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ABSTRACT 

Lower Mesozoic strata In the northern Cache Creek terrane range In age from 

Ladinian to Pliensbachian as shown by conodont and radiolarian collections from chert. 

Chert beds are Interlayered with argillite that has ENd(t) values of -8.8 to -7.4, 

Indicating detritus eroded from Precambrian source areas. These ENd(t) values are 

similar to those of fine-grained Middle Triassic sedimentary strata of the miogeocline 

(-10.5 to -6.7) and to sediments of the modern Pacific Ocean floor. 

13 

Volcanic-lithic sandstone Interbedded with the chert and argillite is 

petrographically similar to coeval sandstone from the northern Stiklne terrane. ENd(t) 

values for northern Cache Creek sandstone are -1.1 to +5.8, similar to most coeval 

northern Stlklne strata (-0.4 to +4.7). These observations, coupled with limited 

paleocurrent Indicators, suggest that northern Cache Creek sandstone was deposited In 

the distal parts of clastic fans derived from the Late Triassic northern Stlkine arc. 

Quartzofeldspathic sandstone layers In northern Stlklne have ENd(t) values of 

-8.1 to -1.8 and are associated with conglomerate containing metasedimentary clasts 

similar to rocks of the Nlsling terrane. Nlsling rocks have ENd(t) values of -4.6 to 

+0.5 (Boundary Ranges suite) and -20.6 to -15.6 (Florence Range suite). These data 

and existing sedimentologic evidence corroborate interpretations that northern Stikine 

clastic rocks were derived in part from the Nisling terrane in Late Triassic time. 

Stacks of thrust sheets containing Cache Creek strata are floored by the Nahlin 

and King Salmon faults, and are bound on the north by the Squanga-Crag Lake tear fault 

system which has at least 90 km of right-lateral slip and 2.2 km of south-side-up slip. 

These strata were thrust southwestward over northern Stikine between Middle Jurassic 



and mid-Cretaceous time. North and west of this nappe, Stlklne and Cache Creek strata 

are shortened by open, upright folds and only minor thrust faults. 

Structural, stratigraphic and Isotopic data are consistent with a mlnlmum

displacement model for development of the western Canadian Cordillera, In which 

terranes located east of the Coast Mountains batholith developed and remained In the 

eastern Pacific Ocean throughout their hIstories. 
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CHAPTER 1 

INTRODUCTION 

Much of western Canada is composed of terranes accreted to North America during 

Phanerozoic time (e.g. Coney et al. 1980). The Cache Creek terrane is one of the most 

important and enigmatic of these displaced fragments (Fig. 1.1). Cache Creek is 

composed of an Upper Mississippian to Lower or Middle Jurassic assemblage of 

ultramafic rocks, mafic volcanic rocks, bedded radiolarian chert, clastic rocks, and 

limestone typical of an Intraoceanic environment (e.g. Monger, 1977). Permian 

limestone within Cache Creek contains Verbeeklnld fusulinid fauna that are similar to 

forms found in Asia, but distinct from fauna In North America and in neighboring 

terranes (Monger and Ross, 1971: Ross and Ross, 1983). These fauna have served as 

the basis for interpretations that some components of Cache Creek are far traveled with 

respect to North America and may have formed in the central or western paleo-Pacific 

Ocean during Paleozoic time (Monger and Ross, 1971: Ross and Ross, 1983). Cache 

Creek is the only terrane that contains such unequivocally distinct fauna. Thus, 

understanding the paleogeographic position of Cache Creek through time, with respect to 

both North America and other Pacific basin terranes, Is one of the most important steps 

toward understanding the assembly of the Cordilleran margin. 

The Stikine terrane lies west of Cache Creek and consists of Upper Triassic arc

type volcanic deposits that overlie different types of basement rocks along the length of 

the terrane (Fig. 1.1). The Stikine and Cache Creek terranes have been Interpreted to be 

linked in Late Triassic time on the basis of hornblende detritus found in Upper Triassic 
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Cache Creek sandstone; no apparent source for the hornblende detritus occurs within the 

Cache Creek terrane (Monger et al., 1982). 

Metamorphic and plutonic rocks of the Coast Mountains batholith lie west of the 

Stlklne terrane (Fig. 1.1). Along the eastern margin of the batholith In northern 

British Columbia and southern and central Yukon, the metamorphic rocks are assigned to 

the Nisllng terrane (Wheeler et al., 1988). Nisllng strata comprise quartz-rich 

metaclastic rocks and marble of continental margin affinity, as well as metavolcanic and 

metaplutonic rocks of unknown affinity (Wheeler and McFeely, 1987; Currie, 1990; 

1991). 

These metamorphic rocks can be traced as pendants through the Coast Mountains 

batholith Into southeast Alaska (Monger and Berg, 1987; Gehrels et al., 1990b). There, 

the metamorphic rocks have been the focus of considerable study in recent years. 

Gehrels et al. (1990a; In press) correlate these metamorphic rocks with the Yukon

Tanana terrane along strike to the north based on lithologic, IsotopiC and geochronologic 

similarities. Further, Isotopic studies suggest that these southeast Alaskan and Yukon

Tanana rocks originally may have been part of the distal North American margin. 

Yukon-Tanana rocks have Nd isotopic signatures similar to those expected from North 

America (Bennett and Hansen, 1988) and detrital zircons from southeast Alaska have 

ages consistent with potential source areas along western North America (Gehrels et al., 

1991 a). 

The existence of continental-affinity metamorphic rocks, possibly part of the distal 

North American margin, outboard of the oceanic Cache Creek and Stikine terranes 

significantly complicates previous interpretations of terrane accretion in western North 

America. In order to understand the relations between these terranes, it Is important to 

rigorously document the time at which Nisling, Stikine and Cache Creek first came into 
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proximity with one another. This study focuses on relations between the Nlsllng terrane 

and northern segments of the Stlklne and Cache Creek terranes near the latitude of the 

Yukon-British Columbia border (FIg. 1.2). It Is here that previous workers have 

reported evidence for the earliest primary links between the Nisllng and Stlklne 

terranes (Werner, 1978; Bultman, 1979) and the Stikine and Cache Creek terranes 

(Monger et al., 1982). 

In this study, I used two approaches to quantify the time of Initial terrane 

juxtaposition, and a third method to examine the mechanisms of terrane accretion. 

First, a detailed sedimentologic, biostratigraphic and petrographic analysis of lower 

Mesozoic strata from the northern Cache Creek terrane is presented. As stated above, 

the northern Stikine and northern Cache Creek terranes have been interpreted to be 

linked In Late Triassic time because of the similarity of Cache Creek lithic sandstone 

with that of the northern Stikine terrane (Monger et al., 1982). Chapter 2 contains the 

first rigorous sets of data brought to bear on this hypothesis. Second, Chapters 3 and 4 

report Sm-Nd and Rb-Sr Isotopic data from the Nisllng, northern Stikine and northern 

Cache Creek terranes that are used to determine the proximity of these terranes to one 

another and to the North American margin in early Mesozoic time. Nd and Sr 

compositions provide a powerful tool for assessing the provenance of clastic sedimentary 

rocks (e.g. Frost and Winston, 1987; Frost ~:ld Coombs, 1989; Nelson and DePaolo, 

1988) . 

Third, Chapter 5 presents structural data and interpretations of the 

deformational history of the northeastern corner of the northern Cache Creek terrane. 

These data help constrain the method by which Cache Creek was juxtaposed with its 

neighboring terranes in Mesozoic time. Finally, Chapter 6 is a model for accretion of 

terranes along the margin on western North America In early Mesozoic time. This model 



t 
tOOkm 

NORTHERN CANADIAN CORDILLERA 

GENERALIZED ASSEMBLAGE MAP 

V 

V 
V 

V 
II ST 

II 
v 

+-JI ++ TERTIARY INTRUSIONS 

CRETACEOUS INTRUSIONS 

COAST MOUNTAINS BATHOLITH 

LABERGE GROUP 

V 

v 

STUHINI I LEWES RIVER GROUPS 

TEENAH LAKE ASSEMBLAGE 

CACHE CREEK TERRANE 

QUESNEL TERRANE 

NISLING TERRANE 

V 
V 

V V 

Figure 1.2. Distribution of tectonic assemblages at the latitude of the Yukon-

British Columbia border (modified after Wheeler et al., 1988). 

19 



emphasizes the minimum amounts of displacements that are acceptable for the terranes 

within the limits of known geologic, Isotopic, paleomagnetic, and paleontologic data. As 

such, this model provides a minimum-displacement end member against which to 

compare large-displacement models that are common In the literature (e.g. Stevens et 

al., 1983; Stevens et al., 1990). 
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Chapters 2 through 6 of this dissertation have been prepared as manuscripts for 

submittal to various journals. Each of these chapters will have one or more coauthors 

who share in the credit for ideas and interpretations presented In this dissertation. 

Because most of the chapters have yet to be reviewed In detail by all of the coauthors, 

responsibility for the data and Interpretations expressed herein remains my own. 

Chapter 2 will be submitted to the Journal of Sedimentary Petrology in modified form 

with coauthors F. Cordey, G. E. Gehrels and M. J. Orchard. Chapter 3 has been accepted 

for publication in Geology with coauthors G. E. Gehrels, M. G. Mihalynuk and P. J. 

Patchett. Chapter 4 will be submitted to the Geological Society of America Bulletin in 

modified form with coauthors G. E. Gehrels and P. J. Patchett. Chapter 5 will be 

submitted in modified form to the Canadian Journal of Earth Sciences with coauthor G. E. 

Gehrels. Chapter 6 will be extensively revised before submission as a manuscript; 

coauthors for this manuscript are not finalized. The reader is urged to consult the 

relevant literature for updated versions of the interpretations and conclusions presented 

in this dissertation. 



CHAPTER 2 

STRATIGRAPHIC FRAMEWORK FOR LOWER MESOZOIC STRATA IN THE 

NORTHERN CACHE CREEK TERRANE 

SUMMARY 
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Lower Mesozoic strata of the Teenah Lake a~semblage in the northern Cache Creek 

terrane consist of interbedded chert, argillite and volcanic-lithic sandstone. Collections 

of conodont and radiolarian fauna from 20 localities in northern Cache Creek yield ages 

from Middle to Late Triassic (Ladinian to Norian). Petrography of Teenah Lake 

assemblage sandstones shows that they are derived from a source area composed largely 

of arc-type volcanic rocks, and have detrital modes that are similar to coeval sandstone 

layers in the northern Stikine terrane. These data, combined with rare primary 

sedimentary structures suggestive of western and northern sources, support the 

interpretation that detritus in Late Triassic northern Cache Creek sandstone was derived 

from the northern Stiklne terrane, effectively linking the two terranes In Late Triassic 

time. 

INTRODUCTION 

Researchers have argued that the intraoceanic Stikine and Cache Creek terranes 

of the western Canadian Cordillera were in sedimentary proximity in Late Triassic time 

(Fig. 2.1; Monger et al., 1982; Monger, 1984; Monger and Berg, 1987; Wheeler et al., 

1988). This claim is based on the presence of extrabasinal hornblende grains in 

northern Cache Creek sandstone layers that are Interbedded with ribbon chert bearing 

Late Triassic radiolarian fauna (Monger and Berg, 1987). 
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Previous studies have shown that Late Triassic detritus from the Quesnel terrane 

is present in accretionary wedge sediments of the Cache Creel< terrane in southern 

British Coiumbia (e.g. Shannon, 1982)., Further, it appears that Late Triassic 

volcanism in Quesnel occurred in close proximity to the North American margin (see 

Chapter 6 for review). Also, recent work has shown that the northern part of the 

Stikine terrane was linked to a fragment of metamorphosed continental margin material, 

possibly of North American origin, in Late Triassic time (Gehrels et al., 1990b; 

1991 b; Jackson et al., in press). 

Thus, geologic data suggest that ail terranes of western Canada inboard of the 

central part of the Coast Mountain batholith were at least loosely tied to the western 

North American margin in Late Triassic time. The link between the Stikine and Cache 

Creek terranes appears to be the weakest in the chain stringing these terranes together, 

largely because little quantitative analysis has been undertaken to substantiate the 

claims of Late Triassic proximity of these two terranes. 

Because of the tectonic significance of a Late Triassic link between the Cache 

Creek and Stiklne terranes, a rigorous documentation of early Mesozoic sedimentation In 

the Cache Creek terrane is essential. Previous reports of hornblende detritus used to 

link the Cache Creek and Stikine terranes come from the northern part of the Cache 

Creek terrane. In this chapter, I (1) describe the lower Mesozoic rock types found in 

the northern Cache Creek terrane, (2) summarize new conodont and radiolarian 

biostratigraphic age determinations for these strata, (3) give modal analyses for 

sandstone samples from both the northern Cache Creek and northern Stikine terranes to 

assess the provenance of sands In these terranes, and (4) interpret the depositional 

environment and history for lower Mesozoic strata in the northern Cache Creek terrane. 
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BASIN SETTING 

Wheeler et al. (1988) redefined part of the northern Cache Creek to Include an 

overlap assemblage of Upper Triassic Lewes River Group strala, which also forms part 

of the adjacent northern Stlklne terrane (Fig. 2.1). This division was based on 

separating Cache Creek clastic strata Into two units, one dominantly composed of upper 

Paleozoic pelitic strata (chert and argillite with rare volcanic-iithic sandstone), and an 

early Mesozoic unit containing lithic sandstone (or graywacl<e) interbedded with 

argillite and chert. The latter rocks were interpreted to link Cache Creek and Stikine In 

Late Triassic time, based on an earlier Interpretation that hornblende grains in Cache 

Creek sandstones are derived from the Stikine terrane (Monger et al., 1982). In this 

chapter, I will refer to the lower Mesozoic sandstone, chert and argillite strata as the 

Teenah Lake assemblage of Middle Triassic to Early Jurassic age (Fig. 2.2). 

Other lower Mesozoic strata in this area can be divided into separate assemblages 

bound by faults in order to facilitate discussion and comparisons with adjacent strata. 

The chert-rich Teenah Lake assemblage is bound on the west and south by the Nahlln 

fault, on the north by the Squanga-Crag Lake fault zone, and on the east by the Teslin 

fault (Fig. 2.1; Chapter 5). To the south, west and north lie Upper Triassic to Middle 

,Jurassic volcanic and clastic strata of the northern Stikine terrane (Fig. 2.1). These 

rocks include the Upper Triassic Lewes River and Stuhini groups, and the Lower and 

Middle Jurassic Inklin and Takwahoni formations of the Laberge Group. In this paper, 

these rocks will be termed the Whitehorse Trough assemblage, in keeping with the 

nomenclature of Bultman (1979; Fig. 2.2). Directly north of the Squanga-Crag Lake 

fault zone and east of the Marsh Lake fault (Fig. 2.1), Lower and Middle Jurassic Inklin 

Formation (Laberge Group) strata overlie altered basalt interpreted to be part of the 
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northern Cache Creek terrane (Wheeler and McFeely, 1987; Gordey, 1991); I will 

refer to Mesozoic strata In this area as the Teslln River assemblage (Fig. 2.2). 

Where contacts are exposed, the lower Mesozoic Teenah Lake assemblage Is In 

structural contact with underlying Paleozoic Cache Creek sedimentary and volcanic 

strata (Figs. 2.1 and 2.3; Chapter 5). However, the Teenah Lake assemblage Is 

Interpreted to have originally lain unconformably above the Paleozoic Cache Creek 

deposits because (1) the Teenah Lake assemblage overlies only older Cache Creek rocks, 

and (2) there is no known overlap In age with any of the underlying Paleozoic Cache 

Creek strata. It Is Important to note, however, that an unconformable relationship 

between Paleozoic and Mesozoic Cache Creek strata cannot be demonstrated at present. 

The possibility remains that the Teenah Lake assemblage may be fragments of klippen 

that overlie Paleozoic Cache Creek (see Chapter 5). 

Rocks of the Teenah Lake assemblage are moderately to poorly exposed 

Interlayered beds of chert, argillite, and sandstone. Near Teenah Lake (Fig. 2.3) and 

Sterlin Lake (Gordey, 1991; Cordey et al., 1991), strata dip uniformly to the south or 

southwest at moderate angles. Indications of locally overturned strata and age 

repetitions within the layered sequences, however, indicate structural disruption of the 

original stratigraphy (Gordey, 1991; Cordey et al., 1991). Because of the lack of 

continuous exposure In these areas, determining the number and exact location of 

structures within the Teenah Lake assemblage Is impossible without additional age 

control. 
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DESCRIPTION OF ROCK UNITS 

Teenah Lake Assemblage 
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Black, gray, tan and green chert that weathers white makes up 35% of the Teenah 

Lake assemblage. Radiolarian·bearlng bedded or ribbon chert is the dominant rock type. 

Ribbons are generally 2 to 10 cm thick and separated by seams of argillaceous material 

less than 1 cm thick. Continuous depositional sequences of ribbon chert reach 

thicknesses of more than 300 m. In the Spawn Lake area (Fig. 2.4) blocks of ribbon 

chert, some Intensely folded, occur as olistostromes within an argillaceous matrix. In 

two locations In the Teenah Lake area (Fig. 2.3), beds of ribbon chert are intimately 

Interbedded with beds of the fine· to coarse·gralned volcanic· lithic sandstone. 

Interbedded sandstone and chert is described only rarely in the literature (e.g. Blake et 

al., 1981; see also discussion in Cordey et al., 1991). The significance of this 

association Is discussed below. 

Chert beds are metamorphosed to greenschist facies and many of the radiolaria 

have been destroyed through recrystallization. Some radiolaria are moderately well 

preserved along the edges of the chert beds near the argillaceous seams. 14 chert layers 

have yielded diagnostic suites of radiolarian fauna that are described below. Five chert 

beds have also yielded diagnostic conodont fauna. 

Gray to black shale and argillite beds compose 30% of the Teenah Lake 

assemblage. These fine·grained rocks generally exhibit a well developed spaced cleavage 

and are moderately to strongly silicified. Greenschist facies metamorphism has left 

some beds extremely brittle and these erode Into plates that are several mm thick. Much 

of the argillite has a high carbon content and some of the beds contain pyrite or casts of 

pyrite that indicate anoxic conditions during deposition. Chert layers 2 to 10 cm in 

thickness appear locally in the argillite, but do not persist along strike. Although the 
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argillaceous beds generally lack any primary sedimentary structures, rare mm-scale 

laminae of alternating shaley and silty horizons do occur. 

30 

Sedlmentary- and volcanic-lithic sandstone makes up the remaining 35% of the 

Teenah Lake assemblage. Sandstone beds are generally 50 to 300 m thick and 

Interlayered with the chert and argillite on this scale. In two locations near Teenah Lake 

(Fig. 2.3), sandstone and chert beds are Interlayered on a scale of cm. 

In outcrop, the framework grains appear to consist mainly of angUlar, gray or 

black chert and argillite fragments that weather white. Abundant rounded volcanic rock 

fragments are visible, as are rare quartz, hornblende and plagioclase grains. The 

matrix of the sandstone is gray in color and constitutes up to 15% of the rock volume, 

giving some samples the appearance of having matrix support. Results of quantitative 

petrographic analyses of the framework grains are presented below. 

Sandstone beds are dominantly massive and contain few primary sedimentary 

structures. Rare mm-scale laminae, medium- and tine-grained graded beds and scour 

and fill features are present. The bulk of the sand deposits are poorly sorted, angular to 

sub-rounded, fine-grained sandstone to pebble conglomerate. Previous study of these 

sandstone layers along the western margin of the terrane (Fig. 2.1, Allin Road area) 

revealed large-scale, low-angle planar cross stratification indicative of a western 

source for the detritus (Link, 1965). 

Overall fining or coarsening trends in grain size were not noted at outcrop scale. 

Although grain size is generally consistent over about 10m of bed thickness, some beds 

display 2 m wide by 30 em thick lenses of very poorly sorted pebble conglomerate 

within a medium- to coarse-grained bed. Reconnaissance mapping of these sand bodies 

yielded little in the way of regional grain size trends, with one exception. Outcrops along 

the northern edge of the Teenah Lake assemblage (Fig. 2.1, Alaska Highway area) contain 



beds of pebble to cobble conglomerate up to 30 em thick that are Intercalated with 

medium to coarse-grained sandstone and minor chert and argillite. Clasts of this 

conglomerate Include felsic plutonic rocks as well as the more common chert, argillite 

and andesltlc to basaltic volcanic rocks. 

Teslln River Assemblage 

North of the Squanga-Crag Lake fault zone (Fig. 2.1), Lower and Middle Jurassic 

clastic rocks directly overlie altered basalt Interpreted to be part of the northern Cache 

Creek terrane (Mulligan, 1963; Wheeler and McFeely, 1987). These strata have been 

assigned to the Inklln Formation of the Lower to Middle Jurassic Laberge Group and are 

considered to represent an overlap assemblage across the northern Stiklne and northern 

Cache Creek terranes (Wheeler et al., 1988). In this chapter, these rocks will be 

referred to as the Teslln River assemblage. Because Teslln River assemblage rocks 

overlie Cache Creek basalt, they should be treated separately from true Laberge Group 

rocks which overlie northern Slikine terrane volcanic and volcaniclastic strata of the 

Stuhinl and Lewes River groups. 

North of the study area, Teslin River assemblage strata are composed of steeply 

dipping, Interbedded silty to sandy argillite, sandstone and conglomerate with bed 

thickness of 1 to 20 m (Mulligan, 1963; Gordey, 1991; J.L. Jackson, unpublished 

mapping). Graded beds and graded laminae are common In the sandy and argillaceous 

layers, as are chaotic dewatering structures typical of rapid submarine deposition. 

These clastic strata accumulated as turbidites; T abe and T ae Bouma sequences are 

common. Conglomerate layers are dominantly of two types: (1) matrix-supported 

conglomerate with subangular to subrounded pebbles of argillite and chert in a green

gray matrix, and (2) clast-supported conglomerate with well rounded and highly 
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spheric cobbles of fine-grained chlorltized basaltic volcanic rocks (40%), argillite 

(15%), chert (15%), limestone (10%), fine- to medium-grained felsic Intrusive 

rocks (10%), and hornblende- and pyroxene-porphyritic volcanic rocks (10%). 

Sandstone layers vary from fine- to medium-grained arkose to coarse grained 

volcanosedlmentary-lIthlc sandstone and pebble conglomerate. 

BIOSTRATIGRAPHIC AGE CONSTRAINTS 

Conodont and radiolarian samples were collected from strata In the Teenah Lake 

and Whitehorse Trough assemblages In an effort to help constrain the ages of deposition. 

M.J. Orchard of the Geological Survey of Canada in Vancouver, British Columbia, 

processed all conodont samples and Identified the fauna dis~ussed below (Orchard, 

1991). F. Cordey of the Geological Survey of Canada collected and processed all 

radiolarian samples identified all radiolarian fauna presented In this section 

(unpublished data). 

Near Teenah Lake, two ribbon chert layers from the Teenah Lake assemblage 

yielded Middle to Late Triassic conodont fauna (Fig. 2.3; Table 2.1). One of these beds 

contains Late Norian Misikella posthernsteini Kozur and Mock, the youngest known 

conodont genus. Conodonts were also recovered from strata beneath the Teenah Lake 

assemblage. Two samples of marble yielded Pennsylvanian or earliest Permian 

conodonts (Fig. 2.3; Table 2.1). Structurally underlying the marble, a unit composed 

mainly of pelagic strata contains a bedded chert layer with Permian or Early Triassic 

conodonts (Fig. 2.3; Table 2.1). Poorly preserved radiolarian fauna in the Teenah Lake 

area, collected from three chert and two argillite samples of the Teenah Lake assemblage, 

all Indicate Middle or Late Triassic deposition (Fig. 2.3; Table 2.2). 
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TABLE 2.1. CONODONT FAUNA FROM THE NORTI:IERN CACHE CREEK AND NORTHERN STiKINE TERRANES 

Sample Description Location Fauna Aqe 
Northern Cache Creek terrane 

88-AT-149 15 em of light gray, 8V, NB, 592800E, 6688300N Streptognathodus sp. 
well foliated marble 

88-AT-150 15 em of light gray, 8V, NB, 592700E, 6688200N Idiognathodus sp. 
well foliated marble 

88-AT-078 4 cm gray chert in 8V, NB, 586000E, 6657500N Neogondolella sp. 
olististromal block 

88-AT-105 3 em of light gray 8V, NB, 590800E, 6686400N MisikeJla posthernsteini Kozur and Mock, 1974 
bedded chert 

88-AT-120 3 cm of light beige 8V, NB, 588600E, 6687700N Neogondolelia sp. 
bedded chert 

89-AT-009 1.5 cm of grey 8V, NB, 600200E, 6670100N MerapoIygnathus? sp. 
chert interbedded 
with sandstone 

89-AT-148 3 em of dark gray 8V, NB,594200E, 6687900N NeogondoleJla sp. indeterminate 
bedded chert 

Northern Stikine terrane 
88-AT-027a 10 em of dark gray 8V, NB, 485700E, 6739100N EpigondolefJaeng/andiOrchard,1991 

micritic limestone 
89-AT-054b Umestone dast in 8V, NB, 489500E, 6B00400N Neogondolella sp. 

basalt aqqlomerate 

Pennsylvanian 
or Early Permian 
Pennsylvanian 
or Early Permian 
Middle Triassic 

Late Norian 

Triassic 

Triassic (?EarIy 
Carnian) 

Permian to 
Triassic 

Latest Middle to 
Late Norian 
Middle? Triassic 

Note: Locations given in UTM coordinates as follows: grid zone designation, 100,000 meter square identification, reference to nearest 100 
meters east. reference to nearest 100 meters north. All conodont genera and species from Orchard (1991). 

c.l 
c.l 



TABLE 2.2. RADIOLARIAN DATA FOR THE TEENAH LAKE AREA OF THE 
NORTHERN CACHE CREEK TERRANE ~EENAH LAKE ASSEMBLAGE) 

Sample Description Location Fauna Age 
89FC-AT1 Gray chert 8V, NB, 592600E, 6687600N Triassocampe sp. Middle or Late 

Triassic 
89FC-AT5 Black chert 

89FC-AT7 Cherty argillite 

89FC-AT11 Gray bedded chert 

89FC-AT13 Cherty argillite 

8V, NB, 591200E, 6686500N 

8V, NB, 590800E, 6686400N 

Canesium lentum Blome 
Capnuchosphaera sp. 
Pseudostylosphaera sp. 

ct. compacta Nakaseko and Nishimura 
Triassocampe sp. 
Triassocampe sp. 

8V, NB, 590500E, 6686100N Triassocampesp. 

8V, NB, 590400E, 6685950N Canesium len tum Blome 
Capnodoce sp. 
? Xipha pessaqnoi Nakaseko and Nishimura 

Late Carnian to 
middle Norian 

Middle or Late 
Triassic 
Middle or Late 
Triassic 
Late Carnian to 
middle Norian 

Note: Locations given in UTM coordinates as follows: grid zone designation, 100,000 meter square identification, reference to 
nearest 50 meters east, reference to nearest 50 meters north. All radiolarian genera and species identified by F. Cordey at the 
Geoloqical Survey of Canada, Vancouver, British Columbia 

Cal 
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In the Spawn Lake area, conodont fauna from a Teenah Lake assemblage chert 

layer within an olistostromal block yielded Middle or Late Triassic fauna (Fig. 2.4; 

Table 2.1). One sample northeast of this area previously gave an early Norian age 

(OrChard, 1987). Samples from 11 chert beds, one argillite bed and from chert grains 

in a sandstone contained Middle and Late Triassic radiolarian fauna (Fig. 2.4; Table 2.3). 

Samples collected for radiolaria in the Teenah Lake assemblage near Sterlin Lake 

(Cordey et al., 1991) yielded the youngest known strata in the northern Cache Creek 

terrane. Nine samples of chert and one sample of siliceous argillite gave ages ranging 

from late Carnian or pre-late Norian to Pliensbachian or early Toarcian (Cordey et al., 

1991). The youngest sample was demonstrably interbedded with sandstone, and the 

spatial distribution of samples showed structural repetition within the section. For this 

study, one sample of chert interbedded with volcanic-rich sandstone contained Carnian 

conodont fauna (Fig. 2.1; Table 2.1). 

Conodont samples of the adjacent Whitehorse Trough assemblage of the northern 

Stikine terrane were collected for comparison with northern Cache Creek fauna. Two 

samples yielded useful fauna, one from a limestone containing Norian conodont fauna 

located 10 km south of Whitehorse, and the other from a limestone clast bearing Late 

Triassic conodonts contained in a basalt flow on the northeast shore of Lake Laberge 

(Table 2.1). 

SANDSTONE PETROGRAPHY 

Quantitative modal analyses of framework grains were conducted on 22 sandstone 

samples from the northern Cache Creek terrane (including Paleozoic, Teenah Lake 

assemblage and Teslin River assemblage strata) in order to understand the provenance of 

these deposits (Table 2.1). Previous workers have proposed that volcanic detritus in 



TABLE 2.3. RADIOLARIAN DATA FOR THE SPAWN LAKE AREA OF THE 
NORTHERN CACHE CREEK TERRANE ~EENAH LAKE ASSEMBLAGE) 

Sample Description Location Fauna AQe 
88-AT-Q53 Black bedded 8V, NB, 587300E, 6660100N Capnodoce sp. Late Carnian to 

chert middle Norian 
89FC-AT14-A Gray-green chert 8V, NB, 588300E, 6660300N Capnodoce sp. Late Carnian to 

ct. tTa\lglSiPessaqno middle Norian 
89FC-AT15 Gray bedded chert 8V, NB, 588400E, 6660500N Canesium len tum Blome Late Carnian to 

Capnodoce sp. middle Norian 
Capnuchosphaera deweveri 

Kozur and Mostler 
89FC-AT16 Gray bedded chert 8V, NB, 588500E, 6660600N Capnodoce sp. Late Carnian to 

middle Norian 

89FC-AT18-2 Argillite 8V, NB, 587700E, 6660600N 

89FC-AT19 Gray bedded chert 8V, NB, 587600E, 6660500N 

89FC-AT20 Gray bedded chert 8V, NB, 587300E, 6660300N 

ct. extenta Blome 
Capnuchosphaera 

coJemani Blome 
Capnuchosphaera 

schenkiBlome 
Canesium lentum Blome 
Capnodoce extenta Blome 
Capnodoce sinuosa Blome 
Capnuchosphaera sp. 

ct. schenki Blome 
Pachus sp. cf. firmus Blome 
Canesium lentum Blome 
Capnodoce sp. 
Capnuchosphaera sp. 
? Corum perfectum Blome 
Sarlasp. 
Pseudostylosphaera tenue 

Nakaseko and Nishimura 
Sarla ariana Cordey et a1. 
? Sarla kretaensis Kozur and Krahl 

Late Carnian to 
middle Norian 

Late Carnian to 
middle Norian 

Ladinian 

(.0) 

Ol 



TABLE 2.3. -- CONTINUED 

Sample Description Location Fauna AQe 
89FC-AT21 Gray bedded chert 8V, NB, 587300E, 6660300N Capnodoce sp. Late Carnian to 

Syringocaspa batodes De Wever middle Norian 
89FC-AT22 Gray bedded chert 8V, NB, 587300E, 6660200N Canesium /entum Blome Late Carnian to 

Capnodoce extenta Blome middle Norian 
Capnodoce travers; Pessagno 
Triassocampe sp. 

89FC-AT23 Green chert 8V, NB, 587250E, 6660200N Pseudosty/osphaera compacta Ladinian 
Nakaseko and Nishimura 

Pseudosty/osphaera /ongispinosa 
Nakaseko and Nishimura 

Triassocampe sp. 
89FC-AT24 Gray-black chert 8V, NB, 587250E, 6660200N Pseudosty/osphaera compacta Ladinian or 

Nakaseko and N"lShimura Carnian 
? Acanthosphaera awaensis 

Nakaseko and N"lShimura 
89FC-AT25 Sandstone 8V, NB, 587050E, 6660150N ? Amphisphaera mesotriassica Ladinian or 

Dumitrica, Kozur and Mostler Carnian 
Praeorbiculiformella sp. 
Relindella sp. 
T riassocampe sp. 

89FC-AT26 Gray chert 8V, NB, 586850E, 6660100N Pseudosty/osphaera helicata Ladinian or 
Nakaseko and N"lShimura Carnian 

Pseudosty/osphaera spinu/osa 
Nakaseko and Nishimura 

Triassocampe sp. 
89FC-AT27 Gray chert 8V, NB, 586800E, 6660000N ? 8eturiella robusta Late Triassic 

Dumitrica, Kozur and MostIer 
Capnodoce sp. 

ct. anapetBs DeWever 
Hindeosphaera sp. cf. foremanae 

Kozur and Mostler 
P/afkerium sp. 

Note: Locations given in UTM coordinates as follows: grid zone designation, 100,000 meter square identification, reference 
to nearest 50 meters east, reference to nearest 50 meters north. All radiolarian genera and species identified by F. Cordey at the 
Geological Survey of Canada in Vancouver, British Columbia 

c.l 
~ 
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the northern Cache Creek sandstone layers is extrabasinal in origin and derived from the 

adjacent northern Stlkine terrane (Monger, 1969; Monger et al., 1982; Monger and 

Berg, 1987). To test these hypotheses, 20 sandstone samples from the Whitehorse 

Trough assemblage of the northern Stikine terrane were also analyzed (Table 2.2). 

The Gazzi-Dickinson method was used for modal analyses (Dickinson, 1970; 

Ingerso" et al., 1984). Although this method is not universally accepted (cf. Suttner 

and Basu, 1985), its use is justified in this study for several reasons. First, Teenah 

Lake assemblage sandstone samples are generally poorly sorted in grain size. The Gazzl

Dickinson method counts sand-sized minerals within lithic fragments as the mineral 

rather than the fragment, thus minimizing the effects of counting grains of different 

sizes (e.g. Dickinson, 1970). Second, sandstones of the Teenah Lake assemblage 

probably accumulated quickly in an active tectonic setting (see discussion below), 

reducing the effect of factors other than source rock on the modal composition. Third, 

the overall sedimentology of the Teenah Lake assemblage is poorly known. Thus, this 

study Illustrates first-order understanding of source areas that contributed to the basin, 

rather than attempting a rigorous reconstruction of the sedimentary and diagenetic 

history of the basin. 

Thin sections were cut normal to bedding, stained for potassium feldspar, and 

400 framework grains were counted for each section. Only grains of fine sand (> 0.063 

mm) and larger sizes were counted. As far as possible, diagenetically-altered or post

depositiona"y metamorphosed grains were classified according to their original 

composition rather than the present altered form (Dickinson, 1970). 
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Northern Cache Creek Terrane 

Sandstone samples from the northern Cache Creek terrane include one upper 

Paleozoic sample from the center of the terrane, Middle Triassic to Early Jurassic 

samples of the Teenah Lake assemblage from the Alaska Highway area (4), the Allin Road 

area (3), the Spawn Lake area (2), and the Teenah Lake area (9), and three Lower and 

Middle Jurassic Teslln River assemblage samples from the area north of the Squanga 

fault (Fig 2.1; Tables 2.4-2.6). In the following discussion, the term "northern Cache 

Creek terrane" will include samples from all of these assemblages. 

Coarse clastic layers in the Teenah Lake assemblage consist mainly of poorly

sorted, subangular to subrounded, fine- to coarse-grained sandstone with local pebble 

conglomerate. In the field, these sandstone beds would be classified primarily as 

feldspathic litharenlte (classification of McBride, 1963). Outsized grains and clasts of 

angular chert and argillite are the most conspicuous hallmark of these sand bodies in 

outcrop. In thin section, many of the samples show evidence for extensive chlorite

albite-epidote alteration indicative of zeolite to lower greenschist facies metamorphism. 

Subrounded volcanic grains are volumetrically the most significant component of 

the northern Cache Creek sandstone, making up 50 to 70% of the framework grains. 

Volcanic fragments are generally dark green to dark brown, fine grained, and 

porphyritic with plagioclase, hornblende, pyroxene, quartz, potassium feldspar and 

biotite comprising the phenocrysts in decreasing order of abundance. Many of the 

volcanic grains are extensively albitized, but can be recognized by small inclusions of 

mafic accessory minerals and rounded grain outlines. 

Feldspar grains comprise 30 to 40% of the total volume of the sandstone samples 

including those grains found as phenocrysts in volcanic rock fragments. Most of the 

feldspar grains have undergone some degree of albitization, and many are extensively 



TABLE 2.4. PETROGRAPHIC DATA FOR NORTHERN CACHE CREEK SAMPLES 

Sa!TllIe Om O~ CHT P P·a1b K K-a1b Ls Lv Lv-alb BIO HBD PYX EPI CHL CAL OPA MTX 
Upper Paleozoic strata 
9O-MMI-19-5 32 4 18 67 38 14 11 143 36 18 3 14 2 29 

Lower Mesozoic Teenah Lake assemblage 
Atlin Road 

88-AT-OOSa 16 38 51 50 8 2 36 47 91 48 3 2 5 2 19 
88-AT-009 34 30 43 32 6 5 47 32 139 2 57 8 5 22 
88-AT-010 26 3 45 39 34 2 1 30 45 111 60 3 1 15 

Alaska Highway 
88-AT-034 35 18 63 32 4 3 14 40 121 3 52 6 2 6 20 
88-AT-035 28 545 57 10 1 1 8 86 91 68 3 2 31 
88-AT-038 27 2 24 80 51 9 6 6 27 89 74 1 :3 9 
88-AT-039 19 5 21 44 62 15 4 10 36 113 56 7 3 4 14 

Spawn Lake 
88-AT-051 41 12 80 35 19 6 92 43 41 28 3 23 
88-AT-062 51 11 57 52 26 27 3 19 43 72 38 1 11 

Teenah Lake 
88-AT-098 9 4 26 41 44 56 11 17 106 13 56 4 7 6 28 
89-AT-137 9 30 145 27 6 3 10 18 78 50 23 1 10 
89-AT-141 17 31 97 88 4 5 18 30 76 34 18 
9O-AT-085 62 5 18 107 35 11 9 9 46 63 25 3 7 14 
90-AT-086 21 15 73 34 47 18 17 51 101 21 2 21 
90-AT-087 29 2 15 66 38 30 11 4 47 84 39 26 9 13 
90-AT-088 34 7 18 55 46 44 17 8 55 63 5 27 11 10 9 
90-AT-092 43 3 29 48 58 15 3 13 36 73 12 57 2 4 4 16 
90-AT-093 29 3 17 63 45 5 6 27 46 27 6 109 8 8 1 28 

Lower Mesozoic Teslin River assemblage 
9O-AT-101 72 13 15 117 65 4 63 7 18 3 23 10 
90-AT-102 16 2 33 92 51 34 87 3 4 62 13 3 36 
90-AT-104 33 13 25 72 44 15 91 3 64 27 7 6 11 

Note: Om = monocrystalline quartz; Op = polycrystalline quartz, CHT = chert; P = plagioclase; P-a1b = a1bitized plagioclase; K = potassium feldspar, K-a1b = 
a1bitized potassium feldspar; Ls = fine-grained sedimentary rock fragment; Lv = volcanic rock fragment; Lv-alb = a1bitized volcanic rock fragment; BIO = biotite; HBD = 
hornblende or other green amphibole; PYX = pyroxene; EPI = epidote; CHL = chlorite; CAL = detrital calcite; OPA = opaque mineral; MTX = matrix or cement. 
Detrital modes are oiven in Table 2.5: locations. descriptions and aoes of the samples are oiven in Table 2.6. 

~ 
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TABLE 2.5. DETRITAL MODES FOR NORTHERN CACHE CREEK SAMPLES 

Sample %OFL %OmFLt %OmPK %OeLvrnLsm 
a F L am F Lt am P K Oe Lvm Lsm 

Upper Paleozoic strata 
9O-MMI-19-5 15 33 52 9 33 58 28 59 12 2 92 6 

Lower Mesozoic Teenah Lake assemblage 
AUin Road 

88-AT-OOBa 16 33 51 5 33 62 13 79 8 18 65 17 
88-AT-009 18 23 59 9 23 68 28 63 9 12 69 19 
88-AT-010 22 23 55 8 23 69 25 72 3 20 67 13 

Alaska Highway 
88-AT-034 16 31 53 10 31 59 26 69 5 10 83 7 
88-AT-035 22 21 57 9 21 70 30 68 2 20 77 3 
88-AT-038 17 45 38 8 46 46 15 76 9 18 78 4 
88-AT-039 14 38 48 6 38 56 13 74 13 14 81 5 

Spawn Lake 
88-AT-051 36 16 48 11 16 73 41 53 6 35 31 34 
88-AT-062 33 30 37 14 30 56 32 49 19 34 57 9 

Teenah Lake 
88-AT-098 12 45 43 3 45 52 6 57 37 18 75 7 
89-AT-137 12 56 32 3 55 42 5 90 5 22 71 7 
89-AT-141 13 53 34 5 53 42 8 88 4 20 68 12 
90-AT-085 23 45 32 17 45 38 28 63 9 16 77 7 
90-AT-086 9 46 45 5 46 49 15 74 11 8 83 9 
90-AT-087 14 45 41 9 44 47 17 60 23 11 86 3 
90-AT-088 17 47 36 10 47 43 17 52 31 17 78 5 
90-AT-092 23 39 38 13 39 48 26 63 11 21 71 8 
90-AT-093 18 45 37 10 45 45 20 73 7 17 61 22 

Lower Mesozoic Teslln River assemblage 
90-AT-101 28 51 21 20 51 29 28 46 26 27 69 4 
90-AT-102 16 45 39 5 45 50 10 58 32 22 57 21 
90-AT-104 24 40 36 11 40 49 22 48 30 26 63 11 

Note: a = total quartzose grains (am + Op + chert); F = total feldspar grains (P + P-a1b +K + K-a1b); L = lithic 
grains (Ls+ Lv + Lv-alb); Lt = total lithic grains (Ls + Lv + LV-alb + Op + chert); Op = total polycrystalline quartzose 
grains (Op + chert); Lsm = fine-grained sedimentary and metasedimentary rock fragments (Ls + Lm); Lvm= fine-
grained volcanic and metavolcanic rock fragments. Other parameters are as described in Table 2.4. 

~ 



TABLE 2.6. LOCATIONS, DESCRIPTIONS AND AGES FOR SAMPLES IN TABLE 2.4 

Sample Location Size I rounding I sorting 
Upper Paleozoic strata 
90-MMI·19-5 av, NA, 5a7400E, S99aOOON Rne to medium I subrounded I moderate 

Lower Mesozoic Teenah Lake assemblage 
Atlin Road 

a8-AT -008a av, NB, 563aOOE, 6670100N Rne I subangular I moderate to good 
88-AT -OQ9 av, NB, 563500E, 6670200N Rne to medium I subangular I moderate 
88-AT -010 av, NB, 565700E, 6667300N Rne to coarse I angular I poor 

Alaska Highway 
88-AT-034 av, NB, 573BOOE, 6695600N 
88-AT-035 BV, NB, 573700E, 6695400N 

88-AT-03B BV, NB, 574500E, 6695100N 

88-AT-039 av, NB, 574400E, 6695500N 
Spawn Lake 

88-AT-051 8V, NB, 5B7BOOE, 6660700N 
88-AT-062 8V, NB, SB6300N, 6657500N 

Teenah Lake 
88-AT-09B BV, NB, 5B9700E, 66B5800N 

89-AT-137 
89-AT-141 
9O-AT-OSS 
9O-AT-OB6 
9O-AT.()B7 
9O-AT-088 
9O-AT-092 
9O-AT-093 

av, NB, 596400E,6684250N 
av, NB,596200E,6683700N 
BV, NB, 597250E, 6683950N 
av, NB, 59BOOOE, 6683300N 
8V, NB,598300E,6682400N 
av, NB, 59a200E,66a2700N 
av, NB, 592400E,6687300N 
8V, NB,592600E,6687100N 

Lower Mesozoic Teslln River assemblage 

Rne I subangular to subrounded I moderate 
Rne to coarse I subangular to subrounded I 
poor 
Rne to coarse I subangular to subrounded I 
poor 
Rne to medium, subangular I moderate 

Rne to coarse I subangular I poor 
Rne I subangular to sub rounded I good 

Rne to coarse I subangular to subrounded I 
poor 
Rne to medium I subangular I moderate 
Rne I sub angular to subrounded I good 
Rne to coarse I subrounded I poor 
Rne to medium I subrounded I moderate 
Rne I subangular to rounded I good 
Rne I subangular to subrounded I good 
Rne I subangular to subrounded I moderate 
Rne to medium I subangular to subrounded I 
moderate 

AGE 

(Pennsylvanian to Permian (Bloodgood at aJ., 
1990) 

} Middle Triassic to Early Jurassic by 
} association with Teenah Lake and Spawn 
} Lake samples 

} Middle Triassic to Early Jurassic by 
} association with Teenah Lake and Spawn 

} Lake samples 

} Middle to Late Triassic and possibly aarly 
} Jurassic (see text and Cordey et a1., 1991) 

} 

} 
} 
} 
} Middle to Late Triassic and possibly early 
} Jurassic (see text and Cordey at a1., 1991) 
} 
} 
} 

9O-AT-101 av, NB, 579500E, 6711600N Rne to medium I subrounded I moderate } 
9O-AT-102 av, NB, 57BBOOE, 6712200N Rne to coarse I subangularto subrounded I } Early to Middle Jurassic (MuIHgan, 1963; 

poor 
9O-AT-104 av, NB, 57B700E, 6712700N Rne to coarse I subangularto subrounded I } Wheeler at ai., 1988) 

poor 
Note: Locations given in UTM coordinates as follows: grid zone designation, 100,000 meter square identification, reference to nearest 

100 meters east, reference to nearest 100 meters north_ 

.J:>. 
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albltized and sericitlzed. In sections where feldspar type can be determined with 

certainty, the number of plagioclase grains far exceed potassium feldspar grains. 

Plagioclase grains typically exhibit oscillatory zoning indicative of a volcanic origin 

(Helmold, 1985). It is important to note that feldspar determinations for modal 

purposes must be considered approximate due to the extensive albitization of many of 

these fragments. 
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Clear, euhedral, monocrystalline quartz grains comprise up to 10% of the rock 

volume. Most of this quartz occurs as individual grains rather than phenocrysts in the 

volcanic fragments. Polycrystailine quartz grains are rare, although chert grains make 

up 5 to 10% of the volume of each sample. Argillite fragments are typically larger than 

average grains, angular in shape, dark brown or gray in color and constitute up to 5% of 

the rock volume in general. Some of the chert and argillite grains contain ghosts of 

recrystallized radiolaria. These ghosts help distinguish chert grains from albitlzed 

feldspar and rock fragments which are similar in appearance. 

Unstable mafic minerals make up most of the remaining volume of the sandstone 

sample. Hornblende grains dominate the mafic accessory mineral phases present, with 

minor amounts of pyroxene and biotite (Table 2.4). These mafic grains are generally 

found as phenocrysts in voicanic rock fragments. Chlorite grains almost always replace 

hornblende or pyroxene. 

Northern Stlklne Terrane 

Several nomenclature schemes have been developed for lower Mesozoic strata of 

the northern Stikine terrane. These schemes and the stratigraphic position of samples 

from the northern Stikine terrane are shown in Fig 2.5. In general, Upper Triassic 

strata of northern Stikine (Stuhini and Lewes River groups) are fine- to coarse-
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grained, sub-angular to subrounded, moderately well sorted feldspathic litharenite and 

lithic arkose (classification of McBride, 1963). Sandstone samples are generally well

preserved and record evidence of only local zeolite-facies metamorphism (chlorite

albite-epidote alteration). These sands are typically interbedded with mafic volcanic 

flows and were deposited in marine and nearshore marine environments (e.g. Wheeier, 

1961; Bultman, 1979; Hart and Radloff, 1990; Mihalynuk and Mountjoy, 1990). 

Although many Individual facies are represented by the samples collected for 

petrographic analysis, Interpretations of differences in framework mineralogy as a 

function of depositional facies are not attempted. Whitehorse Trough assemblage samples 

analyzed for this study all have a broadly similar composition (see next section) and are 

used as a data set from an arc-type volcanic setting for comparison with sands in the 

adjacent Cache Creek terrane. 

The results of petrographic analyses for Whitehorse Trough assemblage 

(northern Stikine terrane) sandstone samples are shown in Tables 2.7-2.9. 

Framework grains in Whitehorse Trough assemblage layers are dominated by feldspar 

grains which make up about 30% of the sample volume. Plagioclase grains typically 

outnumber those of potassium feldspar grains by 2:1 or 3:1. Quartz grains comprise 

10-20% of the framework grains and consist mainly of clear, unstralned 

monocrystalline quartz of volcanic origin. Polycrystalline quartz grains rarely make up 

more than 10% of the total quartz population; no chert grains were noted. 

Polycrystalllne quartz grains and rare metasedimentary rock fragments are probably 

derived from the Nisling terrane to the west (Bultman, 1979; Mihalynuk and Mountjoy, 

1990; Jackson et al., in press). 

Fine grained, intermediate to mafic volcanic rock fragments comprise 10-30% 

of the volume of Whitehorse Trough assemblage samples analyzed. Volcanic rock 



TABLE 2.7. PETROGRAPHIC DATA FOR NORTHERN STIKINE TERRANE 
(WHITEHORSE TROUGH ASSEMBLAGE) SAMPLES 

Sample am OQ P K Lm Ls Lv BID HBD PYX EPI CHL OPA MTX 
Upper Triassic Stuhinl Group 

BB-AT-018a 60 30 146 17 117 20 8 2 119 
88-AT-Q20b 86 39 105 57 22 36 42 13 33 
88-AT-021 81 24 141 68 2 58 16 7 3 31 
88-AT-023 58 22 111 41 5 7 69 3 63 14 4 3 17 
88-AT-Q24 105 19 131 25 6 59 2 23 4 26 11 
88-AT-030 119 42 102 31 9 45 7 2 43 58 
88-AT-043 49 6 140 125 75 5 127 
88-AT-046 21 151 81 110 16 21 19 
89-AT-027 52 8 131 66 1 68 22 19 13 20 48 
89-AT-052b 37 13 132 37 7 101 20 29 6 18 31 
89-AT-080 51 6 171 14 17 46 60 7 7 21 115 
89-AT-102 97 66 146 77 9 3 1 1 8 
89-AT-103 73 104 126 82 13 2 12 
89-AT-167 72 26 168 77 18 39 29 
9Q-AT-OOSb 36 39 128 45 5 7 109 6 22 3 28 

Lower to Middle Jurassic Laberge Group 
88-AT-016 33 9 146 34 143 15 8 12 36 
89-AT-020 21 9 132 23 11 105 7 42 31 3 12 4 32 
89-AT-039 71 41 159 43 72 13 1 41 
89-AT-087 67 108 99 126 68 
89-AT-090 62 34 122 124 8 6 24 7 4 2 7 46 

Note: am = monocrystalline quartz; Qp = polycrystalline quartz, K = potassium feldspar, P = plagioclase; Lm = metamorphic 
rock fragment; Ls = fine-grained sedimentary rock fragment; Lv = volcanic rock fragment; BID = biotite; HBD = homblende or other 
green amphibole; PYX = pyroxene; EPI = epidote; CHL = chlorite; OPA = opaque mineral; MTX = matrix or cement. 
Detrital modes are given in Table 2.8; locations, descriptions and ages of the samples are given in Table 2.9. 

~ 
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TABLE 2.8. DETRITAL MODES FOR NORTHERN STIKINE TERRANE 
(WHITEHORSE TROUGH ASSEMBLAGE) SAMPLES 

Sarq>le %OFL %OmFLt %OmPK %OELvmLsm 
0 F L Om F Lt Om P K 0(2 Lvm Lsm 

Upper Triassic Stuhini Group 
88-AT-018a 24 44 32 16 44 40 27 65 8 20 80 0 
88-AT-020b 41 52 7 28 52 20 35 42 23 64 36 0 
88-AT-021 28 56 16 22 56 22 28 49 23 29 69 2 
88-AT-023 25 49 26 19 48 33 28 53 19 21 67 12 
88-AT-024 36 45 19 31 45 24 40 50 10 23 70 7 
88-AT-030 49 41 10 34 38 28 47 41 12 44 47 9 
88-AT-043 14 67 19 12 67 21 17 44 39 7 93 0 
88-AT-046 6 64 30 6 64 30 8 60 32 0 100 0 
89-AT-027 19 60 21 16 60 24 21 52 27 11 88 1 
89-AT-052b 15 52 33 11 52 37 18 64 18 11 83 6 
89-AT-080 19 61 20 17 60 22 22 72 6 9 67 24 
89-AT-102 41 57 2 25 56 19 30 46 24 88 12 0 
89-AT-103 44 52 3 18 53 29 26 45 29 89 11 0 
89-AT-167 27 68 5 20 68 12 23 53 24 59 41 0 
9D-AT-005b 20 47 33 10 47 43 17 61 22 24 68 8 

Lower to Middle Jurassic Laberge Group 
88-AT-016 12 49 39 9 49 42 15 69 16 6 94 0 
89-AT-020 10 52 38 7 51 42 12 75 13 7 84 9 
89-AT-039 29 52 19 18 53 29 26 58 16 36 64 0 
89-AT-087 44 56 0 17 56 27 23 34 43 100 0 0 
89-AT-090 25 65 10 22 52 26 20 40 40 47 33 20 

Note: 0 = total quartzose grains (Om + Op); F = total feldspar grains (P + K); L = lithic grains (Lm+ Ls+ Lv); U 
= total lithic grains (Lm + Ls + Lv +Op); Lsm = fine-grained sedimentary and metasedimentary rock fragments (Ls + 
Lm); LVffi= fine-grained volcanic and metavolcanic rock fraQments. Other parameters are as described in Table 2.7. 

~ 
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TABLE 2.9. LOCATION~, DESCRIPTIONS AND AGES FOR SAMPLES IN TABLE 2.7 

Sample Location Grain size I roundness I sorting Age 
Upper Triassic Stuhini Group 

88-AT-018b 8V, MS, 515700E, 6645700N 
88-AT-020b 8V, MG, 480950E, 6750200N 
88·AT-021 8V, MG, 481400E, 6749850N 
88-AT-023 8V, MG, 479950E, 6750300N 

88-AT-024 
88-AT-030 
88-AT-043 

8V, MG, 479800E, 6750250N 
8V, MG, 485350E, 6738600N 
8V, NB,501600E, 6690200N 

Fine I subangular I good 
Fine to medium I subangular I poor 
Fine to medium I subangular I poor 
Fine to medium I subangular to subrounded I 
poor 
Fine I subangular to subrounded I moderate 
Fine, graded I subangular Ivery good 
Medium I subangular to subrounded I good 

88-AT-046 

89-AT-027 

89-AT-052b 

89-AT-080 

89-AT-100 
89-AT-102 

8V, NB, 501550E, 6689950N Medium I subangular I moderate to good 

89-AT-103 

89-AT-167 
9D-AT-OOSb 

8V, MG, 476800E, 6727800N 

8V, MG, 496950E, 6768800N 

8V, NA,552800E, 6571400N 

8V, NA,553300E, 6572300N 
8V, MB, 495600E, 6696700N 

Fine to medium I subangular to subrounded I 
poor 
Fine to medium I subangular to subrounded I 
moderate to poor 
Fine to coarse I subangular to subrounded I 
poor 
Very fine I subangular I very good 
Very fine I subangular I very good 

8V, MB, 495700E, 6696750N Medium to coarse I subangular I moderate 

8V, MG, 482900E, 6742100N Fine I subangular to subrounded I good 
8V, NA, 561000E, 6551100N Fine to coarse I subangular to subrounded I 

poor 

Lower to Middle Jurassic Laberge Group 
88-AT-016 8V, MB, 511200E, 6632600N Fine I subangular I good 
89-AT -020 8V, MG, 478150E, 6726800N Fine I subangular to subrounded I moderate 

Late Triassic (Mihalynuk and Rouse, 1988) 
Late Triassic (Wheeler, 1963) 
Late Triassic (Wheeler, 1963) 
Late Triassic (Wheeler, 1963) 

Late Triassic (Wheeler, 1963) 
Late Triassic (Wheeler, 1963) 
Annie member, Aksala Fm., Carnian to Norian 
(Hart and Radloff, 1990) 
Annie member, Aksala Fm., Camian to Norian 
(Hart and Radloff, 1990) 
Mandanna Fm., Norian to Sinemurian (Hart 
and Radloff, 1990) 
Gasca member, Aksala Fm., Carnian to Norian 
(Tempelman-Kluit,1984) 
Norian (Mihalynuk et aJ., 1990) 

Norian (Mihalynuk et aJ., 1990) 
Annie member, Aksala Fm., Norian (Hart and 
Radloff, 1990) 
Annie member, Aksala Fm., Norian (Hart and 
Radloff, 1990) 
Late Triassic (Wheeler, 1963) 
Late Triassic (Wheeler, 1978 and 
unpublished fossil data) 

Early Jurassic (Mihalynuk and Rouse, 1988) 
Sinemurian to Bajocian (Hart and Radloff, 
1990) 

89-AT-039 
89-AT-087 

8V, MB, 513150E, 6630550N Fine I subangular I moderate Early Jurassic (Mihalynuk and Rouse, 1988) 
8V, MD, 441600E, 6885950N Medium to coarse I angular to subangular I Tanglefoot Fm., Toarcian and Bajocian 

poor (Tempelman-Kluit,1984) 
89-AT-090 8V, ME, 429700E, 6913200N Medium to coarse I angular to subangular I Nordenskiold Fm., Sinemurian to Toarcian 

poor (Templeman-Kluit,1984) 
Note: Locations given in UTM coordinates as follows: grid zone designation, 100,000 meter square identification, reference to nearest 

50 meters east, reference to nearest 50 meters north. 

~ 
(X) 



fragments have a green or gray, aphanitic or glassy groundmass and commonly contain 

pyroxene, hornblende and plagioclase phenocrysts. Hornblende and pyroxene are the 

most common accessory phases in these sandstone samples and comprise 5-10% of the 

framework grains. Aphanitic sedimentary rock fragments were rare In the samples 

analyzed for this study. 

Ternary Diagrams 

Sandstone samples from the northern Cache Creek and northern Stlklne terrane 

have similar framework mineralogy and similar detrital modes (Figs. 2.6-2.9). The 

OFL diagram (Fig. 2.6) shows that northern Cache Creek samples were dominantly 

derived from a source rich in magmatic arc-type source rocks (fields on ternary 

diagrams from Dickinson and Suczek, 1979; Dickinson, 1985). Samples from the 

northern Stikine terrane fall near this field, but are displaced toward higher 
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proportions of feldspar and slightly higher values of quartz. These values for the Stikine 

terrane represent Incorporation of greater amounts of detritus from plutonic rocks 

eroded from the roots of earlier arc magmatism, and from the metasedimentary and 

metavolcanic rocks of the adjacent Nisling terrane (Bultman, 1979; Mihalynuk and 

Mountjoy 1990; Jackson et al., in press). 

The OmFLt diagram (Fig. 2.7) shows a similar pattern with northern Cache 

Creek data failing near the magmatic arc field and northern Stikine data having higher 

feldspathic values. Cache Creek samples fail closer to the Lt corner than do Stikine 

samples because of the presence of chert and argillite as weil as volcanic lithic 

fragments In Cache Creek rocks. Stikine values are more feldspathic due to the 

incorporation of plutonic and metamorphic detritus not observed in the Cache Creek 

sands. 
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Figure 2.6. OFL diagram of detrital modes for sandstone samples from the 

northern Cache Creek and northern Stikine terranes. 0 = total quartzose grains (Om + 

Op); F = total feldspar grains (P + P-alb + K + K-alb); L = lithic grains (Lm + Ls + 

Lv + Lv-alb). See Tables 2.4, 2.5, 2.7 and 2.8 for additional description of parameters. 

See text for discussion. Volcanic arc field from Dickinson (1985). 
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Figure 2.7. OmFLt diagram of detrital modes for sandstone samples from the 

northern Cache Creek and northern Stiklne terranes. Om = monocrystalline quartzose 

grains; F = total feldspar grains (P + P-alb + K + K-alb); Lt = total lithic grains (Lm 

+ Ls + Lv + Lv-alb + Op + chert). See Tables 2.4, 2.5, 2.7 and 2.8 for additional 

description of parameters. See text for discussion. Volcanic arc field from Dickinson 

(1985). 
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Figure 2.8. OmPK diagram of detrital modes for sandstone samples from the 

northern Cache Creek and northern Stikine terranes. am = monocrystalline quartzose 

grains; P = total plagioclase grains (P + P-alb); K = total potassium feldspar grains (K 

+ K-alb). See Tables 2.4, 2.5, 2.7 and 2.8 for additional description of parameters. 

See text for discussion. Volcanic arc field from Dickinson (1985). 

52 



Qp 

o 
volcanic arc 

Lvm Lvm 

Qp 

volcanic arc 

Northern 
Cache 
Creek 

• Teslln River assemblage 
o Teenah Lake assemblage 
• Upper Paleozoic 

Lsm 

Figure 2.9. QpLvmLsm diagram of detrital modes for sandstone samples from the 

northern Cache Creek and northern Stikine terranes. Qp = total polycrystalline 

quartzose grains (Qp + chert); Lvm = total aphanitic volcanic and metavolcanic grains 

(Lv + Lv-alb); Lsm = total fine-grained sedimentary and metasedimentary grains, 

excluding chert (Ls + Lm). See Tables 2.4, 2.5, 2.7 and 2.8 for additional description 

of parameters. See text for discussion. Volcanic arc field from Dickinson (1985). 
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On the QmPK diagram (Fig. 2.8), northern Cache Creek data generally fall within 

the magmatic arc field. Exceptions Include the three Teslln River assemblage samples 

and two samples from south of the Alaska Highway that contain greater amounts of 

potassium feldspar than In typical Intraoceanic arcs. Northern Stiklne terrane 

sandstone samples partially overlap the magmatic arc field but are offset toward the 

potassium feldspar corner. Here again this pattern is attributed to the Inclusion of 

greater amounts of plutonic detritus In the northern Stikine terrane sands, and also to 

sands of the Teslin River assemblage overlapping northern Cache Creek. 

On the QpLvmLsm diagram (Fig. 2.9), Cache Creek samples lie partially within 

the magmatic arc field, but several samples lie farther toward the Qp and Lsm corners 

due to the presence of Intrabaslnal chert and argillite. Northern Stikine samples also 

fall largely within the magmatic arc region of the diagram. A few of the samples rich in 

metamorphic-type polycrystalllne quartz grains, however, lie much closer to the Qp 

pole. 

Thus, assuming that these detrital modes primarily reflect the composition of the 

source areas for each terrane, sandstone beds in the northern Cache Creek terrane were 

derived from arc-type volcanic source areas In Middle Triassic to Middle Jurassic time. 

The source region bears a strong resemblance to that of coeval northern Stikine 

sandstones. The latter, however, contain a greater contribution of detritus from 

potassium-feldspar-rich and quartz-rich sources which are most likely the plutonic 

roots to earlier pulses of arc magmatism and strata of the adjacent Nisling terrane. 



FACIES MODEL AND BASIN HISTORY 

Although structural disruption has obscured many of the original relationships 

between the rock units (Gordey, 1991; Cordey et al., 1991; Chapter 5), exposures of 

Intimately interbedded sandstone and chert, sandstone and argillite, and chert and 

argillite demonstrate that the various lithologies of the Teenah Lake assemblage 

accumulated in close proximity to one another. 65% of the strata in the Teenah Lake 

assemblage consist of bedded radiolarian ribbon chert and carbonaceous argillite. These 

rocks are Interpreted to have been deposited In an Intraoceanic basin largely sheltered 

from clastic Input and accumulated In a reducing environment below the carbonate 

compensation depth (e.g. Blatt et al., 1980). 

This pelagic deposition was Interrupted by periodic Influx of volcanic-rich 

clastic detritus that occurs as amalgamated beds of poorly-sorted feldspathlc 

IItharenltes and feldspathlc lithic wackes. Only rare Indicators of paleoflow direction 

for these sand bodies are preserved. Link (1965) Interpreted large-scale, planar, 

low-angle cross stratification to Indicate derivation of detritus from the west. 

Occurrence of cobble conglomerate has been noted only along the northern margin of 

northern Cache Creek (e.g. Mulligan, 1963). The most likely source of this detritus Is 

the northern Stikine terrane that lies west and north of the northern Cache Creek 

deposits. 

The massive, amalgamated, poorly sorted nature of the Teenah Lake assemblage 

sand layers suggests that they are the product of turbid debris flows that accumulated in 

channels of a submarine fan system (e.g. Walker, 1984; Fig. 2.10). Nd isotopiC data 

from northern Cache Creek and northern Stikine strata place additional constraints on 

the depositional setting of these rocks. Teenah Lake assemblage sandstones have an 

isotopic signature identical to northern Stikine (Whitehorse Trough assemblage) 
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Figure 2.10. Model for early Mesozoic deposition in the northern Cache Creek terrane. The Whitehorse Trough, 

Teslin River and Teenah Lake assemblages represent different facies of the same Late Triassic to Middle Jurassic fan system. 

Whitehorse Trough deposits are the most proximal and overlie(?) the Nisling terrane, whereas Teslin River assemblage 

strata overlie Cache Creek basalt and consist of more distal turbidite deposits. The T eenah Lake assemblage contains the most 

distal sandstones in the system, interbedded with open-ocean argillite and chert. 01 
en 



sandstones which Indicates derivation from a young volcanic source area (Chapter 4). 

Teenah Lake assemblage argillite, on the other hand, has an Nd Isotopic composition that 

reflects a significant amount of ancient continental detritus (Chapter 4). Fine-grained 

clastic rocks In northern Stlklne, however, have a juvenile signature similar to the 

sandstones (Chapter 4). 
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The Teenah Lake assemblage strata therefore must lie In a unique setting near the 

toe of the northern Stlklne submarine fan system. Sands must be carried far enough to 

be deposited In a setting dominated by open ocean pelagic deposition rather than in a more 

proximal part of the fan receiving volcanic-rich fine-grained detritus (Fig. 2.10). 

Alternatively these sands may be deposited In front of the fan on the ocean floor (Fig. 

2.10). 

Interbedded sandstone, argillite and chert facies are absent north of the Squanga 

fault (Fig. 2.1). Here, sandstone, silty to sandy argillite and conglomerate layers of the 

Teslln River assemblage indicate a chert-poor depositional setting that Is at least in part 

age-equivalent to deposits south of the Alaska Highway. These strata represent a more 

proximal facies of turbidite deposition than do the Teenah Lake assemblage (Fig. 2.10). 

Thus, the Teslin River assemblage strata were structurally juxtaposed with the Teenah 

Lake assemblage rocks during or after Middle Jurassic time (Chapter 5). 

CONCLUSIONS 

1) Teenah Lake assemblage strata of the northern Cache Creek terrane consist of 

Middle Triassic to Lower Jurassic Interbedded chert, argillite and sandstone. These 

strata overlie Permian and older Cache Creek strata along what is most simply 

interpreted as a sheared unconformity. 



2) Layers of ribbon chert In the Teenah Lake assemblage yield conodont and 

radiolarian ages that range from Ladinian to latest Norian (Middle to Late Triassic). 

Other recent studies have extended the age range to at least the Pliensbachian (Cordey et 

al., 1991). 

3) In the Teenah Lake assemblage, sandstone layers Interbedded with chert and 

argillite are dominantly poorly-sorted, massive, amalgamated bodies that contain 

abundant Intermediate to mafic volcanogenic detritus and rip-up clasts of argillite and 

chert. These volcanic-rich feldspathlc 11th arenites were deposited near or In front of 

the most distal part of the Late Triassic volcanic arc of northern Stikine terrane. 

Argillite and chert beds record pelagic deposition dominated by open ocean detritus poor 

In volcanic material. 

4) Silty to sandy turbiditic argillite, sandstune and conglomerate of the Teslln 

River assemblage overlie altered basaltic volcanic rocks north of the Squanga-Crag Lake 

fault zone; chert·rlch facies are absent north of the fault zone. Teslln River assemblage 

strata were deposited In a more proximal fan setting and juxtaposed with deposits of the 

more distal parts of the fan during or after Middle Jurassic time. 

5) These analyses of clastic strata in the northern Cache Creek terrane support 

earlier Interpretations that the northern parts of the Stikine and Cache Creek terranes 

were linked by Late Triassic time (e.g. Monger et al., 1982). 
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CHAPTER 3 

STRATIGRAPHIC AND ISOTOPIC LINK BETWEEN THE NORTHERN STIKINE 

TERRANE AND AN ANCIENT CONTINENTAL MARGIN ASSEMBLAGE, 

CANADIAN CORDILLERA 

SUMMARY 

Geologic and Isotopic data strongly Imply a Late Triassic depositional link between a 

juvenile volcanic arc (northern Stiklne terrane) and an outboard ancient continental 

margin assemblage (Nlsllng terrane) in the Canadian Cordillera. Two sandstone samples 

and a schist clast from a conglomerate layer at the base of the Upper Triassic Stuhlnl 

Group (northern Stikine terrane) have Nd·depleted mantle model ages of 1430·1400 

and 1600 Ma respectively; other Stuhlni Group rocks have model ages of 690, 660, and 

390 Ma. Three samples of Nisling terrane schist and gneiss yield Nd model ages of 

2450, 1770, and 910 Ma and highly radiogenic 87Sr/86Sr ratios. These isotopic data 

corroborate stratigraphic evidence that detritus at the base of northern Stlkine was shed 

from the Nisling terrane and strengthen interpretations that these terranes were linked 

by Late Triassic time. Thus, Upper Triassic strata of the northern Stikine terrane may 

have accumulated on top of or adjacent to an exotic continental fragment, a rifted 

fragment of the North American margin, or the in situ North American margin. 

INTRODUCTION 

The western Canadian Cordillera consists of fault·bounded terranes added to the 

margin of western North America In Paleozoic and Mesozoic time (e.g., Coney et al., 

1980). The Cache Creek, Stikine, and Quesnel terranes (Fig. 3.1) are enigmatic 
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Figure 3.1. Distribution of terranes in western Canadian Cordillera (after 

Monger and Berg, 1987; Gehrels et al., 1990b; Hansen ot al., 1991; Mortensen, In 

press). Inset shows tectonic assemblages of greater Atlin area (after Wheeler and 

McFeely, 1987); Llewellyn fault follows eastern edge of Nisling terrane, and 

unpatterned areas are lakes. Geographic features: A = Atlin, WB = Willison Bay, YT = 

Yukon Territory, BC = British Columbia. Fig. 3.2 is located just east of WB symbol. 
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because of their faunal and lithologic differences with coeval North American rocks. 

Tethyan fauna preserved in Permian limestone of the oceanic Cache Creek terrane (e.g., 

Monger and Ross, 1971) indicate that Cache Creek may contain components that are far

traveled relative to western North America. The Stikine and Quesnel terranes consist of 

Paleozoic volcanic and basinal assemblages overlain by Triassic and younger arc-type 

volcanic rocks (Monger, 1977; Mortimer, 1986). These terranes were juxtaposed 

with North America in early to mid-Mesozoic time (Monger et al., 1982), but the exact 

timing and process of accretion remain uncertain. 

In southeastern Alaska and northwestern British Columbia, a belt of metamorphosed 

Paleozoic and possibly Late Proterozoic-age continental margin strata lie west of the 

Stlkine terrane (Fig. 3.1; Gehrels et al., 1990b). In southeast Alaska, these 

metamorphic rocks contain detrital zircons with U-Pb ages ranging from Archean to 

early Paleozoic (Gehrels et al., 1991 a) and have Nd model ages that record derivation 

primarily from Proterozoic to Archean source regions (Samson et al., 1991b). These 

metamorphic rocks can be traced to the east side of the Coast Mountains batholith as 

pendants (Monger and Berg, 1987) where they are termed the Nlsling terrane (Wheeler 

et al., 1988; Hansen et al., 1991; Mortensen, In press; Fig. 3.1). 

Thus, Island-arc terranes (Quesnel and Stlkine) and a potentially far-traveled 

oceanic fragment (Cache Creek) lie inboard of a metamorphosed continental margin 

assemblage (Nisling). The recognition of the continental margin-type metamorphic 

rocks In the Coast Mountains makes it Important to document firmly the early Mesozoic 

geologic relation between the Nisling and Stikine terranes. The region west of Atlin, 

British Columbia (Fig. 3.1) is the only area known to preserve evidence of a possible 

depositional tie between Nisling and northern Stikine, on the basis of the presence of 

metamorphic rock fragments in northern Stikine conglomerate (e.g., Bultman, 1979). 
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In this paper, I use Sm-Nd and Rb-Sr isotopic data from the Atlln area to confirm a Late 

Triassic link between the northern Stikine and Nisling terranes. 

NISLING TERRANE 

Metamorphic rocks along the eastern margin of the northern Coast Mountains 

batholith (Fig. 3.1) are part of the Nisling terrane, a Proterozoic to lower Paleozoic 

continental margin assemblage primarily composed of metaclastic rocks and locally 

abundant marble (Wheeler et al., 1988). Greenschist to upper amphibolite facies 

metasedimentary and metavolcanic rocks within the Nisling terrane near Allin have been 

subdivided (Mihalynuk and Rouse, 1988; Currie, 1990; Mihalynuk and Mountjoy, 

1990) into the Boundary Ranges suite (dominantly intermediate-composition 

metavolcanic rocks), and the Florence Range suite (quartz-rich metapelitic rocks, 

marble, quartzite, and amphibolite). 

NORTHERN STIKINE TERRANE 

In northwestern British Columbia, the Llewellyn fault separates Nlsling terrane 

rocks from Upper Triassic to Middle Jurassic strata of the northern Stlkine terrane 

(Fig. 3.1). Upper Triassic strata in this area belong to the Stuhini Group and consist of 

basaltic flows and breccia, arkosic sandstone, debris-flow conglomerate, turbiditic 

volcanic sandstone, argillite, and limestone of Carnian to Norian age (Bultman, 1979; 

Mihalynuk and Mountjoy, 1990). The following descriptions are of a well-exposed and 

well-dated section of the Stuhini Group in Willison Bay (Figs. 3.1, 3.2). 

A 300-m-thick, green clastic unit lies at the base of the Stuhini Group and is made 

up of (1) a medium- to coarse-grained arkose containing quartz, potassium feldspar, 

plagioclase, hornblende, and 1 %-2% greenschist facies metamorphic-lithic grains, and 
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(2) a matrix-supported, debris-flow conglomerate with well-rounded clasts of felsic 

Intrusive rocks, Intermediate to mafic volcanic rocks and up to 5% greenschist to 

amphibolite facies metamorphic rocks that average 1 to 20 em In diameter. 

Metamorphic clasts are similar In metamorphic grade and lithology to rock units in the 

Nlsling terrane (see also Bultman, 1979). 

The Stuhlnl Group nonconformably overlies a potassium feldspar-porphyritic 

granodiorite with a K-Ar hornblende age of 215 ±5 Ma (Bultman, 1979; Mlhalynuk and 

Mountjoy, 1990). Norian limestone caps the section, so the Stuhlnl Group near Allin Is 

entirely Norian In age (conodont ages In Mlhalynuk and Rouse, 1988; time scale of 

Palmer, 1983). Lower to Middle Jurassic Laberge Group marine clastic strata overlie 

the Norian limestone (Bultman, 1979). 

Pre-Triassic basement to the Stuhini Group In northern Stiklne Is not exposed. In 

southern Stlklne, however, Stuhlnl strata disconformably to unconformably overlie the 

Paleozoic Stiklne assemblage, which consists of Lower Devonian to Lower Permian 

submarine volcanic rocks, related clastic strata, and limestone (Monger, 1977; 

Anderson, 1989). Because the Stikine assemblage and Nlsling terrane differ In Isotopic 

signature and rock types (Anderson, 1989; Samson et al., 1989; Currie, 1990; this 

study), several possible relations could exist between northern and southern Stikine. 

The most likely relations are that (1) the Stuhlnl Group accumulated on or alongside 

disparate assemblages, the Paleozoic Stikine assemblage in the south and the Nisling 

terrane in the north, or (2) northern and southern Stikine are separate fragments that 

were juxtaposed after Late Triassic time. 
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GEOLOGIC RELATIONS 

Previous workers have reported a variety of relations that suggest geologic ties 

between the Nlsling and northern Stiklne terranes. It Is Important to recognize that 

none of these relations provide conclusive, Independent evidence for a terrane link; 

together they suggest a link. 

First, undated basalt dikes, similar In mineralogy and pyroxene chemistry to basalt 

flows in the Stuhinl Group, Intrude Nisling metamorphic rocks and have been 

Interpreted as feeder dikes for the Stuhinl flows (Werner, 1978). Second, 

conglomerate layers of the Upper Triassic Stuhinl Group and Lower Jurassic Laberge 

Group contain clasts of metamorphic rock, presumably derived from the Nisling terrane 

to the west (Werner, 1977; Bultman, 1979; Mihalynuk et al., 1989). This 

Interpretation is supported by northeast-directed paleocurrent indicators In the 

Jurassic Laberge Group (Bultman, 1979). Third, Late Triassic potassium-feldspar 

porphyritic granodiorite that intrudes Nisling rocks west of the Llewellyn fault (U-Pb 

zircon age of 220 ±5 Ma; Doherty and Hart, 1988) is very similar in mineralogy and 

texture to a Late Triassic granodiorite body overlain by Upper Triassic Stikine strata 

east of the Llewellyn fault (K-Ar hornblende age of 215 ±5 Ma; Bultman, 1979). 

ISOTOPE GEOCHEMISTRY 

I report 15 Sm-Nd and nine Rb-Sr analyses for samples from the Nisling and 

northern Stikine terranes (Table 3.1). Samples of Nisling quartz-chlorite schist, 

quartz-biotite schist, and quartz-rich gneiss yield Nd-depleted mantle model ages of 

910, 1770, and 2450 Ma respectively. These samples also have highly radiogenic 

87Sr/86Sr ratios that, together with the Nd data, indicate derivation from Precambrian 

source areas. 
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TABLE 3.1. Sm-Nd AND Rb-Sr ISOTOPIC DATA. 

Sample 
number 

Rock type Age Sm Nd 147Sm 143Nd ENd(O) ENd(1) TOM Rb Sr 87Rb 87Sr 1 86Sr 
(Ma) (ppm) (ppm) 144Nd 144Nd (meas) (Ma) (ppm) (ppm) 86Sr measured iritial 

Northern Stikine terrane 
Lower Jurassic Laberge Group 
89-AT-098 Siltstone 200 3.45 16.37 0.1275 0.512523 ± 6 -2.2 ·0.5 920 
Upper Triassic Stuhini Group 
89-AT-079 Basalt 210 4.12 22.48 0.1109 0.512586 ± 11 -1.0 +1.3 690 29.4 1294 0.0657 0.70489 ± 1 0.70470 

Basalt 210 4.25 23.18 0.1108 0.512590 ± 5 -0.9 +1.4 680 29.2 1300 0.0650 0.70488 ± 1 0.70469 
89-AT-100 Siltstone 210 3.85 1 6.17 0.1440 0.512878 ± 6 +4.7 +6.1 390 
89-AT·101 Argillite 210 2.51 10.54 0.1442 0.512749 ± 6 +2.2 +3.6 660 
90-AT-004 Arkose 210 4.80 25.70 0.1129 0.512115 ± 15 -10.2 -8.0 1400 
89-AT-OSO Arkose 210 4.57 24.06 0.1147 0.512124 ± 8 -10.0 -7.8 1410 

Arkose 4.55 23.900.11520.512113±8 -10.2 -8.1 1430 
89·AT-OS1 Schistdast PZ? 1.82 9.67 0.1137 0.511988±10 -12.7 1600 
Plutonic Rocks 
89-AT-070 Granodiorite 215 3.00 16.87 0.1074 0.512716±7 +1.5 +4.0 490 74.0 1350 0.158 0.70466 ± 1 0.70416 
89-AT-078 Gabbro 220 0.88 2.50 0.2124 0.513015 ± 9 +7.4 +6.9 10.1 340 0.0866 0.70385 ± 1 0.70358 

Nisling terrane 
Boundary Ranges suite 
88-GC-272 Schist PZ? 5.96 28.90 0.1247 0.512517 ± 5 -2.4 910 49.0 110 1.29 0.70997 ± 1 
Florence Range suite 
88-AT-155 Gneiss PZ? 4.26 23.210.1109 0.511840±6 -15.6 1770 93.9 186 1.46 0.71565±1 
89-AT-163 Schist PZ? 3.43 16.64 0.1247 0.511611 ± 6 -20.0 2450 86.3 67.6 3.71 0.74478 ± 1 
Plutonic rocks 
89-AT-073 Granodiorite 70 3.20 19.59 0.0988 0.512503 ± 7 -2.6 -1.8 730 61.2 681 0.260 0.70544 ± 1 0.70519 
89-AT-074 Tonalite 70 3.07 18.41 0.1010 0.512528±7 -2.1 -1.3 710 48.3 747 0.187 0.70531 ±1 0.70512 
89-AT-075a Granodiorite 70 3.58 20.06 0.1079 0.512511 ±5 -2.5 -1.7 770 70.3 569 0.357 0.70575±1 0.70539 

Note: Analytical procedures follow Patchett and Ruiz (1987), with minor exceptions. All concentrations have <2"/0 error, 147Sm'144Nd ratios have 
<0.5% error, and 87Rb'86Sr ratios have <1.0% error (Patchett and Ruiz, 1987). For multiple runs of the same sample, 143Nd/144Nd ratios are generally 
reproducable to ± 1 x 10 -5, and 87Sr/86Sr ratios are generally reproducable to ± 2 x 10 -5. 143Nd/144Nd data normalized with 146Nd/144Nd = 0.7219, and 
87Sr,ssSr normalized with SSSr/88Sr = 0.1194; errors for both are 2a of the mean. LaJolla Nd standard averaged 0.511861 ±B (14 runs) and NBS 987 Sr 
standard averaged 0.710236 ±18 (8 runs) for the period of these analyses; errors for both are one standard deviation of the population. Data were 
calculated using 143Nd/144Nd (O)CHUR = 0.512638 and 147 Sm'l44Nd (O)CHUR = 0.1966. TOM model ages calculated after the model ofDePaolo (1981 a). 

Blanks averaged <100 pg for Sm and Nd and <1 ng for Rb and Sr. 
See Table 3.2 for locations, sample desc:r1ptions and aqe constraints. 
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TABLE 3.2. LOCATIONS, SAMPLE DESCRIPTIONS AND AGE CONSTRAINTS FOR SAMPLES IN TABLE 3.1. 

Sample Location Description Aqe 
Northern Stikine terrane 

Lower Jurassic Laberge Group 
89-AT-098 8V, NA, 554500E, 6575700N dark gray platy argilrrte 
Upper Triassic Stuhlnl Group 
89-AT-079 8V, NA, 554900E, 6572400N 
89-AT-100 8V, NA, 553300E, 6572300N 
89-AT-101 8V, NA, 554200E, 6571100N 
9G-AT-004 8V, NA, 552800E, 6571600N 
89-AT-080 8V, NA, 552800E, 6571400N 
89-AT -081 8V, NA, 553200E, 6570000N 
Plutonic rocks 

pyroxene-porphyritic basalt 
fine-grained green volcanic-lithic sandstone 
dark gray fissile argiltite 
coarse-grained green volcanic-lithic arkose 
coarse-grained green volcanic-lithic arkose 
chl-qtZ schist clast in Stuhini conglomerate 

Lower Jurassic (Bultman, 1979) 

} Samples lie in a conformable section above a 
} 215 + 5 Ma granodiorite (K-Ar hornblende; 
} Bultman, 1979) and below limestone 
} containing Norian conodonts (Mihalynuk et a/., 
} 1990). 
} 

89-AT -070 8V, NA, 551700E, 6569100N coarse K-feldspar-megacrystic granodiorite 215 + 5 Ma (K-Ar hornblede; Bultman, 1979) 
89-AT-078 8V, NA, 549800E, 6569700N foliated hornblende gabbro } Late Triassic by association with Stuhini volcanic 

} rocks (Mihalynuk et aJ., 1990) 

Nlsllng terrane 
Boundary Ranges suite 
88-GC-272 8V, NB, 511700E, 6635200N medium-grained qtZ-chl-plg schist 
Florence Range suite 
88-AT-155 8V, MB, 491400E, 6674500N coarse-grained qtZ-mus-bio gneiss 

89-AT-163 8V, MB, 471900E, 6671500N medium-grained qtZ-bio-garschist in pendant 
Plutonic Rocks 

} Pre-Late Triassic based on K-Ar hornblende 
} and U-Pb zircon ages on undeformed plutons 
} that intrude these rocks (Bultman, 1979; 
} Badsgaard in Doherty and Hart, 1988). 

} Depositional age not known so ENd(t) and initial 
} 87SrJ86Sr ratios are not calculated. 

89-AT -073 8V, NA, 549200E, 6568200N hornblende granodiorite } Undated. Lithologic correlation with Late 
89-AT-074 8V, NA, 548300E, 6568400N biotite-hornblende granodiorite } Cretaceous Coast Mountains intrusions by 
89-AT-075a 8V, NA, 548000E, 6570200N hornblende granodiorite l MihalynuketaJ.(1990) 

Note: Locations given in UTM coordinates as follows: grid zone designation, 100,000 meter square identification, reference to nearest 100 
meters east, reference to nearest 100 meters north. 
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The clastic unit at the base of the Stuhlnl Group contains a significant component of 

Precambrian material. Two sandstone samples have Nd model ages of 1430-1400 Ma, 

and a quartz-chlorite schist clast from an Interbedded conglomerate layer has a model 

age of 1600 Ma. Based on the geologic relations reviewed above, the most plausible 

source for this older material is the Nisling terrane west of the Llewellyn fault. 

Although not an exact match, the model age of the schist clast falls within the range of 

model ages of the three Nlsllng terrane samples. 

Three stratigraphically higher samples of Upper Triassic Stuhlnl Group strata have 

Nd model ages younger than 700 Ma, demonstrating an abundance of young mantle

derived material In the source area. A sample of Lower Jurassic Laberge Group siltstone 

with a model age of 920 Ma records influx of greater amounts of old crustal detritus. 

Five samples of mafic and felsic plutons that Intrude the Nisling rocks or underlie 

the Stlklne strata have Nd model ages of 770 Ma or younger and 87Sr/86Sr between 

0.704 and 0.706. Detritus derived from these plutons would not have the proper 

Isotopic composition to cause the ancient signature of the basal Stuhini Group clastic 

strata (Fig. 3.3). 

Thus, Nd- and Sr-isotope data strongly suggest that detritus was shed from an 

ancient continental margin assemblage (Nisling terrane) into basins within a largely 

mantle-derived volcanic arc (northern Stikine terrane) during Late Triassic time. The 

boundary between the two terranes has since been modified by dip-slip and strike-slip 

movement on the Llewellyn fault (e.g., Bultman, 1979). 

REGIONAL IMPLICATIONS 

The stratigraphic and isotopic patterns described above suggest that Nisling rocks 

shed ancient crustal detritus into basins within the Late Triassic volcanic arc complex of 

68 



+9 

+6 

+3 

o 
-3 

ENd -6 

-9 

-12 

-15 

-18 

X Plutonic rocks 

Northern Stikine Terrane 
• Lower Jurassic Laberge Group 
• Upper Triassic Stuhlnl Group 

Nisling Terrane 
o Boundary Ranges Suite 
o Florence Range Suite 

2400 2000 1600 1200 
Age (Ma) 

800 400 o 

Figure 3.3. Depleted-mantle evolution curves for Sm-Nd data in Table 3.1. Points 

at right end of each line are cNd(O) values. Points falling along line are cNd(T) values. 

Note that basal sandstone samples of Stuhini Group have an older model age than plutonic 

rocks, Boundary Ranges suite, and all stratigraphically higher Stikine sedimentary 

strata. 
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the northern Stlklne terrane. Continued volcanism burled the Nlsllng detritus In latest 

Triassic time and contributed most of the sediment to the upper parts of the Stuhlni 

Group. Dissection of the volcanic arc In Early Jurassic time gave rise to Laberge Group 

deposits, which contain greater amounts of Nlsllng detritus than do strata In the upper 

Stuhlnl Group. 

The significance of this tie between \he Nlsllng and northern Stiklne terranes rests 

In the observation that ancient continental margin strata of the Nlsllng terrane lie 

outboard of terranes of Intraoceanic affinity, and the demonstration that the northern 

Stlklne terrane Is linked deposltionally to the ancient continental margin assemblage on 

the outboard side. The data allow at least three paleogeographic scenarios for 

construction of the Upper Triassic part of the northern Stiklne terrane. Northern 

Stiklne could be built on top of or alongside a fragment that was displaced from a 

continent unrelated to North America, or a fragment of continental margin strata that 

was rifted from western North America (Tempelman-Kluit, 1979; Hansen et al., 

1991). Alternatively, Nisling strata could be part of the in situ North American 

continental margin. Similarities In rock types, detrital zircon ages and Nd- and Sr

Isotope signatures have been used to suggest that parts of the Nisling and Yukon-Tanana 

terranes are components of the North American continental margin (Fig. 3.1; Gehrels et 

al., 1991 a; Hansen et al., 1991; Samson et al., 1991 b; Mortensen, in press). This 

configuration would restrict northern Stikine to a fringing arc setting along western 

North America. 

The lalter two scenarios require a complex accretionary history for the southern 

Stiklne and Cache Creek terranes because they would be flanked to the west, north, and 

east by North American-affinity rocks. Displacement of North American-marginal 

fragments along strike-slip faults could account for this pattern (e.g., Monger and Ross, 
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1971). Alternatively, Stikine, Cache Creek, and Quesnel might be detached parts of 

enormous thrust sheets resting on the distal North American margin, represented by the 

Yukon-Tanana and Nisling terranes (Coney, 1989; Gehrels et al., 1990b). Because the 

Nisling and northern Stlkine terranes were linked by Late Triassic time, the postulated 

thrust sheets eithm must predate Late Triassic Stuhini deposition, or must carry 

continental margin assemblages along their western edges. 

CONCLUSIONS 

The northern Stikine terrane contains an Upper Triassic basal clastic unit in 

which two sandstone samples and a schist clast from a conglomerate layer have Nd model 

ages of 1430-1400 Ma and 1600 Ma respectiveiy. Upper Triassic rocks overlying the 

basal clastic unit have Nd model ages of 690, 660, and 390 Ma, which corroborate a 

previous interpretation that the Stikine terrane contains predominantly juvenile 

material derived from the mantle in Phanerozoic time (Samson et al., 1989). 

Metasedimentary rocks of the adjacent Nisling terrane yield Nd model ages of 2450, 

1770 and 910 Ma and represent the most likely source of old detritus at the base of the 

northern Stikine terrane. These Isotopic data support previous Interpretations of a Late 

Triassic link between a juvenile volcanic arc (northern Stikine terrane) and an ancient 

continental margin assemblage (Nisling terrane) that lies outboard of the arc. 

Consequently, Upper Triassic volcanic strata of northern Stikine were deposited on 

either a continental fragment unrelated to North America, a rifted fragment of the North 

American margin, or the in situ North American margin. 
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CHAPTER 4 

Nd AND Sr ISOTOPE GEOCHEMISTRY OF THE NISLlNG, NORTHERN STIKINE 

AND NORTHERN CACHE CREEK TERRANES, WESTERN CANADIAN 

CORDILLERA: IMPLICATIONS FOR MESOZOIC PALEOGEOGRAPHY 

SUMMARY 

Determinations of 62 Nd and 24 Sr Isotopic compositions of rocks from the 

northern Canadian miogeocline and the Nlsling, northern Stlklne and northern Cache 

Creek terranes assist In placing constraints on the relative paleogeography of these 

terranes in early Mesozoic time. Lower and Middle Triassic miogeoclinal strata from the 

northern Canadian miogeocline have ENd(t) of -10.5 to -6.7. Two suites of 

metasedimentary and metavolcanic rocks from the Nlsling terrane continental margin 

assemblage yield ENd(O) values of -20.6 to +0.5, moderately to highly radiogenic 

87Sr/86Sr ratios, and are interpreted to be correlative with parts of the Yukon-Tanana 

terrane In Yukon and metamorphosed continental margin strata In southeast Alaska. 

Lower Mesozoic strata In the northern Stiklne terrane have ENd(t) of -2.5 to +6.1 and 

contain a mixture of detritus from both an Intraoceanic arc-type volcanic source (Upper 

Triassic volcanic rocks) and an ancient crustal source (Nisling terrane). Northern 

Cache Creek terrane volcanic rocks and sandstones have isotopic ratios indicative of 

abundant juvenile detritus with ENd(t) of -1.1 to +5.8, but interbedded fine-grained 

clastic strata consist largely of ancient continental detritus with ENd(t) of -8.8 to -7.4. 

Sandstones of the lower Mesozoic Teenah Lake assemblage in northern Cache Creek are 

the most distal deposits of the northern Stikine terrane volcanic arc, whereas the 

argillite and shale of the Teenah Lake assemblage represent pelagic deposits with an 
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Isotopic signature similar to the miogeoclinal strata and modern ocean sediments. These 

Nd and Sr isotopic data strongly support the interpretation of Late Triassic depositional 

links between the Nisllng, northern Stlkine and northern Cache Creek terranes. 

INTRODUCTION 

Volcanic rocks and clastic strata of the Stlklne, Cache Creek and Quesnel terranes 

contrast sharply in rock types and faunal assemblages with coeval strata of the North 

American miogeocline (Fig. 4.1; Monger and Ross, 1971; Monger, 1977). Most 

workers agree that these terranes were structurally accreted to western North America 

In early or mid-Mesozoic time (e.g. Monger et al., 1982), but the exact timing and 

method of accretion remains uncertain. 

West of these enigmatic terranes, metamorphic rocks of the Coast Mountains 

batholith consist In part of an ancient continental margin assemblage (Fig. 4.1; Monger 

and Berg, 1987; Wheeler et al., 1988; Gehrels et al., 1990b). These metamorphic 

rocks are similar in interpreted stratigraphy, detrital zircon ages, and Nd Isotopic 

signature with parts of the Yukon-Tanana terrane (Fig. 4.1; Gehrels et al., 1991 a; 

Samson et al., 1991 b ; Mortensen, in press; see discussion section below). Further, 

these metamorphic terranes may have been facies equivalents of the North American 

miogeocline (e.g. Tempelman-Kluit, 1976; Gehrels et al., 1991 a). Thus, continental 

margin strata of possible North American affinity may surround the Stikine, Cache 

Creek, and Quesnel terranes on the west, north, and east, making untenable any 

accretionary model by which slices of oceanic material are simply added onto the outer 

edge of the continent. 

In order to reassess the history of terrane accretion along the western Canadian 

margin, It is important to determine the time of initial juxtaposition of the various 
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Figure 4.1. Location of samples and distribution of terranes and assemblages In 

northern British Columbia and southern Yukon (modified after Wheeler and McFeely, 

1987; Gehrels et al., 1990b; in press). Geographic features: A = Atlin, C = Carmacks, 

T = Tulsequah, W = Whitehorse. Samples are denoted by the last three numbers (Table 

4.1): circles are Nisling; squares are northern Cache Creek; triangles are northern 

Stlkine. 
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terranes that comprise this area. One method of Interpreting terrane proximity Is to 

examine stratigraphic changes In a terrane through time, thereby documenting changing 

paleogeographic position of basins relative to sedimentary source areas. Sedimentologic 

studies can demonstrate temporal changes in stratigraphic composition (Souther and 

Armstrong, 1966; Eisbacher, 1974). One can also document changes In source areas 

through Sm-Nd and Rb-Sr Isotopic studies, especially for fine-grained rocks that cannot 

supply conventional petrographic provenance data (e.g. Nelson and DePaolo, 1988). 

Analysis of Nd and Sr Isotopes has proven to be an effective technique for providing 

an Integrated, quantitative characterization of various rock types within a terrane (e.g. 

Samson et al., 1989; Frost and Coombs, 1989). Isotopic studies of this type can be used 

to assess the amount of Phanerozoic crustal growth (Samson et al., 1989; Frost and 

Coombs, 1989), the similarity of previously uncorrelated terranes (Samson et al., 

1991b) and to help document links between terranes at a specific time (Jackson et al., 

In press). 

Nd and Sr data can also be an important tool for quantifying the changing 

paleogeographic position of terranes through time and for placing constraints on the 

timing of accretion. In this chapter, I present Nd and Sr isotopic data from the northern 

Canadian miogeocline, and the Nisling, northern Stikine and northern Cache Creek 

terranes. These data are used to provide an isotopic characterization of these fragments 

and to shed light on the late Paleozoic and early Mesozoic paleogeographic setting of these 

terranes. 
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ROCK AND TERRANE DESCRIPTIONS 

Miogeoclinal Strata 

Samples from the Canadian miogeocline were collected from road cuts along the 

Alaska Highway where It crosses the Rocky Mountains west of Fort Nelson, British 

Columbia. Four samples from Lower and Middle Triassic strata were collected In this 

section, rocks that are close In age to samples taken from the terranes In this study. 

These miogeoclinal samples provide a reference with which to compare data from 

terranes to the west. Samples come from the Lower Triassic Toad Formation which In 

this area consists of up to 1000 m of calcareous siltstone, shale and very fine grained 

sandstone, and from the Middle Triassic Liard Formation which consists of up to 200 m 

of siltstone, sandstone and minor limestone (Taylor and Stott, 1973). 

Nlsllng Terrane 

Wheeler et al. (1988) defined the Nlsllng terrane as consisting dominantly 

Proterozoic to lower Paleozoic continental margin and offshelf metasedimentary rocks. 

Nlsllng terrane rocks collected for this study are exposed along the eastern flank of the 

Coast Mountains in northwestern British Columbia and southwestern Yukon (Fig. 4.1). 

The Nisling terrane in this area has been divided into suites of distinct lithologies 

(Currie, 1990; 1991; in press). The Florence Range suite and Boundary Ranges suite 

consist largely of metasedimentary and metavolcanic strata and were sampled for this 

study to characterize source areas for detritus in the Nisling terrane. 

The Florence Range suite is composed of metapelite (biotite-quartz-muscovite 

schist with local plagioclase, garnet, kyanite and sillimanite), calcsilicate, carbonate, 

amphibolite and minor quartzite and graphitic metapelite (Currie, 1990). The quartz

rich nature of the metaclastic rocks and the interbedded carbonate indicate these strata 
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accumulated along a continental margin. The Boundary Ranges suite Includes chlorite, 

chlorite-actinolite and chlorite-quartz schist, minor carbonate, quartzite, felsic 

metavolcanic layers and orthogneiss (Mlhalynuk and Rouse, 1988; Currie, 1990). 

Boundary Ranges suite protoliths probably Include abundant Intermediate to mafic 

volcanic rocks and/or volcanic-rich sedimentary rocks. Although Inclusion of Boundary 

Ranges suite rocks In the Nisling terrane has been questioned (Currie, In press), the 

traditional terrane assignments (e.g. Wheeler et al., 1988) have been retained In this 

presentation; correlations with neighboring terranes are considered In the discussion. 

Northern Stlklne Terrane 

The Late Triassic portion of the Stlklne terrane Is Interpreted as an Intraoceanic 

arc-type volcanic complex (e.g. Wheeler, 1961; Monger, 1977). A variety of 

nomenclature schemes have been proposed for strata of the northern Stlklne terrane 

(Fig. 4.2), that part of the Stiklne terrane located north of Tulsequah, British Columbia 

(Fig. 4.1). 

In northwestern British Columbia, the Upper Triassic Stuhini Group contains the 

oldest rocks of the northern Stiklne terrane (cf. Currie, In press). Stuhlni Group rock 

types include mafic and lesser intermediate volcanic flows, tuff and breccia (Including 

pyroxene-porphyritic basalt), volcanic-rich clastic strata, and Norian limestone 

equivalent to the regionally-extensive Sinwa limestone farther south (Souther, 1971; 

Bultman, 1979; Mihalynuk and Rouse, 1988; Mihalynuk et al., 1989). 

In southwestern Yukon, Lewes River Group strata are equivalent in age and rock 

types to the Stuhinl Group (e.g. Mihalynuk and Rouse, 1988). The Lewes River Group 

consists of (1) Carnian basalt and basaltic andesite of the Povoas Formation, and (2) the 

Carnian to Sinemurian Aksala Formation, consisting of volcaniclastic shale, sandstone 
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and conglomerate of the Mandanna, Casca and Annie members, and discontinuous 

limestone of the Hancock member (Tempelman-Klult, 1984; Doherty and Hart, 1988; 

Hart and Pelletier, 1989a; 1989b; Hart and Radloff, 1990). Hancock rocks are broadly 

age and facies equivalent with Sinwa Formation limestone to the south. Hancock 

limestone locally consists of patch reefs with a mixture of North American and Tethyan

type fauna (Reid, 1985; Reid and Tempelman-Klult, 1987; Senowbari-Daryan and 

Reid, 1987). 

Rocks of the Lower to Middle Jurassic Laberge Group conformably to 

dlsconformably overlie the Stuhini and Lewes River groups. In northwestern British 

Columbia, Laberge strata are divided Into the Inklln and Takwahonl formations (Souther, 

1971; Bultman, 1979). Inklln strata dominate Laberge deposits just south of the 

Yukon-British Columbia border and consist of up to 7000 m of arkosic sandstone, 

siltstone, silty shale and conglomerate interpreted as submarine fan deposits that 

prograded northeastward (Bultman, 1979). Up to 800 m of Takwahoni Formation 

sandstone and conglomerate are exposed at the base of the Laberge Group near the south 

end of AUin Lake (Fig. 4.1; Bultman, 1979). In contrast to this system, other workers 

in the area subdivide the Laberge Group into numerous informal units based on specific 

rock types (Fig 4.2; Mihalynuk et al., 1989; Hart and Radloff, 1990). 

In southern Yukon, Tempelman-Kluit (1984) has proposed four formations for 

the Laberge Group. The Richthofen Formation consists of fine-grained clastic strata and 

minor conglomerate. The Conglomerate formation is composed of massive conglomerate, 

minor sandstone and shale deposited in an alluvial fan environment representing the 

eroded remnants of the Lewes River arc (Dickie and Hein, 1988). The Nordenskiold 

Dacite contains dacite flows, tuff, breccia and interbedded clastic strata. The Tanglefoot 

Formation comprises coarse-grained arkosic sandstone, interbedded shale and 



conglomerate, some of which is turbiditic in nature (Fig. 4.2). Collectively, the Upper 

Triassic to Middle Jurassic strata of the northern Stikine terrane are referred to as the 

Whitehorse Trough assemblage for purposes of comparison with coeval assemblages in 

adjacent terranes (Chapter 2). 

The Tantalus Formation unconformably overlies the Laberge and Lewes River 

groups in southern and central Yukon (e.g. Lowey and Hills, 1988; Hart and Radloff, 

1990). Where sampled in southern Yukon, the Tantalus Formation consists of chert

quartz pebble conglomerate, chert-lithic sandstone, siltstone and carbonaceous shale 

locally grading into coal (Hart and Radloff, 1990). Palynomorphs recovered near the 

sample area are Oxfordian to Kimmeridgian in age, but Tantalus rocks may encompass 

ages from Late Jurassic to Late Cretaceous (G.E. Rouse in Hart and Radloff, 1990). 

Northern Cache Creek Terrane 

In northern British Columbia and southern Yukon, the northern Cache Creek 

terrane (Allin Terrane of Monger, 1975) is composed of upper Paleozoic to Upper 

Triassic strata typical of abyssal plain and seamount environments on an ocean floor. 

Lithologies include Mississippian and Pennsylvanian ultramafic and associated mafic 

volcanic rocks, Upper Mississippian to Upper Permian shallow water limestone, 

Pennsylvanian and Permian chert, shale, argillite and minor sandstone, and upper 

Paleozoic and/or Upper Triassic Intermediate to mafic volcanic rocks (Monger, 1975). 

Middle Triassic to Lower Jurassic chert, argillite, lithic sandstone and reworked 

tuffaceous volcanic rocks of the Teenah Lake assemblage lie unconformably above the 

Paleozoic strata (Chapter 2). 

In southern Yukon, Lower to Middle Jurassic rocks assigned to the Inklln 

assemblage of the Laberge Group overlie both the Stikine and Cache Creek terranes 
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(Wheeler and McFeely, 1987; Gordey, 1991). West of the Marsh Lake fault In southern 

Yukon, Laberge Group rocks overlie Upper Triassic rocks of the northern Stlkine 

terrane, which are both assigned to the Whitehorse Trough assemblage (Chapter 2). 

East of the Marsh Lake fault, Laberge Group strata are assigned to the Teslin River 

assemblage where they overlie Paleozoic(?) Cache Creek basalt (Chapter 2). 

SAMPLE COLLECTION AND ANAL VTICAL METHODS 

This report contains isotopic analyses of 62 Sm-Nd and 24 Rb-Sr whole rock 

samples that are representative of most major rock types in each terrane studied (Table 

4.1; locations, sample descriptions and age constraints in Table 4.2). Both fine- and 

coarse-grained sedimentary samples were analyzed to account for any potential effects of 

sedimentary sorting (Frost and Winston, 1987; McLennan et al., 1989; 1990). No 

analyses of Rb-Sr isotopes In sedimentary rocks were attempted due to potential 

fractionation during weathering (e.g. Goldstein, 1988) and uncertain effects of low

grade metamorphism. Previous studies have shown the Sm-Nd system to be closed with 

respect to most effects of sedimentation, metamorphism and ductile deformation (e.g. 

Jacobsen and Wasserburg, 1978; Goldstein, 1988; Barovlch et al., 1990). Recent 

work shows that diagenesis may alter the Nd depleted mantle model ages of sedimentary 

rocks (Awwiller and Mack, 1991), but the effects are small and would not alter the 

interpretations of this study. 

Isotopic samples were collected from road cuts, shoreline exposures and natural 

outcrops. Samples were hand trimmed to remove weathered surfaces, scrubbed with a 

nylon brush to remove hammer marks, and washed in deionized water prior to further 

preparation. Each sample was crushed in a steel jaw crusher and a 150 g split was 

powdered in either a tungsten carbide mill (for strongly indurated clastic samples) or 



TABLE 4.1. Sm-Nd AND Rb-Sr ISOTOPIC DATA 

Sample Rock type Age Sm Nd 147Sm 143Nd ENd(O) ENd(T) T ~ Rb 
number (Ma) (ppm) (ppm) 144Nd 144Nd (meas) (Ma) (ppm) 

Northern Cache Creek terrane 
Paleozoic sedimentary rocks 
89-AT-118 Argillite 250 3.29 17.98 0.1106 0.512132 ± 6 -9.9 -7.1 1340 
89-KAB-298 Argillite 270 5.71 28.23 0.1222 0.512169 ± 8 -9.1 ·6.6 1450 
9Q.MMI-19-5 Sandstone 270 2.43 9.66 0.1520 0.512860 ± 14 +4.3 +5.9 490 
Lower Mesozoic Teenah Lake assemblage sedimentary rocks 
88-AT-056 Siltstone 210 3.11 13.84 0.1359 0.512583 ± 8 -1.1 +0.6 910 
88-AT-123 Sandstone 210 3.28 15.73 0.1259 0.512482 ± 5 -3.0 -1.1 980 
89-AT-095 Siltstone 210 3.07 11.45 0.1622 0.512886 ± 12 +4.8 +5.8 500 
89-AT-115 Sandstone 210 2.97 12.88 0.1395 0.512693 ± 10 +1.1 +2.6 730 
89-AT-116 Argillite 210 3.32 17.92 0.1119 0.512071 ± 11 -11.1 -8.8 1450 
89-AT-133 Argillite 210 4.15 22.99 0.1093 0.512115 ± 6 -10.2 -7.8 1350 
89-AT-136 Argillite 210 2.38 12.69 0.1132 0.512146 ± 10 -9.6 -7.4 1350 
89-AT-137 Sandstone 210 3.58 16.30 0.1329 0.512523±7 -2.2 -0.5 980 
89-AT-142 Sandstone 210 3.25 14.75 0.1333 0.512620 ± 12 -0.4 +1.3 810 
90-AT-002 Siltstone 210 2.78 11.86 0.1420 0.512781 ± 6 +2.8 +4.3 580 
90-AT-085 Sandstone 210 3.79 19.25 0.1189 0.512489 ± 7 -2.9 -0.8 900 
Lower Mesozoic Testin River assemblage sedimentary rocks 
90-AT-l0l Sandstone 200 2.79 12.35 0.1364 0.512759 ± 24 +2.4 +3.9 580 
90-AT-l03 Sandstone 200 3.36 14.82 0.1371 0.512726 ± 16 +1.7 +3.2 650 
9O-AT-l05 Argillite 200 3.16 11.85 0.1613 0.512901 ± 18 +5.1 +6.0 450 
Paleozoic volcanic rocks 
88-AT-091d Basalt 270 7.77 37.05 0.1268 0.512696 ± 7 +1.1 +3.5 630 23.5 
89-AT-147 Basalt 270 2.86 8.51 0.2031 0.512924 ± 11 +5.6 +5.4 56.0 

Basalt 270 55.6 
Plutonic rocks 
89-AT-OOl Granodiorite 171 3.80 19.02 0.1208 0.512683 ± 5 +0.9 +2.5 610 53.4 

Granodiorite 171 3.76 18.86 0.1205 0.512686 ± 6 +0.9 +2.6 600 56.5 
89-AT-004 Granodiorite 90 2.79 12.47 0.1353 0.512680 ± 5 +0.8 +1.5 720 25.6 
89-AT-094 Granite 89 9.69 48.50 0.1208 0.512737 ± 8 +1.9 +2.8 520 136 
9O-AT-039 Granodiorite 60 4.42 22.20 0.1205 0.512815 ± 6 +3.5 +4.1 400 33.1 
90-AT-D40 Granite 60 2.74 14.49 0.1142 0.512865 ± 6 +4.5 +5.1 300 39.7 

Sr 87Rb 
(ppm) 86Sr 

421 0.161 
459 0.353 
460 0.350 

702 0.220 
721 0.227 
637 0.116 
137 2.89 
625 0.153 
193 0.595 

87Sr /86Sr 
meast.red ini!ial 

0.70711 ± 1 0.70649 
0.70786 ± 1 0.70635 
0.70777± 1 0.70643 

0.70508 ± 1 0.70455 
0.70504± 1 0.70449 
0.70454± 1 0.70439 
0.70774 ± 1 0.70409 
0.70339 ± 1 0.70326 
0.70499 ± 1 0.70448 
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TABLE 4.1 - CONTINUED 

Sample Rock type Age Sm Nd 147Sm 143Nd CNd(O) ENd(l) TOM Rb 
- - Sr -- S7Rb ---S1SrJ8OSr 

number (Ma) (ppm) (ppm) 144Nd 144Nd (meas) (Ma) (ppm) (ppm) 86Sr measured initial 
Northern Stlkine terrane (·part of Whitehorse Trough assemblage) 

·Upper TrIassic Stuhlnl Group sedimentary rocks 
88-AT-041 Siltstone 210 2.74 11.91 0.1388 0.512801 ± 7 +3.2 +4.7 520 
88-GC·271b Arkose 210 2.70 13.36 0.1224 0.512442 ± 7 -3.8 -1.8 1010 
89-AT-027 Sandstone 210 3.08 12.57 0.1479 0.512798 ± 7 +3.1 +4.4 590 
89-AT·OS1 Argillite 210 2.91 12.94 0.1358 0.512670 ± 6 +0.6 +2.3 740 
89-AT-102 Sandstone 210 3.90 19.72 0.1196 0.512601 ± 10 ·0.7 +1.3 730 

Sandstone 210 3.85 19.49 0.1193 0.512596 ± 6 ·0.8 +1.3 730 
89-AT·165 Sandstone 210 3.03 15.72 0.1166 0.512507 ± 6 ·2.6 -0.4 850 
89-AT-167 Sandstone 210 1.90 9.26 0.1239 0.512619 ± 6 -0.4 +1.6 730 
89-AT-168 Siltstone 210 3.05 14.72 0.1252 0.512602 ± 8 ·0.7 +1.2 770 
9O-AT·OOSa Argillite 210 3.21 14.12 0.1374 0.512615 ± 5 ·0.4 +1.1 860 
90-AT·OO5b Sandstone 210 2.84 12.01 0.1432 0.512n8 ± 6 +2.7 +4.2 600 
·Lower to Middle Jurassic Laberge Group sedimentary rocks 
88-GG-270 Argillite 200 2.69 11.67 0.1392 0.512734 ± 7 +1.9 +3.3 650 
89-AT·047a Red shale 180 2.17 9.35 0.1404 0.512841 ± 6 +4.0 +5.3 450 
89·AT·OS7 Arkose 180 1.56 8.79 0.1072 0.512405 ± 7 -4.5 -2.5 920 
89-AT-090 Sandstone 190 1.32 5.56 0.1432 0.512767 ± 9 +2.5 +3.8 620 
·Upper Jurassic Tantalus Group sedimentary rocks 
89-CH·63-1 Argillite 155 3.94 18.86 0.1262 0.512560 ± 8 -1.5 -0.1 850 

Argillite 155 3.80 18.07 0.1272 0.512552 ± 10 -1.7 -0.3 870 
89-CH·63-2 Sandstone 155 1.20 6.58 0.1107 0.512437 ± 12 ·3.9 -2.2 900 
89-CH-63-3 Argilfite 155 5.78 27.55 0.1268 0.512593 ± 7 ·0.9 +0.5 800 
89-CH·63-4 Sandstone 155 1.52 8.45 0.1089 0.512510 ± 7 -2.5 -0.8 780 
·Upper Triassic volcanic rocks 
88-GG-280 Basalt 210 2.28 8.82 0.1565 0.512831 ± 6 +3.8 +4.8 590 3.97 441 0.026 0.70507 ±1 0.70499 
89-AT-104 Andesite 210 4.80 21.39 0.1356 0.512763±6 +2.4 +4.1 570 60.4 744 0.235 0.70507 ± 1 0.70437 
89-AT-106 Crystal tuff 210 3.01 15.58 0.1167 0.512744± 9 +2.1 +4.2 490 70.2 1170 0.173 0.70452 ± 1 0.70401 
89-AT-164 Basalt 210 2.21 8.34 0.1603 0.512888 ± 6 +4.9 +5.9 480 37.0 559 0.191 0.70501 ± 1 0.70444 
Middle Jurassic volcanic rocks 
89-AT·092 Dacite 190 3.55 18.17 0.1180 0.512362± 10 -5.4 -3.5 1080 43.3 495 0.253 0.70667 ± 1 0.70599 
PlutonIc rocks 
88-GG-281 Granodiorite 215 1.93 10.50 0.1111 0.512756 ± 7 +2.3 +4.7 450 520 7930 0.190 0.70476 ± 1 0.70418 
89-AT-022 Granite 55 3.42 17.93 0.1152 0.512637±8 + 0.0 +0.6 640 469 81.9 16.6 0.70682 ± 1 
89-AT·OS6 Monzonite 60 8.42 40.90 0.1245 0.512701 ± 5 +1.2 +1.8 600 97.3 380 0.742 0.70536 ± 1 0.70472 
89-AT-OS9 Monzonite 60 6.30 35.61 0.1070 0.512n1 ± 6 +2.G +3.3 410 141 161 2.54 0.70649 ± 1 0.70433 

(X) 
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Sample Rock type 
number 

Miogeoclinal strata 
89-AT-175 Shale 
89-AT-178 Shale 
89-AT-179 Sandstone 
89-AT-180 Silty shale 

Nlsllng terrane 
Boundary Ranges suite 
89-AT-l07 Quartzite 

Quartzite 
89-AT-l0B Schist 
9()'AT-007 Schist 
Florence Range Suite 
89-AT-161 Schist 

Schist 
89-AT-162 Schist 
Plutonic Rocks 

Age 
(Ma) 

240 
240 
235 
235 

PZ? 
PZ? 
PZ? 
PZ? 

PZ? 
PZ? 
PZ? 

TABLE 4.1 - CONTINUED 

Sm Nd 147Sm 143Nd ENd{O) cNd(T) TOM Rb 
(ppm) (ppm) 144Nd 144Nd (meas) (Ma) (ppm) 

6.55 36.04 0.1099 0.511964 ± 6 -13.1 
2.12 11.320.11310.512166±6 -9.2 
1.24 5.96 0.1259 0.512080±6 -10.9 
5.41 26.80 0.1219 0.512048 ± 8 -11.5 

3.06 14.33 0.1292 0.512408 ± 15 -4.5 
3.06 14.33 0.1289 0.512402±7 -4.6 
3.56 13.26 0.1622 0.512516 ± 6 -2.4 
1.08 3.65 0.1798 0.512633 ± i3 +0.5 

1.30 7.09 0.1110 0.511584 ± 10 -20.6 

3.17 13.53 0.1419 0.511830±8 -15.8 

-10.5 
-6.7 
-8.B 
-9.3 

1580 
1320 
1660 
1640 

1140 59.3 
1150 59.8 
1550 17.2 
1690 6.12 

2160 15.9 
16.6 

25BO 58.1 

Sr 
(ppm) 

115 
117 
185 
149 

36.4 
37.9 
133 

8TRb 
86Sr 

1.49 
1.4B 

0.269 
0.119 

1.27 
1.27 
1.26 

8TSri86Sr 
measured 

0.71234 ± 1 
0.71234 ± 1 
0.70919 ± 1 
0.70605 ± 1 

0.72255 ± 1 
0.72253 ± 1 
0.71993 ± 1 

initial 

8We-273 Granite 72 4.01 23.280.1041 0.512607±6 -0.6 +0.3 620 120 412 0.844 0.70614±1 0.70528 
Granite 72 3.91 22.90 0.1035 0.51260B ± 6 -0.6 +0.1 620 119 417 0.827 0.70605 ± 1 0.70520 

89-AT-076a Gneiss 240 3.94 20.600.1156 0.512470±7 -3.3 -0.8 900 74.5 1080 0.200 0.70530±1 0.70462 

Note: Concentrations have < 2% error, 147Sml144Nd ratios have < 0.5% error and 87RbJB6Sr ratios have < 1.0% error (Patchett and Ruiz, 1987). For 
multiple runs of the same sample, 143NcII144Nd ratios are generally reproducable to± 1 x 10 -5, and 87SrJ86Sr ratios are generally reproducable to ±2 x 10 -5. 
143NcII144Nd data normalized with 146NcII144Nd = 0.7219 and 87SrJ86Sr normalized with 86Sr/88Sr = 0.1194; errors for both are 2crof the mean. LaJolia Nd 
standard averaged 0.511861 ± 10 (26 runs) and NBS 987 Sr standard averaged 0.710234 ± 14 (15 runs) for the period of these analyses; errors for both are 
one standard deviation of the population. Data were calculated using 143NcII144Nd {O)CHUR = 0.512638 and 14TSml144Nd (O)CHUR = 0.1966. TOM model ages 

calculated after the model of DePaolo (1981 a). Blanks averaged less than 100 pg for Sm and Nd and less than 1 ng for Rb and Sr. 
See Table 3.2 for locations, sample descriptions and age constraints. 
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TABLE 4.2. LOCATIONS, SAMPLE D::SCRIPTIONS AND AGE CONSTRAINTS FOR SAMPLES IN TABLE 4.1. 

Sample Location Description Age 
Northern Cache Creek terrane 

Paleozoic sedimentary rocks 
89-AT·118 av, NA, 587900E, 6589600N Gray siliceous argi16te 
89-KA8-298 av, NA, 598800E, 6596300N Dark gray shale 
9O-MMI-19-5 av, NA, 587400E, 5998000N Medium grained arkosic sandstone 
Lower Mesozoic Teenah Lake assemblage sedimentary rocks 
88-AT -056 av, NB, 586200E, 6658600N Black fine grained sandstone 
88-AT-123 av, NB, 588200E, 6688200N Dark gray sandy turbiditic argillite 
89-AT -095 av, NA, 585500E, 6637900N Gray siltstone 
89-AT-115 av, NB, 590450E, 6686050N Gray platy argillite 
a9-AT-116 av, NB, 590500E, 6686050N Medium gray argillaceous shale 
89-AT-133 av, NB, 596200E, 6684650N Grayargilfite 
89-AT-136 av, NB, 596400E, 66B4300N Dark gray argillite 
89-AT-137 av, NB, 596400E, 6684250N Coarse argillite-fithic sandstone 
a9-AT-142 av, NB, 596200E, 6683550N Reworked chlorite metatuff sandstone 
9O-AT -002 av, NB, 567500E, 6604400N Dark gray turbiditic fine-grained sandstone 
90-AT-085 av, NB, 597250E, 6683950N Argillite-lithic sandstone 
Lower Mesozoic Teslln River assemblage sedimentary rocks 

Late Permian (unpublished radiolarian data) 
} Pennsylvanian to Permian (Bloodgood et a1., 
} 1990) 

Middle to Late Triassic (see a9-AT-115 below) 
Middle to Late Triassic (see a9-AT-115 below) 
Norian conodonts (Bloodgood et aI., 1990) 
} 
} 
} Middle to Late Triassic as dated by 
} radiolarian and conodont collections from 
} strata interbedded with these samples (see 
} Chapter 2). 
} 
} 

90-AT-101 av, NB, 579500E, 6711600N Coarse lithic sandstone } Early to Middle Jurassic (Mumgan,1963;and 
9O-AT-103 av, NB, 578800E, 6712200N Coarse lithic sandstone- fine conglomerate } correlation with Laberge Group by Wheeler and 
9O-AT-105 av, NB, 579050E, 6712500N Turbiditic silty shale } McFeely, 1987) 
Paleozoic volcanic rocks 
89-AT-091d av, NB, 591700E, 6657400N Basalt scoria 

a9-AT-147 av, NB, 594200E, 6687aOON Chlorite metabasalt 

Plutonic rocks 

Late Paleozoic (interbedded with fusulinid
bearing limestone) 
Interbedded with Permian radiolarian chert (see 
Chapter 2) 

a9-AT-001 av, NB, 5a6050E, 6629600N Hornblende-biotite granodiorite (4tl1 of July 171 +1/-5 Ma (U-Pb zircon; Armstrong, unpub.) 
batholith) 

a9-AT-004 av, NB, 602500E, 6666700N Hornblende diorite (Mt. Bryde pluton) Mid-Cretaceous (Woodsworth et aI., 1988) 
89-AT-094 8V, PB, 600700E, 6619800N Coarse biotite granite (Surprise Lake 88.a + 9 Ma (U-Pb zircon; Armstrong in Mihalynuk 

batholith) et ai, 1991) 
9O-AT-Q39 av, NB, 589300E, 6695800N Hornblende granodiorite Mid-Cretaceous (Woodsworth et al., 1988) 
9O-AT-040 av, NB, 589050E, 6696000N Coarse biotite granite Mid-Cretaceous (Woodsworth et a1., 1988) 

0) 
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TABLE 4.2 - CONTINUED 

Sample Location Description AQe 
Northern Stlklne terrane (·part of Whitehorse Trough assemblage) 

·Upper Triassic Stuhlnl Group and Lewes River Group sedimentary rocks 
88·AT·041 8V, NB, 501400E, 6690100N Annie member, Aksala Formation, fine 

grained red sandstone 
88-GC-271b 8V, NB, 515800E, 6645700N Coarse-grained green arkose 
89-AT-027 8V, MC, 476800E, 6727800N Mandanna member, fine-grained purple 

volcanic sandstone 
89-AT-051 8V, MC, 496900E, 6768500N Casca member, gray turbiditic argil6te 
89-AT-102 8V, MB, 495600E, 6696700N Annie mem., fine grained green sandstone 
89-AT-165 8V, MC, 485200E, 6742000N Green sandstone 
89-AT-167 8V. MC, 482900E, 6742100N Red sandstone 
89-AT-168 8V, MC, 482900E, 6742100N Red shale 
9O-AT-OOSa 8V, NA, 561000E, 6551100N Gray turbiditic argillite 
90-AT-OOSb 8V, NA, 561000E, 6551100N Coarse-grained gray volcanic-lithic sandstone 
·Lower to MIddle Jurassic Laberge Group sedimentary rocks 
88-GC-270 8V, NA, 518600E, 6649400N lnklin Formation, dark gray turbicfJtic argillite 
89-AT-047a 8V, MD, 457200E. 68nOOON Tanglefood Formation, red shale 
89-AT-087 8V, MD, 441600E, 68859S0N Tanglefoot Fm., coarse-grained arkose 
89-AT-090 8V, ME, 429700E, 6913200N Nordenskiold Fm., coarse-grained arkose 
Upper Jurassic Tanatalus Group sedimentary rocks 
89-CH·63-1 8V, MB, 496S00E, 6686S00N Black argillite 
89-CH·63-2 8V, MB, 496200E, 6686300N Coarse-grained chert-lithic sandstone 
89-CH-63-3 8V, MB, 495900E, 6686300N Brown argillite 
89-CH-63-4 8V, MB, 495700E, 6686100N Medium-grained arkosic sandstone 
·Upper Triassic Stuhlnl Group and Lewes River Group volcanic rocks 
88-GC-280 av, NA, 559300E, 6560200N Pyroxene-porphyritic basalt 
89-AT-104 8V, MB, 495850E, 6697100N Annie member, plg-hbd andesite flow 
89-AT-l06 8V, MB, 496300E, 6696800N Annie member, red agglomerate 
89-AT-164 8V, NB, 500800E, 6690100N Povoas Fm., pyroxene-porphyritic basalt 
·Mlddle Jurassic Laberge Group volcanic rocks 
89-AT-092 8V, ME, 433500E, 6907400N Nordenskiold Fm., dacite flow 
Plutonic rocks 
88-GC-281 8V, NA, 557200E, 6553900N 
89-AT-022 8V, MC, 478500E, 6729200N 
89-AT-056 8V, NA, 563700E, 6598100N 
89-AT-059 8V, NA, 570200E, 658S900N 

Potassium feldspar megacrystic granodiorite 
Coarse grained biotite quartz monzonite 
Fine grained hornblende quartz monzonite 
Coarse grained biotite quartz monzonite 

Norian (Hart and Radloff, 1990) 

Late Triassic (Mihalynuk and Rouse, 1988) 
Norian to Sinemurian (Hart and Radloff, 1990) 

Carnian to Norian (Tempelman-Kluit, 1984) 
Norian (Hart and Radloff, 1990) 
Late Triassic (Wheeler, 1961) 
Late Triassic (Wheeler, 1961) 
Late Triassic (Wheeler, 1961) 
} Late Triassic (Werner, 1978 and unpublished 
} fossil data) 

Norian to Toarcian (MihaIynuk and Rouse, 1988) 
Toarcian and Bajocian (Tempelman-Kluit, 1984) 
Toarcian and Bajocian (Tempelman-Kluit, 1984) 
Sinemurian to Toarcian (Tempelman-Kluit, 1984) 

} Oxfordian to Kimmeridgian palynomorphs 
} (G.E. Rouse in Hart and Radloff, 1990). 
} Some of these strata may also be Late 
} Cretaceous (see Hart and Radloff, 1990). 

Late Triassic (Bultman, 1979) 
Norian (Hart and Radloff, 1990) 
Norian (Hart and Radloff, 1990) 
Carnian to Norian (Hart and Radloff, 1990) 

Sinemurian to Toarcian (Tempelman-Kluit, 1984) 

215 ± 5 Ma (K-Ar hornblende; Bultman, 1979) 
55 ± 1.9 Ma (K-Ar biotite; Morrison at aJ., 1979) 
} Early Tertiary (Woodsworth at al., 1988). Also 
} consistent with K-Ar hornblende and biotite 
l aC)es (Bultman. 1979). 
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TABLE 4.2 - CONTINUED 

Sample Location Description ACle 
Miogeoclinal strata 
89-AT-175 58° 50' 30- Nt 1250 20' 00- W 
89-AT-178 58° 40' 05- Nt 124° 26' 30- W 
89-AT-179 58°30'45-N, 124° 19'30-W 
89-AT-180 58° 30' 45- N, 1240 19' 30- W 

Nlsllng terrane 
Boundary Ranges suite 
89-AT-107 8V, NA, 541800E, 6589900N 
89-AT-108 8V, NA, 540700E, 6592200N 
90-AT-a07 8V, NA, 560700E, 6548700N 
Florence Range suite 
89-AT-161 8V, MB, 472200E, 6671600N 

89-AT-162 8V, MB, 472100E, 6671550N 
Plutonic rocks 
~C-273 8V, NB, 504500E, 6625850N 

Dark gray shale interbedded with siltstone 
Black fissile shale 
Fine grained, light gray lithic sandstone 
Gray silty shale 

White to pink quartzite 
Medium to coarse grained chl-bi-act schist 
Medium to fine grained chl-qtz-cal schist 

Gray quartzite with minor biotite and garnet 

Graphitic metapelitic schist 

} Early to Middle Triassic Toad Formation 
} (Taylor and Stott, 1973) 
Middle Triassic Liard Fm. (Taylor and Stott, 1973) 
Middle Triassic Liard Fm. (Taylor and Stott, 1973) 

} Pre-Late Triassic based on K-Ar hornblende 
} and U-Pb zircon ages on undeformed plutons 
} that intrude these rocks (Bultman, 1979; 
} Badsgaard in Doherty and Hart, 1988). 
} Depositional age not known so £Nd(t) and initial 
} 87SrJ86Sr ratios are not calculated. 

Coarse grained biotite granite (Granite of Log About 72 Ma (U-Pb zircon; Barker et al., 1986) 
Cabin) 

89-AT-a76a 8V, NA, 547000E, 6569800N Hornblende-biotite tonalitic orthogneiss Early Mesozoic (Mihalynuk et aI., 1989) 
Note: Locations (except for miogeoclinal samples) given in UTM coordinates as follows: grid zone designation, 100,000 meter square 

identification, reference to nearest 50 meters east, reference to nearest 50 meters north. Location for miogeoclinal strata are reported to the nearest 
five seconds of latitude and lonClitude. 
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an AI203 mill; analyses of pure quartz from both mills showed contamination levels of 

less than 2 ppb Nd. A 300 to 400 mg split of this powder then was loaded into a teflon 

vessel for dissolution. 

Dissolution and isotopic analyses follow the methods of Patchett and Ruiz (1987) 

with two exceptions. First, 149Sm_150Nd tracer solution was used for all Sm-Nd 

isotopic analyses. Second, Sm and Nd were loaded as chloride form onto two Ta side 

filaments placed on either side of a Re center filament for ionization. 

DATA REPRESENTATION 

Isotopic data are reported as the measured 87Sr/86Sr ratio and eNd(O) value 

and, for samples with known depositional ages, the Initial 87Sr/86Sr ratio and eNd(t) 

value. The eNd convention gives a scaled deviation in parts x 104 of the 143Nd/144Nd 

ratio of the sample relative to the value calculated for the bulk earth, or chondritic 

uniform reservoir (CHUR; DePaolo and Wasserburg, 1976). Samples rich in material 

recently removed from the mantle will have positive eNd values, whereas those 

dominantly composed of older crustal material will have negative eNd values. 

The 147 Sm/144Nd ratio is also useful in discriminating between ancient and 

juvenile crustal material. During partial melting events, Sm remains in the residuum 

relative to Nd, which is preferentially dispersed Into the melt. When applied on a 

crustal scale, the mantle (residuum) will be enriched in Sm relative to the Nd-rich 

crust (melt). Evolution of 147 Sm/144Nd in rocks is therefore coupled to the evolution 

of eNd (a measure of 143Nd/144Nd), in that juvenile rocks will have high eNd and 

147Sm/144Nd values, whereas ancient rocks have low values for these parameters 

(e.g. Goldstein and Jacobsen, 1988). Sediments may have different 147Sm/144Nd 
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ratios due to erosion of different source areas, or hydraulic or size sorting of minerals 

with different Sm/Nd ratios (e.g. Frost and Winston, 1987). 

Nd depleted mantle model ages (DePaolo, 1981 a) are also calculated for each 

sample. For sedimentary and metasedimentary rocks, these model ages are Interpreted 

as an approximation of the average age at which sediment source areas were extracted 

from the depleted mantle reservoir. Model ages for sedimentary rocks In this study are 

used only to gain a first-order understanding of the source area for the detritus (I.e. 

ancient vs. juvenile sources). Recent studies have shown that fractionation or sorting of 

sediment components and diagenetic alteration may cause model ages of clastic strata to 

deviate up to 400 Ma between layers (Frost and Winston, 1987; McLennan et al., 1989; 

Awwiller and Mack, 1991). I do not attempt to resolve source area differences of less 

than 500 Ma In this study. 

Nd model ages for magmatic rocks also give Insight Into the time at which partial 

melts were extracted from the depleted mantle, but can be difficult to Interpret. For 

instance, the model age of a pluton or volcanic flow may represent: (1) the age of 

extraction from the mantle, (2) the model age of the crustal source from which the melt 

was derived, or (3) a mixture of newly-derived mantle material and crustal material 

assimilated from the host rock (e.g. Arndt and Goldstein, 1987). Isotopic ratios and 

model ages in this paper are used to determine the relative amounts of ancient crustal 

contributions to magmas intruding the different terranes. 

RESULTS 

Miogeoclinal Strata 

The four samples of Lower and Middle Triassic strata from the miogeocline have 

negative ENd(t) values and 147 Sm/144Nd ratios typical of rocks containing detritus 
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derived from old continental crust (Table 4.1). Nd model ages range from 1660 to 

1320 Ma. 147 Sm/144Nd ratios of the shales are lower than those of samples 

containing coarser clastic material, a difference noted previously in samples from the 

Belt Supergroup and attributed to segregation of minerals in the sand and shale fractions 

during sedimentation (Fig. 4.3; Frost and Winston, 1987). 

Because detritus in these miogeoclinal strata is derived from the craton to the 

east (Gordey et al., in press), the ENd(t) values and corresponding Nd model ages are 

younger than expected. Basement rocks exposed east of the area sampled include 2.0 to 

1.8 Ga magmatic arcs and 2.4 to 2.0 Ga terranes accreted to the western margin of the 

Archean Slave Province (e.g., Hoffman, 1989; Ross et al., 1990). 

Several sources of younger material couid have mixed with these older basement 

rocks to provide the model ages obtained for the miogeoclinal samples. The Middle and 

Upper Proterozoic Mackenzie Mountains Supergroup underlies strata of the northern 

Canadian miogeOCline and overlies basement Intruded by 1175 to 1100 Ma granite 

(Jefferson and Parrish, 1989). Middie and Late Proterozoic gneissic and granitic rocks 

also underlie at least part of the Upper Proterozoic Windermere Supergroup. A 728 Ma 

leucogranitic orthogneiss underlies Windermere strata in the Deserters Ranges of north 

central British Columbia (Evenchick et al., 1984). Dates of 800 to 700 Ma have been 

obtained on other plutonic and volcanic rocks along the Cordilleran margin that formed 

during Interpreted rifting preceding Windermere deposition (Roots and Parrish, 1988 

and references therein). Paleozoic igneous rocks may also contribute detritus to the 

Triassic strata. Cambro-Ordovician basaltic and andesltic rocks and Mississippian 

felsic metavolcanic rocks are exposed In the Pelly Mountains of southeast Yukon 

(Tempelman-Kluit et al., 1976; Mortensen, 1982). Devonian to Permian strata in the 

Cariboo River area of central British Columbia also contain mafic volcanic rocks 
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terranes. Miogeoclinal samples have increasing 147Sm/144Nd ratio with Increasing 

grain size similar to deposits In the Belt Basin (Frost and Winston, 1987). Some 

northern Stikine sands show evidence of old crustal detritus, while clays, silts and other 

sands have juvenile signatures. Northern Cache Creek clays have crustal ratios whereas 

slits and sands have more juvenile ratios. See text for discussion. 
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(Struik, 1981). Although Nd isotopic data are not available for these rocks, they may 

be derived from material younger than 1800 Ma and would thus have the effect of 

lowering the expected model age of the miogeoclinal strata. 

Nlsling Terrane 

In addition to their different rock types, the Boundary Ranges suite and Florence 

Range suite have distinctly different Sm-Nd and Rb-Sr isotopic signatures. The data for 

Nisling terrane rocks are described by their present-day eNd(O) values and 

87Sr/86Sr ratios because the depositional ages of these strata are pooriy known. Four 

samples of metasedimentary and metavolcanic rocks from the Boundary Ranges suite 

have eNd(O) values between -4.6 and +0.5 indicating source arees with a Proterozoic 

average age (Fig. 4.4). 147Sm/144Nd ratios are higher than typical crustal values and 

range from 0.124 to 0.180. Measured 87Sr/86Sr ratios vary between 0.706 and 

0.713 (Tables 3.1, 4.1). 

Four samples of Florence Range suite metasedimentary strata have eNd(O) 

values between -20.6 and -15.6, indicative of Proterozoic to Archean source areas (Fig. 

4.4). 147Sm/144Nd ratios are close to crustal values with three of the samples having 

ratios less than 0.125. Measured 87 Sr/86Sr ratios are highly radiogenic, ranging 

from 0.715 to 0.745 (Tables 3.1, 4.1). Also, a quartz-chlorite schist clast from a 

conglomerate at the base of the Stuhini Group (Stikine terrane) is interpreted to be 

derived from the Nisling terrane (Jackson et al., in press). I include this clast with the 

Florence Range suite because its 147 Sm/144Nd ratio and eNd(O) value are closer to 

other samples from this suite. 

Nd and Sr isotopic data demonstrate that the Boundary Ranges and Florence Range 

suites are isotopically distinct. First, the Nd model ages are distinct between the two 
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samples. 
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suites and the calculation of model ages is independent of the stratigraphic age (DePaolo, 

1981a). Second, deposition of the Boundary Ranges suite would have to post-date 

Florence Range deposition by 2.0 to 1.2 Ga in order to have significant overlap in the 

£Nd(t) values. Most workers interpret the depositional age of Nisling rocks to be late 

Proterozoic to early Paleozoic, so a depositional hiatus greater than 1.2 Ga is unlikely. 

Five samples of plutonic rocks that intrude the Nisling terrane lie within a 

limited range of isotopic compositions. £Nd(t) values range from -1.8 to +0.3 and 

initial 87Sr/86Sr ratios lie between 0.7046 and 0.7062 (Figs. 4.5, 4.6). These 

plutons a" have model ages that exceed their crystallization ages, indicating a crustal 

contribution to the magma. If the piutons represent a simple, two-component mixture 

of mantle-derived melt and either meit or assimilation of Nisling terrane material, then 

20% to 25% of each pluton consists of material from the Nisling terrane, assuming an 

£Nd(70 Ma) value of -10 for the Nisling terrane, +8.3 for the depleted mantle, and a Nd 

concentration in Nisling rocks three times greater than in the mantle meit. 

Plutons that intrude the Nisling terrane have isotopic ratios similar to plutons 

that intrude metamorphic assemblages in southeast Alaska (Samson ef al., 1991 a) and 

fa" within the range of values obtained for the Sierra Nevada and Peninsular Ranges 

batholiths of California (DePaolo, 1981 b; Fig. 4.6). Nisling terrane plutons, however, 

have more juvenile isotopic ratios than do plutons intruding areas of thick continental 

crust (Hamilton ef al., 1980; Farmer and DePaolo, 1983). These data are consistent 

with the Nisling terrane comprising a thick succession of supracrustal sediments that 

lie on oceanic or highly attenuated (transitional) continental crust (Tempelman-Kluit, 

1979; Hansen ef al., 1991). 
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Figure 4.5. ENd(t) values for plutons intruding the Nisling, northern Stikine 

and northern Cache Creek terranes. Shaded symbols are data from Table 4.1; open 

symbols are from Table 3.1. 
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Wasserburg, 1977; O'Nions et al., 1977). Nisling plutons and the Middle Jurassic 

Nordenskiold dacite sample show the most crustal assimilation. Cache Creek basalt 

samples are enriched in radiogenic Sr, possibly due to seawater interaction 

(Hawkesworth et al., 1979). 
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Northern Stlklne Terrane 

Nd isotopic data for Upper Triassic and Jurassic clastic strata of the northern 

Stiklne terrane lie within a wide but continuous band of ENd(t) values between -2.5 and 

+6.1 with model ages from 1010 to 390 Ma (Tables 3.1; 4.1; Fig. 4.7). Two sandstone 

samples with ENd(t) values near -8.0 are interpreted to contain Nisling terrane 

detritus (Jackson et a/., in press; Fig. 4.7). 147Sm/144Nd ratios fall mainly between 

0.119 to 0.148, but several sandstone samples have lower ratios (Fig. 4.3). 

Upper Triassic volcanic rocks have ENd(t) values that plot well above CHUR, 

ranging from +1.3 to +5.9, and have model ages less than 700 Ma (Fig. 4.7). Initial 

87Sr/86Sr ratios lie between 0.704 and 0.705 and all samples fall near the mantie 

array on the Nd-Sr correlation diagram (Fig. 4.6; DePaolo and Wasserburg, 1977; 

O'Nlons et a/., 1977). A Middle Jurassic dacite has an ENd(t) value of -3.5 and an 

initial 87Sr/86Sr ratio of about 0.706, indicating abundant old crustal material In the 

magma. 

With values that generally lie above CHUR, data from the northern Stiklne 

terrane corroborate the Interpretation that the Stikine terrane as a whole consists 

primarily of material extracted from the mantie In Phanerozoic time (Samson et a/., 

1989). Data from the present study, however, include ENd (t) values that are more 

negative than any samples reported from the southern part of the Stikine terrane. These 

include a general extension of the data to ENd(t) = -3.5 (previous low of -0.5, Samson 

et a/., 1989) and two samples with significantly lower ENd(t) values near -8.0 

(Jackson et a/., In press). The northern Stikine terrane therefore contains detritus 

from a source area composed partly of Precambrian crustal material, interpreted to be 

the adjacent Nlsling terrane (Jackson et a/., in press). 
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The effect of this mixing of juvenile and ancient source,s can be seen on a Nd 

Isochron plot of northern Stlklne terrane clastic and volcanic rocks and Nlsling terrane 

strata (Fig. 4.8). Northern Stikine samples span a wide range of isotopic values, from 

unaltered volcanic arc-type ratios with high 143Nd/144Nd and 147Sm/144Nd, to 

ancient crustal ratios with low 143Nd/144Nd and 147Sm/144Nd very close to Florence 

Range suite (Nlsling terrane) values. Sandstone samples that plot nearest the Florence 

Range suite data contain 50% to 75% Nlsllng detritus If mixed with juvenile arc 

material from the Stuhinl/Lewes River arc. The sandstones show the greatest effect of 

this mixing, because only rocks of this grain size have 147Sm/144Nd ratios lower than 

0.12 (Fig. 4.3). The absence of these low 147 Sm/144Nd ratios from any Triassic or 

Jurassic fine-grained clastic samples (Fig. 4.3) illustrates the dominance of juvenile 

material In the source area of the northern Stikine terrane. 

Plutonic rocks that intrude the northern Stikine terrane have eNd(t) values 

generally between +0.6 to +4.7, with a gabbro plotting as high as +6.9; corresponding 

model ages range from 640 to 410 Ma, all greater than the crystallization ages for these 

plutons (Tables 3.1,4.1). The gabbro, however, plots very near the depleted mantle 

curve and is probably mantle derived (Fig. 4.5). Initial 87Sr/86Sr ratios fall in a 

narrow range between about 0.7042 and 0.7047, except for the gabbro with a 0.7036 

ratio. Plutonic samples generally overlap the volcanic samples on the eNd(t) vs. initial 

87Sr/86Sr diagram (Fig. 4.6). These data indicate a small contribution of old crustal 

material to northern Stikine plutonic rocks. 

Northern Stikine plutons could obtain their Isotopic signatures in one of two 

ways. First, northern Stikine plutons could be derived entirely from melts of existing 

northern Stikine strata, because the eNd(t) values for the plutons fall exactly within 

the field of northern Stikine samples and along their depleted mantle evolution lines 
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(Figs. 4.5, 4.7). Second, the ratios may be a result of mixing as described for Nlsllng 

plutons above. If the Nlsllng terrane underlies northern Stlklne deposits, the mixture 

could Involve mantie and Nlsling sources as with the Nisling plutons. Using these 

parameters, northern Stiklne plutons would contain 5% to 20% assimilated Nlsllng 

material. For the Jurassic dacite described above, 37% Nlsllng material would be 

required. 

Northern Cache Creek Terrane 
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Nd Isotopic data for clastic and volcanic strata of the northern Cache Creek 

terrane fall Into two distinct areas on the plot of ENd vs. age (Fig. 4.9). ENd(t) values 

for sandstone and volcanic rocks are similar to most of the values for the northern 

Stiklne terrane, with ENd(t) ranging from -1.1 to +6.0, model ages less than 1.0 Ga and 

147Sm/144Nd ratios that vary from 0.119 to 0.162. Northern Cache Creek volcanic 

rocks overlap with northern Stlklne volcanic samples in ENd(t) value, but the Cache 

Creek basalts have higher 87 Sr/86Sr ratios, probably indicative of interaction with 

Sr-rlch seawater (e.g. Hawkesworth et al., 1979; Fig. 4.6). 

In contrast to these juvenile ratios, upper Paleozoic and lower Mesozoic Teenah 

Lake assemblage shale and argillite samples have ENd(t) values of -8.8 to -6.6, model 

ages of 1450 to 1340 Ma, and 147Sm/144Nd ratios of less than 0.122, much lower 

than for the coarser-grained clastic samples (Figs.4.3, 4.7). These data indicate that 

northern Cache Creek argillite is derived from source areas composed largely of 

Proterozoic crust. Isotopic ratios for these strata are similar to those from the 

Cordilleran miogeocline and from modern oceanic sediments (Fig. 4.10; Ben Othman et 

al., 1989). The significance of this similarity is discussed below. 
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Figure 4.10. Nd Isotopic data for fine-grained clastic strata from the northern 

Stlklne terrane (Whitehorse Trough assemblage), northern Cache Creek terrane 

(Teenah Lake assemblage), the Canadian miogeocline (Table 4.1), and modern ocean 

sediments (Ben Othman et al., 1989). For the latter, pelagic sediments have open 

symbols, terriginous clastic strata are shaded. eNd values for northern Cache Creek, the 

miogeocline and modern ocean sediments are similar, whereas northern Stikine values 

are more juvenile. 
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Data from the northern Cache Creek terrane also follow a rough mixing trend on 

the Nd isochron diagram (Fig 4.11). The end members on the diagram are: (1) samples 

with volcanic arc-type ratios (high 143Nd/144Nd and 147 Sm/144Nd) caused by 

detritus shed from the northern Stikine terrane (Monger et al., 1982; Chapter 2), and 

(2) northern Cache Creek argillite samples composed of ancient crustal detritus (low 

143Nd/144Nd and 147Sm/144Nd). Upper Triassic sandstone samples from the 

northern Cache Creek terrane contain an isotopic mixture of these two end members 

consistent with their framework mineralogy (Chapter 2). 

Plutonic rock samples from northern Cache Creek have £Nd(t) values between 

+0.9 and +4.5, modei ages of 700 to 300 Ma and initial 87Sr/86Sr ratios less than 

0.7045 (Figs. 4.5, 4.6). These samples generally overlap with the plutonic and 

volcanic samples from the northern Stikine terrane (Figs. 4.5, 4.6). 

DISCUSSION 

Correlation of Nlsllng and Yukon-Tanana Terranes 

Workers have recently correlated the Yukon-Tanana terrane of Yukon and 

interior Alaska with metamorphic rocks in southeast Alaska on the basis of similarities 

in rock types, U-Pb zircon geochronology and Nd isotopic signature (Fig. 4.1; Gehrels et 

al., 1990b; 1991a; in press; McClelland et al., 1990; in press; Samson et al., 1991b; 

Mortensen, in press). Strata of the Nisling terrane lie between these newly-correlated 

metamorphic assemblages and it is appropriate to comment on the applicability of 

including the Nisling terrane with these correlations. 

Methods of subdividing the metamorphic rocks in Yukon, western British 

Columbia and southeastern Alaska, recently reviewed by Hansen et al. (1991), 
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Mortensen (in press) and Gehrels et al. (in press), are quite varied and controversial. 

The following is a brief comparison of terminology in use today. 
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Coney et al. (1980) and Monger and Berg (1987) assigned metamorphic rocks 

in east-central Alaska and western and southeastern Yukon to the Yukon-Tanana terrane, 

a composite terrane of Precambrian and Paleozoic metasedimentary, metavolcanic and 

metaplutonic rocks. Marble and pelitic metasedimentary strata of unknown age In the 

Coast Mountains batholith were termed Tracy Arm terrane. 

Wheeler et al. (1988) defined these rocks in a different way. The Nisllng 

terrane includes the Tracy Arm terrane as defined above and the continental-affinity 

metasedimentary rocks from the Yukon-Tanana terrane of Coney et al. (1980). The 

remainder of Yukon-Tanana was Included in the Nisutlln subterrane of the Kootenay 

terrane (sheared metasedimentary, metavolcanic and metaplutonic rocks of late 

Proterozoic to early Mesozolc(?) age), the Dorsey terrane (Mississippian to 

Pennsylvanian marginal basin assemblage) and the Pelly Gneiss terrane (granitic, S

type orthogneiss). 

Hansen (1990) and Hansen et al. (1991) defined the metamorphic rocks In this 

area on the basis of metamorphic cooling ages, structural fabric and Interpreted 

structural level. Hansen et al. (1991) divide the Yukon-Tanana terrane into (1) the 

Teslln-Taylor Mountain terrane (metamorphosed oceanic strata correlative with the 

Slide Mountain terrane) and Nisutlin terrane (quartz-rich metasedimentary rocks, 

felsic metavolcanic and metaplutonic rocks) that have Early Jurassic COOling ages and 

occur at high structural levels, and (2) the "orthogneiss assemblage" (Devono

Mississippian granitic orthogneiss and the quartz-rich metasedimentary country rock) 

that has Late Jurassic and Early Cretaceous cooling ages and occurs at low structural 
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levels. The Nisling terrane of Hansen et al. (1991) is similar to the Tracy Arm terrane 

of Monger and Berg (1987) but not the Nisling terrane of Wheeler et al. (1988). 

Mortensen (in press) retains the definitions of Yukon-Tanana terrane and Tracy 

Arm terrane as originally proposed by Coney et al., (1980) and Monger and Berg 

(1987), although he substitutes the term "Nisling terrane" for "Tracy Arm terrane". 

This terminology is used in the following discussion. 

Tempelman-Kluit (1976), Mortensen and Jilson (1985) and Mortensen (in 

press) have reported compelling evidence that metamorphic rocks of the Yukon-Tanana 

terrane originally formed a coherent stratigraphy which later experienced structural 

disruption. Mortensen (in press) divides this Yukon-Tanana stratigraphy into three 

units. The "lower unit" consists of Devonian and older quartzofeldspathic 

metasedimentary strata and minor pelitic schist, marble and calcsilicate; the "middle 

unit" is made up of Devonian to Mississippian carbonaceous phyllite, schist, quartzite, 

rare marble and pebble conglomerate and is interlayered with mafic and felsic volcanic 

rocks; the "upper unit" comprises Pennsylvanian to Lower Permian marble and 

quartzite. The "lower" and "middle" units are intruded by Late Devonian and Early 

Mississippian felsic orthogneiss bodies (Fig. 4.12). 

Detritus in metasedimentary rocks of the "lower unit" can be characterized by 

its Nd model age and by ages of detrital zircons. One Nd model age of about 2.5 Ga was 

obtained on the Birch Creek schist in central Alaska (recalculated from McCulloch and 

Wasserburg, 1978). Detrital zircon geochronology on "lower unit" metasedimentary 

rocks and their correlatives in east-central Alaska yield ages between 3.4 and 1.0 Ga 

(Alelnlkoff et al., 1984a, 1984b, 1986; Aleinikoff and Nokleberg, 1989; Mortensen, 

1990; in press). Radiogenic 87 Sr/86Sr initial ratios from plutons that intrude these 

rocks also record the presence of ancient crustal material (Armstrong, 1988). 
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Granitic orthogneiss bodies that Intrude the "lower" and "middle" units yields 

Late Devonian and Early Mississippian U-Pb zircon crystallization ages (Alelnlkoff et 

al., 1981; 1986; Mortensen and Jilson, 1985; Hansen et al., 1989) and evidence for 

early Proterozoic average age of Inheritance of about 2.2 Ga (Alelnlkoff et al., 1981; 

1986; Hansen et al., 1989). Nd model ages for these orthogneiss bodies generally 

overlap the average ages of Inheritance In zircons at 2.3 to 2.0 Ga (recalculated from 

Alelnlkoff et al., 1981; Bennett and Hansen, 1988). 

109 

Isotopic data for the "middle unit" Include U-Pb ages of felsic volcanic layers that 

range from Late Devonian to Early Mississippian in age (Mortensen, in press, and 

references therein). Inheritance of older lead has not been reported for zircons in the 

Yukon, but some hint of early Proterozoic material can be seen In zircons from 

stratigraphically equivalent units In Alaska (Aleinlkoff and Nokleberg, 1985; Alelnlkoff 

et al., 1986). 

In southeastern Alaska, Gehrels et al. (1990a; In press) define three 

assemblages which they correlate respectively with the "lower", "middle" and "upper" 

units of Mortensen (In press). The Tracy Arm assemblage consists of middle 

Proterozoic to lower Paleozoic marble, quartzite and metapelite. The Endicott Arm 

assemblage, largely correlative with the Ruth assemblage of McClelland ef al. (1990; in 

press) contains mid-Paleozoic felsic and mafic volcanic rocks, metapelitic biotite 

schist, quartzite and marble. The Port Houghton assemblage comprises upper Paleozoic 

quartz-rich metaturbidites, quartzite and quartzite-cobble metaconglomerate In the 

south, and metaconglomerate, metabasait, metapelite and marble in the north (Fig. 

4.12). 

Tracy Arm assemblage metaclastic strata have Nd model ages that range mainly 

from 2450 to 1450 Ma, with three samples yielding ages from 800 to 850 Ma (Samson 
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et al., 1991 b). Detrital zircons from two quartzite samples give U-Pb single-grain 

zircon ages of 1.4 to 1.0 Ga and 3.1 to 1.8 Ga (Gehrels et al., 1991 a). Endicott 

Arm/Ruth assemblage metavolcanic and metasedimentary strata have Nd model ages from 

1550 to 550 Ma (Samson et al., 1991b). Detrital zircons from a metaconglomerate 

sample yield U-Pb single-grain ages of 1.97 to 1.76 Ga, with three additional grains of 

2.6 Ga, 1.3 Ga and 750 Ma. Felsic metavolcanic layers within the Endicott arm/Ruth 

assemblage yield Late Devonian U-Pb zircon crystallization ages with no Inheritance 

(McClelland et al., in press; Gehrels et al., in press). Felsic orthogneiss that intrudes 

the Ruth Assemblage has a Mississippian crystallization age with no Inheritance 

(McClelland et al., 1990; In press) and a Nd model age of 1300 Ma (Samson et al., 

1991b). 

The rock descriptions and isotopic data for the "lower" and "middle" units of the 

Yukon-Tanana terrane In Yukon, and the Tracy Arm and Endicott Arm/Ruth assemblages 

in southeastern Alaska, correlate remarkably well with the Florence Range and 

Boundary Ranges suites of the Nlsllng terrane (Fig. 4.12). Florence Range rocks consist 

mainly of quartz-rich metapelite, marble and quartzite and have Nd model ages of 2850 

to 1770 Ma, in agreement with the Nd model ages and U-Pb zircon inheritance ages from 

the "lower" unit and Tracy Arm assemblage. Boundary Ranges rocks dominantly 

comprise intermediate to mafic volcanic rocks and have Nd model ages of 1700 to 910 

Ma, similar to the Endicott Arm/Ruth assemblage. Further, a Devono-Mississippian 

felsic orthogneiss body is closely associated with the Boundary Ranges suite, although 

presently separated from it by a shear zone (Currie, 1991). Thus, I conclude that the 

Florence Range suite is correlative with the "lower unit" and Tracy Arm assemblage of 

the Yukon-Tanana terrane, and the Boundary Ranges suite is correlative with the 



"middle unit" and Endicott Arm/Ruth assemblage of the Yukon-Tanana terrane (Fig. 

4.12). 

Continuity of the Stlklne Terrane 
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Three Important differences distinguish the northern and southern portions of 

the Stiklne terrane, the boundary between which lies near Tulsequah (Fig. 4.1): (1) the 

nature of the sub-Triassic rocks, (2) the differences In interpreted modes of Late 

Triassic volcanism, and (3) the differences in the Early and Middle Jurassic rock 

record. In northern Stiklne, Upper Triassic arc-type volcanic rocks unconformably 

overlie ancient continental margin strata of the Nisling terrane (Bultman, 1979; 

Jacl<son et al., in press). Upper Triassic volcanic rocks show only local evidence of 

bimodal, extension-related(?} volcanism (Peninsular Mountains Volcanics of Bultman, 

1979; Mihalynuk et al., 1989). In Early and Middle Jurassic time, submarine fan and 

alluvial fan sedimentation reflects dissection of arc rocks to the west (Bultman, 1979; 

Dickie and Hein, 1988). 

In the southern portion of the Stiklne terrane, however, Upper Triassic volcanic 

rocks unconformably overlie the Stiklne assemblage, a succession of Devonian to 

Permian marine volcanic and metavolcanic rocks, related clastic rocks and limestone 

(Monger, 1977; Anderson, 1989). Phanerozoic rocks of southern Stikine have a 

juvenile Sm-Nd and Rb-Sr Isotopic signature (Samson et al., 1989). The Upper 

Triassic Stullinl Group contains both arc-related, intermediate to mafic volcanic rocks 

and bimodal volcanism indicating regions of intra-arc extension (Anderson, 1989). 

Lower and Middle Jurassic strata include the Hazelton Group of submarine to epiclastic, 

intermediate and mafic volcanic rocks and related sedimentary rocks (e.g. Anderson, 

1989); evidence for Early and Middle Jurassic volcanism is not present in the north. 
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As stated above, Mesozoic strata from the northern Stlklne terrane have eNd 

values that In part are more negative than values for the equivalent strata In southern 

Stlklne. The old detritus contributing to northern Stlkine strata Is derived from the 

Nlsling terrane to the west (Jackson et al., in press). Southern Stlkine strata also have 

Nd model ages that exceed their stratigraphic ages, but this signature Is Interpreted to 

reflect mixing of juvenile volcanic material with a few percent of pelagic oceanic 

detritus (Samson et al., 1989). Thus, although rocks of the continental margin 

assemblage lie outboard of southern Stikine, they apparently did not underlie the 

Triassic portion of the arc or lie close enough to provide significant detritus to the 

Mesozoic Stikine strata as they did in northern Stikine. 

These Interpretations are consistent with at least three possible relationships 

between northern and southern Stikine. First, the Late Triassic volcanic arc may be 

built on top of different basements, the Paleozoic Stiklne assemblage In the south and the 

Nlsling terrane In the north. If this is true, then the Stikine assemblage and Nlsling 

terrane may be, at least in part, latera"y equivalent (facies related) to one another. 

Alternatively, the Paleozoic Stikine assemblage and Nisling terrane may be distinct 

fragments that were juxtaposed prior to Late Triassic time. Second, the Paleozoic 

Stikine assemblage and southern Stikine terrane, along with other inboard terranes, 

may have been thrust over the distal edge of the North American miogeocline, now 

represented by the Yukon·Tanana terrane in southeast Alaska, in post· Late Triassic 

time (Gehrels et al., 1990b). Third, northern and southern Stikine may have been 

entirely separate fragments until post·Middle Jurassic time. 
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Late Triassic Paleogeographic Implications 

Lower Mesozoic clastic rocks of the northern Stlkine terrane contain detritus 

shed from both a juvenile arc-type volcanic source (Stuhlnl/Lewes River arc), and an 

ancient continental margin source interpreted to be the adjacent Nisling terrane 

(Jackson et al., In press). Nisling rocks probably also underlie northern Stlklne as 

demonstrated by crustal contamination of magmatic rocks that Intrude or are Interbedded 

with northern Stiklne strata. 

Within the clastic samples, the amount of ancient crustal detritus does not 

Increase systematically with stratigraphic level or age (Figs. 4.2, 4.7). This pattern 

reflects variable erosion of the heterogeneous source area, with windows eroded through 

the volcanic rocks to expose Nisling rocks locally through time (Fig. 4.13). Source area 

composition remained heterogeneous through the Middle Jurassic. In Late Jurassic time, 

source areas for Tantalus deposits also include the Cache Creek terrane (Hart and 

Radloff, 1990). 

An entirely different interpretation is suggested by the oceanic character of the 

Cache Creek terrane, and the Isotopic data for modern ocean sediments. Upper Paleozoic 

and lower Mesozoic (Teenah Lake assemblage) fine-grained clastic strata In northern 

Cache Creek have Nd isotopic ratios similar to both Lower and Middle Triassic samples 

from the miogeocline and to modern ocean sediments (Ben Othman et al., 1989; Fig. 

4.10). 

This pattern of data leads to two possible interpretations. First, the pre-Middle 

Jurassic Cache Creek argillaceous rocks could consist of pelagic detritus derived from 

continents bordering the paleo-Pacific ocean. This interpretation satisfies the 

correspondence between northern Cache Creek samples and pelagic sediments of the 

modern Pacific Ocean, which have a range of cNd(t) values almost identical to the Cache 
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Creek argillite samples (Fig. 4.10). Further, modern ocean sediments have slightly 

more positive ENd values than the Cache Creek samples. This discrepancy is expected 

because continents bordering the modern Pacific Ocean are flanked with juvenile crustal 

fragments mostly accreted in post-Triassic time. This interpretation, however, falls to 

account for the strong correlation of miogeoclinal samples with the northern Cache 

Creek argillite. The similarity with miogeoclinal strata either (1) is coincidental, (2) 

shows that pelagic material in the Pacific Ocean was thoroughly mixed before deposition, 

or (3) suggests that much of the Triassic Pacific Ocean was bordered by continents with 

remarkably similar isotopic values. 

Alternatively, northern Cache Creek argillaceous strata may consist of material 

derived from the western Canadian miogeocline. This satisfies the similarity of Cache 

Creek and miogeocline sample Isotopic data, but suggests that the overlap of these with 

modern Pacific Ocean sediment ratios is fortuitous. Isotopic ratios for the latter fall in a 

very restricted range of values as compared to the ratios of pelagic sediments in the 

Atlantic and Indian Oceans (Fig. 4.10). It may be argued that samples of Pacific Ocean 

pelagic sediments reported by Ben Othman et al. (1989) underrepresent the true range 

of isotopic variation, and that this range is more accurately demonstrated in samples 

from the Atlantic and Indian Oceans. If the modern Pacific Ocean sediments really should 

occupy a wider range of values, then the similarity of isotopic ratios for Cache Creek and 

miogeoclinal samples would suggest a similar source area for these sediments. 

Lower Mesozoic fine-grained clastic strata from the northern Stikine terrane 

(Whitehorse Trough assemblage) have more juvenile isotopic ratios than Cache Creek 

argillite (Teenah Lake assemblage), indicating the abundance of young volcanic detritus 

in the Stikine samples (Fig. 4.10). In contrast to the fine-grained strata, upper 

Paleozoic and Upper Triassic sandstone in the Teenah Lake assemblage of northern Cache 



Creek comes from more juvenile source are;:ls. The ENd(t) value of +5.9 for the upper 

Paleozoic sandstone Is derived from the Incorporation of basaltic material during 

Intrabaslnal uplift and erosion within Cache Creek (Chapter 2). Lower Mesozoic 

sandstones contain abundant hornblende grains, extrabaslnal In origin, Interpreted to 

come from the Stiklne terrane (Monger et al., 1982; Chapter 2). 
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These data restrict the lower Mesozoic Teenah Lake assemblage strata In northern 

Cache Creek terrane to a unique geographic setting with respect to northern Stikine. The 

Teenah Lake assemblage basin must lie far enough away from northern Stiklne to be 

dominated by continent-derived pelagic sedimentation, but close enough to northern 

Stiklne to receive sporadic Input of debris-flow sandstone at the outermost edge of 

volcaniclastic deposits (Fig. 4.13). The Isotopic data presented here support the 

Interpretation that northern Cache creek and northern Stlkine were linked 

stratigraphically by Late Triassic time. 

Implications for Crustal Growth 

The terranes In western Canada consist of abundant juvenile crust removed from 

the mantle In Phanerozoic time (Samson et al., 1989; Samson and Patchett, In press). 

The range of ENd(t) values from -3.5 to +6.1 in northern Stikine rocks agree with 

those from southern Stikine and show that much of the northern part of Stikine also 

consists of juvenile crust. 

Data from the Nlsllng terrane Indicate two different sources of detritus for the 

metasedimentary rocks. The Florence range suite consists predominantly of recycled 

ancient crustal material as shown by strongly negative ENd(O) values. The Boundary 

Ranges suite, however, has slightly negative ENd(O) values that show a significant 

component of juvenile material in these strata. 
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Northern Cache Creek rocks also contain two different isotopic signatures. 

Argillite, chert and limestone make up about 60% of the Paleozoic and Mesozoic strata In 

Cache Creek (e.g. Monger, 1975). As shown here, the argillaceous rocks have negative 

ENd(t) values and are composed of ancient continental detritus. Oceanic chert and 

limestone typically have very low Nd concentrations and moderately to strongly negative 

ENd values, also indicative of dissolved ancient crustal material in seawater (Weis and 

Wasserburg, 1987; Keto and Jacobsen, 1988). Thus, 60% of northern Cache Creek Is 

composed of reworked crustal material rather than new Phanerozoic additions to 

continental crust. The other 40% of Cache Creek rocks includes sandstone, and mafic and 

ultramafic magmatic rocks with ENd(t) values near or above CHUR that represent 

substantial Phanerozoic crustai additions. 

CONCLUSIONS 

(1) Lower and Middle Triassic strata of the northern Canadian miogeocline have 

ENd(t) of -10.5 to -6.7 and Nd model ages of 1660 to 1320 Ma. Because these model 

ages are younger than the crystallization ages of basement exposed to the east, 

miogeoclinal strata probably contain a mixture of detritus from the exposed pre-1.8 Ga 

basement and detritus of late Proterozoic to Paleozoic magmatic rocks now buried 

beneath the miogeoclinal deposits. 

(2) Two suites of metasedimentary and metavolcanic strata in the Nisling 

terrane of northwestern British Columbia have different isotopic signatures. The 

Florence Range suite contains quartz-rich metaciastic strata and marble and has ENd(O) 

values between -20.6 and -15.6. The Boundary Ranges suite contains chlorite

actinolite-quartz schist, minor quartzite and carbonate and has ENd(O) values between 

-4.6 and +0.5. Based on similarities in rock type and Nd isotopic composition, I 
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propose that the Florence Range suite correlates with the "lower unit" of the Yukon

Tanana terrane of Mortensen (In press) and the Tracy Arm assemblage of Gehrels et al., 

(1990a; In press). The Boundary Ranges suite correlates with the "middle unit" of the 

Yukon-Tanana terrane of Mortensen (In press) and the Endicott Arm/Ruth assemblage of 

Gehrels et al., (1990a; In press) and McClelland et al. (In press). 

(3) The northern Stlklne terrane contains abundant juvenile volcanic rocks and 

clastic detritus with ENd(t) values largely between -2.5 and +6.1, In agreement with 

data from the southern part of Stlklne (Samson et al., 1989). Clastic strata In northern 

Stlklne, however, contain ancient crustal detritus presumably derived from the adjacent 

Nlsling terrane. Further, Isotopic data from plutonic and volcanic rocks that intrude 

northern Stlklne strata are consistent with the Interpretation that Nisling rocks 

underlie much of the northern Stikine terrane. Isotopic and stratigraphic differences 

between the northern and southern parts of the Stlklne terrane demonstrate differences 

In their geologic evolution and raise the possibility that pre-Triassic rocks of northern 

and southern Stiklne belong to distinct tectonic fragments. 

(4) The northern Cache Creek terrane contains rocks with two distinct Isotopic 

signatures. Volcanic rocks, Paleozoic sandstone, lower Mesozoic Teenah Lake assemblage 

sandstone, and lower Mesozoic Teslin River assemblage clastic rocks have juvenile Nd 

Isotopic ratios ENd(t) ranging from -1.1 to +5.9. For the Teenah Lake and Teslin River 

assemblage sandstones, the isotopic data are consistent with derivation of detritus from 

the northern Stikine terrane (e.g. Monger et al., 1982). Upper Paleozoic and lower 

Mesozoic Teenah Lake assemblage shale and argillite contain ancient continental detritus 

with ENd(t) values of -8.8 to -6.6, similar to isotopic compositions of coeval Canadian 

miogeoclinal strata and of sediments in the modern Pacific Ocean (Ben Othman et al., 

1989). 
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(5) Nlsling, northern Stlklne and northern Cache Creek contain significant 

accumulations of strata with juvenile Nd Isotopic compositions, Indicating that much of 

the western Canadian orogenic belt was derived from the mantie In Phanerozoic time. 

Argillite, chert and limestone that make up 60% of northern Cache Creek, however, 

represent reworked continental material rather than Phanerozoic additions to the crust. 

(6) The isotopic data presented here strongly support the interpretation that the 

Nisling, northern Stlklne and northern Cache Creek terranes were linked 

stratigraphically by Late Triassic time. 



CHAPTER 5 

GEOLOGIC EVOLUTiON OF THE NORTHERN MARGIN OF THE 

CACHE CREEK TERRANE 

SUMMARY 

The northeastern corner of the northern Cache Creek terrane is underlain by: 
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(1) Middle Triassic to Lower Jurassic chert, argillite and volcanic-lithic sandstone of 

the Teenah Lake assemblage that was derived from the northern Stikine terrane, (2) 

Pennsylvanian or Lower Permian limestone, (3) Permian or Lower Triassic chert and 

argillite, (4) upper Paleozoic or Triassic mafic volcanic rocks, (5) ultramafic rocks of 

unknown age, and (6) a mid-Cretaceous(?) felsic plutonic complex. The first five units 

are intercalated on faults of the Teenah thrust belt, motion along which began in late 

Middle Jurassic time. The Teenah thrust belt is part of a larger complex of Mesozoic 

thrust faults that is floored by the Nahlin fault and bound on the north by the Squanga

Crag Lake tear-fault system. Minimum displacement along the Nahlin-Squanga-Crag 

Lake system is estimated at 90 km of southwest-directed dextral transport and 2.2 km 

of south-side up vertical offset. West and north of this zone of thrusting, strata are 

deformed into large, upright folds which accommodate less shortening. The mid

Cretaceous(?) felsic plutonic complex postdates deformation in the Teenah thrust belt. 

These plutons display a minor cataclastic fabric, probably related to slip along the Late 

Cretaceous-early Tertiary Teslin fault to the east. 



INTRODUCTION 

The Cache Creek terrane Is one of the most enigmatic terranes In the Canadian 

Cordillera due to the presence of Tethyan-type fusullnid fauna In limestone of Late 

Permian age (e.g. Monger and Ross, 1971). These fauna are distinct from coeval 

fusullnld fauna In strata of western North America, prompting some researchers to 

Interpret Cache Creek as an exotic fragment with a possible origin In the central or 

western Pacific Ocean (Monger and Ross, 1971; Ross and Ross, 1983; Stevens, 1983). 

Because of its potential exotic origin, an understanding of the geologic history of this 

fragment Is essential to Interpretations of the tectonic history of the western Canadian 

Cordillera. 
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In this chapter, I present the results of field studies in the northeastern corner 

of the northern Cache Creek terrane, or Atlin terrane as defined by Monger (1975; Fig. 

5.1). I describe the rocks that underlie this area, Interpret the structural geology, 

discuss constraints on the ages of the deformational events and propose a geologic history 

for the region consistent with data from this and other studies. 

ROCK UNITS 

Lower Mesozoic Teenah Lake Assemblage 

The westernmost exposures in the study area comprise the Middle Triassic to 

Lower Jurassic Teenah Lake assemblage of sandstone, argillite and radiolarian ribbon 

chert, equivalent in part to the Kedahda Formation of Monger (1975), that dip 

moderately to the south and southwest (Figs. 5.2, 5.3, 5.4) and have been described in 

detail elsewhere (Chapter 2; Mulligan, 1963; Monger, 1975; Gordey, 1991; Cordey et 

al., 1991). These strata are interlayered on a scale of several cm to tens of meters and 

reach a total thickness of over 4 km, some of which represents structural repetition 
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Figure 5.1. Location of the study area. Location of structures and distribution of 

assemblages in the northern Canadian Cordillera after Wheeler and McFeely (1987), 

except locations of Marsh Lake fault (Hart and Radloff, 1990) and Squanga fault (this 

paper). 
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Figure 5.2. Geologic map of the Teenah Lake area. See Fig. 5.1 for location. 
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Figure 5.4. Equal area piot of poles to bedding in the upper Paleozoic (solid 

squares) and lower Mesozoic Teenah Lake assemblage (open circles) strata. Attitudes 

typically determined on bedded chert surfaces. Note the dominant south to southwest dip 

of the strata. 
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(e.g. Cordey et al., 1991). Teenah Lake assemblage rocks have been Interpreted as 

Intraoceanic pelagic deposits punctuated by Input of coarser clastic detritus eroded from 

the northern Stlklne terrane to the west (Chapter 2; Monger et al., 1982). 

Fabric within these rocks Is best developed In the argillite, which exhibits a 

moderately to well developed spaced cleavage oriented subparallel to bedding in adjacent 

chert layers (Fig. 5.5). The best developed cleavage has IIthons one or two mm wide. 

Most sandstone outcrops generally lack a fabric, although about 30% of the exposures 

show a spaced cleavage with IIthons one to two em wide. The sandstone layers with 

greatest cleavage development have sand or pebble grains in rough alignment with the 

cleavage planes, which are oriented at a small angle to bedding. Ribbon chert beds do not 

exhibit cleavage, but the thin argillaceous partings between chert layers are typically 

cleaved subparallel to bedding. 

Paleozoic Sedimentary Rocks 

Northeast of the Teenah Lake assemblage lie upper Paleozoic carbonate, argillite, 

ribbon chert and local lenses of basaltic to andesltic volcanic rocks (Fig. 5.2). The 

majority of the carbonate is foliated marble with light gray and white compOSitional 

layers one to two cm thick that dip moderately southwest (Fig. 5.5). Protoliths of the 

marble range from light gray micrite to biowackestone with abundant crinoid debris. 

The marble varies from zero to 300 meters in thickness along strike, with variation 

controlled by faults along the upper and lower contacts of the marble (see "Structural 

Geology" below). Collections of conodonts from two samples of the marble yield 

Pennsylvanian or Early Permian fauna (Orchard, 1991; Chapter 2). The western 

contact with the lower Mesozoic sedimentary rocks is not exposed but can be located 

within a meter in some areas. In these locations the contact is sharp, no gradation 
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Figure 5.5. Equal area plot of poles to foliation and cleavage orientations In the 

lower Mesozoic Teenah Lake assemblage (open circles), the Pennsylvanian or Permian 

marble (shaded triangles) and Permian sedimentary rocks (solid squares). 
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between the two units can be seen, and the compositional layering in the marble is 

subparallel to the contact. 
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Northeast of the marble lie sparse outcrops of interbedded argillite and ribbon 

chert with local lenses of volcanic rock (Fig. 5.2). The argillite is generally medium to 

dark gray, slightly to moderately siliceous and contains a spaced cleavage similar to that 

described for the lower Mesozoic argillite. Near the lenses of volcanic rock, the argillite 

is generally more siliceous and contains thin stringers and layers of white or light gray 

ash. Chert beds are intercalated with the argillite and consist of two- to five-cm-thlck 

ribbons of light to dark gray or beige ribbon chert. One sample of chert from this 

section contains conodont fauna of Permian or Early Triassic age (OrChard, 1991; 

Chapter 2). 

Light green, chloritically altered and generally fine-grained (tuffaceous) 

volcanic rocks crop out as lenses within this unit. Primary fabrics and composition are 

almost completely erased, but rare hyaloclasite and ghosts of pyroxene and hornblende 

crystals are present. These volcanic rocks likely represent Intermediate to mafic 

composition submarine flows and tuffs. The contacts between these lenses of volcanic 

rock and the surrounding sedimentary rocks are not exposed. The presence of ash layers 

in the adjacent argillaceous strata, however, argue for limited structural disruption. 

Upper Paleozoic or Triassic Volcanic Rocks 

East of the upper Paleozoic sedimentary rocks lie a variety of dominantly green 

submarine basaltic volcanic rocks (Carboniferous to Permian volcanic rocks of 

Mulligan, 1963; Permo-Triassic volcanic rocks of Monger, 1975). The contact with 

the sedimentary rocks is abrupt (Fig. 5.2). The westernmost exposures of volcanic rock 

consists primarily of volcanic conglomerate. Clasts are well rounded and supported by a 
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chlorltlcally altered, fine-grained basaltic matrix containing rare, highly contorted 

compositional layers that may have been flow laminae. Clast types Include limestone and 

marble (60%), chert (25%) and ultramafic rock (15%). Average clast size is several 

cm In diameter, but rare outsized clasts are as large as 20 m across. 

East of this conglomerate lie interbedded green tuffaceous volcanic rocks, locally 

abundant Interbedded chert and argillite, minor interbedded limestone and rare Isolated 

outcrops of volcanic sandstone either as clasts or lensoidal beds within the volcanic 

sequence. Some outcrops preserve primary fabrics, including andesitlc hornblende 

crystal tuff and basaltic welded tuff. Locally, lenses of tuffaceous rocks are encased in a 

fine-grained matrix of chloritized basalt that has flowed around the better-preserved 

lenses. As in the conglomerate, the volcanic rocks are largely altered to chlorite, but 

rare partial pillows, pillow rinds and abundant hyaloclasite textures indicate submarine 

deposition. 

The age of these volcanic rocks is unknown, but is probably either late Paleozoic 

or Triassic based on the following arguments. First, limestone clasts within the volcanic 

conglomerate contain rare, poorly preserved crinoid fossils. Thus the volcanic strata 

can be no older than Ordovician. Second, the volcanic conglomerate layer contains clasts 

of ultramafic rock, marble, chert and argillite similar to that exposed in the 

Pennsylvanian or Permian sedimentary rocks to the southwest. The volcanic flows may 

have overridden these strata and incorporated debris into the conglomerate. In this case 

the volcanic unit would be Permian or younger. The volcanic strata probably predate 

deposition of the lower Mesozoic Teenah Lake assemblage, however. Clasts of Teenah 

Lake assemblage sandstone have not been observed in the volcanic conglomerate, and 

strata of the Jurassic Teslin River assemblage (Inklin assemblage of Wheeler and 

McFeely, 1987) overlie similar volcanic rocks north of the Squanga fault (Fig. 5.1; 



Mulligan, 1963; Gordey, 1991). Hence, the volcanic unit Is probably Permian to Late 

Triassic, but can only be constrained as Ordovician or younger with the present data. 

Hayes Peak Ultramafic Body 
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The Hayes Peak ultramafic body underlies about eight km2 just north of the 

rocks described above (Fig. 5.1). This Is one of the larger of several ultramafic bodies 

along strike to the northwest (Fig. 5.1; Mulligan, 1963; Gordey, 1991). 60% of the 

Hayes Peak body consists of coarse-grained pyroxenite with the remainder comprising 

finer-grained pyroxenite and dunlte. Original Igneous layering Is well preserved In 

several outcrops within the body. Thin serpentine veins crosscut much of the coarse

grained pyroxenite. Near the western margin of the ultramafic body the serpentine veins 

comprise up to 30% of the rock mass and dip steeply with an orientation subparallel to 

the contact (Fig. 5.6). 

Along Its eastern edge, the Hayes Peak ultramafic body structurally overlies 

upper Paleozoic or Triassic volcanic rocks along a contact that dips moderately westward 

(Figs. 5.2, 5.3). Near this contact, 3 to 5 cm-thlck, dark green veins of fine-grained, 

serpentinized ultramafic rock Intrude the main ultramafic body and locally constitute up 

to 30% of the total rock volume. Basaltic volcanic rocks have a foliation subparallel to 

the contact that extends three meters beneath the contact. The jointing above the contact, 

brecciation within two meters of the contact and foliation in the basaltic rocks below the 

contact are suggestive of a fault. Whether this fault Is a minor modification of an 

Intrusive boundary or a major structure cannot be determined from field observation. 
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Figure 5.6. Equal area plot of poles to cataclastlc fabric In the felsic plutonic 

suite (open circles) and poles to sheared serpentine veins and foliation in the Hayes Peak 

ultramafic body (open squares). Note the northeast strike and steep dip of these fabrics. 



Mld-Cretaceous{?) Felsic Plutonic Complex 

A large, felsic plutonic complex underlies approximately 80 km2 west of the 

Hayes Peak ultramafic body (Figs. 5.1, 5.2). The complex comprises an undeformed 

granodioritic core and a slightly deformed granitic rim. The core suite consists of 

hornblende-biotite granodiorite (35% hornblende and 5% biotite), biotite-hornblende 

granodiorite (30% biotite and 10% hornblende) and agglomeropheric hornblende 

granodiorite (40% hornblende). The core zone is intruded by granitic bodies 

interpreted to be part of the rim suite. These felsic bodies comprise 25% of the total 

volume of core rocks. 

The rim suite is dominated by potassium feldspar-megacrystic biotite granite 

(15% biotite). About 70% of these outcrops display a weak cataclastic foliation that 

strikes N 20° E and dips steeply (Fig. 5.6). The rim suite contains a series of upper 

greenschist- to amphibolite-grade pendants of Cache Creek strata that include 

amphibolite (after chloritically altered mafic volcanic rocks), banded quartzite (after 

ribbon chert), carbonaceous schist (after argillite), ultramafic rocks and coarse

grained marble. These pendants contain no penetrative deformation fabrics and 

apparently record only a thermal contact metamorphism. 

STRUCTURAL GEOLOGY 

The eastern edge of the northern Cache Creek terrane lies along the valley 

occupied by the Teslin River and Teslin Lake (Fig. 5.1). Although nowhere exposed, this 

valley contains the Teslin fault, a mid-Cretaceous to early Tertiary high-angie fault 

with significant dextral strike-slip displacement (e.g. Gabrielse, 1985). To the west, 

the northern Cache Creek terrane is bounded by the Nahlin fault, a moderate to steeply 

east-dipping thrust fault with a component of right-lateral displacement (Monger, 
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1975; Bloodgood and Bellefontaine, 1990). At the southern tip of the northern Cache 

Creek terrane, the Nahlln fault is truncated by the Kutcho fault, the southern extension 

of the Teslln fault (e.g. Gabrieise, 1985). 

The northern border of northern Cache Creek is more difficult to define. One 

significant boundary lies along the Alaska Highway where it crosses northern Cache 

Creek strata. This boundary herein is termed the Squanga fault and interpreted to be an 

extension of the Crag Lake fault to the west (Fig. 5.1; see "Geologic Histo~y" below). 

These faults mark the northern limit of upper Paleozoic pelitic strata, Paleozoic 

carbonate and lower Mesozoic Teenah Lake assemblage clastic strata. North of the 

Squanga fault, Cache Creek rocks consist only of altered basaltic volcanic rocks and 

overlying Lower and Middle Jurassic Teslin River assemblage clastic strata derived 

from the northern Stlkine terrane (Monger, 1975; Wheeler and McFeely, 1987; 

Chapter 2). I examined structures near the Squanga fault in an effort to determine Its 

displacement history. 
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South of the Squanga fault, Teenah Lake assemblage rocks dip to the south and 

southwest and lie as the uppermost in a stack of fault-bounded plates (Figs. 5.2, 5.3). 

Below these strata, in descending structural order, lie the Pennsylvanian carbonate, 

Permian pelagic sedimentary rocks and upper Paleozoic or Triassic volcanic rocks (Fig 

5.3). I argue that the contacts betwaen these units are faults based on the following 

observations. First, the contact between the Teenah Lake assemblage and the carbonate is 

very sharp; no reworked limestone detritus occurs in the clastic strata on either side of 

the limestone. Second, foliation in the marble and cleavage in the pelagic strata have an 

orientation subparallel to the contact. Third, the age order of the strata is disrupted 

(Fig. 5.2). 
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Faults exist within each of these units as well. Cordey et al. (1991) recognized 

repetition of ages within a section of Teenah Lake assemblage rocks along strike with and 

presumably equivalent to the strata described In this study. Gordey (1991) proposed 

that the section of Teenah Lake assemblage strata Is too thick to represent pure 

depositional accumulation and may have been structurally thickened. In the Permian 

pelagic strata, small, phacoldal pods of serpentinized ultramafic rock Indicate Intense 

local shearing and probably mark fault zones (Figs. 5.2, 5.3). Also, one fault can be 

located within the Teenah Lake assemblage (Fig. 5.2), based on a 45° discordance of 

bedding attitudes. 

The faulting between and within the sedimentary and volcanic strata Is 

Interpreted as thrust stacking of sheets of intraoceanic strata within a zone herein 

termed the Teenah thrust belt (Fig. 5.2). Direct kinematic Indicators of fault movement 

are lacking because fault surfaces are not exposed, and the region as a whole suffers 

from lack of continuous exposure. However, at least two lines of reasoning point toward 

a period of compressional deformation. First, several examples of overturned bedding In 

the Teenah Lake assemblage Indicate folding which must In part be tight to Isoclinal In 

form because of the constant south to southwesterly dip of the strata (Fig. 5.2). 

Further, rare outcrops of tightly-folded chert beds have hinges that plunge southeast at 

a moderate angle. Second, apparent thickening of the stratigraphic section and repetition 

of ages within the Teenah Lake assemblage suggest a stacking of thrust sheets (e.g. Cordey 

et al., 1991; Gordey, 1991). 

In the sedimentary and volcanic rocks and south of the plutonic and ultramafic 

bodies, most foliation and cleavage surfaces dip to the southwest subparallel to bedding 

and to the faults between the major units (Figs. 5.2, 5.4, 5.5, 5.7). The orientations, 

however, are spread along a great circle, suggesting a folding of the cleavage and foliation 
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Figure 5.7. Equal area plot of poles to foliation and spaced cleavage in the upper 

Paleozoic or Triassic volcanic rocks. Note the northeast striking, near vertical fabric 

and the northwest striking, moderately dipping fabric. 
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about a southwest-plunging axis (Figs. 5.5, 5.7). This is especially apparent in the 

upper Paleozoic or Triassic volcanic rocks, where a northeast-striking, steeply dipping 

fabric accounts for half of the measurements recorded (Fig. 5.7). These orientations are 

manifest in a variety of fabric types, including spaced cleavage with mm-scale lithons, 

and sma" shear zones which have accommodated at least several meters of displacement. 

These latter fabrics have an orientation similar to surfaces developed in the 

ultramafic and plutonic rocks to the north (Fig. 5.6). The ultramafic rocks host sheared 

serpentine veins and foliation surfaces with a northeast strike and steep dip (Fig. 5.6). 

The felsic plutonic suite contains surfaces of low-displacement cataclasis (less than one 

cm wide) and thin clay seams (less than one mm wide) that have a similar orientation. 

The surfaces of cataclasis do not display a consistent sense of shear. 

TIMING OF DEFORMATIONAL EVENTS 

Thrust faulting within the study area involves the Teenah Lake assemblage which 

Is at least as young as Pliensbachian (Cordey et al., 1991). The younger age constraint 

on thrust faulting is dated by the felsic plutonic complex, which intrudes both the thrust 

sheets and the Hayes Peak ultramafic body (Figs. 5.2, 5.3). Near the contact with the 

ultramafic body, rocks of the plutonic complex are generally undeformed but locally 

show minor, intrusion-related flow banding and cataclasis. These plutonic rocks are 

undated, but are interpreted as mid-Cretaceous to early Tertiary in age based on 

lithologic correlation with dated plutons in the northern Cordillera (Mulligan, 1963; 

Wheeler and McFeely, 1987; Woodsworth et al., 1988). 

The Hayes Peak ultramafic body is also undated, and therefore could occupy one of 

several slots in the geologic history. The most likely interpretations for its evolution 

are: (1) it was part of the late Paleozoic or early Mesozoic ocean floor and became 
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Intercalated with the other thrust sheets, or (2) It Intruded the existing stack of thrust 

sheets In Pliensbachian time or later and was accompanied by minor shearing along the 

contacts. I prefer the first option because no aureole of thermal alteration exists in the 

adjacent country rocks and because smaller (coeval?) ultramafic sheets to the southeast 

of Hayes Peak are strongly sheared and mark thrust surfaces (Fig 5.2). 

The northeast-striking, steeply dipping fabric present in the Hayes Peak 

ultramafic body and felsic plutonic complex (Fig 5.6) postdates intrusion and cooling of 

the felsic plutons. Age of movement of the Teslin fault along the eastern boundary of 

Cache Creek is poorly constrained but believed to be mid-Cretaceous to Oligocene 

(Gabrielse, 1985). 

GEOLOGIC HISTORY 

Much of the northern Cache Creek terrane is composed of Upper Mississippian to 

Upper Permian pelagic strata, minor sandstone, mafic volcanic rocks, shallow-water 

carbonate and ultramafic rocks typical of an intraoceanic basin assemblage (e.g. Monger, 

1977). A post-Upper Permian, pre-Ladinian (Middle Triassic) unconformity 

separates the Paleozoic Cache Creek rocks from the overlying Mesozoic assemblages. 

South of the Squanga fault, the lower Mesozoic Teenah Lake assemblage represents 

pelagic deposition punctuated by influx of arc-type volcanic detritus derived from the 

northern Stikine terrane to the west (Fig. 5.8; Monger et al., 1982; Chapter 2). North 

of the Squanga fault, Paleozoic Cache Creek mafic volcanic rocks lie closer to the 

northern Stikine terrane in the early Mesozoic, because they are covered by turbiditic 

and alluvial deposits of the Lower and Middle Jurassic Laberge Group (Whitehorse 

Trough and Teslin River assemblages; Figs. 5.1, 5.8; Wheeler and McFeely, 1987; 

Chapter 2). 
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Onset of shortening In the study area postdates Pliensbachian time because strata 

of this age are Involved In the faulting (Cordey et al., 1991). Further evidence for 

compressional deformation can be found elsewhere In northern Cache Creek. East of 

Atlin, British Columbia, a thick sequence of thrust sheets contains upper Paleozoic and 

Upper Triassic strata (Bloodgood and Bellefontaine, 1990; Cole et al., In press). In the 

northwestern part of Cache Creek, west to southwest-vergent folds and faults are 

common (Link, 1965; Monger, 1975; Hart and Radloff, 1990). To the south near 

Dease Lake, two phases of deformation can be discerned: (1) a pre-Late Triassic phase of 

bedding-parallel shear produced during east-west compression, and (2) a post

Bajocian, pre-Late Cretaceous south to southwest-directed shortening event (Monger, 

1975) . 

With the exception of the pre-Late Triassic event preserved near Dease Lake, all 

other shortening occurred In the inteival between Early or Middle Jurassic and Late 

Cretaceous time. Further, significant fauiting and uplift of Cache Creek must have 

occurred by late Middle Jurassic time, because Cache Creek detritus Is present In strata 

as old as BajOCian on the adjacent Stlkine terrane (Monger et al., In press). 

I Interpret faulting in the Teenah thrust belt to be part of the late Middle 

Jurassic to mid-Cretaceous contractional deformation in northern Cache Creek. Fold 

hinges In the study area are consistent with an early phase of northeast- or southwest

directed shortening. Hinges of rare folded chert layers In the Teenah Lake assemblage 

plunge southeast as described above. Further, if the Teenah Lake assemblage strata are 

pervasively folded as suggested by upright and overturned bedding attitudes (e.g. Gordey, 

1991), then the hinges of these folds would also trend northwest-southeast, because the 

strata generally dip to the southwest (Fig. 5.2). A southwest vergence is favored for 

these fauits because of the consistent sense of southwest transport seen elsewhere in 
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northern Cache Creek. The present southwest dip of these faults and strata are probably 

the result of later tilting as described below; original orientations of thrust surfaces are 

Interpreted to have had a northeast dip. 

This Initial phase of thrusting resulted In the southwest-dipping foliation and 

cleavage surfaces developed in the sedimentary and volcanic strata. A later phase of 

northwest-southeast compression would account for the folding of these earlier 

surfaces, as shown by the spread of orientations along a great circle (Figs. 5.5, 5.7). 

Kinematic indicators from fault zones in the Atlin area Indicate that some of the thrust 

sheets had a southeast direction of transport (Bloodgood and Bellefontaine, 1990). One 

of these faults deforms a mid-Cretaceous(?) pluton (Bloodgood and Bellefontaine, 

1990), which Is consistent with this southeast-directed event occurring after the 

earlier phase of southwest-directed contraction. 

This style of deformation Involving stacks of thrust sheets Is apparently confined 

to the strata in the northern Cache Creek terrane south of the Squanga fault (Fig. 5.1). 

North of the fault, Lower and Middle Jurassic Teslin River assemblage strata overlie 

altered volcanic rocks that are presumably part of the Cache Creek terrane. These rocks 

are deformed into largely upright folds with wavelengths on the order of km (Gordey, 

1991) and thrust over northern Stikine terrane rocks along the Marsh Lake fault (Figs 

5.1; 5.9). Similarly along the western edge of northern Cache Creek (west of the Nahlin 

fault; Fig. 5.1), strata of the Whitehorse Trough assemblage display upright fold 

geometries with km-scale wavelengths (Bultman, 1979; Bloodgood and Bellefontaine, 

1990). Thus, regions within and outside of Cache Creek have undergone different styles 

of compressional deformation that reflect significant differences in the magnitudes of 

shortening. Although the total amount of shortening within Cache Creek strata cannot be 
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quantified, the thick stacks of thrust sheets are likely to represent much more 

contractional strain than are large upright folds (Fig. 5.9). 
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Thus, the Squanga fault is interpreted as the northern boundary of a large thrust 

sheet floored by the Nahlin fault and containing Cache Creek strata (Fig. 5.9). In this 

model, the altered basaltic volcanic rocks north of the Squanga fault were part of the 

same basin floor as the structurally overlying Cache Creek strata, but lay closer to the 

northern Stikine terrane than the upper-plate Cache Creek rocks (see also Chapter 2). 

The Squanga fault is probably a continuation of the Crag Lake fault, which together form 

a single fault zone (Fig. 5.1; Hart and Radloff, 1990). Vertical (south-side up) offset 

along the Crag Lake fault has been estimated at a minimum of 2.2 km (Hart and Radloff, 

1990). Minimum lateral displacement is approximately 90 km of dextral slip, the 

distance from the western edge of the Crag Lake fault to the eastern termination of the 

Squanga fault against the Teslin fault (Figs 5.1, 5.9). 

The Squanga and Crag Lake faults are interpreted to act as tear faults 

accommodating oblique dextral slip in Jura-Cretaceous time. The linearity of the fault 

trace may be a primary feature that reflects a steep northern margin of the Nahlin plate. 

Alternatively, the linear trace may be an artifact of later reactivation of this fault zone. 

It Is interesting to note that the Teenah thrust belt and related shortening in 

northern Cache Creek and northern Stikine may be coeval with other contractional 

events ill the western Cordillera. Evenchick (1991) describes a northeast-vergent 

thrust belt of Oxfordian or Albian to Late Cretaceous or Paleogene age in the Bowser 

Basin of the Stikine terrane. The Skeena fold belt accommodates about 44% shortening 

(Evenchick, 1991). If the deformation in the Skeena fold belt is Albian and younger, the 

shortening is probably a younger event distinct from the compressional event affecting 

northern Cache Creek. Alternatively, if Skeena fold belt compression started in 



Oxfordian time, the early stages of Skeena shortening would be synchronous with 

southwest-directed thrusting in northern Cache Creek. If the latter is true, a complex 

zone of accommodation may exist in the area between the Bowser Basin and northern 

Cache Creek terranes due to the opposing vergence directions In these thrust belts. 

In the study area, intrusion of the mid-Cretaceous(?) felsic plutonic complex 

fixes the upper age limit of thrust faulting. Post-emplacement uplift of this area may 

be responsible for the present southwest dip of layered rocks south of the plutonic 

complex. Time of uplift and tilting is compatible with motion aiong the Teslin fault in 

Late Cretaceous or early Tertiary time (e.g. Gabrlelse, 1985). Terranes east of the 

Teslln fault include high-grade metamorphic rocks (e.g. Monger and Berg, 1987) 

indicative of greater amounts of uplift than reflected In terranes to the west. Strata 

adjacent to the Teslin fault on the west, then, may reflect east-side-up drag folding, 

resulting in the current southwesterly dip of the strata (Fig. 5.10). 

The age of the felsic plutonic complex also serves as the oldest age constraint for 

development of northeast-striking structures in the felsic plutons and Hayes Peak 

ultramafic body. I Interpret these fabrics to be reiated to movement on the Teslin fault, 

although the kinematic significance of the structures is enigmatic. Because these 

structures are oriented at about 45° from the strike of Teslin fault, they fall in the 

direction of extension on the strain ellipse. This orientation accounts for the serpentine 

veins in the ultramafic body. Some amount of strike-slip displacement, however, is 

required to form the cataclastlc fabric In the plutonic compiex and shear zones in the 

upper Paleozoic or Triassic voicanic rocks (Fig. 5.10). 
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CONCLUSIONS 

(1) The northeastern corner of the northern Cache Creek terrane Is composed of 

ultramafic rocks of unknown age, Pennsylvanian limestone, Permian pelagic strata, 

upper Paleozoic or Triassic mafic volcanic rocks and lower Mesozoic clastic rocks of the 

Teenah Lake assemblage. The layered rocks dip south or southwest and are bound by 

faults of the Teenah thrust belt, interpreted to be late Middle Jurassic to mid-Cretaceous 

in age. 

(2) The Squanga fault, Nahlln fault and Teslin fault bound northern Cache Creek 

rocks that have undergone severe shortening and are at least locally characterized as a 

thick stack of thrust sheets. North of the Squanga fault and west of the Nahlin fault, 

shortening is characterized by large, upright folds with wavelengths on the order of 

kms. The bulk of northern Cache Creek therefore represents a large structural nappe 

floored by the Nahlln fault and bound on the north by the Squanga-Crag Lake tear fault 

zone. 

(3) Jura-Cretaceous southwest-directed compressional deformation in northern 

Cache Creek may be coeval with the early phases of northeast-directed shortening in the 

Skeen a fold belt in the Stiklne terrane. The localities may mark a significant, 

Cordilleran-wide contractional episode in the middle and late Mesozoic. 

(4) An undated felsic plutonic complex of possible mid-Cretaceous age postdates 

motion on the thrust faults. The plutonic rocks, however, contain a weak, steeply 

dipping fabric that is also present in the surrounding country rock. This fabric is 

probably related to dextral slip and uplift along the Teslin fault. 
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CHAPTER 6 

MINIMUM-DISPLACEMENT MODEL FOR TECTONIC DEVELOPMENT OF THE 

NORTHERN CANADIAN CORDILLERA 

SUMMARY 

Present data and Interpretations of terrane relations In western Canada permit 

construction of a minimum-displacement model for terrane development and accretion 

for those fragments within and east of the Coast Mountain batholith. This model Is 

consistent with recent reinterpretations of paleomagnetic and paleobiogeographic data 

which conclude that large-scale transport of terranes may not be necessary to explain 

their histories. In this model, strata of the Yukon-Tanana terrane, Nisling terrane, and 

a metamorphosed continental margin assemblage in southeast Alaska accumulated In the 

distal parts of the miogeocline In early Paleozoic time. In the Late Devonian and Early 

Mississippian, subduction along the margin allowed local bacl<-arc rifting which 

separated parts of Yukon-Tanana, Nisling and the southeast Alaskan metamorphosed 

continental margin assemblage from North America and formed the Slide Mountain and 

Cache Creek marginal basins. Basinal deposition continued until the Permian, when 

initiation of basin closure is recorded by regional arc volcanism, deformation and 

metamorphism. Geologic relations argue for ties between all terranes by Late Triassic 

time, when loose assembly of the margin is complete. 

INTRODUCTION 

Historically, models for the tectonic evolution of the western Canadian Cordillera 

conclude that at least some of the terranes In western Canada may be far-travelled with 
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respect to the North American craton and miogeocline, In part because of lithologic 

distinctions with North American miogeOClinal strata (e.g. Monger, 1977; Coney et al., 

1980). These Include the ocean basinal strata of the Slide Mountain and Cache Creek 

terranes, and the arc-type volcanic rocks of the Quesnel and Stlklne terranes (Fig. 6.1; 

Monger and Berg, 1987). 

Interpretations of paleobiogeographic and paleomagnetic data have been used to 

support models Invoking great travel distances for the Canadian terranes. For Instance, 

upper Paleozoic limestone In the Cache Creek terrane contains fusulinld, coral and 

foraminiferal fauna that in part are Identical to Asian forms, are distinct from coeval 

North American fauna, and have a diversity Indicative of deposition at equatorial 

latitudes (e.g. Ross and Ross, 1983). These faunal data have led workers to conclude 

that Cache Creel< may have travelled thousands of km east and north across the paleo

Pacific ocean before Its accretion to western North America (e.g. Monger and Ross, 

1971; Stevens, 1983). 

Similarly, paleomagnetic studies for Cretaceous magnetizations from the 

Quesnel, Cache Creek, Stiklne, and Wrangellia terranes in western Canada show much 

shallower magnetic inclinations than are expected for rocks at the same latitude on the 

North American continent (Monger and Irving, 1980; Irving et al., 1985; Irving and 

Thorkelson, 1991). Most of these studies interpret the shallow inclinations to require 

that the terrane In question was far south of its present location when it acquired Its 

paleomagnetism. These interpretations predict terrane displacements of up to 2400 km 

during Cretaceous time (e.g. Irving et al., 1985), which are difficult to reconcile with 

geologic evidence limiting northward transport of most of the terranes to less than 1000 

km (e.g. Gabrielse, 1985). 
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Recent studies of metamorphic strata In southeastern Alaska, northern British 

Columbia and southern Yukon lead to new questions about the amount of terrane 
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transport necessary to assemble the Canadian Cordillera. West of the Stiklne terrane, 

metamorphic rocks within and adjacent to the Coast Mountains batholith consist In part 

of an ancient continental margin assemblage (Fig. 6.1; Monger and Berg, 1987; Wheeler 

at al., 1988; Gehrels et al., 1990b). In southeast Alaska, these metamorphic rocks are 

correlated with the Yukon-Tanana and Nlsllng terranes to the northeast on the basis of 

similarities In Interpreted stratigraphy, detrital zircon ages and Nd Isotopic signature 

(Gehrels et al., 1990a; in press; Samson et al., 1991 b; Mortensen, In press; Chapter 

4). These metamorphic terranes also may be facies equivalents of the North American 

miogeocline (e.g. Tempelman-Klult, 1976; Gehrels et al., 1991 a). If part of the North 

American continental margin surrounds the Slide Mountain, Quesnel, Cache Creek and 

Stiklne terranes on the west, north and east, then models that call for thousands of km of 

transport for these terranes are difficult to accommodate. 

In this chapter, I examine conclusions of recent geologic, Isotopic, 

paleobiogeographic and paleomagnetic studies that suggest alternatives to large 

displacements for terranes In western Canada. I then propose a model that Incorporates 

the conservative estimates of terrane displacement. This model accounts for North 

American-marginal rocks occurring outboard of the Stikine, Cache Creek, Quesnel and 

Slide Mountain terranes, and allows testing the plausibility of: (1) Interpreting Nisling 

terrane rocks and the metamorphosed continental margin assemblage in southeast Alaska 

as having a North American origin, and (2) accepting the existing interpretations which 

suggest that all terranes from the northern Coast Mountains batholith to the North 

American miogeOCline were linked by the Late Triassic. This chapter is confined to a 



discussion of terranes In the Coast Mountains batholith and eastward; analyses of 

terranes to the west have been presented elsewhere (e.g. McClelland et al., In review). 

LINKS BETWEEN TERRANES 

The major terranes from the Coast Mountains Inboard to the North American 

miogeocline all appear to be linked by Late Triassic time. The following review 

summarizes the basis for these links. The terrane terminology of Wheeler et al. 
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(1988) is used In general, but significantly modified for the Yukon-Tanana terrane and 

the metamorphosed continental margin strata in southeast Alaska (terminology of 

Mortensen, In press and Gehrels et al., in press, respectively), and slightly modified 

elsewhere as outlined in the previous chapters. 

The Kootenay terrane lies west of the NOl1h American miogeocline in 

southeastern British Columbia and northern Washington (Fig. 6.1). Kootenay rocks 

consist mainly of lower Paleozoic pelitic strata, quartz-rich sandstone and mafic 

volcanic rocks of the Lardeau Group In southeast British Columbia. Detrital zircons 

from lower Paleozoic Lardeau Group sandstone range in 207Pb/206pb age from 2.3 to 

1.75 Ga and are similar in age and morphology to detrital zircons from Precambrian 

Windermere and overlying Cambrian strata of the miogeocline (Smith and Gehrels, 

1990). Ages of these zircons are consistent with derivation from Proterozoic source 

areas on the North American craton (Smith and Gehrels, 1990). Kootenay terrane 

strata were thrust onto the miogeocline in mid-Mississippian or earlier time (Gehrels 

and Smith, 1987; Smith and Gehrels, 1989). 

Strata of the Upper Mississippian Milford Group unconformably overlie 

deformed Lardeau Group strata in the Kootenay terrane (Read and Wheeler, 1976). 

Volcanic rocks of the Milford Group are interpreted to be facies equivalents of clastic 



rocks In the Slide Mountain terrane (Klepackl, 1985; Klepackl and Wheeler, 1985). 

The Milford Group Is unconformably overlain by the Lower Permian Kaslo Group, the 

Lower Permian Marten conglomerate and the Upper Triassic Siocan Group, the latter of 

which represents a basinal facies of Nicola volcanism In the Quesnel terrane (Klepacki, 

1985). Thus, Kootenay and Slide Mountain are interpreted to be linked in Late 

Mississippian time, and Slide Mountain and Quesnel are linked In Late Triassic time 

(Klepackl and Wheeler, 1985). 
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The Quesnel and Cache Creek terranes are also interpreted to have been adjacent 

by the Late Triassic. In southern British Columbia, volcanic rocks similar to those of 

the Quesnel terrane are found In Upper Triassic melange along the eastern edge of the 

Cache Creek terrane (Travers, 1978; Shannon, 1982; D.L. Jones in Monger and Berg, 

1987). Cache-Creek-derived clasts with Middle Triassic radiolaria also occur In Upper 

Triassic conglomerate In Quesnel (Orchard in Monger and Berg, 1987). These Middle 

Triassic fauna presumably come from the adjacent melange unit of Cache Creek; Middle 

Triassic fauna are not known elsewhere in Quesnel (Monger and Berg, 1987). Faunal 

and age differences between clasts within the melange and strata from the rest of Cache 

Creek preclude direct links between the melange unit with Cache Creek rocks to the west 

(Orchard, 1984; Orchard and Beyers, 1988). However, the volcaniclastic, Middle(?) 

Triassic to Middle(?) Jurassic Pavilion beds in western Cache Creek are apparently 

derived from Quesnel (e.g. Monger, 1981). These three relations provide a Cache 

Creek-Quesnel link by Late Triassic time. 

In northern British Columbia and southern Yukon, the Cache Creek and Stikine 

terranes are probably tied in Late Triassic time (Chapter 2). Sandstone layers rich in 

volcanic detritus derived from the Stikine terrane are interbedded with Upper Triassic 

Cache Creek chert beds (Monger et al., 1982; Monger and Berg, 1987; Wheeler and 



McFeely, 1987; Chapter 2). In addition, Nd Isotopic data show that Late Triassic 

sandstone In northern Cache Creek has a signature similar to northern Stlklne clastic 

rocks, but dissimilar to Interbedded Cache Creek pelagic strata; this also argues for 

sedimentologic proximity of Stikine and Cache Creek In the Late Triassic (Chapter 4). 

The northern part of the Stiklne terrane, In turn, can be linked to 

metamorphosed continental margin strata of the Nlsling terrane In the Late Triassic. 

Clasts of Nisling terrane metamorphic rocks can be seen In conglomerate of the Upper 

Triassic Stuhlnl Group of the Stlklne terrane (Werner, 1978; Bultman, 1979) and 

sandstone layers In the Stuhlnl group have Nd Isotopic ratios consistent with mixing of 

Stlklne and Nlsling detritus (Jackson et al., In press). 
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This link with continental margin strata has not been seen In southern Stlklne, 

however. On the basis of Nd and Sr isotopic data, Samson et al. (1989) concluded that 

southern Stlklne evolved in an oceanic setting well removed from any source of 

continental detritus until at least Middle Jurassic time. By Late Triassic time, however, 

the various pre-Triassic Stlklne strata were overlapped by arc-type volcanic deposits 

(Stuhlnl and Lewes River Groups; Wheeler, 1961; Souther, 1971; Wheeler et al., 

1988). The pre-Triassic relationship between northern and southern Stikine is 

unknown; the disparate pre-Triassic rocks may be separate fragments that were 

juxtaposed just prior to extrusion of Late Triassic volcanic rocks, or they may have 

been facies equivalents of one another throughout their histories (e.g. McClelland and 

Mallinson, 1991). 

Rocks of the Nisling terrane can be followed as pendants through the Coast 

Mountains batholith Into southeast Alaska (Fig. 6.1; Monger and Berg, 1987; Gehrels et 

al., 1990b). Metamorphic assemblages in southeast Alaska have been correlated with 

the Proterozoic to Paleozoic Yukon-Tanana terrane in southern Yukon and eastern Alaska 
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on the basis of lithologic correlations, U-Pb ages of detrital zircons and of Devono

MIssissippian felsic metavolcanic layers and orthogneiss, and Nd and Sr Isotopic 

compositions (Fig 6.1; Gehrels et al., 1990a; In press; McClelland et al., 1990; In 

press; Samson et al., 1991 b; Mortensen, in press). The Nlsling terrane also appears to 

correlate with rock types and Nd and Sr isotopic signatures of Yukon-Tanana rocks In 

Yukon, and metamorphosed continental margin assemblage strata in southeast Alaska 

(Mortensen, in press; Chapter 4). The Yukon-Tanana and Nisling terranes, and the 

metamorphosed continental margin assemblage in southeast Alaska probably evolved as a 

single unit until at least Devono-Mississippian time. The Yukon-Tanana terrane also 

contains Late Triassic felsic plutons that are similar in lithology, Sr-isotopic signature 

and age to plutons in the Stikine terrane (e.g. LeCouteur and Tempelman-Kluit, 1976; 

Tempelm:m-Kluit and Wanless, 1980; Johnson, 1988; Mortensen, in press). Late 

Triassic tonalite also intrudes the metamorphosed continental margin assemblage in 

central southeast Alaska (Gehrels et al., 1991 b). 

Thus, all terranes east of and including the metamorphosed continental margin 

assemblage In the western Coast Mountains are apparently linked to one another by Late 

Triassic time. These relations are particularly puzzling in light of recent data 

demonstrating that the Cache Creek marine basin remained open until well into the Early 

Jurassic (Cordey et al., 1987; 1991). Consequently, either (1) one or more of the 

proposed links are incorrect or do not persist along the entire strike length of the 

western Canadian Cordillera, or (2) current models for the accretion of Cache Creek and 

adjacent terranes are incorrect or incomplete. In this chapter, I accept the 

interpretation of links as proposed and set forth a model consistent with these links. 



PALEOMAGNETIC EVIDENCE FOR TERRANE LOCATION 

In the 1980's, much attention was focused on paleomagnetic studies of layered 

rocks and plutons from the accreted terranes of western Canada. Poles from rocks with 

Triassic to Late Cretaceous ages of magnetization generally have Inclinations more 

shallow than expected for their present latitude (e.g. Monger and Irving, 1980). 

Further, these rocks record declinations with clockwise rotations presumably obtained 

during vertical axis rotation in a regime of dextral shear (e.g. Beck, 1980). The 

shallow Inclinations were said to demonstrate up to 2400 km of Late Triassic to early 

Tertiary northwal'd translation of terranes (Irving et a/., 1985; Umhoefer, 1987). 
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Recent work has shown that other interpretations are viable for much of the 

Mesozoic paleomagnetic data in the northern Cordillera. First, the determination of new 

Triassic and Jurassic reference poles for North America, mostly from strata of the 

Colorado Plateau, place the continent at more southerly latitudes than did previous pole 

calculations (May and Butler, 1986; Ekstrand and Butler, 1989; Bazard and Butler, 

'1991; see also discussion In Vandall and Palmer, 1990). These new reference poles 

eliminate the need for most of the post-Triassic latitudinal displacement interpreted for 

Quesnel and Stikine (e.g. May and Butler, 1986). Second, models invoking tilting of 

plutons and layered rocks after the time of magnetization have been shown to be viable 

for several existing data sets (Butler et a/., 1989; Irving and Wynne, 1990). The use 

of a tilt model brings necessary latitudinal displacements to values that can be 

accommodated along known geologic structures. 

No paleomagnetic studies have been conducted on rocks of the Yukon-Tanana or 

Nlsllng terranes, or on the metamorphosed continental margin assemblage in southeast 

Alaska. Studies of rocks in the Slide Mountain, Quesnel, Cache Creek and Stikine 

terranes are reviewed below. 
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Two studies from the Slide Mountain terrane yield distinct results. In the 

Sylvester Allochthon of northern British Columbia, mid-Cretaceous remagnetization of 

Permian limestone yields Inclinations that are concordant, but allow for up to 700 km of 

northward displacement along the Tintina fault and related structures (Butler et al., 

1969). Original Early Permian magnetizations from the Sylvester Allochthon and 

Sliding Mountain areas, however, are consistent with about 2000 ±500 km of 

northward transport for these rocks since Early Permian time (Richards et al., 1991). 

Together, these studies suggest that the Early Permian strata of Sylvester Allochthon and 

Sliding Mountain moved roughly 1700 km northward in post Early Permian-pre mid

Cretaceous time. 

In the QIJesnel terrane, Upper Triassic and Lower Jurassic Nicola Group strata in 

southern British Columbia were interpreted to record a mid-Cretaceous magnetic 

overprint Indicating 2000 to 2500 km of northward displacement between mid

Cretaceous and mid-Tertiary time (Rees et al., 1965), but the age of magnetization is 

poorly defined (Butler et al., 1969). Other Nicola Group strata in southern Quesnel, 

and the Early Jurassic Guichon and Copper Mountain plutons that intrude Nicola Group 

rocks, record concordant magnetization directions at the time of crystallization when 

compared to North American reference poles from the Colorado Plateau (Symons, 1971; 

1973a; 1983a; 1985; Symons and Litalien, 1984; May and Butler, 1986). Arguments 

for Cretaceous remagnetization of the Copper Mountain and Guichon samples (Irving et 

al., 1985; Rees et ai, 1985) are difficult to support (Butler et al., 1989). Recent 

work on volcanic layers of the mid-Cretaceous Spences Bridge Group that overlie 

Quesnel rocks provide evidence for 1700 ±800 km of northward transport in mid

Cretaceous to mid-Eocene time, although lesser amounts of transport are indicated if the 

volcanic strata were deposited on an inclined surface (Irving and Thorkelson, 1990). 
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In the Cache Creek terrane, the Axlegold ultramafic complex of possible mld

Cretaceous age yields orientations Indicating 1300 km of northward transport (Monger 

and Irving, 1980). The age of the Intrusion, however, Is poorly known (Monger and 

Irving, 1980), and the determination of paleohorizontal by Igneous layering In an 

anorthosite body Is of questionable reliability. Upper Paleozoic strata In the northern 

Cache Creek terrane have a chemical remagnetization of possible Late Triassic to Middle 

Jurassic age that would reflect a concordant paleolatitude; age of magnetization In these 

samples, however, Is uncertain (Cole et al., In press). Analyses of 70 Ma Carmacks 

basalt that unconformably overlies Cache Creek and Stiklne strata along the Yukon

British Columbia border have been Interpreted to Indicate 1500 ±950 km of post-70-

Ma northward transport of these two terranes (Marquis and Globerman, 1988; Marquis 

et al., 1990). The confidence on these data may be overstated due to the use of multiple, 

Indistinguishable site mean directions in the calculation of paleomagnetic poles (Butler, 

1990). Recalculating the data by including only unique site means yields northward 

displacement of as little as 1200 ±1150 km (Butler, 1990). 

Volcanic rocks of the Early Permian Asitka Group In the Paleozoic Stlklne 

assemblage have paleolatitudes that are concordant with North America (Irving and 

Monger, 1987). Initial interpretations of 1300 km of displacement were attributed to 

data from volcanic rocks of the Late Triassic Takla Group and Early Jurassic Hazelton 

Group (Monger and Irving, 1980). Reinterpretations using updated cratonic reference 

poles (May and Butler, 1986; Irving and Wynne, 1990; Vandall and Palmer, 1990) and 

new data from the Hazleton Group (Vandall and Palmer, 1990) show that these units, 

too, are concordant with cratonal North American data. Paleomagnetic data from the 

Topley intrusions suffers from poorly defined ages of crystallization, magnetization, and 

definition of paleohorizontal (Symons, 1973b; 1983b; Cole et al., in press). 
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In summary, Interpretations of latitudinal displacement based on paleomagnetic 

data from the Quesnel, Cache Creek and Stlklne terranes are largely equivocal. 

Arguments can be made for large-scale latitudinal transport, mostly for rocks with a 

mid-Cretaceous magnetization (Irving and Wynne, 1990). Alternatively, reinterpreted 

cratonic reference poles (e.g. May and Butler, 1986) and models of post-magnetization 

tilting (Butler et al., 1989) suggest relatively little latitudinal translation outside of 

the 450 km of post-mid-Cretaceous slip known from the Tintina fault (Tempelman

Kluit, 1979; Price and Carmichael, 1986). Early Permian strata in the Slide Mountain 

terrane, however, appear to have moved about 1700 km northward between early 

Permian and mid-Cretaceous time (Richards et al., 1991). If these data are correct, 

mid-Paleozoic links between the Slide Mountain and Kootenay terranes must be 

reevaluated. 

PALEOBIOGEOGRAPHIC EVIDENCE FOR TERRANE LOCATION 

The discovery of Pennsylvanian and Permian Verbeekinid fusulinids and 

Waagenophyllid corals in the Cache Creek terrane (Fig. 6.1) has led most researchers to 

conclude that Cache Creek was part of a central or western Pacific Ocean basin that 

traversed much of the width of the paleo-Pacific before coming to rest along western 

North America (e.g. Monger and Ross, 1971; Ross and Ross, 1983; Stevens, 1983). 

These so-called Tethyan fauna are similar to fauna in Asia, but dissimilar to the 

contemporary forms in cratonal North America (Ross and Ross, 1983). Further, the 

abundance and diversity of late Paleozoic fauna in Cache Creek suggest an equatorial 

position for the terrane during deposition, suggesting a significant component of 

northward latitudinal transport for Cache Creek in Mesozoic time (Ross and Ross, 

1983). 
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Recent research, however, provides grounds for questioning the amount of offset 

Implied by the diverse Tethyan fauna. Although Permian conodonts In Cache Creek have 

Asiatic affinities (Orchard and Beyers, 1988), Pennsylvanian conodonts are similar to 

those In the U.S. midcontinent region, and lower Carboniferous strata contain 

foraminifera with mixed Tethyan and North American affinity (OrChard, 1984; 1989). 

Permian Verbeeklnld fusulinids, a hallmark of the Cache Creel< Tethyan fauna, also occur 

In the Permian Basin of west Texas, clearly part of cratonal North America (Skinner and 

Wilde, 1954). At least part of the explanation for distributions of Tethyan fauna, 

therefore, may be attributed to mechanisms other than extreme longitudinal transport of 

western Pacific terranes. 

Some workers have proposed that a marine seaway cut through Pangea and 

allowed migration of Tethyan fauna into North American locations in Permian to Jurassic 

time (e.g. Smith, 1983). This model, however, Is most relevant for Jurassic strata 

where evidence of marine strata that lie near the proposed seaway can be located (e.g. 

Smith et al., 1990). Newton (1988) has put forth the idea that Paleozoic and Mesozoic 

Tethyan fauna In the Canadian Cordillera can be explained through pantropic distribution 

models, In which fauna are dispersed across the ocean basin by ocean currents; the 

result Is a pattern of decreasing faunal diversity from west to east across the Pacific. 

This interpretation is based In part on analyses of Cenozoic faunal data from eastern and 

central Pacific Ocean islands. These studies show significant levels of Indo-West Pacific 

fauna have migrated eastward onto ocean islands like Hawaii, Clipperton and the 

Galapagos in recent time (Newton, 1987; 1988). 

Early Permian strata of Stikine, Quesnel and Slide Mountain typically display 

McCloud-type faunal affinities, indicative of a geographic setting between the Tethyan 

and North American faunal realms (Ross and Ross, 1983; Miller, 1987; Stevens and 
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Rycerskl, 1989). This mixed faunal signature persists until at least Late Triassic time 

In northern Stildne (Reid, 1985; Reid and Tempelman-Kluit, 1987; Senobarl-Daryan 

and Reid, 1988). Many workers agree that these terranes have maintained loose ties to 

the North American margin throughout their histories (Ross and Ross, 1983; Miller, 

1987; Rubin et al., 1991). Stevens et al. (1990), however, disagree and claim that at 

least 5,000 km of open ocean separated the McCloud Faunal realm from western North 

America, based on a comparison of similarity of Early Permian coral genera with 

similarity trends in the modern Pacific Ocean. 

Researchers have also proposed latitudinai constraints on the location of terranes 

through time. Strata of the Late Triassic Nicola (Quesnel) and Lewes River (Stikine) 

Groups contain scleractinian corais which are found no closer than 1500 km south of 

their present iocations in strata of northern Nevada (Tozer, 1982). Lower Jurassic 

(Pliensbachian) strata in Quesnel and Stikine contain ammonites which differ from 

those in coeval miogeoclinal strata and suggest northward transport of the outboard 

terranes, based on a comparison with zonations of similar fauna in Europe (Tipper, 

1981). 500 km of northward transport of Quesnel and 1800 km for Stikine are 

proposed based on these zonations (Smith and Tipper, 1986). Paleozoic rocks in 

Stiklne, Cache Creek and Quesnei have a great faunal diversity suggestive of deposition at 

equatorial latitudes (Ross and Ross, 1983). Fossils from North American strata 

adjacent to these terranes today have less diversity, which also indicates northward 

displacement of the terranes in Mesozoic time (Ross and Ross, 1983). 

Recent work on Triassic and Jurassic paleomagnetic reference poles for North 

America place western Canada at equatorial latitudes (0° to 30° N) during most of the 

early Mesozoic (Bazard and Butler, 1991). This seemingly contradicts interpretations 

of western Canadian miogeoclinal fauna as having an origin in the middle or high 



L. 

paleolatitudes (cf. Tozer, 1982). Comparison of these kinds of studies Indicates that 

controls other than absolute paleolatitude may be responsible for gradients In faunal 

diversity and abundance In the early Mesozoic, and possibly the late Paleozoic. 

Thus, evidence for longitudinal travel of accreted terranes is equivocal. 
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Acceptable models of faunal distribution include wholesale transport of terranes bearing 

Tethyan and/or McCloud fauna from the central or western Pacific (Stevens, 1983; 

Stevens et al., 1990), and pantropic dispersal of Tethyan fauna to In situ sites along the 

eastern Pacific Margin (Newton, 1988). Latitudinal displacements of terranes bearing 

diverse, equatorial, Paleozoic faunas are somewhat more compelling. These translations 

are expected because of known displacements on Late Cretaceous-early Tertiary dextral 

faults (Gabrielse, 1985), although the magnitudes proposed (Tozer, 1982; Smith and 

Tipper, 1986) are greater than expected. Controls on species abundance and diversity 

other than latitude variation probably accounts for some of the faunal distribution 

pattern In these strata. 

MODEL 

For this model, I focus on the major terranes that are now found in and east of the 

Coast Mountains batholith in the northern British Columbia-southern Yukon-southeast 

Alaska region. Terranes farther outboard (i.e. Wrangellia, Alexander, Cadwallader, 

Bridge River) are not included In this model. 

Pre-Devonian 

Pre-Devonian strata are limited to deposits in the Kootenay, Yukon-Tanana and 

Nisling terranes and the metamorphosed continental margin strata in southeast Alaska 

(Fig. 6.2). The Lardeau and Covada groups of the Kootenay terrane comprise a Late 
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Cambrian to possibly Devonian succession of quartzofeldspathlc cl~stlc rocks, siliceous 

pelitic rocks, quartzite, limestone and mafic volcanic rocks deposited In an extensional 

environment (e.g. Smith, 1990). Sandstone layers contain detrital zircons with 

Precambrian ages consistent with derivation from North American source rocks (Smith 

and Gehrels, 1990). 

Protoliths of pre-Devonian rocks of the Yukon-Tanana terrane, Nlsllng terrane 

and metasedimentary strata In southeast Alaska consist of quartzofeldspathlc clastic 

rocks, pellte and carbonate typical of a continental margin assemblage (Wheeler and 

McFeely, 1987; Mortensen, In press; Gehrels et al., in press). These units Include the 

"lower unit" of Yukon-Tanana (Mortensen, in press), the Nlsling assemblage and 

Florence Range suite of Nisling terrane (Wheeler et al., 1988; Currie, 1990; 1991), 

and the Tracy Arm assemblage of Gehrels et al., (in press). The latter two units also 

contain minor mafic volcanic flows. Detrital zircon ages in the lower unit of Yukon

Tanana (reviews In Chapter 4, Mortensen, in press) and Tracy Arm assemblage are 

Precambrian in age and consistent with derivation from a North American source 

(Gehrels et al., 1991 a). Nd isotopic compositions also indicate a Proterozoic to Archean 

source for these sediments (McCulloch and Wasserburg, 1978; Samson et al., 1991 b; 

Jackson et al., In press; Chapter 4). Basement to these pre-Devonian strata is 

unknown, but suspected to contain elements of continental, transitional and oceanic crust 

(e.g. Mortensen, In press). For the purposes of this model, I Interpret these strata to 

have accumulated on the westward-thinning crust of the distal North American 

miogeocline (Fig. 6.2). 
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Figure 6.2. Model for the tectonic evolution of the northern Canadian Cordillera: 

Early Devonian. Sediments of the distal miogeocline accumulate along the margin in what 

will become the Yukon-Tanana terrane, Nisling terrane and the metamorphosed 

continental margin assemblage in southeast Alaska. Local rift accumulations are seen in 

the Kootenay Arc and lower parts of the Stikine assemblage. 
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Devonian to Mid-Mississippian 

Rocks of Devonian and Mississippian age are widespread In the terranes of 

British Columbia and, as recently proposed by Rubin et al. (1991), many of these rocks 

appear to share a common history. In the Kootenay terrane, the Eagle Bay assemblage 

and lower part of the Fennell Formation unconformably overlie the deformed Lardeau 

Group and contain mafic and felsic volcanic rocks, clastic strata and marble Interpreted 

to be part of a magmatic arc (Schlarlzza and Preto, 1987; see summary In Rubin et al., 

1991). Metavolcanic rocks yield U-Pb (zircon) crystallization ages of 387 to 367 Ma, 

Indicating Middle to Late Devonian magmatism (see Rubin et al., 1991). 

Slide Mountain terrane contains Upper Devonian and Mississippian strata in the 

Sylvester Allochthon and Sliding Mountain areas of central and northern British 

Columbia. Upper Devonian to mid-Mississippian lithologies include chert, argillite, 

limestone, lithic sandstone, exhalite, mafic pillow basalt and diorite consistent with 

submarine deposition in an extensional setting (Harms, 1986; Nelson and Bradford, 

1989). Slide Mountain terrane farther south contains only Upper Mississippian and 

younger rocks. 

Protoliths and relationships in the Yukon-Tanana terrane, Nisling terrane and 

the metamorphosed continental margin strata in southeast Alaska are strikingly similar 

to each other during this time. Lithologies In the "middle unit" of Yukon-Tanana include 

carbonaceous pelite and quartzite, and mafic and felsic volcanic flows and subvolcanic 

intrusions with U-Pb zircon ages of 370 to 345 Ma (Mortensen and Sullivan, 1991; 

Mortensen, in press, and references therein). Strata of both the "middle" and "lower" 

units are intruded by peraluminous orthogneiss bodies that range in age from 375 to 

340 Ma (interpreted U-Pb crystallization ages; Mortensen, in press). The Nasina 

assemblage of the Nisling terrane consists of carbonaceous metasedimentary strata, 



interbedded mafic and felsic volcanic rocks and felsic orthogneiss, all age-equivalent 

with their counterparts in Yukon-Tanana (Mortensen, in press). In northwestern 

British Columbia, mafic and felsic volcanic rocks and carbonate of the Boundary Ranges 

suite In the Nlsllng terrane are closely associated with a Devono-Mississippian 

orthogneiss body (Currie, 1991). 
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In southeast Alaska, protoliths of the Endicott Arm and Ruth assemblages consist 

of mafic and felsic volcanic flows, pellte, quartzite and marble (e.g. Gehrels, et al., in 

press). A metadacite from the Endicott Arm assemblage yields a U-Pb zircon age of 375 

±15 Ma, and a moderately foliated granodiorite that Intrudes Yukon-Tanana strata in 

Burroughs Bay has an interpreted U-Pb zircon crystallization age of 336 ±34 Ma 

(Gehrels et al., in press). Felsic metatuff from the Ruth assemblage has a U-Pb zircon 

age of 367 ±10 Ma, and granodloritic orthogneiss that intrudes the Ruth assemblage has 

an interpreted U-Pb zircon crystallization age of 345 ±13 Ma (McClelland et al., in 

press). 

The Paleozoic parts of the Quesnel terrane are represented by the Harper Ranch 

and Okanagan subterranes. Harper Ranch strata comprise Upper Devonian to Lower 

Mississippian argillite, siliceous argillite, siltstone, volcanic-lithic sandstone and 

fossiliferous limestone, thought to be deposited in a basin associated with an arc-type 

volcanic edifice (e.g. Monger et al., in press). Ages of strata in the Okanagan subterrane 

are poorly known, but locally include Upper Devonian chert and pillow basalt (Monger 

et al., In press). 

In the Stikine terrane, the Paleozoic Stikine assemblage contains Lower and 

Middle Devonian limestone, mafic and felsic volcanic rocks, siliceous shale and pebble 

conglomerate (Anderson, 1989). Mississippian strata include reef-type limestone, 

chert, and mafic and felsic submarine and epiclastic volcanic strata (Anderson, 1989). 
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Evidence for Late Devonian to mid-Mississippian tectonism and magmatism Is 

widespread In these terranes and, locally, In coeval rocks of the miogeocline. 

Extensional tectonism Is suggested In the miogeocline of southern Yukon, where the 

Upper Devonian to mid-Mississippian Earn Group contains steep syndeposltlonal faults, 

exhallte layers, local coarse clastic units deposited In small graben, and alkalic volcanic 

rocks with a rift-type chemistry (Mortensen, 1982; Gordey et a/., 1987). Elsewhere 

along the miogeocline, evidence for compressional tectonism dominates. This Includes 

deposits of the Imperial Group In northern Yukon, compressional deformation In the 

Kootenay arc, and coeval emplacement of the Roberts Mountain allochthon In Nevada 

(Klepackl, 1985; Gordey et a/., 1987; Gehrels and Smith, 1987; Smith, 1990). 

In Late Devonian time, extension In northern British Columbia and southern 

Yukon Is also recorded by chert, clastic strata, exhallte and mafic volcanic flows In the 

Slide Mountain terrane. The Yukon-Tanana and Nlsling terranes and southeast Alaskan 

metamorphosed continental margin strata terranes record deposition of carbonaceous and 

quartz-rich clastic rocks Interlayered with mafic and felsic volcanic flows (375-340 

Ma) and Intrusion of peraluminous plutons (375-340 Ma). The magmatic activity may 

be the product of either extensional or contractional deformation; bimodal volcanism and 

Intrusion of peraluminous plutons has been demonstrated in both arc and rift-type 

environments. Here, an extensional event is favored in order to open the Slide Mountain 

basin, and to provide room for the Impending Cache Creek basin (e.g. Tempelman-Kluit, 

1979; Fig. 6.3). This extensional system probably developed In a back-arc setting over 

an east-dipping subduction zone, in order to account for the compressional features 

dominating the margin at this time. 

To the south in the Kootenay and Quesnel (Harper Ranch and Okanagan) terranes, 

arc-type volcanism dominates DevonO-Mississippian tectonism. This Is consistent with 
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Figure 6.3. Model for the tectonic evolution of the northern Canadian Cordillera: 

Late Devonian. Subduction along the margin yields arc-type volcanism in the Quesnel, 

Stikine and Nisling terranes, and in the southeast Alaskan continental margin strata. 

Kootenay rocks are deformed. Back-arc rifting opens the Cache Creek marginal basin. 

Local rifting of the Earn Group supports the concept of extension within the dominantly 

compressional belt. 



slightly older contractional deformation In the lower Paleozoic sections of the Kootenay 

arc, resulting In their juxtaposition over the Cambrian Badshot Formation of the 

miogeocline, and the emplacement of the Roberts Mountain allochthon In Nevada (e.g. 

Klepackl, 1985; Smith, 1990). 
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Mafic volcanism In the Stlklne assemblage can be documented starting In Early 

Devonian time (Anderson, 1989), and Nd and Sr Isotopic compositions for rocks In the 

Stlklne assemblage are consistent with the Interpretation that these rocks were 

deposited on oceanic crust (Samson et al., 1989). A thin veneer of underlying, 

continentally-derived sediment cannot be ruled out, however (cf. Jackson et al., In 

press; Chapter 4). In fact, the presence of such ancient detritus may be recorded by 

Proterozoic inheritence In zircons from a Jurassic pluton that Intrudes western Stlklne 

(Bevier and Anderson, 1991). Carbonate deposition and mafic magmatism occur earlier 

In the Stiklne assemblage than In other terranes and may reflect local carbonate 

buildups on early rift-associated volcanic highs along the outer slope (Fig. 6.2). 

Late Mississippian to Early Triassic 

In the Kootenay terrane, Upper Mississippian to Pennsylvanian strata of the 

Milford Group unconformably overlie tectonized Lardeau Group rocks (e.g. Read and 

Wheeler, 1976). Milford lithologies Include (1) an eastern facies of limestone, phyllite 

and schist, quartzite, and local greenstone, and (2) a western facies comprising 

limestone, calcareous sandstone and boulder conglomerate derived from the underlying 

Lardeau Group (Klepacki and Wheeler, 1985). The western Milford Group facies are 

overlain by tholeiitic volcanic rocks of the Lower Permian Kaslo Group and greenstone 

conglomerate of the Lower Permian Marten Formation (Klepacki and Wheeler, 1985). 
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The Kaslo and Martin rocks are Interpreted to be parts of the Slide Mountain terrane that 

represent spreading of a marginal basin (Klepackl, 1985). 

Slide Mountain lithologies In central British Columbia consist of Pennsylvanian 

to Permian ribbon chert, siliceous argillite, gabbro, ultramafic rocks and massive and 

pillow basalt that may lie deposltlonally on the Devono-Mississippian Earn Group of the 

miogeocline (Ferri and Melville, 1990). At Sliding Mountain, Pennsylvanian to 

Permian chert and argillite and tholeIItic volcanic rocks comprise the Slide Mountain 

strata (Strulk and Orchard, 1985). In northern British Columbia, strata of the 

Sylvester Allochthon comprise argillite, ribbon chert, massive and pillow basalt, 

limestone, ultramafic rocks, diorite, tonalite, and volcanic-rich and quartz-rich 

sandstone of mid-Devonian to Late Permian and Late Triassic age that are found in thin, 

fault-bounded panels (Harms, 1986). Evidence of Early Permian arc-type 

Intermediate volcanism is present in the uppermost Sylvester structural units (Nelson 

and Bradford, 1989). 

The Harper Ranch Group of Quesnel contains Upper Mississippian to 

Pennsylvanian argillite, siltstone and volcanic-rich sandstone, which are interpreted as 

the eroded remnants of a volcanic arc (Smith, 1974), possibly from the same source as 

the Devono-Mississippian Harper Ranch strata. Lower and Upper Permian strata are 

similar, but lack the volcanic sandstone component (see summary in Monger et al., In 

press). Paleozoic rocks of the Okanagan subterrane include greenstone, pillow basalt, 

limestone and chert, consistent with an oceanic or marginal basin setting (see summary 

In Monger et al., In press). 

Paleozoic Cache Creek strata consist of ultramafic rocks, mafic volcanic rocks, 

chert, argillite, limestone layers and massive limestone banks, and local volcanic 

sandstone (e.g. Monger, 1977). In northern Cache Creek, the Horsefeed Formation is a 
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thick limestone section with Upper Mississippian to Upper Permian fossils (Monger, 

1975), Indicating about 80 m.y. of continuous carbonate deposition on a slowly

subsiding seamount. In the Marble Range of southern Cache Creek, carbonate deposition 

ranges from Late Permian to Early Triassic (Smithlan) time (Orchard and Beyers, 

1988). Deposition In Cache Creek reflects a stable Intraoceanic setting with little 

tectonic activity aside from rift-type volcanism. Minor influx of volcanic sands may 

Indicate Intrabaslnal erosion or local contributions from arc-type sources outside Cache 

Creek. 

Paleozoic Stlklne assemblage rocks comprise Mississippian reef-type limestone, 

chert, and mafic submarine and eplclastic volcanic rocks (Anderson, 1989). Overlying 

these rocks are Lower Permian limestone with McCloud affinity corals and arc-type 

mafic and felsic volcanic rocks (Anderson, 1989). These rocks were metamorphosed 

and deformed prior to Late Triassic time (e.g. Anderson, 1989). Recent workers have 

suggested that the Paleozoic Stikine assemblage might have facies relations with the 

metamorphosed continental margin assemblage rocks in southeast Alaska (McClelland 

and Mattinson, 1991). 

The "upper unit" of the Yukon-Tanana terrane consists of minor Pennsylvanian 

to mid-Permian 0arbonate, quartzite and carbonaceous pelitic rocks, which In western 

Yukon are Interlayered with mid-Permian mafic felsic and volcanic rocks, and 

orthogneiss that intrudes the "middle" and "upper" units (Mortensen, in press). The 

latter are dated at 263 to 255 Ma (Mortensen and Sullivan, 1991). In southeast Alaska, 

this interval is represented by the Port Houghton assemblage, consisting of: (1) quartz

rich metaturbidltes, and (2) metaconglomerate containing clasts of quartzite, 

metarhyolite, metabasalt and metapelite, Interlayered with mafic and felsic volcanic 

rocks and Carboniferous to Early Permian marble (Gehrels et al., in press). These 



rocks are separated from the margin and the bulk of Yukon-Tanana at this time, and 

therefore may represent Intraterrane uplift and erosion. Correlative rocks are 

unknown In the Nlsllng terrane. 
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Late Mississippian to Pennsylvanian time is characterized by oceanic or 

marginal basin-type sedimentation in most of the terranes, punctuated by periods of 

tholeiitic volcanism. This represents rifting and spreading of the Slide Mountain and 

Cache Creek basins (Fig. 6.4). Propagation of rifting to the south is suggested by the 

younger ages of Slide Mountain deposits in southern British Columbia (Fig. 6.4). Influx 

of continentally-derived, quartz-rich sand places at least part of the Slide Mountain 

basin in proximity to the continental margin (Nelson and Bradford, 1989). 

In Early Permian time, arc-type volcanism in Slide Mountain (Nelson and 

Bradford, 1989) and Stlkine (Anderson, 1989) signals initial pulses of subduction in 

the basins (Fig. 6.5). Slices of Slide Mountain lithologies were stacked on thrust faults 

in part by Early Permian time, as demonstrated by the intrusion of 276 ±6 Ma tonalite 

(U-Pb zircon age) across a thrust fault (Harms, 1986). Lower Permian tholeiitic 

lavas in the Kaslo Group, however, indicate that some parts of at least the Slide Mountain 

basin were still undergoing extension (Klepacki, 1985). By mid-Permian time, arc

type magmatism appears in the Yukon-Tanana terrane (Mortensen, in press). Permian 

arc-type volcanism is expressed regionally in terranes of the McCloud-affinity faunal 

belt, including the Quesnel and Stikine terranes (Miller, 1987). 

Permian arc volcanism records the onset of closure of the Slide Mountain and 

Cache Creek basins (see also Hansen et al., 1991). Compressional deformation is 

recorded in the "lower unit" of Yukon-Tanana by blueschist ages that range from 267 to 

243 Ma (Rb-Sr and K-Ar mineral ages; Erdmer and Armstrong, 1988), and in the 

"upper unit" by voluminous mid-Permian arc-type volcanism in western Yukon and 
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Figure 6.4. Model for the tectonic evolution of the northern Canadian Cordillera: 

Pennsylvanian. Oceanic deposition in the Slide Mountain and Cache Creek terranes 

dominates the history at this time. Deposits of this age are minor in the Stikine, Nisling 

and Yukon-Tanana terranes, and in the continental margin assemblage in southeast 

Alaska. Quesnel accumulates distal, arc-derived sediments. 
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Figure 6.5. Model for the tectonic evolution of the northern Canadian Cordillera: 

Middle Permian. Arc-type volcanics are recognized in Slide Mountain, Quesnel, Stikine 

and Yukon-Tanana, signalling the initiation of Slide Mountain-Cache Creek basin 

closure. 
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associated plutonism with U-Pb ages of 263 to 256 Ma (Mortensen and Sullivan, 1991; 

Mortensen, In press). Post mid-Permian tectonism Is indicated by the deformation and 

metamorphism of all Yukon-Tanana strata, including the mid-Permian "upper unit" 

(Erdmer, 1987; Hansen et al., 1991; Mortensen, in press). In Late Permian time, arc 

volcanism continues through the McCloud belt (Miller, 1987). 

Little record exists of Early or Middle Triassic events in western Canada, but 

Late Triassic arc b~lIding involves most terranes in this study (see next section). 

Compressional tectonism likely continued through Early and Middle Triassic time, but 

was manifest by contractional structures and regional metamorphism (Yukon-Tanana 

terrane, Nisling terrane, southeast Alaskan metamorphosed continental margin rocks) 

rather than in construction of volcanic arcs (Fig. 6.5). 

Throughout the iate Paleozoic and into the Early Triassic, Cache Creek strata 

appear to be sheltered from any sign of compressional tectonism. Minor voicanic-rich 

sandstone interbedded with Cache Creek pelagic rocks may indicate episodic input from 

an arc-type volcanic source (e.g. Monger, 1975; Chapter 2). Cache Creek rocks that 

are preserved today therefore lay near the center of the oceanic plate on which these 

deposits formed (Fig. 6.5). 

Middle Triassic to Early Jurassic 

Late Middle or Late Triassic time marks the initiation of arc-type volcanism on 

Quesnel and Stikine. Deposits of the Carnian and Norian Nicola Group overlie rocks of 

the Harper Ranch and Okanagan subterranes in Quesnel (e.g. Monger and Berg, 1987). 

Subduction-related melange along the western margin of Nicola deposits indicates east

dipping subduction beneath the Late Triassic Nicola arc, as do the chemistry of Nicola 

lavas (Mortimer, 1987; Fig 6.6). Quesnel arc-type deposits probably do not extend 
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Figure 6.6. Model for the tectonic evolution of the northern Canadian Cordillera: 

Late Triassic. All terranes are in proximity to one another at this time. Parts of the 

Cache Creek basin however, remain open until the Jurassic. Slide Mountain and Yukon

Tanana are imbricated and thrust over North America in Late Triassic or Early Jurassic 

time. Late Triassic Stikine volcanic rocks overlap both the Stikine assemblage and 

Nlsllng terrane. 



north of north-central British Columbia. Rocks along the eastern edge of the northern 

Cache Creek terrane grouped with Quesnel In previous syntheses (Fig. 6.1; Monger and 

Berg, 1987; Wheeler et al., 1988), may be part of the northern Stlklne terrane offset 

along the dextral Teslin fault and related structures. This Is consistent with the 

association of Late Triassic volcanic rocks and Jurassic Laberge Group rocks on both 

sides of the Teslin fault in southern Yukon (Mulligan, 1963; Gordey, 1991). The 

northern extension of Quesnel arc-building may be the "upper unit" volcanic rocks of 

the Yukon-Tanana terrane (Fig 6.6). 
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In the Kootenay and Slide Mountain terranes, the Upper Triassic Siocan Group 

contains phyllite (after argillaceous sedimentary rocks), quartzite and limestone that 

unconformably overlie the Permian Kaslo Group and Marlen conglomerate (Klepackl and 

Wheeler, 1985). The clastic beds are derived from a western source interpreted to be 

the Nicola Group (Monger, 1977). 

The Upper Triassic Takla, Stuhini and Lewes River Groups overlie the Paleozoic 

Stlklne assemblage and Nisling terrane. Farther north, Late Triassic plutons with 

compositions similar to those found In the Stikine terrane intrude the Yukon-Tanana and 

Nlsling terranes (e.g. Mortensen, in press). These relationships suggest that the Late 

Triassic Stikine arc was built across different basements and that deeper structural 

levels are now exposed In central Yukon as the northernmost part of the Late Triassic 

Stiklne arc. In southeast Alaska, a 215 ±15 Ma tonalite intrudes rocks of the 

metamorphosed continental margin assemblage strata in southeast Alaska (Gehrels et al., 

1991 b). This tonalite Is coeval with plutonism and volcanism in the adjacent Stikine 

terrane and may provide a link between the southeast Alaskan rocks and the Stikine 

terrane in Late Triassic time. 
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Triassic volcanism in northern Stikine is recorded in Middle Triassic (Ladinian) 

to Early Jurassic (Toarcian or Pliensbachian) sandstone layers that are interbedded 

with radiolarian chert and argillite in northern Cache Creek (Chapter 2). No 

subduction-type melange is preserved like that found adjacent to Quesnel in southern 

British Columbia, so arc polarity is not readily determinable. Bimodal volcanism and 

extensional structures in the western sections of Stuhini Group (Anderson, 1989) 

might suggest a west-dipping slab, if this extension occurs in a back-arc setting. West

dipping subduction aiso assists in ciosing the Cache Creek basin (e.g. Tempelman-Kluit, 

1979; Fig. 6.6). The Cache Creek basin records deposition of chert until at least 

Pliensbachian to Toarcian time in the north (Cordey et al., 1991) and Pliensbachian to 

Bajocian time in the south (Cordey et al., 1987). Arc-type volcanism occurs locally in 

Cache Creek and is represented by the Kutcho Group (Thorstad and Gabrielse, 1986). 

Cache Creek strata in central British Columbia contain blueschist minerals with 

K-Ar ages of 211 ±7 Ma to 218 ±7 Ma, consistent with Late Triassic subduction 

(Paterson and Harakal, 1974). Only fragments of the Cache Creek terrane are 

preserved along regional strike. I interpret this as an artifact of subduction rather than 

younger modification of the areal extent of Cache Creek. Although much of the former 

Cache Creek sediments were subducted, tracts of sediment and volcanic rock were 

preserved where attached to thick, buoyant carbonate accumulations such as the 

Horsefeed section near AUin, British Columbia (Monger, 1975) and the Marble Range in 

southern British Columbia (e.g. Monger, 1977). 

Late Triassic to Early Jurassic transpressional deformation is recorded locally 

in the Yukon-Tanana terrane along structures of the Teslin suture zone (e.g. Hansen et 

al., 1989). Upper parts of Yukon-Tanana (Teslin-Taylor Mountain and Nisutlin 

terranes of Hansen et al., 1991) record Early Jurassic 40 Ar-39 Ar cooling ages, 
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Interpreted to be the time of uplift and emplacement of these rocks over the North 

American margin (Hansen et al., 1991; Fig. 6.6). This is consistent with other 

observed constraints on the age of emplacement of Yukon-Tanana and Slide Mountain 

rocks over the continental margin. Late Triassic clastic strata overlie the autochthonous 

Earn Group and contain mylonite clasts and other metamorphic detritus derived from 

overlying thrust sheets of Yukon-Tanana terrane strata (Tempelman-Klult, 1979). 

The thrust sheets thus were advancing on the margin In the Late Triassic, and probably 

overrode the margin in the Late Triassic and Early Jurassic. Emplacement of the 

Sylvester Allochthon Is bracketed between Late Triassic and mid-Cretaceous, but 

suspected to be of Early to Middle Jurassic age (e.g. Harms, 1986). 

Thus, east-dipping subduction beneath Quesnel and west-dipping subduction 

beneath Stikine gave rise to arc-type volcanism in these terranes and began closure of 

the Cache Creek basin (Fig. 6.6). Parts of the Cache Creek basin remain open until the 

latest part of Early Jurassic time (Cordey et al., 1987; 1991). Arc volcanism ended In 

the Sinemurlan in Quesnel (Mortimer, 1987), and Norian time In northern Stlkine, 

prior to deposition of the Sinwa and equivalent limestone (e.g. Souther, 1971; Bultman, 

1979). Erosion of the northern Stikine arc continued until Middle Jurassic time, 

resulting in the Laberge Group clastic wedge (e.g. Wheeler, 1961), and the Quesnel arc 

was eroded until Late Jurassic time as shown by deposits of the Ashcroft Formation (e.g. 

Travers, 1978). 

Middle and Late Jurassic 

Kootenay terrane was thrust over the miogeocline prior to or during Early 

Mississippian time In southern British Columbia (e.g. Smith, 1990). In much of the 

northern Cordillera, the Slide Mountain and Quesnel terranes were imbricated and 
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thrust over North American rocl<s by Middle Jurassic time (e.g. Armstrong and Ghosh 

1990). To the north, emplacement of Slide Mountain rocks of the Sylvester Allochthon 

and thrust slices of the Yukon-Tanana terrane probably occurred In Early to Middle 

Jurassic time (Tempelman-Kluit, 1979; Harms, 1986). In southern B.C., the Early to 

Middle Jurassic Ashcroft Formation records erosion of the Nicola arc (Travers, 1978). 

Cache Creek strata were thrust eastward over Ashcroft rocks In Middle or Late Jurassic 

time (Travers, 1982). 

In the southern part of the Stikine terrane, arc volcanism continued through 

Early Jurassic time with extrusion of the Hazelton volcanics (e.g. Tipper and Richards, 

1976). The present width of the Hazleton belt is enigmatic, but may be explained by 

later transtenslve opening of the Bowser Basin In Late Jurassic time (Greig and Gehrels, 

1991). In northern Stlklne, Lower to Middle Jurassic strata comprise non-volcanic, 

clastic strata of the Laberge Group which record erosion of the Stuhini and Lewes River 

arcs (Wheeler, 1961; Souther, 1971). Laberge deposition ends prior to overthrustlng 

of Cache Creek rocks along the Nahlin/King Salmon fault system in late Middle Jurassic 

time (Gabrielse, 1991; Monger et al., in press). 

No record of deposition or deformation is present in rocks of Yukon-Tanana 

terrane, Nlsllng terrane, or southeast Alaskan metamorphosed continental margin strata 

In Late Jurassic time. At this point, all terranes from the metamorphosed continental 

margin assemblage strata in southeast Alaska to the miogeocline can be linked to the 

North American margin through the events outlined above, although younger events 

continued to modify the boundaries and spatial arrangement of terranes along the margin 

through Tertiary time. 
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CONCLUSIONS 

Recent reinterpretations of paleomagnetic and paleogeographic data, coupled with 

new geologic and isotopic data for terranes in northwestern Canada and southeastern 

Alaska, permit construction of a minimum-displacement model for assembly of terranes 

from the metamorphosed continental margin assemblage strata in southeast Alaska to the 

North American margin. Although other models are certainly viable, it is important to 

show that an end-member model incorporating relatively small amounts of displacement 

is just as consistent with the available data as are estimates of large-scale terrane 

travel. The actual history of terrane assembly in western Canada no doubt lies 

somewhere between the model presented here and those incorporating larger amounts of 

transport. 

This model assumes that the Yukon-Tanana terrane, Nisling terrane and the 

metamorphosed continental margin assemblage strata in southeast Alaska were distal 

parts of the North American continental margin until Devono-Mississippian time. At 

this time, much of the Cordilleran was undergoing contractional deformation, but local 

back-arc rifting initiated in the upper plate (North America) and began to extend parts 

of the Yukon-TananalNisling/southeast Alaskan metamorphic assemblage and create the 

Slide Mountain and Cache Creek marginal basins. Mississippian and Pennsylvanian time 

saw continued rifting along the margin and the growth of the Slide Mountain and Cache 

Creek basins. Beginning in Permian time and culminating in the Late Triassic, closure 

of these basins is accompanied by variable amounts of arc volcanism, contractional 

deformation and regional metamorphism. In this model, all terranes from the 

metamorphosed continental margin assemblage in southeast Alaska inboard to the 

miogeocline were always part of a system related closely in space to the western North 



American margin, although the absolute width of the Slide Mountain and Cache Creek 

basins may have been appreciable. 
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CHAPTER 7 

SUMMARY 

The goal of this study was to place additional constraints on the age and method of 

juxtaposition of the Nisling, northern Stikine and northern Cache Creek terranes at the 

latitude of the Yukon-British Columbia border. I used three methods to accomplish this 

goal. First, a lithologic, petrographic and biostratigraphic examination of lower 

Mesozoic strata in the northern Cache Creek terrane helped define the age, facies 

relations, depositional setting and source rocks for these strata. Second, analyses of Nd 

and Sr Isotopic compositions for a wide variety of rock types from the Nlsling, northern 

Stlklne and northern Cache Creek terranes were used to support links between these 

terranes based on other methods. Third, examination of structural relations at the 

northeastern corner of northern Cache Creek provided evidence for Jura-Cretaceous, 

accretion-related deformation of Cache Creek strata. Conclusions from each aspect of the 

study are summarized balow. 

The lower Mesozoic Teenah Lake assemblage of the northern Cache Creek terrane 

consists of Middle Triassic to Lower Jurassic interbedded chert, argillite and sandstone. 

20 new radiolarian and conodont microfossil localities yield ages of Ladinian to Norian 

for bedded cherts in these sections. Other recent studies have extended the age range to at 

least the Pliensbachian (Cordey et al., 1991). These strata originally lay 

unconformably over Permian and older Cache Creek strata. Sandstone bodies consist of 

poorly-sorted, massive, amalgamated layers that contain abundant intermediate to mafic 

volcanogenic detritus and rip-up clasts of argillite and chert. Petrographic analyses of 

these sands show a strong similarity to coeval sandstones In the northern Stiklne 
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terrane. Interbedded argillite and chert beds record pelagic deposition dominated by 

open ocean detritus lacking significant amounts of volcanic material. Thus, the 

volcanic-rich sands were deposited In the most distal parts of the Late Triassic northern 

Stlklne volcanic arc. This Interpretation supports previous claims that the northern 

Stlklne and northern Cache Creek terranes were loosely tied by Late Triassic time. 

Nd and Sr Isotopic compositions of rocks in the study area fall into two distinct 

oategories: those composed dominantly of reworked ancient crustal material, and those 

composed mainly of juvenile detritus recently removed from the mantle reservoir. 

Lower and Middle Triassic strata of the northern Canadian miogeocline have cNd(t) 

values of -10.5 to -6.7, indicating inclusion of detritus derived from Precambrian 

sources. Two suites of metasedimentary and metavolcanic strata in the Nisling terrane 

also have Isotopic compositions indicative of reworked Precambrian material, but each 

has a different range of isotopic compositions. The Florence Range suite contains quartz

rich metaclastic strata and marble and has cNd(O) values between -20.6 and -15.6. 

The Boundary Ranges suite contains chlorite-actinolite-quartz schist, minor quartzite 

and carbonate and has ENd(O) values from -4.6 to +0.5. Based on similarities in rock 

type and Nd model age, I propose that the Florence Range suite correlates with the "lower 

unit" of the Yukon-Tanana terrane of Mortensen (in press) and the Tracy Arm 

assemblage of Gehrels et al., (1990a; in press). The Boundary Ranges suite correlates 

with the "middle unit" of the Yukon-Tanana terrane of Mortensen (in press) and the 

Endicott Arm/Ruth assemblage of Gehrels et al. (1990a; in press) and McClelland et al. 

(1990; in press). 

The northern Stikine terrane contains abundant juvenile volcanic rocks and 

clastic detritus derived from the mantle in Phanerozoic time, in agreement with data 

previously collected in the southern part of Stikine (Samson et al., 1989). In northern 
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Stlklne, however, sandstone layers have ENd(t) values as low as -8.1, consistent with 

Incorporation of ancient crustal detritus from the adjacent Nlsllng terrane. Further, 

Isotopic data from plutonic and volcanic rocks that intrude Stikine strata are consistent 

with the interpretation that Nisllng rocks underlie much of the northern Stikine 

terrane. 

The northern Cache Creek terrane also contains rocks with both the ancient and 

juvenile isotopic signatures. Volcanic rocks, Paleozoic and Upper Triassic sandstone and 

Lower and Middle Jurassic clastic rocks have juvenile Nd isotopic compositions. For the 

Upper Triassic sandstones, the Isotopic and sedimentologic data are consistent with 

derivation of detritus from the northern Stikine terrane. Upper Paleozoic and early 

Mesozoic shale and argillite in northern Cache Creek contain ancient continental detritus 

with ENd(t) values of -8.8 to -6.6, similar to isotopic compositions of the roughly 

coeval Canadian miogeocline and of sediments In the modern Pacific Ocean (Ben Othman et 

al., 1989). Because these fine-grained clastic strata, along with chert and limestone, 

make up 70% of the northern Cache Creek terrane, most of this terrane consists of 

reworked crustal material rather than Phanerozoic additions to the continentai crust. In 

total, the Isotopic data collected for this study strongly support the interpretation of Late 

Triassic stratigraphic links between the Nisling, northern Stiklne and northern Cache 

Creek terranes. 

Field Investigations of the northeastern corner of the northern Cache Creek 

terrane showed that the area Is underlain by lower Mesozoic clastic rocks, 

Pennsylvanian or Lower Permian limestone, Permian or Lower Triassic pelagic strata, 

upper Paleozoic or Triassic mafic volcanic rocks and ultramafic rocks of unknown age. 

The layered rocks dip south or southwest and are bound by faults of the Teenah thrust 

belt, Interpreted to be late Middle Jurassic to mid-Cretaceous in age by correlation with 
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other contractional events In northern Cache Creek. 

Shortening of oceanic strata by thrust faulting occurs In a vast structural plate 

floored by the Nahlln fault In the north, and probably by the King Salmon fault In the 

south. The Squanga-Crag Lake fault system bounds this system on the north and 

represents a tear fault zone with at least 90 km of southwest-directed dextral slip and 

2.2 km of south-side-up vertical uplift. North of the Squanga fault and west of the 

Nahlln fault, shortening Is characterized by large, upright folds with km-scale 

wavelengths. A mid-Cretaceous felsic plutonic complex postdates motion on the thrust 

faults. The plutonic rocks, however, contain a weak, steeply-dipping fabric that Is also 

present In the other rock units. These structures are probably related to Late 

Cretaceous-early Tertiary dextral slip and uplift along the Teslln fault. 

All terranes, from the miogeocline westward to the metamorphic rocks that flank 

the western margin of the Coast Mountains batholith in southeast Alaska, have links 

which tie them to each other and to the North American margin by Late Triassic time. 

Phanerozoic development of this orogenic system can be explained by a minlmum

displacement model, in which all terranes (excluding Alexander-Wrangellia-Peninsular 

and outboard terranes) developed adjacent to the North American margin, and remained 

relatively near that margin throughout their histories. This reconstruction Is 

supported by geologic data, and at least is consistent with acceptable interpretations of 

paleomagnetic and paleobiogeographic data. 
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