende tonalite and biotite quartz diorite with 

a steeply dipping, well developed foliation. These bodies, 

which are part of an 800 Jon long belt, were intruded parallel 

to the deformational fabrics of their country rocks. The 

tonalites and quartz diorites of this belt have been referred 
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to as the tonalite sill unit by Brew et ale (1976). Most of 

the plutons of this western belt that have been dated by the 

U-Pb method yield ages between 58-72 Ma (Gehrels et al., in 

review). Immediately to the east of the sheet-like tonalite 

bodies are tonalite to granodiorite bodies that have a less 

well developed foliation and lineation compared to the 

western tonalites. U-Pb ages of these plutons are between 

58-59 Ma (Gehrels et al., in review). In the eastern region 

of the batholith most of the plutons are very large, un

deformed Eocene granodiorite and granite bodies, interpreted 

to have been emplaced at shallow crustal levels. These 

granites and granodiorites yield U-Pb ages of 48-51 Ma 

(Gehrels et al., in review) and several hornblende K-Ar ages 

are between 49-51 Ma for these plutons (Smith and Diggles, 

1981). 

Fifteen samples of the CMB were collected from local

ities that span the entire length of southeast Alaska (fig 

6.1). Samples were collected from all three suites of the 

CMB discussed above. 

PETROGENESIS AND TECTONIC-SETTING 

A number of different hypotheses have been proposed to 

explain the origin and evolution of the CMB. Early ideas 

about the generation of the CMB focussed on the sUbduction 

of oceanic lithosphere beneath the western margin of the 
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North American continent (Monger et a1., 1972~ Peto, 1974~ 

Dickinson, 1976). Godwin (1975) also suggested that the 

batholith was generated by sUbduction of oceanic lithosphere 

but also envisioned that the Alexander terrane was under

thrust by the overriding North American plate causing a large 

degree of uplift of the CMB. Monger et a1. (1982) proposed 

that the batholith is a granitic "welt" that was generated 

in response to the collision of the composite Alexander

Wrangellia terrane against the western margin of the stikine 

terrane in late cretaceous time. Barker et a1. (1986) 

suggested that the CMB is an Andean-type magmatic arc that 

was generated as a result of sUbduction of oceanic litho

sphere beneath accreted (stikine) continental crust and that 

the position of the batholith between the Alexander and 

stikine terrane may simply be fortuitous. 

RESULTS 

In addition to the results presented in this chapter 

numerous Sr isotopic data for the CMB have been reported by 

Armstrong (1988), Barker and Arth (1984) and Barker et ale 

(1986). Arth et a1. (1988) have presented both Nd and Sr 

isotopic measurements from samples of both the Paleocene 

western tona1ites and the Eocene eastern granites and 

granodiorites. 

The Nd and Sr isotopic data are presented in table 6.1 
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and in figs 6.2, 6.3, 6.4, and 6.5. Two replicate analyses 

were performed to determine reproducibility. In both cases 

the repeat values were within 0.1 E-units. Sample localities 

are listed in table 6.1 and are shown in fig 6.1. Most of 

these samples have been dated by the U-Pb zircon method (see 

Gehrels et al., in review). 

The initial ENd values and initial 87sr/86sr ratios of 

the well-dated sheet-like tonalite plutons range from -3.0 

to -0.3, and 0.70607 to 0.70519, respectively. Two of the 

three samples of the central tonalite-granodiorite bodies 

have the same U-Pb age, 58.5 Ma (Gehrels et al., in review), 

and have identical ENd values and 87 sr/86sr ratios of -2. 1 and 

0.70569. A third sample of this plutonic group, a tonalite 

from Tracy Arm fiord, has ENd = -1. 5 and 87sr/86sr = 0.70494 

for an estimated age of -60 Ma. The Clifton Granite (sample 

13), a sample of one of the Eocene plutons, has an initial 

ENd value of -0.2 and a 87sr/86sr ratio of 0.70563. 

The lowest ENd value (-5.8) and highest 87sr/86sr ratio 

(0.70640) determined for a Coast Mountains pluton is from a 

quartz diorite from Behm Canal near Ketchikan (Arth et al., 

1988). This sample has been considered to be 56 Ma (Arth et 

al., 1988) but has a reversely discordant U-Pb age that is 

difficult to interpret. Another quartz diorite from Behm 

Canal has a better defined U-Pb age of 55 Ma eArth et al., 



TABLE 6.1 - Bb-Sr and Sm-Nd data for plutons from the Coast Mountains batholith 

Age Rb Sr S7Rb 
(Ma) ppm ppm 86S r 

87Sr• 
SSSr 

measured 

87Sr Sm Nd 147Sm 
B6S r ppm ppm 144Nd 

Initial 

LATE CRETACEOUS-PALEOCENE TONALITE SUITE 

143Nda 

144Nd 
measured 

£(0) £(T) 

CARLSON CREEK TONALITE - Sample #1. Station 81 GS-05 (Long. 134"08'34"W Lat. 58°17'26"N) 

96 

67.4 5B.4 668 0.2530 0.70579B (23) 0.70556 5.82 2B.3 0.1246 0.512593 (22) -0.9 -0.3 7BO 

THOMAS BAY TONALITE - Sample #2. Station B1GS-OB (Long.132°49'12"W Lat. 57"04'29"N) 
63.5 70.1 578 0.3512 0.706385 (20) 0.70607 4.47 20.B 0.1300 0.512490 (22) -2.9 -2.3 1010 

MENDENHAl,.l TONALITE - Sample #3. Station 83GJ-03 • (Long. 134°53'12"W Lat. 58°47'54"N) 
61.5 34.2 693 0.1428 0.706002 (17) 0.7058B 5.27 23.B 0.1336 0.5124B6 (15) -3.0 -2.5 1070 

TRACY ARM TONALITE - Sample 114. Station 88GC-422 (Long. 133"29'24"W Lat. 57°54'54"N) 
60.4 34.3 648 0.1534 0.705632 (10) 0.70550 3.60 17.2 0.1270 0.512547 (7) -l.B -1.2 880 

FORD'S TERROR TONALITE - Sample #5. Station 88-03 (Long. 133°10'26"W Lat. 57°38'15"N) 
~60 54.9 618 0.2570 0.705754 (11) 0.70553 4.17 20.5 0.1230 0.512593 (9) -0.9 -0.3 770 

LECONTE BAY TONALITE - Sample #6. Station 87ST-3B (Long. 132"26'24"W Lat. 56°49'12"N) 
5;.5 59.6 723 0.2388 0.706261 (11) 0.70606 4.02 20.3 0.1197 0.512461 (B) -3.5 -2.9 950 

3.94 19.5 0.1219 0.512457 (6) -3.5 -3.0 980 

ENDICOTT ARM TONALITE - Sample #7. Station 88GC-33B (Long.132°59'05"W Lat. 57°30'55"N) 
59.3 54.1 700 0.2236 0.7053BO (11) 0.70519 3.36 16.6 0.1222 0.512592 (7) -0.9 -0.3 770 

aUOTTOON TONALITE - Sample #8. Station 88GJ·53 (Long.129°35'03"W Lat. 54°12'39"N) 
58.6 38.9 919 0.1225 0.705942 (13) 0.70584 3.28 17.5 0.1134 0.512560 (6) -1.5 -0.9 750 

(Long.135"20'01"W Lat. 59"2B'32"N) SKAGWAY TONALITE - Sample #9. Station 88GC-274 
~55 4.30 24.6 0.1059 0.512523 (5) -2.2 -1.6 750 

PALEOCENE TONALITE-GRANODIORITE SUITE 
TRACY ARM GRANODIORITE - Sample #10. Station 88-23 (Long. 13°1 '5"W Lat. 5°3'S"N) 
~60 71.1 898 0.2287 0.705138 (11) 0.70494 5.93 44.7 0.0801 0.512516 (7) -2.4 -1.5 620 

SKAGWAY TONALITE - Sample #11. Stalion 84GC-08 (Long. 135°15'42"W Lat. 59°30'13"N) 
58.8 62.0 742 0.2418 0.705884 (16) 0.70569 5.26 24.8 0.1282 0.512505 (10) -2.6 -2.1 970 

ANNEX LAKE PLUTON - Sample #12. Stalion 84Gs-112 (Long. 134"03'33"W Lat. 5B019'53"N) 
58.5 44.9 715 0.1B14 0.705B39 (10) 0.70569 4.42 26.0 0.1028 0.512494 (8) -2.8 -2.1 770 

EOCENE GRANODIORITE-GRANITE SUITE 
CLIFTON GRANITE- Sample #13. Stalion 84GC-05 (Long.135°12'35"W Lat. 59°32'58"N) 
4B.8 158 109 4.186 0.708533 (14) 0.70563 4.44 21.B 0.1235 0.512602 (12) -0.7 -0.2 760 

OTHER PLUTONS 
BURROUGHS BAY TONALITE - Sample #14. Station B4GC-106 (Long. 132°49'12"W Lat. 57"04'29"N) 

54.2 772 0.2033 0.706364 (20) 0.92 5.250.1053 0.512516 (8) -2.6 760 

BOCA DE aUADRA TONALITE - Sample #15. Stalion 84GC·204 (Long. 130035'26"W Lat. 55°13'33"N) 
29.4 890 0.0956 0.707043 (13) 9.81 4B.2 0.1230 0.512292 (7) -6.8 1260 
31.4 940 0.0965 0.707043 (11) 9.83 4B.8 0.121B 0.512290 (6) -6.8 1250 

aNumbers in parentheses are two standard errors of the mean (2am>. 
bBased on the model of DePaolo (19B1a). 
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1988) and a hornblende K-Ar age of 55.7 Ma (Smith and 

Diggles, 1981). That sample has an initial eNd of -3.6, 

similar to the values of -3.3 determined for two Eocene 

plutons to the east (Arth et al., 1988). 

Two samples from this study that have discordant U-Pb 

ages have present-day eNd values and measured 87sr/86sr ratios 

of -6.8 and 0.707043 and -2.6 and 0.706364. The zircon 

fractions from the sample from Burroughs Bay (sample 14) have 

an upper intercept with concordia of 336 ± 36 Ma and a lower 

intercept of 79 ± 7 Ma (Gehrels et al., in review). It is 

therefore possible that this pluton is actually of Mississip

pian age and is unrelated to the plutons of the CMB. It is 

also possible that the pluton is part of the CMB and the 

upper intercept is simply indicative of inheritance of a 

small amount of xenocrystic zircon with an average age of 336 

Ma. Zircon fractions from the sample from Boca De Quadra 

(sample 15) display a somewhat similar discordance pattern 

as sample 14 (Gehrels et al., in review) and it is possible 

that this pluton might also be unrelated to the rest of the 

CMB suite. A better age determination for this sample would 

be very useful because the present-day eNd value of the Boca 

De Quadra sample is the lowest yet measured, -6.8. 

The data from both this study and that of Arth et ale 

(1988) show no evidence of a systematic pattern between age, 
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lithology, or geographic location of the CMB and Nd and Sr 

isotopic composition. Armstrong (1988) also noted that there 

does not appear to be a correlation of 87sr/86sr and age of 

plutons in the CMB. 

POSSXBLE SOURCES OF THE CMB 

The Nd and Sr isotopic ratios of the Coast Mountains 

plutons can be used to constrain possible and impossible 

sources of the batholith and thereby potentially eliminate 

or restrict some of the models proposed for the petrogenesis 

of the batholith. For instance, in the scenario of Barker 

et ale (1986) there are two end-member components that could 

be involved in the production of the batholith, mantle

derived melts and crust of the stikine terrane, either as 

assimilated material or by partial melts of the terrane 

crust. In Monger et al.'s (1982) scenario there are three 

possible components, Alexander and stikine terrane crust and 

mantle-derived melts. For these scenarios to be valid the 

isotopic composition of the CMB must be a function of the 

isotopic composition of the proposed end-member components. 

Figure 6.2 is a plot of initial fNd versus initial 87sr/86sr 

for the CMB compared to the plutonic and volcanic rocks of 

the Alexander, Wrangellia, and stikine terranes. As is 

clearly seen in the figure the Coast Mountains samples have 

higher 87sr/86sr ratios and much lower fNd values compared to 
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the terranes on either side of the batholith. This rules 

out 'the possibility that the batholith was produced solely 

by anatexis of the crust of these terranes or by a 

combination of mantle-derived melting plus melting of crustal 

material from these terranes. A component that is much more 

isotopically evolved must have been involved in the petro

genesis of the CMB. This is further indicated by the fact 

that the Nd depleted-mantle model ages (TOM ages) of the 

plutons, 620 to 1250 Ma, are considerably greater than their 

crystallization ages (table 6.1, fig 6.3). One interpre

tation of these Nd model ages is that the plutons could have 

been completely derived from continental crust that separated 

from the depleted mantle between about 750-1250 Ma. However, 

it is also possible that the TOM ages are simply the result 

of the plutons having been derived from a mixture of crust 

that is considerably older than 750-1250 Ma together with 

much younger, juvenile crustal material or mantle-derived 

material. The Nd data alone cannot distinguish between these 

two very different scenarios. In either case though, some 

Precambrian crustal material, either crystalline crust or 

sedimentary material derived from such crust, must have been 

involved in the petrogenesis of the Coast Mountains batho

lith. Arth et al. (1988) concluded from their trace element 

and isotopic study of the Coast Mountains batholith near 
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Ketchikan that no Precambrian crust was involved in the 

petrogenesis of those particular coast Mountains plutons. 

They did not explain, ·however, how the plutons they analyzed 

could have Proterozoic Nd model ages if no Precambrian crust 

was involved in the petrogenesis of the magmas. 

An examination of U-Pb isotopic data from zircons from 

the Coast Mountains plutons resolves the ambiguity of the 

interpretation of the TOM ages, and further demonstrates the 

necessity of a Precambrian crustal component in the plutons. 

Many of the Coast Mountains plutons that have been dated by 

the U-Pb method have been shown to contain zircon with an 

inherited Pb component (Gehrels et al., 1990). Lines drawn 

through the discordant U-Pb zircon fractions of the Skagway 

tonalite (sample 11) from the Paleocene central belt and the 

Mendenhall tonalite (sample 3) from the Upper Cretaceous

Paleocene sill-unit have calculated upper intercepts with 

concordia of -1.8 Ga (Gehrels et al., 1990) and -2.1 Ga, 

respectively. Thus these Coast Mountains plutons must have 

been produced from a combination of continental crustal 

components with an average early Proterozoic age and a much 

younger, more juvenile component. The juvenile component 

could be crustal material from the main terranes that bound 

the Coast Mountains batholith, material directly derived from 

the mantle, or a combination of both. The Proterozoic 
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component is almost undoubtedly material from the Yukon 

crystalline terrane. As seen in the previous chapter, both 

U-Pb and Nd isotopic data demonstrate that a large proportion 

of the crust in the Yukon Crystalline terrane is Proterozoic 

in age, thus making it suitable as a candidate for the 

isotopically evolved component of the CMB. Figure 6.4 is a 

histogram of present-day ENd values for the CMB compared to 

the Alexander, Wrangellia, and stikine terranes and the Yukon 

Crystalline terrane. The intermediate isotopic character of 

the CMB with respect to the Yukon crystalline terrane and the 

surround~ng juvenile terranes is immediately apparent. 

PROPORTION OF ANCIENT CRUST IN THE CMB 

The currently exposed regions of the Coast Mountains 

batholithic complex are from particularly deep levels. 

Estimates of 10 to 30.kID of uplift have been suggested for 

the western and central parts of the batholith (Hollister, 

1982; Crawford and Hollister, 1982; Kenah and Hollister, 

1983). An estimate of the present crustal depth of the Coast 

Mountains batholith, based on seismic profiles, is 35 kIn 

(Johnson et al., 1972). Although it is not likely that all 

of the uplifted and eroded material was part of the batholith 

the overall thickness of the batholith must still have been 

considerable. A very large amount of material must have been 

processed to generate such a large crustal volume. If the 
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CMB is assumed to have been generated by the processing of 

a mixture of an isotopically juvenile component, either 

mantle-derived material or juvenile terrane material, and an 

isotopically evolved component, such as the YCT, a calcula

tion of their relative proportions can be made by choosing 

reasonable fNd values and Nd concentrations of the components 

involved as discussed in chapter two. A reasonable estimate 

of the fNd value of YCT crust and crust of the juvenile 

terranes is -10 and +4, respectively (see fig 6.4). An 

estimate of the average fNd value of the CMB is -2.5 (table 

6.1, fig 6.4). If it is assumed that the average Nd concen

tration of YCT crust is about 1.5 times greater than the Nd 

concentration of the less evolved younger terrane crust, then 

the proportion of YCT involved in the petrogenesis of the CMB 

is slightly greater than 36%. A similar proportion of YCT 

is also calculated if the high fNd component of the CMB is 

considered to be mantle-derived magmas rather than juvenile 

terrane crust. Assuming an fNd value of +8 for the mantle 

component and a Nd concentration equal to one third the 

concentration of the YCT crust, the YCT proportion is about 

32%. Obviously if the Nd concentration of the high fNd 

component is decreased in the calculation, or the assumed fNd 

value of the YCT is decreased or its Nd concentration 

increased, a smaller percentage of YCT crust will be calcu-
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lated. On the other hand, the assumption of a higher eNd 

value of the yeT or a higher Nd concentration of the juvenile 

component, will raise the calculated amount of yeT involved 

in the petrogenesis of the eMB. The important point is, 

however, using geochemically reasonable parameters the 

proportion of old , evolved crust involved in the petrogenesis 

of the CMB is quite high, probably between about 25-40%. If 

the yeT is the Proterozoic component of the eMB, given the 

great total volume of the eMB when it formed, then the yeT 

must be a reasonably thick crustal fragment to have provided 

such a large volume of material. 

Al though the isotopic results of the eMB allow for 

either mantle-derived material or juvenile terrane crust as 

the unevolved component, different tectonic settings are 

implied depending upon which, if either, of the two compo

nents is the predominant one. If the juvenile component of 

the eMB was predominantly mantle-derived melts, then a sub

duction setting, like that proposed by Barker et ale (1986), 

would be the most likely tectonic setting. The anatexis of 

the yeT crust would probably have occurred as a result of the 

high heat regime from the intrusion of the high-temperature 

mantle-derived magmas generated by subduction, as has been 

proposed by Hyndman and Foster (1988) to explain the gener

ation of the Idaho batholith. Alternatively, if crust of the 
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Alexander, wrangellia, and stikine terranes is the predominant 

juvenile component of the northern CMB then a very different 

tectonic explanation would be required, namely a collisional 

origin of the CMB. A comparison of the isotopic composition 

of the eMB with that of other major batholiths might there

fore be a useful method of trying to gain more insights into 

probable tectonic settings of the CMB generation. 

TECTONIC MODELS 

Two other Cordilleran batholiths also of Cretaceous age, 

the Sierra Nevada batholith of southern California and the 

Peninsular batholith of Baja California, Mexico, have also 

been the focus of many geological studies including many 

isotopic investigations (eg Doe and Delevaux, 1973; Early and 

Silver, 1973; Kistler and Peterman, 1973, 1978; Taylor and 

Silver, 1978; DePaolo, 1980, 1981b). A comparison of the 

isotopic character of the CMB with these batholiths could be 

useful in trying to deduce the tectonic setting of the CMB. 

The Sierra Nevada and Peninsular batholith, hereafter 

referred to as SNB and PB, respectively, appear to have been 

generated as a magmatic ar-c along the western margin of North 

America. Both the SNB and PB are in close proximi ty to 

exposed Precambrian crust, presumably autochthonous to North 

America, that occurs to the east of the batholiths (see 

Jennings, 1977). In addition to this Precambrian crystalline 
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crust, extensive prebatholithic sedimentary and metasedi

mentary miogeoclinal rocks occur near both batholiths and as 

screens and pendants within the batholiths (see Todd et al., 

(1988) for a discussion of the metasedimentary framework 

rocks of the northern PB and Sams and Saleeby (1988) for a 

discussion of framework rocks for the southern SNB). 

Isotopic measurements of sedimentary xenoliths in the 

batholiths have shown them to have very high 87sr/~sr ratios 

and very negative eNd values (Kistler and Peterman, 1973 ~ 

DePaolo, 1981b; Domenick et al., 1983; Sams and Saleeby, 

1988). A considerable volume of continental crustal 

material, with highly evolved isotopic nature, was therefore 

available as at least one source for the petrogenesis of the 

batholiths. 

A plot of the initial 87sr/86sr ratios and initial eNd 

values of all three batholiths is shown in fig 6.5. The 

isotopic data for the SNB and PB overlap that of the eMB, but 

the SNB and PB have a large number of samples that plot 

outside the field of the eMB. Specifically, many SNB and PB 

samples have considerably higher eNd values and lower 

87sr/~sr ratios than do the eMB samples, indicating that they 

have an overall more isotopically juvenile nature than does 

the eMB. The higher eNd and lower 87sr/~sr of the SNB and PB 

cannot be explained by a lack of evolved continental 
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Figure 6.5 - Initial ~d versus 87SrJ86Sr for samples of the Coast Mountains batholith 
compared to samples of the Sierra Nevada and Peninsular batholiths (data for latter two 

batholiths from DePaolo, 1981b). 
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crust that could have been incorporated into the SNB and PB 

magmas, because, as discussed above, both of these batholiths 

appear to have formed in close proximity to extensive sedi

mentary material derived from ancient North American crust. 

Some, at least, of this old crustal material must have been 

assimilated by the SNB and PB magmas as demonstrated by the 

negative ENd values of some of the plutons and by the fact 

that zircons with inherited cores that yield Proterozoic ages 

have been found in some SNB plutons (Sams and Saleeby, 1988). 

The main point though, is that the number of SNB and PB 

plutons with quite positive initial ENd values indicate that 

a high percentage of the material that ultimately was 

processed to form the batholiths must have been mantle

derived. 

A further distinction between the isotopic nature of the 

northern CMB compared to the SNB and PB is the lack of a 

trend in isotopic value with geographic position of the CMB. 

Both the SNB and PB have a consistent trend towards higher 

87sr/86sr and lower ENd from west to east (Kistler and Peter

man, 1973, 1978, DePaolo, 1981b), as would be expected if the 

batholiths formed as a result of lithospheric sUbduction 

beneath the western margin of the North American miogeocline. 

That is, in a continental margin arc it would be expected 

that magmas generated closest to continental crust have a 



much better chance of interacting with that crust, 

therefore developing more evolved isotopic values, 

magmas farthest from the continental margin. 
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and 

than 

since the isotopically more evolved nature of the eMB, 

compared to the SNB and PB, cannot be explained by the 

presence of fundamentally different volumes of evolved crust 

near the three batholiths, and because there is a lack of 

systematic change in 

location of the eMB, 

isotopic character wi th geographic 

it is unlikely that the eMB was 

generated solely by the same type of tectonic process as the 

SNB and PB, that is, the eMB probably did not form exclu

sively by long-lived sUbduction of an oceanic slab under the 

Yukon Crystalline terrane. 

An alternative to the subduction hypothesis is the model 

of a collisional origin of the eMB, such as that suggested 

in fairly general terms by Monger et ale (1982). They 

proposed that the eMB formed as a magmatic "welt" in response 

to the accretion of the Alexander terrane to the stikine 

terrane, but did not discuss any detailed model of petro

genesis. Crawford et ale (1987) also describe a scenario 

that involves the collision of the Alexander and stikine 

terranes. In their detailed scenario of the evolution of the 

eMB near Prince Rupert, metamorphism occurred as a result of 

the underthrusting of the eastern margin of the Alexander 



112 

terrane beneath the western margin of the stikine terrane. 

The large amount of uplift that occurred in the region was 

caused not only by continued underthrusting but also facili

tated by large volumes of melts. However, the only melts 

that Crawford et ale (1987) envisioned as being derived by 

anatexis of terrane crust are mid-Cretaceous plutons and not 

the voluminous Late cretaceous-Paleocene dioritic-tonalitic 

plutons. Crawford et ale (1987) envisioned these magmas to 

have "originated in the mantle. II A similar tectonic model 

to that of Crawford et ale (1987) can be proposed for the 

northern CMB, except that the large volumes of tonalitic 

magmas are not mantle-derived but caused by anatexis of 

terrane crust. In such a scenario the Alexander terrane is 

thrust under the YCT causing crustal thickening and rapid and 

SUbstantial uplift. The crustal thickening produces partial 

mel ts of the middle portion of the newly stacked crust, which 

would include both Alexander and YCT rocks. Recent modelling 

of thickened crust by underthrusting suggests that the 

temperature increase of the middle crust increases 

sufficiently to attain necessary conditions for melting of 

biotite-bearing metamorphic assemblages that did not 

initially contain a free fluid phase (patino Douce et al., 

1990). The crustal anatectic melts would not form close to 

the time of the beginning of the underthrusting, but would 
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occur after the main phase of thrusting (Patino Douce et al., 

1990). In such a model thrusting would have to end before 

the main period of magmagenesis, i.e., before -70 Ma. 

The appeal of this model is that a systematic pattern of 

isotopic value with geographic location would not necessarily 

be required because the melting zone could occur over a broad 

area. It also might be possible that a higher degree of 

anatexis of the overlying Yukon crystalline terrane crust 

would occur during crustal thickening than would occur by 

anatexis of crust by mafic, mantle-derived melts produced 

from subduction. Finally, abundant mafic material is not 

observed in the CMB, even though it is exposed to very deep 

levels, which is more consistent with a collisional (under

thrusting) model than a long-lived sUbduction model. 

CONCLUSIONS FOR THE COAST MOUNTAINS BATHOLITH 

The Coast Mountains batholith is an extremely voluminous 

granitic belt between the Alexander-Wrangellia composite 

terrane and the stikine terrane of the Canadian and Alaskan 

Cordillera. Nd and Sr isotopic data for the plutons in the 

northern batholith show that an evolved component of conti

nental crust must have been involved in the petrogenesis of 

the magmas. U-Pb dating of some of the plutons has identi

fied zircons that contain an inherited radiogenic Pb compo-
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nent with calculated upper intercepts with concordia of about 

1.8 to 2.1 Ga, indicating that the evolved component of the 

batholith is early Proterozoic crust. The Yukon Crystalline 

terrane, into which the CMB was emplaced, has crust with the 

appropriate Nd characteristics, and zircons of the appro

priate age, to be this ancient component. In addition to a 

Proterozoic crustal component, an isotopically juvenile 

component is also required for the batholith and could be 

either mantle-derived magmas or partial melts of the surr

ounding terranes, or a combination of both. 

Because there is no correlation of isotopic value with 

geographic location or lithology within the CMB, a simple 

continental margin magmatic-arc origin, like that proposed 

for the Sierra Nevada and Peninsular batholiths of Cali

fornia, appears unlikely. A possible model for the petro

genesis of the batholith that does satisfy the Nd and Sr 

isotopic data involves the anatexis of both juvenile terrane 

crust and crust of the Yukon crystalline terrane by the 

underthrusting of the Alexander-Wrangellia terrane beneath 

the YCT. Regardless of the exact mechanism of crustal 

anatexis, however, a high degree of melting 'of Yukon Crys

talline crust must have occurred during the generation of the 

CMB to satisfy the combined U-Pb and Nd and Sr isotopic data. 
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CHAPTER 7 

IMPLICATIONS FOR CORDILLERAN TECTONICS 

The presence of the YeT, a thin continental crustal 

fragment that is composed of a significant amount of ancient, 

reworked crust, that is "trapped" or "sandwiched" between 

juvenile terranes that contain only trivial amounts of old, 

pre-existing crust, raises fundamental questions about the 

evolution of this region of the Cordillera. In particular, 

it raises questions about the tectonic relationship of the 

YCT to the stikine terrane and the history and style of 

accretion of these terranes to North America. Several 

different scenarios, none wholly satisfactory, can be 

envisioned to explain the present geometry of the yeT and the 

Stikine terrane. One possibility is that the yeT is the 

basement upon which the Stikine terrane was deposi ted. 

Bultman (1979) and Werner (1977) described Triassic conglom

erates of the northern stikine terrane as containing clasts 

that they interpreted to have come from the yeT. If a 

stratigraphic link does exist between the YCT and the 

northern Stikine terrane then the yeT presumably extends from 

the eastern margin of the Taku terrane, the only place it is 

exposed, to the western margin of the stikine terrane. The 

main difficulties with this explanation arise from the fact 

that the strata of the stikine terrane are isotopically very 
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juvenile. It is difficult to envision how the mantle-derived 

stikine rocks could be shielded from the underlying very 

evolved crustal material. It would seem that some of the 

plutons emplaced into the stikine terrane would have been 

contaminated toa large enough degree by this basement that 

it would have affected the isotopic signature of the plutons 

to a much greater extent than is observed. Too much special 

pleading is needed to argue that it is simply by chance that 

Devonian pfutons in the exposed part of the YCT have very 

evolved Nd signatures (ENd = -8.8 and -9.4) but Devonian 

strata of the stikine terrane have mantle-like signatures. 

It is also likely in this scenario that at least some of the 

sedimentary rocks of stikine would have incorporated eroded 

YCT basement material, yet even the sedimentary rocks of 

Stikine are quite juvenile. A further argument against a 

depositional link between stikine and YCT is that, as dis

cussed in chapter 6, the YCT must be a thick crustal fragment 

if it is the source of ancient material in the Coast Moun-

tains batholith. If this is the case then it rules out the 

possibility that YCT could be a thin sedimentary wedge on 

which stikine could have been deposited. 

A second possibility is that the relationship between 

the Stikine terrane and the YCT is a structural one, i.e. the 

two fragments are genetically unrelated. Again, different 
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situations can be envisioned. The first structural scenario 

is that the yeT docked alongside the stikine terrane along 

a strike-slip fault. This would have to have occurred before 

mid-Cretaceous time, the time of the final structural accre

tion of the Alexander terrane (Monger et ale, 1982), to 

"trap" the YCT between Stikine and Alexander. The YCT could 

have originally formed in a continental margin setting near 

North America, or near a different continental mass, and was 

then transported beside stikine along the proposed faults. 

Because it was suggested in chapter 5 that the yeT is the 

southern extension of the YTT, the yeT could have been 

transported from a more northerly position, closer to the 

present location of the YTT, and juxtaposed beside the 

stikine terrane along large, sinistral strike-slip faults. 

Although the proposed large scale faults have not been 

identified it is possible that they could be obscured by the 

voluminous Eocene plutons emplaced along the western margin 

of the stikine terrane. 

A different structural model, and one that is both 

extremely speculative and intriguing, is that the stikine 

terrane was thrust over the YCT. In this model the YCT would 

actually be part of autochthonous North America and stikine, 

and all of the terranes east of stikine, would be enormous 

thrust slices that were transported over North America for 



118 

several hundred kilometers. This situation would be analo

gous to that proposed for the Blue Ridge and Inner Piedmont 

crustal fragments in the southern Appalachian belt. It has 

been argued that these fragments were thrust over the conti

nental shelf of eastern North America as intact sheets for 

hundreds of kilometers (Cook and Oliver, 1981). A similar 

Cordilleran thrusting event would have to have taken place 

before Eocene time because massive Eocene plutons intrude the 

western margin of the stikine terrane and the exposed eastern 

part of the YCT. I have analyzed two plutons, about 53 Ma 

in age, that intrude the stikine terrane in an attempt to 

test this overthrusting hypothesis (table 7.1). If stikine 

is a thin-skinned fragment that rests on top of North 

American crust, plutons that were produced by anatexis of the 

underlying crust and intruded stikine after the thrusting 

event should have very evolved isotopic signatures, charac

teristic of old North American crust. The two plutons that 

were analyzed have initial eNd values of -0.7 and -1.5. The 

TOM ages are 690 Ma and 730 Ma. These TOM ages are 

considerably greater than their crystallization age indi

cating that some older crust must have been involved in the 

petrogenesis of these plutons. It could be argued that this 

older crustal component could be North American crust, 

however, because the TOM ages overlap with model ages 



TABLE 1.1 - Rb-Sr and_Sm-Nd lIata_for Eocene_D~uto"--s_frQnLt~ILStlklne_terrane 

Sample Age Rb Sr 87Rb 87SrB 87S r Sm Nd 147S m 143NdB £(0) 
ppm ppm 86S r 86S r 86Sr ppm ppm 144Nd 144Nd 

measured Initial measured 

Igneous rocks 
1. Monzodiorite 53 70.0 696 0.282 0.705897 (13) 0.70568 3.36 19.1 0.1063 0.512571 (8) -1.3 
2. Otz monzodiorite 53 67.1 729 0.266 0.705767 (14) 0.70557 3.39 19.6 0.1045 0.512532 (7) -2.0 

aNumbers in parentheses are two standard errors of the mean (20m) 
bSased on the model of DePaolo (1981a). 
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determined for many samples of the stikine terrane, the 

simplest explanation is that these plutons were produced by 

anatexis of stikine crust. These results, therefore, cast 

doubt on the validity of the overthrusting hypothesis, but 

do not rule it out. 

Although the present isotopic data can not give a 

definitive answer to the question of how the YCT was 

"trapped" between the Alexander-Wrangellia terrane and the 

stikine terrane, it does place some severe constraints on 

possible tectonic scenarios and requires that significant 

modifications must be made to the current models of the 

evolution of this region of the Cordillera. Perhaps further 

isotopic studies, combined with detailed seismic profiling 

and other geophysical studies, may help to shed light on the 

history of the "enigma of the Canadian Cordillera." 
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Estimates of the proportion of continental crust that 

has been added to stable continents during the Phanerozoic 

are quite variable. Some crustal growth curves estimate 

that almost no addition of continental crust occurred during 

the Phanerozoic (e.g. McLennan and Taylor, 1982). The high 

positive fNd values determined for the Alexander, Wrangellia 

and Stikine terranes, however, shows that these terranes are 

composed of a significant proportion of mantle-derived 

material. A comparison of the difference in the isotopic 

character of these terranes with other crustal regions of 

Phanerozoic age is seen in fig 8.1. This figure 1s a plot 

of stratigraphic (TSTRAT) age versus Nd crustal residence age 

(TCR)' defined in chapter 2, for the Wrangellia, Alexander, 

and Stikine terrane sedimentary samples compared to other 

sedimentary rocks of similar stratigraphic age. The TCR age 

of a sedimentary rock most realistically represents an 

average of the sources of that sediment, weighted by their 

TCR ages, their relative proportions, and their Nd concen

trations. Different values for TCR ages will result depen

ding upon which model of mantle evolution is used. To facil

i tate the comparison of data of this study with other studies 

of Nd isotopes in Phanerozoic sedimentary rocks, I have 
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Figure 8.1 - Crustal residence age versus stratigraphic age for the Wrangellia, Stikine, and 

Alexander sedimentary samples compared to ages for other Phanerozoic sedimentary 

rocks. See text for discussion and for data references. 



123 

used the Goldstein et al. (1984) model of a depleted mantle 

(eNd = 0 at 4.5 Ga, ENd = +10 at.present) to plot the TCR ages; 

the use of TOH ages would not have al tered any of the 

conclusions and are listed along with the mean TCR ages for 

the terranes. Published TCR ages that were not based on the 

Goldstein et al. (1984) model were recalculated for plotting 

on fig 8.1 to provide consistency. Sedimentary samples with 

Sm/Nd ratios greater than 0.25 were considered too similar 

to mantle ratios to have meaningful TCR ages and were there

fore not plotted on fig 8.1. The figure demonstrates a 

significant difference between the terrane sedimentary rocks 

and other Phanerozoic sedimentary rocks. The mean TCR ages 

for the non-Cordilleran Phanerozoic sedimentary rocks are 

very similar to one another, and very similar to sediments 

being deposited today, but are much older than their TSTRAT 

ages. The bulk of the sediment load of modern rivers has a 

TCR of about 1.70 ± 0.35 Ga (Goldstein et al., 1984), values 

for Phanerozoic sedimentary rocks are 1.64 ± 0.34 Ga for 

Hercynian Fold Belt samples (Liew and Hofmann, 1988), 1.72 

± 0.31 Ga for Southern Uplands sedimentary rocks of the Cale

donian Belt (O'Nions et al., 1983), and 1.77 ± 0.40 Ga for 

French Phanerozoic shales (Michard at al., 1985). In sharp 

contrast, the TCR ages of the Cordilleran terrane sedimentary 

rocks are much closer to their stratigraphic ages: TCR = 0.77 
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± 0.33 Ga (TOM = 0.57 ± 0.35 Ga) for Wrangellia, TCR = 0.98 ± 

0.40 Ga (TOM = 0.78 ± 0.38 Ga) for Alexander, and TCR = 0.81 

± 0.25 Ga (TOM = 0.62 ± 0.24 Ga) for stikine. Permian to 

cretaceous clastic rocks from terranes in New Zealand also 

have similar TCR and TSTRAT ages (Frost and Coombs 1989). 

Although the New Zealand terrane samples have TCR ages that 

are in greater excess of their stratigraphic ages (mean TCR 

= 1.19 ± 0.29 Ga, TSTRAT ~ 240 .Ma) compared to the Cordilleran 

terrane sedimentary rocks, the ages are still more closely . 
concordant than most of the non-Cordilleran Phanerozoic 

sedimentary rocks (Frost and Coombs 1989). 

The fact that the TCR ages of many Phanerozo~c sedimen

tary rocks are considerably greater than their TSTRAT ages has 

been cited as a lack of evidence for new crustal addition to 

the continents during Phanerozoic time (O'Nions et al., 

1983). This conclusion was also reached by Frost and Winston 

(1987) and Ghosh and Lambert (1989) based on Nd data from 

sedimentary rocks from western North America. Sedimentary 

samples with nearly concordant TSTRAT and TCR ages, however, 

must contain a major component of new, juvenile crustal 

material and their presence would be evidence of continental 

crustal addition. Concordant ages have been observed for 

most Archean sedimentary rocks (Hamilton et al. 1983; Miller 

and O'Nions 1985 and references therein) and some earliest 
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Proterozoic clastic samples (O'Nions et al. 1983). In this 

respect, the Cordilleran and New Zealand terrane sedimentary 

rocks are more similar to Archean-Early Proterozoic sedi-

mentary rocks than they are to other Phanerozoic sedimentary 

rocks and provide strong evidence for Phanerozoic crustal 

addition to the continents. 

The rate of this continental crustal addition can be 

determined if the actual proportion of material in the 

terranes that is mantle-derived is known, if the overall 

volume of each terrane is known, and if the period of 

magmatic activity of the terranes is known. The first of 

these parameters can be well constrained using the two-

component mixing equations described in chapter 2. The 

volume of terrane material is difficult to determine because 

the present thickness of the terranes is poorly known and the 

amount of material lost to erosion is unknown. For these 

parameters, as well as the periods of magmatic activity, 

reasonable estimates must be made. 

Based on terrane maps of the Cordillera the area of the 

Alexander terrane is estimated to be about 100,000 km2, the 
. 

area of stikine about 300,000 km2 , and the area of Wrangellia 

about 180,000 km2• Because both the present crustal thick-

ness of the terranes, and the amount of terrane material lost 

to erosion is poorly known, the overall thickness is esti-
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mated to be about 30 km. This is probably an underestimate 

of the Alexander and Wrangellia terrane volumes, but could 

be a gross overestimate of the volume of the stikine terrane 

if stikine is a thin overthrust fragment as discussed in the 

previous chapter. For the following discussion, however, it 

will be assumed that 30 km is a good estimate of the true 

thickness of the terranes. using this thickness estimate 

gives a volume of the Alexander terrane of 3 x 106 km3 , a 

volume of Stikine of 9 x 106 km3 , and a volume of Wrangellia 

of 5.4 x 106 km3 • The proportions of these volumes that are 

mantle-derived can be calculated if it is assumed that the 

terranes are composed of a mixture of mantle-derived material 

and an early Proterozoic continental crustal component. 

Based on the fNd versus age diagrams for all three terranes 

(figs 3.3, 3.4, and 4.4) reasonable estimates for the average 

fNd of the Alexander and Stikine terranes is +4 and for the 

Wrangellia terrane an average value of +5.5. An estimate of 

the fNd evolution of typical Proterozoic crust was given in 

the same figures and a value of -11 is used here. The value 

assumed for the depleted mantle is +7.5. Actual Nd concen

trations are not needed in the calculations, just relative 

concentrations of the two components. For these calculations 

it is assumed that the Nd concentration for the recycled 

Proterozoic component is equal to twice that of the mantle-
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derived component. For Alexander and stikine this gives a 

value of essentially 90% mantle derived material, 10% 

recycled Proterozoic material. For Wrangellia the proportion 

is 94% mantle-derived material, 6% recycled Proterozoic 

component. This gives juvenile crustal volumes of 8.1 x 106 

km3 for Stikine, 2.7 X '106 km3 for Alexander, and 5.1 x 106 

km3 for Wrangellia. If the period of magmatic activity is 

taken as 200 Ma for the Alexander terrane, 150 Ma for the 

Stikine terrane, and 140 Ma for the Wrangellia terrane, then 

the respective crustal addition rates are 0.0135 km3 a-1, 

0.054 km3 a-', and 0.0364 km3 a-'. The total rate for all 

three terranes is 0.104 km3 a -'. A summary of the values used 

to determine the addition rates for each terrane is given in 

table 8.1. 

Crustal addition rates can also be estimated for the 

Peninsular and Cache Creek terranes, terranes which are 

closely related to Alexander and stikine. Determining 

crustal addition rates for these terranes also depends upon 

the proportion of juvenile crust in the terranes. Although 

this can only be determined by isotopic studies of the type 

described here, some evidence exists that most of the crust 

of the terranes may be juvenile. Volcanic rocks of the Cache 

Creek terrane, for instance, have eNd values like those of 

modern arc volcanics (Smith et al., 1988). Assuming, 



TABLE 8.1 - Summary of parameters of crustal addition of the Wrangellia. Alexander and Stlklne terranes 

Volume ENd(l) range ENd(l) range Juvenile crust Proterozoic crusta Period of growthb 

(km3) igneous rocks sedimentary rocks percent percent 

Wrangellia terrane 
5.4 x 106 +2.9 to +7.3 +1.0 to +7.0 96% 4% 140 Ma 

Alexander terrane. 
3.0 x 106 +3.3 to +9.7 o to +5.0 90% 10% 200Ma 

Stikine terrane 
9.0 x 106 -0.5 to +7.6 +1.3 to +6.3 90% 10% 150 Ma 

aSee text for estimates of maximum allowable amounts of Proterozoic crustal material in the terranes. 
bEquivalent to duration or period of magmatic activity. 

Growth rate 

0.0364 km3 a-1 

0.0135 km3 a-1 

0.0540 km3 a-1 

~ 
l\l 
0) 
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therefore, that these other two terranes are also composed 

of about 90% mantle-derived material we can add their crustal 

addition rates to those of the other three terranes. 

Estimating the juvenile volumes of the Peninsular terrane and 

Cache Creek as 1.8 x 106 km3
, and 0.72 X 106 km3

, respec

tively, and assuming magmatic activity occurred over a period 

of about 90 Ma for both terranes, gives an addition rate of 

almost 0.03 km3 a -1 for these two terranes. The combined rate 

of crustal addition for all five of the terranes, keeping in 

mind the approximate nature qf these calculations, is 0.134 

km3 a-1 • 

The rate of crustal addition can also be calculated for 

the northern Coast Mountains batholith. However, determining 

the crustal volume of the northern Coast Mountains batholith 

is more difficult than estimating the volumes of the terranes 

because it is even less clear how much material was lost to 

erosion, estimates range from 10 to 30 km, and just how much 

of the material that was uplifted and eroded was batholith 

material and how much was YCT-like crust that the batholith 

intruded. Using an estimate of a present thickness ·of 35 Jan, 

10 km of batholith material lost to erosion, a length of 

1,000 km (northern batholith only), and an average width of 

-80 km, the volume is 3.6 x 106 Jan3. In chapter 6 it was 

estimated that the juvenile component of the batholith, 
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terrane derived crust, was about 64% of the batholith. If 

it is further assumed that this terrane component is 90% 

mantle-derived material then the proportion of the "new" 

material in the batholith is 57.6% and the volume of "new" 

material is 2.1 x 106 km3 • If the bulk of magmatic activity 

occurred between -75 to 45 Ma, then the rate of addition is 

0.059 km3 a-'. If it is assumed that the results for the 

northern Coast Mountains batholith are applicable to the 

entire batholith, which is about 1700 km long, then the 

accretion rate for the whole batholith is about 0.10 km3 

a-'· Thus the overall rate of crustal addition for this part 

of the Cordilleran orogenic belt is roughly 0.234 km3 a-'. 

If the actual periods of magmatic activity were shorter, or 

the estimated volumes greater, than those estimated the 

calculated growth rates would obviously be greater. 

The rate at which the Cordilleran crust was generated 

can be compared to more global addition rates. The Mesozoic

Cenozoic global magmatic arc addition rate is estimated to 

be about 1 km3 a-' (Reymer and Schubert, 1984). The 

Cordilleran rate, therefore, is about 23% of the global arc 

addi tion rate. The average continental crustal addition 

rate, assuming a present volume of 8.42 x 106 km3 of conti

nental crust generated over ~.j Ga (McLennan and Taylor, 

1985), is 1.87 km3 a-'. This value is higher than the global 



arc addition rate, but not dramatically different. 
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It is 

important that the global arc addition rate is similar to the 

average crustal growth rate and not a small fraction of it, 

otherwise the Cordilleran addition rate would not be signifi

cant. As it stands, it appears that about one quarter of the 

Earth I s continental crustal material that was generated 

during the time interval that the terranes, and Coast 

Mountains batholith, were magmatically active, ended up in 

the North American Cordillera. This rate of growth is 

comparable to a recent estimate of the growth rate of crust 

in the Precambrian Arabian-Nubian shield. Dixon and Golombek 

(1988) estimated that the growth rate of material in the 

central part of the shield was about 20% of the global arc 

addition rate, a rate very similar to the one calculated for 

the Canadian Cordillera. A comparison of these two crustal 

regions is important because it has been suggested that the 

style of crustal addition in the Canadian Cordillera, growth 

by terrane accretion, is an important analog to the style of 

crustal growth of the late Precambrian Arabian-Nubian shield 

(Kroner, 1985). If the calculations of Dixon and Golombek 

(1988) are valid then both regions may have formed not only 

by very similar styles but at very similar rates. 

The implications of the similarities in style and rate 

of growth of the Canadian Cordillera and the Arabian-Nubian 
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shield, as well as the similarities of Cordilleran clastic 

sedimentary rocks with those of Archean and early Proterozoic 

sedimentary rocks, may be profound. It is probable that the 

style of crustal growth of the Cordillera, the sweeping up 

of juvenile terranes, is a very important young analog for 

the mechanism of Precambrian crustal genesis. In addition, 

the rate of Cordilleran terrane accretion may also serve as 

an important aspect of Precambrian crustal development. 
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APPENDIX 1 

SAMPLING AND ANALYTICAL METHODS 

About 1-4 kg of fresh rock sample was collected for each 

sample. coarser-grained rocks required a larger amount of 

sample than fine-grained rocks. Weathered portions of the 

outcrop were avoided whenever possible. I collected all of 

the Gravina samples that were analyzed and most of the samples 

of the Alexander, Taku, and Yukon Crystalline terranes that 

were analyzed. The remaining samples from the latter three 

terranes were collected by George Gehrels who also collected 

most of the Coast Mountains batholith samples and the two 

samples of Wrangellia from Chilkat Peninsula. P. Jonathan 

Patchett and George Gehrels collected the Wrangellia samples 

from Vancouver Island. Robert G. Anderson of the Geological 

Survey of Canada donated the samples of the stikine terrane, 

and either collected, or had sent, samples of the Wrangellia 

terrane from the Queen Charlott.e Islands. Rock samples were 

crushed in a steel jaw crusher and a representative portion 

of the rock chips were powdered in an A1203 mill. Calci te 

found on either the surfaces or as veins in the samples was 

dissolved in -4 M acetic acid before the rock chips from those 

samples were powdered. The jaw crusher was disassembled after 

every sample and the plates were brushed with a wire wheel. 

The jaw crusher itself was vacuumed and wiped with alcohol 
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after each use. The powder mill was thoroughly cleaned after 

each sample was processed by scrubbing the mill with a hard 

plastic brush, powdering pure vein quartz in the mill, then 

scrubbing the mill again. The analytical methods used in this 

study for whole-rock samples follows the methods described by 

Patchett and Ruiz (1987) very closely. The only modifications 

to their procedures was the loading of Sm and Nd onto the 

filaments. About half of the samples Sm and Nd were loaded 

as chlorides onto two Re side filaments and ionized by a Re 

center filament as described by Patchett and Ruiz (1987) but 

for the other half of the samples Sm and Nd were loaded onto 

two Ta side filaments and ionized by a Re center filament. 

Typical blanks for the entire Rb-Sr and Sm-Nd analytical 

procedures that I measured during the course of this study 

were 58-123 pg Nd, 20-76 pg Sm, 295-412 pg Sr. One overall 

blank, with values of 519 pg Nd, 82 pg Sm, and 556 pg Sr, 

demonstrated a problem of laboratory contamination. The 

contamination was traced to the ion-exchange resin in the 

first stage columns by measuring loading blanks, acids blanks, 

bomb blanks, and column blanks. Only the column blanks were 

a significant proportion of the overall blank. As a result the 

resin from the first stage columns was discarded and replaced 

by clean resin. No further blank problems were noted after 

changing the resin. In all cases the blanks were negligible 
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compared to the amount of Sm, Nd, and Sr in the sample. 

The mean ± two standard errors of the mean of 26 measure

ments of the La Jolla Nd standard that I made during the 

course of this study is 0.511866 ± 0.000003. The mean ± two 

standard errors of the mean for 13 measurements of the NBS-

987 Sr standard is 0.710256 ± 0.000014. These values are 

identical, within uncertainty, to the overall mean values 

determined on these standards at the the University of Arizona 

laboratory. 

Lu-Hf techniques followed those of Patchett and Tatsumoto 

(1980) and stevenson and Patchett (1990) with modifications 

only to the zircon dissolution procedure. Approximately 3 mg 

of unpowdered zircon was placed in teflon micro-capsules (see 

Parrish, 1987) and dissolved in 30 hours in Hf-HCl at 240·C. 

Hf bomb blanks measured for this procedure were about 6 

picograms. 
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APPENDIX 2 

SAMPLE LOCALITIES 

Sample Latitude Longitude station 
(North) (West) 

ALEXANDER TERRANE 
1 54°56'37" 132°34'24" 87SP-21 
2 54 ° 56' 05' , 132°32'03" 87SP-20 
3 55 ° 07' 10' , 131°42'21" 84GG-49 
4 54°55'44" 132°22'10" 82GP-40 
5 54 ° 56' 03' , 132°21'45' , 82GP-48 
6 54 ° 56'57' , 131°58'32" 83GP-255 
7 55°10'56" 131°30'57" 79JO-975 
8 54°46'07' , 130°51'18" 79JO-970 
9 55°26'13" 133°05'42" 87SP-23 

10 55°47'50' , 132°29'07" 84GP-5l 
11 55°11'49' , 131°42'51" 81GG-06 
12 56°52'30' , 133°56'28" 87MK-61 
13 56 ° 54 '59' , 134°08'36' , 87MK-58 
14 54 ° 55' 53' , 132°10'30" 84GL-435 
15 56 ° 09' 46' , 133°24'03" 87SP-28 
16 56°32'55' , 133°03'53" 87S0-47 
17 56°53'33" 132°55'27" 87S0-53 
18 56°52'29" 132°57'02" 87S0-54 
19 54°56'16' , 132°32'03" 87SP-19 
20 55°02' 132°00'30' , 87SP-ll 
21 56 ° 11' 57' , 133°38'39" 87SP-29 
22 56°52'35' , 134°11'47' , 87MK-65 
23 56°37'27" 133°02'57" 87S0-51 
24 55°17'51' , 133°18'45' , 87SP-22 
25 56°54'51' , 133°50'40' , 87MK-67 
26 55 ° 10' 01' , 131°47'11' , 87SG-09 
27 55°13'42" 131°44'27" 87SG-Ol 
28 56°53'39" 133°52'32" 87MK-56 
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Sample Latitude Longitude station 
(North) (West) 

STIKINE TERRANE 
1 56°44'51" 130°44'25" AT-150-1 
2 56°45'30" 130°43'49" AT-147-4 
3 56°57'45" 130°59'15" AT-131-1 
4 56°36'30" 131°33'41" AT-119-1 
5 56°35'41" 130°20'54" AT86-145-1 
6 56°03'18" 130°00'33" B340 
7 56°37'43" 131°11'42" AT-134-1 
8 56°05'46" 129°59'01" B-394 
9 56°14'52" 130°04'12" AT-157-4 

10 56°42'11" 131°51'30" AT-194-3 
11 56°39'43" 131°41'49" AT-112-1 
12 56°48'03" 131°42'52" AT-90-2 
13 56°57'17" 131°39'11" AT-70-1 
14 56°39'13" 131°19'51" AT-124-1 
15 56°40'28" 131°22'42" AT-123-2 
16 57°16'59" 131°31'12" 89ST-l 
17 56°36'16" 130°21'16" AT-82-7 
18 56°38'04" 130°28'57" ATG-I08-1 
19 56°38'06" 130°02'11" AT-64-1 
20 56°46'29" 130°04'12" AT-49-1 
21 56°46'29" 130°04'12" AT-49-2 
22 56°57'41" 130°12'02" AT-38-1 
23 56°50'35" 130°15'27" AT-117-1 
24 56°42'16" 131°50'26" AT-197-1 
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sample Latitude Lonqitude station 
(North) (West) 

WRANGELLIA TERRANE 
1 48°53'09" 123°34'48" 88GJ-06 
2 48°53'05" 123°34'53" 88GJ-07 
3 48°53'15" 123°29'03" 88GJ-02 
4 48°51'28" 123°26'54" 88GJ-01 
5 49°17'28" 124°08'26" 88GJ-11 
6 49°17'08" 124°35'12" 88GJ-13 
7 49°08'41" 124°47'03" 88GJ-19 
8 48°48'26" 124°07'18" 88GJ-25 
9 49°17'28" 124°08'26" 88GC-276 

10 49°19'03" 124°33'12" 88GJ-12 
11 49°11'15" 124°45'17" 88GJ-17 
12 49°11'15" 124°45'17" 88GJ-18 
13 49°03'37" 124°43'47" 88GJ-20 
14 48°53'04" 124°40'18" 88GJ-22 
15 48°53'04" 124°40'18" 88GJ-23 
16 48°54'25" 124°24'38" 88GJ-24 
17 52°32'52" 131°41'02" AT87-111-1 
18 53°04'33" 131°38'09" AT87-61-2 
19 52°23'20" 131°16'18" AT87-91-1 
20 48°50'53" 123°37'01" 88GJ-04 
21 48°50'53" 123°37'01" 88GJ-05 
22 49°18'21" 124°12'21" 88GJ-09 
23 49°18'21" 124°12'21" 88GJ-10 
24 49°10'17" 124°32'48" 88GJ-14 
25 49°10'08" 124°32'54" 88GJ-16 
26 53°24'38" 132°18'25" 87HGB-65A 
27 59°08'17" 135°22'20" 88GC-277 
28 53°12'40" 131°59'10" 87HGB-1A 
29 53°08'17" 132°10'38" 87HGB-75A 
30 53°15'12" 132°07'04" 87HGB-133 
31 53°14'28" 132°12'00" 87HGB-120 
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sample Latitude Longitude station 
(North) (West) 

GRAVINA BELT 
8750-36 56°40'10". 132°37'18" 
8750-41 56°46"31" 132°31'49" 
87-45 56°59"42" 132°53'06" 
88-47 57°18'21" 133°27'59" 
88-48 57°16'52" 133°29'13" 
88-49 57°14'46" 133°32'06" 
88-61 57°05'16" 133°08'23" 

MID-CRETACEOUS PLUTONS 
8750-32 56°35'08" 132°32'30" 
8750-35 56°40'10" 132°37'18" 
87GC-263 57°25'25" 133°28'13" 

TARU TERRANE 
88-06 57°46'03" 133°38'12" 
88-08 57°42'59" 133°34'41" 
88-32 57°20'03 11 133°19'34" 
88-33 57°20'03" 133°19'34" 
88-44 57°17'13" 133°16'38" 
88-45 57°17'55 11 133°19'47" 
88-64 57°09'06 11 133°08'11" 
89GJ-10 57°57'33 11 133°50'11" 
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sample Latitude Longitude station 
(North) (West) 

YUKON CRYSTALLINE TERRANE 
Trac~ Arm 
88-12 57°52'37" 133°36'08 
88-13 57°55'23" 133°35'26 
88GC-420 57°54'31" 133°27'07 
88-15 57°54'31" 133°27'07 
88-16 57°53'52" 133°22'53 
88-17 57°53'23" 133°11'31 
88-18 57°52'47" 133°11'08" 
88-19 57°52'47" 133°11'08" 
88-20 57°52'47" 133°11'08" 
88-21 57°53'37" 13°17'30" 
88GC-414 57°53'37" 13°17'30" 
88-24 57°54'29" 133°21'57" 
Endicott Arm 
88-01 57°40'51" 133°21'08" 
88-02 57°39'47" 133°17'15" 
88-04 57°37'08" 133°10'34" 
88-GC344 57°39'47" 133°17'23" 
Port Houghton 
88-40 57°18'10" 133°14'24" 
88-43 57°17'21" 133°16'35" 
88-42 57°17'37" 133°15'20" 
87GC-81 57°20'21" 133°10'21" 
88-36 57°21'03" 133°05'49" 
88-37 57°22'05" 133°04'34" 
89GJ-16 57°18'40" 133°11'35" 
89GJ-17 57°18'38" 133°12'01" 
Thomas Ba~ 
87ST-42 56°58'57" 132°48'55" 
87ST-43 56°59'43" 132°49'39" 
88-56 57°04'17" 132°59'05" 
88-57 57°01'42" 13°00'40" 
LeConte Ba~ 
87ST-40 56°46'31" 132°26'39" 
88BC-67 56°47'09" 132" 27' 46" 
88-50 56°47'16" . 132°28'59" 
88-51 56°47'16" 132°28'31" 
Taku Inlet 
89GJ-02 58°14'49" 134°06'05" 
89GJ-03 58°13'17" 134°08'22" 
89GC-656 58°47'02" 134°56'05" 
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