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INTRODUCTION

This paper presents and interprets the results of chemical analyses
completed by the British Columbia Ministry of Energy, Mines and
Petroleum Resources™ Anatytical Laboratory on samples previously
collected from the Windy-Craggy and Mount Henry Clay areas of
the Tatshenshini map sheet (Maclntyre, 1983, 1984; MacIntyre and
Schroeter, 1985).

REGIONAL TECTONIC SETTING

The Windy-Craggy deposit and Mount Henry Clay occurrences
are located within the Alexander terrane (Fig. 28-1, Berg, 1979;
Campbell and Dodds, 1983). This terrane includes a thick succes-
sion of Precambrian to Permian basinal and platformal carbonate
and clastic rocks with a subordinate volcanic component that is
unconformably overlair. by Late Triassic calcarcous turbidites and a
bimodal volcanic suite (Fig. 28-2). Paleomagnetic data indicates
that this terrane has migrated northward from low palcolatitudes
(Hillhouse and Gromme, 1980). The Paleozoic stratigraphy of the
Alexander terrane is strikingly similar to that of the Cordilleran
miogeocline; possibly the Alexander terrane is a slice of the conti-
nental margin that has bzen moved northward and stepped westward
along major transcurrer t faults to its present position. This hypoth-
esis has been proposed by several authors (Jones. er al., 1972,
Muller, 1977; Monger and Irving, 1980).

The Alexander terrane is in fault contact with Wrangellia to the
west and the Taku terrane to the east (Fig. 28-1). Recently, Davis and
Platker (1985) have presented evidence that the Taku ang
Wrangellia terrancs werz coextensive and have been offset by move-
ment on the Denali faul: system in Mesozoic and Cenozoic time. If
this is true then the Alesander terranc must also have been coexten-
sive with these terranes in Triassic time (Davis and Platker, 1985).

Both the Wrangellia and Taku terranes are characterized by Mid-
dlc 1o Late Paleozoic is and arc rocks, such as the Sicker Group of
Vancouver [sland and the Skolai Group of Alaska. that are unconfor-
mably overlain by a thick Triassic section. The base of this section
locatly includes a thin or absent clastic sedirentary unit containing
Ladinian {late Middle Triassic) fossils that is overlain by the thick
Karnian (carly Late Triassic) submarine and/or subaerial basalt of
the Karmutsen/Nikolai assemblage. The basalts are overlain by
Norian-age limestone and calcareous sedimentary rocks such as the
Quatsine, Parsons Bay, Kunga, Chitistone, and Whitestripe Forma-
tions. Like the Alexander terrane, Wrangellia has moved to its
present position from low paleolatitudes (Packer and Stone, 1974:
Jones, et al., 1977, Hillhouse, 1977; Irving, et al.. 1980; Irving, et
al., 1985).

Stratigraphic columns for the Triassic rocks of the Alexander,
Wrangellia, and Taku terranes are compared on Figure 28-2. The
Triassic succession of the Alexander terranc differs significantly
from adjacent terranes in the following ways:

(1) The basalts arc of Norian rather than Kamian age.
(2) The basalts are underlain by and interbedded with a thick
succession of distal to proximal turbidites and/or limestones.
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Figure 28-1. Tectonostratigraphic terranes of northwest British Colunisia
and southeast Alaska, and location of Late Triassic massive sulphide depos-
its. Terrane abbreviations used are: {”H — Chugach; AL — Alexander; WR
— Wrangellia; TK — Taku: GN -~ Gravina/Nutzotin; TA/CPC — T-acy
Arm/Coast Plutonic Complex: 8T -— Stikinia.
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Figure 28-2. Triassic stratigraphic columns for the Wrangellia, Alexander, and Taku terrancs.

(3) Sedimentary interbeds are common in the upper volcanic part
of the section, which is mainly marine in origin. Karmutsen
and Nikolai sections generally lack sedimentary interbeds and
are both submarine and subaerial.

(4) Felsic fragmental and flow rocks occur locally in the Triassic
section of the Alexander terrane. Felsic volcanic rocks do not
occur in the Karmutsen and Nikolai sections.

Ancther important difference that will be documented in this
report is in the composition of the volcanic rocks: those of the
Alexander terrane have calc-alkaline characteristics typical of island
arcs or back arc basins developed in continental crust; those of the
Wrangellia and Taku terranes are mainly low-K tholeiites with
oceanic or continental basalt characteristics (Davis and Plafker,
1985).

The timing of suturing of the Alexander and Wrangellia terranes
into one superterrane is a matter of considerable debate. As men-
tioned earlier, Davis and Plafker (1985) have suggested that they
were united by Triassic time, a conclusion favoured by this writer.
Parts of the superterrane were dislocated by movement along
crosscutting transcurrent faults in Mesozoic and Cenozoic time. In
general, the current mosaic of terranes that comprise the Insular
Tectonic Belt is probably the result of several episodes of obligue
subduction and northward translation of slices of oceanic and conti-
nental lithosphere in a manner similar to that recently proposed by
Bruns (1983) for the Yakutat block. In the Prince Rupert area the
Alexander terranc appears to have been thrust eastward under the
Coast Plutonic Complex (Woodsworth, ef al., 1985).

The Alexander, Wrangellia, and Taku terranes all include Jurassic
and Cretaceous calc-alkaline volcanic and plutonic rocks and re-
lated back arc successor basin flysch deposits such as the Gravina-
Nuzotin assemblage. This implies that these three terranes were
together in Early Jurassic time and were probably situated abave an
eastward-dipping subduction zone. The flysch deposits have also
been offset by as much as 300 kilometres of right lateral offset along
the Denali fault system in Tertiary time (Eisbacher, 1976). Recently,
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Irving, et al. (1985) suggested that the Wrangellia, Alexander,
Taku, Coast Plutonic Complex, and Stikine terranes were all amal-
gamated by Cretaceous time and travelled north as one superterrane
in Late Cretaceous and Early Tertiary time.

Outboard of Wrangellia is the Chugach terrane, a melange-sub-
duction complex which is also of Jurassic-Cretaccous age.

All the terranes of the northern Insular Belt are intruded by
granitic rocks of Jurassic, Cretaceous, and Tertiary age again imply-
ing amalgamation as a superterrane by no later than Jurassic time.

LATE TRIASSIC STRATIGRAPHY OF THE
ALEXANDER TERRANE

The geology, stratigraphy, and mineral deposits of the Windy-
Craggy and Mount Henry Clay arcas have been described in two
previous reports (MaclIntyre, 1984, Maclntyre and Scroeter, 1985).
Preliminary stratigraphic columns for these two areas are shown on
Figure 28-3 together with a typical Triassic section for southeast
Alaska. The approximate stratigraphic positions of samples dis-
cussed in this report are also shown. The age of the volcanic rocks in
the Windy-Craggy area has been established as Early Norian on the
basis of conodents collected from sedimentary interbeds (M. Or-
chard, pers. comm., 1983). The age of rocks hosting massive
sulphide and barite deposits in the Mount Henry Clay-Glacier Creek
arca is not as well established. One sample collected by Ken
Dawson, Geological Survey of Canada, from a sedimentary inter
bed approximately 50 to 100 metres stratigraphically above the
Glacier Creek Main deposit has yielded conodont fragments. These
fragments are most likely Triassic in age (M. Orchard, pers. comm.,
1985). Elsewhere in the Mount Henry Clay area the age of host rocks
is inferred from stratigraphic similarity to other faunally dated Late
Triassic sequences in southeast Alaska (Berg, 1981).

The stratigraphic successions observed in the Windy-Craggy and
Mount Henry Clay areas arc very similar to those observed in other
parts of the Alexander terranc, for example. the Glacier Creek arca
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Figure 28-3. Triassic stratigraphic columns for the Windy-Craggy. Mount Henry

(Still, 1984} and Gravina Istand of southeast Alaska (Berg, 19733;
Fig. 28-3). In general, calcarcous turbidites and, in southeastern
Alaska, erosional conglomerates, occupy the lower part of the
sequence. These rocks constitute the Nehenta Formation on Gravina
Island (Berg, 1973). The lower sedimentary package grades up
section into a thick pillow basalt unit which has been defined as the
Chapin Peak Formation on Gravina Island (Berg. 1973). Fossil
control is lacking in many parts of southeast Alaska where inferred
Triassic rocks occur but, where present. fauna are mainly Norian in
age (Berg, 1981): a few Karnian ages have also been reported in
southeast Alaska. Karnian age fossils have not yet been found in the
Windy-Craggy area.

Unlike other parts of the Alexander terrane, no quartz-sericite
schist or phyllite interbeds occur in the Late Triassic mafic volcanic
sequence in the Windy-Craggy arca. These rocks, which are be-
lieved to be sheared rhyolitic fragmental rocks or rhyolite flows,
occur in the lower sedimentary or middle mixed sedimentary-basalt
parts of the Triassic successions of southcastern Alaska and in the
Mount Henry Clay area. Polymetallic massive sulphide and barite
deposits (Fig. 28-1), such as Glacier Creck. Low Herbert, Mount
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Clay/Glacier Creek, snd southeast Alaska areas of the Alexander terraie.

Henry Clay, occurrences on Zarembo, Kupreanof, Annette, ind
Gravina islands and possibly Greens Creck are associated with these
felsic rocks {Berg and Grybeck, 1980; McDougall. et al., 1983:
Still, 1984; MacIntyre and Schroeter. 19835). The presence of fesic
voleanic rocks in these predominantly mafic volcanic sections irufi-
cates volcanism in the Alexander terrane was bimodal.

BASALT GEOCHEMISTRY

The chemistry of volcanic rocks that host massive sulphids de-
posits has been the subject of many previous studies. This data
provides important clucs (with certa n limitations) to the tectenic
environment in which the host volcanic rocks were erupted, for
example, at a convergent or divergent plate margin or within a plate.

Samples from the Windy-Craggy and Mount Henry Clay acas
have been analysed for major znd trace elements by the Minisry
Laboratory. Results are tabulated in Table 28-1. Whole rock ¢na-
lyses of drill care have also been provided by Falconbridge Niclel
Mines Limited for comparative purposes. In addition, Dr. Joe Fox,
L.LR.EEM./M.E.R.L., Montreal, prov.ded immobilc and rare cirth
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TABLE 28-2
TRACE AND RARE EARTH ANALYSES

83-16 83.34 N-MORR
20 50 i ]
510 1 000 12
2.9 5.5 0.2
5 810 14 520 830 LIL
450 630 3
35.5 59.7 10.0
70 100 136
50.0 50.0 2.5
1.70 1.80 0.17
31 36 g
6.43 6.37 —
2616 3139 570
3.3 4.1 2.5
120 180 88 * HFS
1.80 1.68 1.20
10 242 7 008 8 400
0.80 0.70 0.71
20 10 35
1.87 1.89 3.50
0.29 0.28 —
77 150 138
110 150 290

Note: All values in ppm.
N-MORB values from Saunders and Tarney (1984).
Analyses by X-ray Assay Laboratories, Don Mills, Ontario.

Data provided by Dr. J. Fox, LR.E.M/M.E R.1., Montreal,
Quebec.

analyses for two selected samples (WD83-16, WD83-34) from the
Windy-Craggy area (Table 28-2).

The field occupied by basalts from the Wrangellia and Taku
terrancs is also plotted on Figures 28-7 to 28-16 for comparison
purposes. The data used includes 24 analyses of Nikolai greenstone
and Chilkat metabasalts (Davis and Plafker. 1983), 12 analyses of
Karmutsen basalts (A. Sutherland Brown, pers. comm.) and six
analyses of Anyox basalts (Sharp, 1980}, Al of these basalts are
low-K tholeiites or ferrotholeiites in composition.

ALTERATION OF BASALT

Petrographic examination and the analytical data in Table 28-1
indicates most of the samples collected from the Windy-Craggy and
Mount Henry Clay areas have been altered to some extent. Analyses
1 to 8 are from drill core and surface samples (Fig, 28-4) that are
interpreted to be in the stratigraphic footwal! of the Windy-Craggy
deposit. These basalts are all pervasively chloritized and contain
abundant disseminations and stringers of pyrrhotite. The analytical
data suggests strong depletion in calcium, potassium, barium, and
strontium relative to normal calc-atkaline basalt compaositions. Ana-
lyses 4, 5, and 8 are also depleted in silica; iron is moderately to
strongly eariched. These altered rocks are typically quartz and
corundum normative.

Analyses 10 and 11 are from the stratigraphic hangingwall of the
Windy-Craggy deposit and are also altered as indicated by high CO,
and H,O values. These rocks contain sericite, clay, and carbonate.
Calcium abundances are relatively low compared to normal basaltic
rocks; on the other hand K,O ranges from 0.86 to 2.59 per cent and
may be enriched. Corundum and quartz are present in the norm.
This data suggests that footwall alteration is mainly chloritic
whereas hangingwall alteration is predominantly phyllic to argillic.
The phyllic and argillic alteration may be related to fluid boiling
near hydrothermal vents.
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Analyses 12 to 23 are from various stratigraphic levels in the
Triassic section of the Windy-Craggy area (Figs, 28-3 and 28-5). Of
these, analyses 13, 14, 15, 19, and 20 have CO,. H,O, and CaO
concentrations likc those of fresh basalt and appear to be the least
altered. However, inthin section clay and carbonate alteration is also
common in these samples, particularly in No. 14, which is a sample
of pale-weathering pillow lava in the middle volcanic-sedimentary
unit (2C) of the Tats Group.

Analyses 24 to 27 are from the Mount Henry Clay area and
include altered basalt, andesite, and quartz-sericite-schist or phy-
Nite. Sample locations are shown on Figure 28-6. No. 24 is from a
pillow basalt flow that overlics the Low Herbert showing (Macln-
tyre and Schroeter. 1985). High H,0 and CO, values reflect the
presence of numerous carbonate-filled vesicles in the sample. No.
26 is a foliated, chlorite-rich andesite collected from outcrop near a
showing of massive sulphide boulders (Boulderado) on the north
facc of Mount Henry Clay. Nos. 25 and 27 are samplcs of quartz-
sericite schist or sheared rhyolitic fragmental rocks that host bedded
barite-sulphide and disseminated and semi-massive sulphide at the
Glacier Creek and Low Herbert showings respectively, These sam-
ples are peraluminous (corundum normative). reflecting the pres-
ence of abundant sericite,

Basalts from the Windy-Craggy arca are characterized by refa-
tively low TiO, and high Na,O, K,0, and P,O; compositions
relative to mid-ocean ridge basalts (MORB). They are also enriched
in large ion lithophile (LIL) elements. However, alkali and LIL
clement enrichment can result from low-grade seawater alteration of
basalt (spilitization) and under such circumstances original rock
chemistry is difficult 1o determine. Therefore, caution must be used
in interpreting discriminant plots that use mobile clements such as
Na, Ca, K, and to some extent 5i0, and the LIL elements. Con-
sequently, several different discriminant plots using both major
oxide and immobile elements have been used in this study; the
results from each are discussed and compared in the following
sections. In each plot, the samples that plot in the unaltered field on
the CaO versus MgO diagram (Fig. 28-7; Nos. 13. 14, 15, 19, and
20 in Table 28-11 of Spence (1985) are indicated by a special symbol
so that altered and relatively unaltered samples can be compared.

ALKALINE VERSUS SUBALKALINE BASALTS

Several plots have been devised to identify alkaline and sub-
alkaline series volcamic rocks. The most commonly used is the
Na,0O + K,O versus Si0, plot (Kuno. 1966: MacDonald, 1964,
Irvine and Baragar. 1971). On this diagram (Fig. 28-8) analysed
samples cluster about the alkalic-subalkalic boundary; the least
altered samples plot within or close to the subalkalic figld, On lrvine
and Baragar’s (1971) normative olivine-nepheline-quartz ternary
diagram (Fig. 28-9) most samples plot in the subalkaline field; the
least altered samptes plot on or near the alkalic-subalkalic boundary.
Floyd and Winchester (1978) used a plot of LOG (Zr/Ti,) versus
Si0, to divide and classify alkaline and subalkaline rocks. This plot
(Fig. 28-10) is especially useful for altered rocks because Si. Zr, and
Ti are rclatively immobile at low to moderate alteration levels.
Mafic samples from Windy-Craggy and Mount Henry Clay plot in
the subalkaline and alkali basalt fields; quartz sericite schists or
phyllites from the Mount Henry Clay area plot in the rhyodacite
field. A similar conclusion is derived using the Zr/P, O versus TiO,
plot (Floyd and Winchester. 1975) although on this diagram (Fig.
28-11) a small group of samples plot in the alkaline ficld. Floyd and
Winchester (1975) also use the ratio of Y/Nb to divide alkaline from
subalkaline rocks but Y and Nb concentrations in the samples used
in this study are too close to the XRF detection limit for these
elements to be reliable.

Major and trace element chemistry of the analysed volcanic rocks
from the Windy-Craggy and Mount Henry Clay areas suggest that
they arc mainly subalkaline in composition, although some samples
are chemically similar to alkaline volcanic rocks.



THOLENTIC VERSUS CALC-ALKALINE BASALTS

Subalkaline rocks include the tholeiitic and calc-alkaline series
{Irvine and Baragar, 1971). Pronounced iron enrichment and Al,O
concentrations between | 2 and 16 per cent characterize the tholetitic
series; calc-alkaline rocks fack iron enrichment and generally have
AlL,O, concentrations between 16 and 20 per cent (Irvine and Bar
agar, 1971). The most commonly uscd plot to distinguish the twe
series is the alkalies-tote] iron-magnesium (AFM) ternary diagram
{(Fig. 28-12). On this diagram. the least altered samples from the
Windy-Craggy and Mount Henry Clay areas plot in the calc-alkaline
field (Fig. 28-12); intensely altered samples are enriched in Fe and
plotin the tholeiitic field. By comparison, unaltered basalts from the
Wrangellia and Taku terranes plot mainly in the tholeiitic ficld.

TECTONIC SETTING

Major and trace clement geochemistry of basalts from different
tectonic environments his been examined by many researchers, and
a diverse collection of discriminant diagrams has evolved. Most of
these are based on relatively immobile trace elements such as Ti, Cr.
Zr, Nb, Y, Ta, and Th (Pearce and Cann, 1973; Floyd and
Winchester, 1975; Miyuashiro and Fumiko, 1975; Garcia. 1978:

Pearce and Norry, 1979), On the Ti versus Cr plot of Figure 28-13
the majority of Windy-Craggy samples plot within the island we¢
basalt (JAB} field. that is, they are mainly calc-alkalinc or alkaline
in composition; samples from the Wrangellia and Taku terranes plot
in the MORB or tholeiite field.

Samples from the Windy-Craggy and Mount Henry Clay mea
have been analysed for zirconium. These samples show considar-
able scatter on the Ti versus Zr diagram of Figure 28-14 although n
general there is a calc-ulkaline basalt trend. Samples from the
Wrangeltia and Taku terranes plet along a well-defined linear trend
that falls within the occan floor basalt field. This plot futther
illustrates the mere alkaline compesition of the Windy-Craggy
basalts compared to the predominantly tholeiitic Nikolai, Chilkat,
Karmutsen, and Anyox basalts.

RARE EARTH ELEMENTS

Chondrite normalized rare earth concentrations for two samp s
of basalt (Table 28-2) from the Windyv-Craggy area are plotted on
Figure 28-15. The plot shows that the Windy-Craggy basalts a-e
strongly enriched in the light rarc earth elements (LREE) relative "o
those of the Wrangellia and Taku terranes (Davis and Plafker, 198.3)
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Figure 28-4. Geology, drill hole, and sample locations, Windy-Craggy deposit. Drill hole locations efter company plans.
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Figure 28-7. MgO versus CaO plot showing unaltesed ficld of Spence
{1983).
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Figure 28-8. Alkalies versus SiO; plot showing alkalic and subalkalic
fields. Dividing line after MacDonald (1964). See Figure 28-7 for explana-
tion of symbols.

OLIVINE

ALKALIC

NEPHELINE QUARTZ

Figure 28-9. Normative olivine-quartz-nepheline ternary plot showing
alkalic and subalkalic fields as defined by Irvine and Baragar (1971). See
Figure 28-7 for explanation of symbols.
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Figure 28-10. 510, versus Zr/TiO, plot showing alkalic and subalkalic
fields and rock type classification of Floyd and Winchester (1978). See
Figure 28-7 for explanation of symbaols.
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Figure 28-11. TiQ; versus Zr/P,0y plot showing alkalic and subalkalic

fields of Floyd and Winchester (1973). See Figure 28-7 for explanation of
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Figure 28-12. Alkalies-total iron as Fe(-MgO ternary plot showing calc-
alkaline and tholeiitic fields. See Figure 28-7 for explanation of symbols.
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Figure 28-13. Log Ti versus Log Cr showing island arc basalt (FAB) ind
mid-ocean ridge basalt (MORB) ficlds of Pearce (1975). See Figure 28.7 for
explanation of symbols.
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Figure 28-14. Ti/1000 versus Zr plot showing ocean floor basalt (OFB),
low-K tholeiite (LKT), and calc-alkaline basalt (CAB) ficlds of Pearce «nd
Cann (1973). See Figure 28-7 for explenation of symbols,
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Figure 28-15. Chondrite normalized rare carth plot for two samples from
the Windy-Craggy area. Also shown for comparison is the range of values
for basalts from the Chilkat Peninsula. Taku terrane (Davis and Plafker
1985). and a typical sample of MORB.

and to typical MORB. Light rare earth enrichment is characteristic
of calc-alkaline and alkaling volcanic rocks {Huskin, er «l., 1966;
Schilling, 1971; Jakes and White, 1972: Hanson, 1980). therctore
the high alkali contents of basalts from the Windy-Craggy arca may
be a primary featurc of these rocks. More rare earth analyses are
required, however, to determine if these preliminary observations
arc applicable to all the basaltic volcanic rocks in the Windy-Craggy
and Mount Henry Clay arcas.

Tholciitic basalts such as those from mid-ocean ridges (MORB)
are typically depleted in the light rare earths. The Windy-Craggy
and Chilkat-Nikolai basalts arc enriched in LREE's: clearly they do
not belong to this category of basalt.

Saunders and Tamey (1984) used a MORB normalized plot of
large ion lithophile (LIL) and high field strength (HFS) clements to
examine the chemistry of basalts erupted in back arc basins. Using
their plot (Fig. 28-i6). samples WD83-16 and WDHE3-84 show a
strong enrichment in LIL elements relative to MORB. The HES
elements and Cr arc depleted relative to MORB.

The LIL elements are relatively mobile and can be enriched by
low-grade seawater-basalt hydrothermal alteration (Saunders and
Tarney, 1984). However, Th is virtually immobile under these condi-
tions and should retlect the primary composition of the basalt. The
Th concentrations of the two samples plotted exceeds that of average
MORB, suggesting the LIL element enrichment is probably a pri-
mary feature and is not due strictly to alteration.

The pattern of LIL element enrichment shown on Figure 28-16 is
similar to that observed for calc-alkaline basalts erupted in back are
basins formed in continental crust, such as the Guaymas Busin.
Such basins can also contain basalts with MORB-like charuc-
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teristics. The calc-alkaling hasalts are most common in narrow.
submatine rift valleys associated with short-lived spreading centres,.
Such spreading centres are related teo transform faulting produced by
obligue plate convergence. High LIL element concentrations in
basalts of back are basing may be the result of mantle contamination
by LIL clement-rich hydrous fluids derived by dehydration of sub-
ducted oceanic lithosphere, Alternatively, partial melting of conti-
nental crust with concentration of the incompatible LIL elements by
magmatic differentiation in shallowly emplaced sills may also be an
impuortant process. The latter may he particulaely importaat for Luate
Triassic volcanic rocks of the Alexander terrane because the maug-
mas appirently rose through a thick section of continental crust that
included LIL clement-cnriched sedimentary rocks. and possibly a
Precambrian crystalline basement.
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Figure 28-16. Plot showing variation of large ton lithophile (LIL) and
high field strength (HFS) elements for samples from the Windy-Craggy area
normalized against typical MORB concentrations tsee Table 28-2) Also
shown for comparison is the range of values for samples from the Chilkal
Peninsula, Taku terrane (Davis and Plafker. 1985) and a sample of basalt
from the Guaymas Basin of the Gult of California. Plot after Saunders and
Tarney (1984).



DISCUSSION

The Wrangellia and Tuku basalts are Karnian low K-tholeiites that
were extruded in both submarine and subacrial environments with
little accompanying secimentation. The thick and extensive nature
of the basalt sequences implies extensive rifting and subsidence
accompanied the outpouring of basaltic lava (Carlisle and Susuki.
1974). By contrast, the Alexander terrane was apparently an ex-
posed arca during Karnian time. as indicated by erosional con-
glomerates at the base of the Triassic section in southeast Alaska
(Berg., 1973).

[n Norian time limestone and calcareous sediments were deposi-
ted on the thick basalt sequences of the Wrangellia and Taku ter-
ranes, implying a warm, shallow water depositional environment.
At the same time, the Alexander terrane was the site of a deep.
reducing, sedimentary basin that was characterized by pelagic lime-
stone and turbidite deposition. These turb:dites contain abundant
carbonate detritus. which may have been derived by crosion of
platformal carbonates of adjacent terranes (assuming suturing of
these terranes had occu-red by this time). Evolution of the basin was
accompanied by a progressive increase in volcanic activity, finally
culminating in a tremendous outpouring of cale-alkaline to atkaline
busalt pitlow favas. This implics the Alexander terrane was the site
of subsidence and rifting in Norian time. This rifting may have been
restricted to narrow. short-lived spreading contres along a major
transform fault system. analogous to the current Gulf of California
system.

The abundance of dioritic sills in the Late Triassic scetion of the
Alexander terrane suggests eruption of basalt was accompanied by
shallow level injection of basaltic magma into relatively unconsoli-
dated basinal sediments. Slow cooling of these sills probably
provided the heat needed to drive the huge hydrothermal system that
produced the Windy-Craggy deposit. Positioning of such seatloor
hydrothermal vents abowve subvolcanic sills has been obscerved in the
Guaymas Basin.

Late Triassic felsic fragmental rocks ol the Alexander terrane
were probably produced by explosive release of LIL clement, vol-
atile-rich differentiates from large subvolcanic magma reservoirs.
Submarine calderas muy have formed in response to this periodic
evacuation of the reservoirs; such calderas are common in the
Kuroko district of Japan (Ohmoto and Takahashi, 1983). This pro-
cess was apparently lacking in the Windy-Craggy arca and adjacent
terrancs: there are no felsic fragmental rocks. and no assoctated
polymetallic massive sulphide deposits in these Triassic sections.

It we assume that Wrangellia and the Alexander terrane were
sutured by Triassic time. then there is an apparent eustward shift in
the location of volcanic eruption centses fromy Karnian to Norian
time. This shift is marked by an eastward compositional change
from relatively primitive low-K tholelites to mere highly frac-
tionated cale-alkaline to alkaline volcanic rocks. Similar transitions
have been documented in several young istand arcs of the southwest
Pacific (Kuno. 1966: Garcia, 1978): the implication is that Triassic
basalts of Wrangellia end the Alexander terrane represent a similar
immature island arc and/or a marginal or back arc basin setting.

SUMMARY

The main conclusions of this paper bused on the information
available to datc are:

(1) Massive sulphide deposits of the Alexander terrane occur in a
Late Triassic submarine volcanic sequence that is cale-alkaline
to alkaline in compositien.

(2) Triassic volcanics of the Wrangellia and Alexander terranes are
most likely part of an immature island arc/back arc basin
system. Voleanism progressed castward with tine and became
progressively more alkaline in composition. Volcanism may
have been restricted to narrow rift valleys associated with
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spreading centres along a (ransform fault systcm analogous tc
that of the present day Gulf of California.

Massive sulphide deposits of the Alexander terranc were
formed by hydrothermal systerns that developed above sub-
volcanic sills injected into rift valley sedimentary-voleazic
successions. Differentiation of some of these sills resulted ir
cxplosive felsic volcanism and formation of polymetallic mas-
sive sulphide deposits.
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STRATIGRAPHY AND STRUCTURE IN THE ANYOX AREA
(103P/5)

By D. J. Alldrick

INTRODUCTION

This report summarizes preliminary results of a4 mapping project
in sedimentary strata of the Anyox pendant between May 27 and
Junc 6, 1985, The objectives of the program are to:

(1) Study the sedimentary section for marker horizons that may
outline present structure and for facies relationships that may
indicate paleotopography in the undzrlying volcanic rocks.
Compare the sulphide-bearing ore horizon chert to strata-
bound. sulphide-bearing ‘quartz veins' reported within the
sedimentary strata.

Sample chert and carbonate sedimentary rocks for fossil
studies.

(2

(3

<

OTHER RESEARCH

The maost recent report on the Anyox arca is also the most
comprehensive. R. J. Sharp completed o Muster's thesis at the
University of Alberta, Edmonton, in 1980. The rescarch focused on
three of the deposits in the area but the thesis also presents a major
review of the regional geology and an extensive bibliography.

D. G. Maclntyre (this volume) compared petrochemistry of sev-
eral Triassic volcanic sequences in the Insular Tectonic Belt b V.
Kirkham, at the Geological Survey of Canada. is compilmy lead
isotope data for volcanogenic massive sulphide deposits througtout
Canada. Both these studies include Jata or samples providec 1vora
Sharp’s work.

STRATIGRAPHY

Schematic stratigraphic columns are illustrated on Figure 29-2,
which also shows the stratigraphic position of five major mincral
deposits.

VOLCANIC SEQUENCE

Sharp i 1980) describes lithologics within the volcanic sequene:
as predominantly pillowed tholeiitic yasaltic flows with subordinat:
fragmental and tuftaceous layers. The tragmental strata may imclud:
tectonic, explosion, pillow. flew 1op and fault scarp breccias, and
voleaniclastic conglomerates. Tuffaceous strata are preserved a,
chloritic schists. Pelitic rocks are locally interbedded: these form
the host rock strata at the Double Ed deposit.

-
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Plate 29-1. Bull quartz vein and foliated chert. 1.3 kilometres southwest of Hidden Creek mine. Scale bar 10 centimetres.

British Columbia Ministry of Energy, Minces and Pettoleum Resources. Geological Fieldwork, 1985, Paper 1986-1.



