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INTRODUCTION

The Silver Diamond, Atlin Magnetite and Daybreak
Sn (W) skarns (B.C. Minfile numbers 104N 069, 126 and
134 respectively) in the Atlin district of northern B.C, are
related to the Cretaceous-age Surprise Lake plutonic
suite.

This paper describes the geology of these skarns and
presents assay results on the mineralization and
microprobe analytical chemical data on their garmet,
clinopyroxene and vesuvianite assemblages. In addition,
major and trace element data of the Surprise Lake
Batholith is presemted. The Daybreak occurrence, a
recent discovery by prospector William Wallis of Atlin, is
distinct in containing wrigglite textures in the proximat
skarn (Webster et al., 1992). Some of its gammets and
vesuvianites contain anomalous quantities of F, Sn, Cl
and Cr and the concentration of some of these trace
elements is distinctly different in the proximal and distal
mineral assemblages.

These three skarns are believed to have a relatively
low economic potential, due to their small size and the
current poor world market for tin and tungsten.
However, because Sn skarns are very rare in B.C,, these
Atlin occurrences have considerable scientific interest.
Moreover, if world markets improve, these occurrences
indicate that the margins of the Surprise Lake Batholith,
and correlative rocks elsewhere, have an exploration
potential for tin, tungsten and fluorite.

REGIONAL GEOLOGY

The skarns described in this paper are situated in-

north-western  British  Columbia  (Figure 1),
approximately 20 kilometres east-northeast of Atlin and
a few kilomeires north and west of Surprise Lake (Figure
2) The area lies in the Intermontane Belt and is largely
underlain by rocks of the allochthonous Cache Creek
Terrane (Figure 1). The terrane consists predominantly

et

- Terranes with predominantly ocean floor rocks
CC-Cache Creck BR-Bridge River

ST-Stikinia CA-Cassiar

SM:-Slide Mountain NA-North America

rising accretionary complex
minor ocean floor rocks

Figure 1. Location of the study area and its relationsiip 1o
the northern portion of the Cache Creek “errane in northemn
B.C. (after Monger, 1977).

of accretionary and subduction-related complexes of
Mississippean to early Jurassic age (Monger, 1973, 1984;
Monger et al., 1982, Cordey et al.. 1991; Qrchard,
1991). Also present are some ophiolitic nltramatic rocks
related to the obduction of oceanic crust (Ash, 1594) and
minor reefal limestones that may have formed in an
oceanic island or seamount environment (Monger, 973,
1977, Souther, 1977). The latter represent some cf the
host rocks for the Silver Diamond, Atin Magnetite and
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Figure 2. Geology and location of skams associated with the Surprise Lake plutonic suite near Atlin, northwest B.C.

(geology after Aitken, 1959).
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Figure 3. Geology in the vicinity of the Atlin Magnetite and Daybreak skarn occurrences, Surprise leke area (geological mapping

by G.E. Ray aad C.E. Kilby, 1995).

Daybreak skarns. Typically, the Cache Creek rocks at
Atlin have undergone folding with intense brittle
deformation and have been metamorphosed to
subgreenschist grade (Monger, 1984; Bloodgood ef al.,
1989a and b).

In the Surprise Lake area, the Cache Creek rocks are
intruded by several plutons and smaller stocks. These
include multiple phases of the Fourth of July Batholith
(Figure 2; Aitken, 1959) which varies in composition
from granite to granodiorite to diorite (Bloodgood et al.,
198%a and b). U-Pb zircon dating indicate a middle
Jurassic age for this suite (Mihalynuk ef al., 1992),

A subsequent, regionally developed Cretaceous
plutonic episode resulted in a number of major
intrusions, inciuding the Surprise Lake Batholith. The
batholith forms an oval body approximately 30
kilometres by 20 kilometres in diameter (Figure 2). It
has several small satellite bodics, the most westerly of
which is the Mount Leonard stock. This stock hosts the

Adanac porphyry molybdenum deposit (Figure 2;

Christopher ef al., 1972; White et al., 1976; Christopher
and Pinsent, 1979) which has open piitable rescirves of
152 million tonnes grading 0.063 percint molybdenum.
The Mount Leonard stock is also associated with the
Silver Diamond Sn (W) skarn. It includzs coarse granitic
and finer grained aplitic phases and, urlike the Suarpris:
Lake Batholith, it locally contains homblende:
{Bloodgood et al., 1989a and b}.

The much larger Surprise Lake Batholith is
associated with a number of Sn-W F-bearing veins
{Bloodgood et al, 1989a and b) as well as several low
grade uranium showings (Ballantyne and Littlejohn,
1982) including the Purple Rose occurence (Figure 3).
The batholith is also genetically relaied to the Atlin
Magnetite and Daybreak skarns (Figures 2 and 3). Age
dating by various techniques indicates & Late Cretaczous
age for the Surprise Lake body; Christopher and Pinsent
(1979) report an average biotite K-Ar age of 7.6 Ma
whereas U-Pb zircon dating by Mihalyruk ef al., (1992)
gave an age of 83.8 Ma.
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Figure 4. Geochemical plots of the Surprise Lake Batholith samples.
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(A) Triangular Na;O + K0 - FeO - MgO plot (after Irvine and Baragar, 1971).

(B} Alkali-silica plot (after Irvine and Baragar, 1971).
(C) Q - P plot (after Debon and Le Fort, 1983).

(D) Log Rb versus Log Y+Nb tectonic discrimination plot (after Pearce ef al., 1984) illustrating the volcanic arc character of the
Fourth of July Batholith (data from Mihalynuk et al., 1992) and the within plate character of the Surprise Lake Batholith (data

from Ray and Webster, in press).

The Surprise Lake Batholith largely comprises
coarse to very coarse grained equigranular rocks with
feldspar crystals up to 2 centimetres in length. It consists
of sodic plagioclase, quartz and potassium feldspar with
only minor amounts of coarse biotite; dark smoky quartz
is a characteristic of the batholith (Bloodgood er al.,
1989a). Accessory minerals include zircon, apatite and
late sericite and chlorite. Marginal phases of the
batholith tend to be more quartz-rich and have a finer
grained groundmass.

CHEMISTRY OF THE SURPRISE LAKE
BATHOLITH

Major and trace element data of six samples of
unaltered, coarse grained rocks collected from the
batholith northeast of the Atlin Magnetite skarn are listed
in Table 1; this data, together with analyses on another
13 samples presented by White er al., (1976) and
Christopher and Pinsent (1979) are used in Figure 4.
Plots show that the Surprise Lake Batholith comprises
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TABLE 1: Major and trace element chemistry of the Surprise Lake Batholith, Atlin, B.C.

Sample GR91-145 GR91-146
5i0, 76.19 76.47
TiO, 6.09 0.10
AlLLO, 12.45 12.42
Fe,Oy* 1.40 1.29
MnO 0.02 0.01
MgO 0.03 0.02
Ca0 0.62 0.63
Na,0 330 332
K;0 4.47 4.30
P04 0.01 0.01
LOI 0.83 0.95
Sum 99.41 99.52
FeO 1.07 0.66
Fe, 04 021 0.56
Fex()y/FeO 0.20 0.34
K,C/N2;O 1.35 130
Ba 153 155

Ce 86 99

Cr 10 >10

Cs 7 6

F 3860 3580

La 41 40

Nb 34 a3
Rb 429 396

Sc <3 <5

Sn 25 <15

Sr 20 19

Th 34 31

U <15 <15

v <5 <$

Y 126 128

I 144 146

Samples collected by G.E. Ray and 1.C.L. Webster, 1991,
Samples arc of a coarse-grained, equigranular, biotite-bearing granitc
Fey0* = total iron as Fe;Os.

Major elements in percent; trace elements in ppm.

For analytical methods etc. sce Ray et al,, 1995

calcalkaline, subalkaline rocks of adamellite-granite
composition (Figure 4A, 4B and 4C). A trace element
tectonic discrimination plot after Pearce ef al. (1984)
indicates that the batholith represents a “within-plate
granitoid” in contrast to the older Fourth of July
Batholith whose magma source probably had a “volcanic
ar¢” characteristic (Mihalynuk ef @/., 1992, Figure 4D).

The Surprise Lake Batholith has a markedly
different chemisiry to the arc-generated plutonic suites
related to Fe, Cu, Au and Mo skarns in British Columbia

GR91-147 GRS1-148 GRY1-165 LJR91-166
77.00 76.45 75.51 75.58
0.11 0.10 0.20 0.06
12.00 12.39 12.46 13,08
1.52 1.30 2,07 1.19
0.03 0.03 0.05 0.02
0.02 0.02 0.15 0.00
0.54 0.54 0.48 037
3.24 3.56 3.17 4,01
4.50 4.55 4.53 4.81
0.01 0.01 0.04 0.01
0.77 0.58 0.84 0.47
99.74 99.53 99.50 99.60
1.04 0.79 1.27 0.66
0.36 0.42 0.66 0.46
0.35 0.53 0.52 0.69
139 128 1.43 1.20
251 333 382 40
91 97 86 45
14 >10 >10 S 1
<5 <5 <5 <5
2940 2720 1580 1920
42 40 34 7.5
24 19 19 69
315 240 250 402

<5 <5 <5
21 <i5 23 <15

27 28 45
34 25 21 33
<15 <15 <15 <15
<5 <5 <5 <5
£9 87 4] 123

178 133 177 141

(Ray er al., 1995). On average, it contains less Ca, Fe,
Mg, Ba, C1, Sr, V and more Si, alkalis, Ce, F, La, Nb,
Rb, Sn, U and Y than the other suites; thi: is consistent
with it representing a highly differentiated melt derived
from continental crust. In much of its overall major ami
trace element chemistry, the Surprise Lake Batholith
closely resembles many of the peraluminous plaions
responsible for W skarns in British Columbia (Ray ef al,,
1995); both suites, for example, are comparatively
enriched in Rb and depleted in Sc and Ea (Figure 5.
However, the Surprise Lake rocks are distinct in having
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TABLE 2A: Assay results of mineralized grab samples from the Silver Diamond skatn, Atlin, B.C.

Sample GR91-149* GR91-154A* GR91-150* GRI1-154% GR91-155%*
Au-ppb 25 29 57 5 55
Ag 169 17 82 15 459
Cu 6600 1400 6200 1400 10200
Pb 1200 62 820 64 10400
Zn 165000 2900 369 2760 20500
Co 6 5 58 5 24
Ni 21 4 48 3 61
Mo <3 <3 <3 <3 <3
As 37 1 1 1 36
Sb 7 1 16 1 3
Bi 96 32 2400 7 900
Cd 2960 73 14 78 410
Te 6.0 0.7 81.0 0.6 7.0
Se 90 . <5 <5 <5 130
Ba 110 200 <100 330 <100
Cr 25 24 82 32 150
Rb <30 330 150 350 54
Sn <300 <300 <300 <300 <400
W 2 4600 3000 4600 5500
F 520 55000 59500 48900 50900

Samples collected by G.E. Ray, LC.L. Webster and C.E Kilby, 1991 and 1995,

Analytical methods etc. see- Ray and Webster, in press.
Analyses in ppm ¢Xcept where stated in ppb

* Pyrrhotite-fluorite samples from Silver Diamond trench.
** Float of mineralized quartz vein, Silver Diamond skam.

unusyaily high quantities of ¥ {Figure 6), averaging 2767
ppm F compared to W skamns-related plutons which
average less than 400 ppm F (Ray et al., 1995, Ray and
Webster, in press).

GEOLOGY AND MINERALOGY OF THE
SKARNS

Silver Diamond skarn

The Silver Diamond skarn lies close to the southwest
margin of the Mount Leonard stock (Webster er al,,
1992; Figure 2) about 4.5 kilometres southwest of Ruby
Mountain. Trenches expose mineralized skarn which
occurs as pods, veins and irregular lenses of massive to
disseminated sulphide, up to 1 metre wide. This
mineralization occurs mainly along the contact between a
crystalline, massive to thinly layered marble and a unit of

greenstone and ultramafic rocks. In parts, the greensione
unit is strongly brecciated and the angular fragments are
surrounded and cut by sulphide veinlets, Mineralization
consists largely of pyrrhotite and sphalerite with minor
chalcopyrite, pyrite, scheelite and fluorite. Locally, the
colourless to purple fluorite forms over 50 percent by
volume of the rock. It occurs either as large crystalline
masses, that are stained with black manganese oxides
and intergrown with sericite, or as isolated crystals
growing within the massive sulphides.

Assays of mineralized grab samples {Table 2A)
indicate that the Silver Diamond skarn contains, in
addition to W, Cu, Zn and Pb, anomalous quantities of
Ag, Bi, Cd, Te and Se. Float material of vein guariz
containing sphalerite and galena also occurs near the
skarn.  Also, a short distance northeast of the Silver
Diamond skarn in what may be a sgparate occurrence,
MINFILE reports some scheelite, cassiterite, molybdenite
and tetrahedrite mineralization.

Brown and red coloured gamnet is relatively
uncommon; it ocours as veinlets cutting the marble and
greenstone as well as thin layers that commonly develop

238

British Columbia Geological Survey Branch



TABLE 2B: Assay results of mineralized grab samples from the Daybreak and Atlin Magnetite skarns, Atlin, B.C.

Sample GR91-159* GR95-141*  GRY95-142¢*
Occurrence Daybreak Daybreak Daybreak
Au-ppb 19 660 61
Ag 10 € 19

Cu 4 13 3463

Pb 10 <5 64

Zn 640 556 607

Co 4 16 92

Ni 7 24 187

Mo 11 2 <2

As 70 95 12

Sb 18 < <5

Bi 70 917 341

Ccd 0.4 <0.4 5.1

Te 0.30 8.4 <0.6

Se <5 24 2.4

Ba <100 10 193

Cr 44 <2 451

Rb <30 <13 <15

Sn <200 1754 459

W 550 190 110

F 47000 140000 1460

Hg ppb - 15 25
u - 25 13

Nb - 3 19

Be - 394 <]
$% - 0.02 0.02

Samples collected by G.E. Ray, LC.L. Webster and C.E.Kilby, 1991 and 1995,

Analytical methods stc. see Ray and Webster, in press.
Analyses in ppm except where stated in ppb or percent
* Proximal magnetite-garnet-fluorite-vesuvianite wrigglite skarn, Daybreak

** Distal gamet-pyroxene-vesuvianile vein skam cutting hornfels, Daybrealc

*** Magnetite-rich mineralization, Atlin Magnetite.

between marble and green pyroxene-rich .skamn. In
addition, variable amounts of amphibole, biotite, sericite
and very coarse grained clinopyroxene are present in the
skarn. The greenstone adjacent to the sulphide-fluorite
skarn is bleached, silicified and contains some secondary
pyroxene and amphibole. Greenstone adjacent to marble
contains remnant patches of a black to dark purple-brown
coloured biotite hornfels that have locally been
overprinted by skarn alteration. Transition from marble
to hornfels is often marked by the following mineral

GR95-150%*+ GR9S5-152%%+ GR91-140°%* GRY1-144"%
Atlin Atlin Atlin Allin
Magnetite Magnetite Magnetite Magre ite
201 287 305 €46
69 <5 65.0 35.0
4362 592 8800 6360
63 28 114 g
429 1405 539 1300
55 86 56 $#1
13 68 23 16
<2 <2 <3 «3
47 72 87 2:0
<5 <5 2 3
57 64 68 slo
26 89 36 5.1
<0.6 <0.6 <03 <13
08 0.8 5 <5
119 25 <10¢ <HK
19 112 140 "6
55 <15 35 <30
1787 2003 2100 00
89 95 9 19
%0 350 300 160
225 30 - -
<10 <10 - -
<2 <32 - -
15 12 - -
0.29 0.01 - -

zoning: (1) marble, (2) garnet-rich skarn, (3) pyroen:-
rich skarn and (4) hornfels.

In thin section the pyroxene-rich skarn: contains very
large, well cleaved and tabular crystals of clinopyroxene
up to § millimetres in length. The moilerate to high
birefringent pyroxene is intergrown with well twinned
sodic plagioclase and is weakly altered to carbonate and
sericite. Many pyroxenes are cut by sulphide veinlets and
contain smali, rounded inclusions of quartz, plagioclase
and garnet. Garnet crystals are generally anhedral and
seldom exceed 2 millimetres in diavaeter.  They

Geological Fieldwork 1996, Paper 1997-1



TABLE 3: Microprobe analyses of pyroxenes from the distal vein skarn, Daybreak occurrence, Atlin, B.C.

Oxide Weight Percent
2 3 4 L 6 38
NaO 0.06 0.38 0.23 0.21 0.08 0.20
FeO* 15.03 13.14 13.65 1351 1363 1446l
K0 0.00 .00 0.00 0.00 0.00 0.00
Si0, 51.67 5138 51.19 5141 5185 519
Ca0 23.30 23.85 24.00 2420 2429 2472
ALO, 0.23 121 0.84 0.79 0.16 0.95
TiO, 0.02 0.11 0.05 0.09 0.60 0.08
MgO 8.40 9.52 9.15 937 9.23 8.66
MnO 0.58 0.41 0.36 031 0.48 0.39
Total 99.20 100.00 99.48 99.82 9972 100.69
Nusnber of ions on the basis of 6 oxygens and 0 OH

Na 0.00 0.03 0.02 0.02 0.01 0.01
Fe 049 042 0.44 0.43 0.44 0.47
K 0.00 0.00 0.00 0.00 0.00 0.00
Si 2.00 197 198 1.98 2.00 198
Ca 0.99 0.98 0.99 1.00 1.00 0.99
Al 0.01 0.05 0.04 0.04 0.01 0.04
Ti 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.49 0.54 0.53 0.54 0.53 0.49
Mn 0.02 0.01 001 0.01 0.02 0.01
Total 3.99 401 4.01 401 4.00 4.01
Hedenbergite 49.13 43.06 45.03 4426 4458 4798
Diopside 4895 5558 - 5377 5472 5383 3072
Jobannsenite 1.92 136 120 102 159 131
Fassite 1.07 5.60 3.87 3.61 0.75 431
Microprobe analyses by G.E. Ray and 8. Comelius.

FeO* = total iron as FeO

commonly have pale brown margins ané dark cores due Discrimination plots using garnet-pyroxene

to abundant opaque inclusions, and are mostly isotropic
with very thin, weakly birefringent margins.

Many of the pyroxencs at the Silver Diamond skarn
are hedenbergitic and plot as johannsenite-hedenbergite
solid solutions (Figure 7). However, a few pyroxenes are
diopsidic (Figure 7). Microprobe analyses of garnets
from the Silver Diamond indicate they are mostly low-
Mn and grossularitic (Figure 7) averaging 82 mole
percent grossularite. They are weakly enriched in Sn (up
to 0.25 weight percent Sn) but unlike some garnets at the
Daybreak skarn, no anomalous Cr or Cl values are
recorded and, apart from two crystals containing 0.2 and
0.1 weight percent F respectively, most garnets samples
contain no detectable F.

" with the

composition data as outlined by Einaudi (1982), together
high pymrhotite/pyrite  ratios of the
mineralization suggests that the Siiver Diamond formed
in a relatively reduced environment.

Atlin Magnetite skarn

The Atlin Magnetite skarn lies approximately 8
kilometres northeast of the Silver Diamond skarn and 1
kilometre north of the Daybreak skarn (Figures 2 and 3)
at about 1830 metres (6000 feet) elevation. It is sitnated
approximately 200 metres from the margin of the
Surprise Lake Batholith and is hosted mainly by thin,
deformed units of marble which are within a thermally
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Figure 5. Triangular Rb-Ba/5-Sc*S discrimination plot of plutonic rocks related to Sn skarns (Surprise Lake Batholith) and W, Au,
Cu, Mo and Fe skarns in B.C. (data from Ray and Webster, in press).

altered package of sheared greenstone, talcose and
serpentinized ultramafic rocks and biotite hornfels. The
marginal phase of the batholith is a rusty-weathering,
medium grained quartz porphyry which is texturally
distinct from the coarser grained rocks seen in the more
interior portions of the batholith. It hosts the Purple
Rose uranium occurrence (MINFILE aumber 104N 005)
which lies approximately 250 metres north-northeast of
the Atlin Magnetite skarn (Figure 3).

Mireralization is dominated by layers and masses of
massive magneiite, up to 0.6 metre thick, that have
replaced the moderately dipping marble layers. Massive
magnetite is both intimately intergrown with garnet and
cut by veinlets of amber-coloured gamet. Locally, both
the magnetite layers and the marble display a cleavage
which strikes northwest and dips 40 degrees northeast.
Lesser amounts of chalcopyrite and sporadic pyrrhotite
and pyrite occur within the magnetite, Azurite and
malachite staining is widespread. Assays of sulphide-
bearing magnetite samples presented in Table 2B
indicate that the Atlin Magnetite mineralization contains

up to 646 ppb Au as well as anomalous quantities of’ Si,
Cu, Ag, Bi and Zn. However, in contrast to both. the
Silver Diamond and Daybreak skams, it i not enriched
in F, Te or Se.

Layers, masses and veins of garnet ar: present with
lesser amounts of pyroxene, actinolite, coarse green
epidote and some late veins of rhodomite. In hand
sample, gamets vary in colour from red, orange and
yellow-green to dark green, brown, ambar and biack.
Some of the sugary textured marbles coitain euhedral
crystals of black gamnet up to 1 centimetre across,
Immediately east of the main showing s an area of
purple-brown coloured, fine grained biotite hornfels. The
hornfels is cut by veins of bright green pyroxene and dark
green garnet, which in turn are cut by veins containing
radiating crystals of wollastonite up to 3 centirnetres
long. Float is also seen in which the coarse wollastonite
is separated from marble by thin layers of dark green
gamet.

At the main occurrence, passage from hangingwall
to footwall is marked by the following mineralogical and

Geological Fieldwork 1996, Paper 1997-1

241



TABLE 4: Representative microprobe analyses of gamets in the proximal wrigglite skar:, Daybreak occurrence, Atlin, B.C.

Oxide Weight Percent
DBB2 DBB3 DBB4 DBBS DBB6 DBB? DBBS8 DBBY DBB10 DBBI2 DDB20

F 029 018 033 048 019 027 025 05§ 025 062 074
Na,0 0.02 000 001 002 003 003 003 002 002 003 0.03
MgO 0.13 000 010 011 002 000 010 003 009 009 012
ALO, 1612 1628 1638 1651 1702 1659 1600 1700 1575 1458  17.45
$i0; 3769 3792 3765 3748 3776 3755 3746 3788 3736 3758 3770
Fe,0* 1406 1379 1356 1303 1317 1329 1403 1333 139 1503  1L78
MnO 094 052 102 089 098 1.01 1.09 104 09 1ol 097
€0, 0.03 0.00 000 000 000 001 000 000 000 000 000
a 000 000 000 000 000 00 000 000 000 000 000
K:C 0.01 000 000 000 000 000 000 000 001 0.01 0.00
$n,0 007 011 009 015 012 015 009 043 007 009 009
Ca0 3154 3166 3134 3177 3124 3125 3104 3109 3160 3104 3145
Tio; 0.00 0.01 002 000 0.03 000 000 004 002 000 001
Total 10090 10087 10051 10045 10055 100.15 10008 10112  100.08 10047 10034

Number of ions per calculated formula unit on the basis of 12 oxygens and 0 OH
F 007 004 008 012 0.0 007 006 014 006 015 0.18
Na 000 000 060 000 000 001 000 000 000 000 000
Mg 0.02 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.01 0.01
Al 147 1.49 150 152 1.55 152 147 155 1.45 1.39 1.60
si 252 294 283 291 292 293 233 293 293 295 293
Fe 0.82 0.80 0.79 0.76 0.77 0.78 0.83 0.78 0.82 0.89 0.69
Ma 006 006 007 006 006 007 007 007 006 007 006
Cr 000 000 000 000 000 000 000 000 000 000  0.00
a 000 000 000 000 000 000 000 000 000 000  0.00
K 000 000 000 000 000 000 000 000 000 000 000
Sn 000 000 000 000 060 000 000 000 000 000 000
Ca 262 263 261 2.65 259 261 260 257 265 261 2.62
Ti 000 000 000 000 000 000 000 000 000 000 0.00
Total 8.00 796  8.00 8.05 796 798 798 804  8.00 807 811
Pyralspite 2.85 226 293 263 250 249 30 270 27 291 288
Grossularite  79.07 8065  80.80 8086 8512 8291 7933  B5.10 7727 7440  86.04
Andradite 1808 1709 1628 1651 1237 1460 1757 1220 2001 2268  11.08

Microprobe analyses by 8.B. Cornelius
Fe,04* =1iotal iron as Fe Oy

textural zoning: (1) cleaved ultramafic rocks and biotite
hornfels, (2) a 2 metre-thick unit of massive, sugary
textured and bleached marble with isolated black garnets,
(3) a 15 to 20 centimetre-thick carbonate layer with
calcite crystals up to 2.5 centimetres in length, (4)a 1 to
2 centimetre-thick layer of rhodonite, (5) a 0.6 metre-
thick unit of massive, crystalline magnetite with minor

gamet, pyroxene, sulphides and malachite staining, and
(6) massive biecached marble in the footwall.

Some of the anhedral to euhedral garnets exhibit a
fine optical zoning comprising thin, alternating bands of
colourless and pale brown material. This zoning is
matched by the mainly isotropic crystals containing

numerous thin zones of weakly birefringent garnet; the
gamet margins are invariably occupied by thin rims of
moderatety birefringent grossular garnet. Some garnet
crystals are cut by veinlets of magnetite and sulphides.
Microprobe analyses indicates that the garnets are low-
Mn andradites (Figure 7) with an average composition of
94 mole percent andradite. In contrast to the garnets at
the nearby Daybreak skarn, they show no enrichment in
either F, Cr, Cl or Sn.

Pyroxenes at the Atlin Magnetite skarn form weil
cleaved, moderately altered crystals up to 1 millimetre
long; they occur as inclusions in the garnet or as
intergrowths with quartz or magnetite. Microprobe
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TABLE 3: Representative microprobe analyses of distal vein garnets cutting biotite hornfels, Daybreak occurrence, Altin, B.C. .

Average  Average
of Frich  of F-poor

Crystal 1583 158-§ 158-7 1589 158-10 158-14 158-15 158-21 158-27 158-23 158-24 gamets garmets
n=14 n=14
F 1.43 L.15 1.64 267 1.73 0.00 0.03 0.05 0.18 0.42 0.69 1.47 0.03
Cr.0, 0.03 0.01 0.03 0.12 0.03 112 1.05 1.19 0.61 0.48 1.02 0.14 0.87
Na,0 (.20 0.21 0.19 0.22 0.17 001 0.02 0.01 003 0.00 0.00 017 0.03
Fe,0;* 5.20 5.25 512 5.26 532 1136 9,98 11.36 10.96 1066 13.49 6.21 10.74
KO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01
5i0y 36.44 36.65 3632 3652 3638 3813 3848 3788 3796 3851 3724 3669 38.23
Ca0 3478 3494 3438 3506 3497 3207 3309 3233 32.87 3292 3287 34.65 329
Al Oy 1557 1523 1513 1487 1526 15.43 16.17 15.64 15.72 16.73 13.29 15.21 1592
TiO, 2.84 3.03 307 3.68 2.75 -0.74 0.71 0.64 0.74 0.40 0.54 273 0.67
MgO 1.59 1.68 1.53 1.68 1.62 G.15 .13 Q.13 0.14 0.14 0.07 1.42 0.15
MnO a.15 0.10 0.04 0.11 0.13 0.77 0.56 0.77 0.68 0.64 0.73 0.19 0.64
TOTAL 98.23 9R2S 97.95 9959 9836 9978 100.22 10001 9989 10090 9994 98.287 100.18
Nutriber of ions per calculated formula unit based on 12 oxygen and 0 OH
Na 0.031 0.032 0.030 0034 0.026 0.002 0.003 0.002 0.005 0.000  0.0600 0.03 0.00
Fe 0312 0314 0309 0314 03X 0672 0.585 0.672 0.646 0620 0.8i2 0.37 0.63
K 0.000 0.000 0000 0000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 .00 0,00
Si 2905 2914 2912 2899 2909 2996 2998 2977 2973 2976 2980 2.92 2.98
Ca 2971 2976 2997 2932 2997 2.700 2.762 27122 2.758 2,726 2818 295 2,75
Al 1463 1427 1430 1391 1439 1.429 1.485 1.449 1.451 1.524  1.254 1.43 1.46
Ti 0.17¢0  0.181 0.185 0220 0.165 0.044 0.042 0.038 0.044 0.023 0.032 .16 0.04
Mg 0.189 0.199 0.183 0199 (€193 0.018 0.015 0.015 0.016 0.016 0.008 0.17 0.02
Mn 0010  0.007 0.003 0007 0.009 0.051 0037 0051 0.045 0.042 0.049 0.01 0.04
Sum 8.05 8.05 8.05 8.05 8.06 791 7.93 7.93 7.94 7.93 7.95 8.04 7.93
Mole %
Pyralspite 7.47 7.88 7.11 £.06 7.65 218 1.68 2.09 195 1.80 1.87 6.87 1.88
Grossularite 7495 74.10 7512 7353 7414 65.85 70.06 66.24 67.25 69.29 58.81 72.86 58.01
Andradite 17.57 18.02 1777 1841 1321 3197 2826 3).67 30.79 2891 3932 3027 30.11
Microprobe analyses by 8.B. Comnelius and G.E. Ray
Fey04* = total iron as Fe,0,
analyses indicate they are diopsidic in composition Daybreak skarn

(Figure 7).

Abundant magnetite together with the garnet-
pyroxene compositions suggest that the Atlin Magnetite
system may have been relatively depleted in sulphur and
that it formed in more oxidized conditions than the
Daybreak and the Silver Diamond skarns.

The Daybreak occurrence is situated approximately 1
kilometre south of the Atlin Magnetite skarn (Figure 3)
at an ¢levation of 1650 to 1730 metres (approxinuitely
5400 to 5700 feet). The area is underkin by altered
greenstone, serpentinized ultramafic rocks, schistose
hornfelsic metasediment and mafic tuff and thin uniis of
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TABLE 6: Representative microprobe analyses of skam vesuvianites, Daybreak occurrence, Atlin, B.C..

Vesuvianites in proximal wrigglite skarn Avg. of
Sample 29157 30157 31157 32157 33187 wrigglite skarm
F 177 145 1.50 1.48 1.52 1.54
Na,0  0.00 .01 0.01 0.01 0.06 0.02
MgQ 095 1.49 1.78 0.32 1.06 1.12
ALO: 1545 14.08 14.08 15.58 16.97 15.23
§i0, 3563 35.55 3543 3548 36.12 35.64
Fe,0, 863 9.62 9.18 10.05 6.46 879
MnO 038 032 0.24 0.42 0.24 0.32
Cr,0, 0.61 6.01 0.01 0.06 0.03 0.02
cl 039 033 037 032 0.36 0.33
K0 000 0.00 0.00 0.00 0.00 0.00
SO 0.13 0.15 0.12 0.08 0.04 0.10
Cal 3477 3497 3s5.16 34.45 3541 3495
TiO, 0.00 0.01 0.05 0.01 0.02 0.02
OH 240 239 2.39 2.40 245 2.41
Total  100.41 10038 10032 100.63 100.74 10049
Veguvianites in distal vein skarn Avg of
Sample 10158 11158 12158 13158 14158 15158 16158 distal skam
F 128 123 1.52 L40 148 111 1.36 1.34
Na,0 018 0.17 0.17 0.23 0.23 0.23 0.22 0.20
MgO 1.57 1.74 170 165 1.64 1.64 1.63 1.65
ALOy 1556 15.62 15.74 1491 15.59 15.72 15.51 15.52
810, 3643 36.65 36.56 36.63 36.63 36.60 36.52 36.57
Fe,O0:* 533 5.12 5.11 519 5.05 5.15 5.03 5.14
MO 013 0.15 0.17 0.11 0.16 0.15 0.13 0.14
Cr;0;  0.03 0.04 0.04 0.01 0.00 0.04 0.01 0.02
cl 006 0.04 0.04 0.13 .04 0.05 0.04 0.06
K0 000 .00 4.00 .00 ¢.00 0.00 0.00 Q.00
Sm0  0.02 0.01 0.03 0.01 0.01 0.01 0.01 0.01
Ca0 3503 34.97 35.12 35.00 34.67 3493 35.09 34.97
TiO, 235 2.44 2.51 319 2.61 2.65 2.64 263
OH 247 248 2.48 248 2.47 2.48 2.47 248
Totel 100.44 100.66 101.1% 100.94 100.58 100.76 100.66 100.74

Microprobe analyses by G.E. Ray.
Fe,04* = total iron as Fe-0,

marble; some of the latter are associated with minor
amounts of wollastonite-garnet skarn.

The occurrence includes a small arca of proximal
wrigglite-textured skarn and a larger extent of barren
distal skarn comprising veins of garnet, pyroxene and
lesser vesuvianite which partially replaces a biotite
homfels. The term “"wrigglite” to describe rhythmically
layered skarn was first used by Askins {1976) and later
by Kwak and Askins (1981) although the texture has
been recognized since the early part of this century.
Kwak (1987) discusses the origin of wrigglite textures

and notes it is a characteristic of Fe and F-rich tin skarns,
most of which contain fluorine in excess of 9 weight per
cent. Wrigglite skarn is commonly associated with fault
structures and, unlike most Sn skarns which generally
form at deep levels, it is believed to develop in relatively
near-surface conditions such as over the cupolas of high-
level granites (Kwak, 1987). Its presence im the
Daybreak skam is consistent with other high-level
features in the Surprise Lake Batholith such as miarolitic
cavities and the finer grained chilled margins.
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Figure 7. Mole percent compositions of gamets and pyroxenes in the Silver Diamond, Atlin Magnetite and

Daybreak skams.

The proximal wrigglite skarn at Daybreak is weakly
mineralized and is developed immediately adjacent to the
margin of the batholith (Figure 3). It occurs as large
frost-heaved angular boulders up 1o 3 metres in diameter;
a talus trail of wrigglite-bearing float is traceable for
several hundred metres downslope from the boulders
(Figure 3). The wrigglite is characterized by thin,
rhythmic layering that ranges between 0.25 mm and 1
cm thick; each layer is dominated by either pale green to
colourless fluorite, black magnetite, white to pale brown
vesuvianite or clear reddish-brown garnet (Webster et ai.,
1992). The gneiss-like mineral layering is locally
crosscut by veins of garnet, and is complexly deformed.
There are spheroid structures as well as open to tight
disharmonic and irregular fold-like structures, some of
which appear to have sheared limbs. Rare vugs up to 10

cm in diameter are present; these contain calcite and
clongate, green crystals of clinozoisitc. Sulphides are
generally rare but microprobe and x-ray diffraction
studies indicate the wrigglite skamn contains traces of
scheelite, cassiterite (SnQ;), canfieldite (4Ag:S.8n8,),
gahnite (ZnAl,O,), acanthite (Ag,S) and stannite
(CuyFeSnS;). No beryl has been identified although the
wrigglite is enriched in beryllium (up to 394 ppm Be;
Table 2B), possibly as a non-essential clement in the
vesuvianite or garnet.

Assay results of magnetite-rich ' garmet-fluorite-
vesuvianite wrigglite skarn are presented in Table 2B.
These show that the proximal skarn at Daybreak contains
anomalous amounts of Sn, Cu, W, Te, Se, Be and Bi, as
well as up to 660 ppb Au and 26 ppm U. An assay of a
single grab sample of distal garnet skarn with minor
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Figure 9. Triangular plots illustrating the comtrasting F, Ti, Cr and Mn chemistry of garnets in the proximal

wrigglite and distal vein skarn, Daybreak occurrence.

disseminated sulphides confains anomalous amounts of
Cu, Bi and Sn (Table 2B).

Most of the garnets in the wrigglite skarn occur as
massive, anhedral layers that are pale pinkish brown and
isotropic to moderately birefringent, They contain small
inclusions of quartz, plagioclase and fluorite. Where
individual and euhedral garnet crystals are present, they
seldom exceed 1 millimetre in diameter. They are
optically similar fo the massive garnet except they
commonly contain minute opaque inclusions. The
vesuvianite, which occurs as low birefringent crystals up
to 3 millimeires in size, contains some small inclusions
of pyroxene. Generally, however, pyroxene is very rare
in the wrigglite skam. Fluorite occurs as a colousless,
well cleaved mineral. Accessory silicates identified
petrographically include quartz, plagioclase, sericite,
chiorite and epidote.

The distal veined skarn overprints an area of
hornfels and extends up to 400 metres west and
southwest of the wrigglite skarn (Figure 3). Protoliths of
the fine grained, schistose biotite hornfels are probably
argillites and minor basaltic tuffs. Vague layering in the

hornfels may represent remnant bedding. The rocks are
introded by several irregular sills and dikes of
leucogranite and aplite, that are in turn cut by thin quartz
veins, some of which carry minor fluorite, The sills,
dikes and quariz veins are believed to be related to the
ngarby batholith. The hornfels is alse cut by numerous
trregular layers and veins of skarn up to 0.5 m thick.
This distal vein skarn alteration consists largely of pale
green pyroxene and orange-red garnet with lesser
amounts of brown vesuvianite, plagioclase, quartz,
chloriie, zoisite and trace fluorite. The pale green,
anhedral to subhedral crystals of pyroxene are generally
less than 0.2 millimetres in diameter, and many are
partially altered 1o chlorite. Garnet generally postdates
the pyroxene and commonly contains small pyroxene
inclusions. It occurs as irregular masses, blebs and
veinlets; it is pale pinkish brown in colour and is mostly
isotropic although some weakly birefringent crystals are
also present.

Microprobe analyses of pyroxenes in the distal skarn
indicate they are low in Mn and range between 48 and 55
mole percent diopside (Table 3; Figure 7). Gamets in the
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(A) Log number of manganese atoms per formula unit versus number of calcium atoms per formula unit.

(B) Log number of Mn atoms per formula unit versus number of calcivm atoms per formula unit/number of

aluminum atoms per formula unit.
Note that the gamets at the Daybreak skarn are moderately sub-calcic, whereas most of those at the Silver

Diamond skam are calcic and have very low quantities of manganese.
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proximal and distal skarns are similar in their overall
compositions, being low in Mn and grossularitic (Tables
4 and 5; Figure 7). However, in some of their major and
trace element chemistry they show great differences.
Compared to some of the garnets in the distal skarn,
those in the proximal wrigglite generally contain very
low quantities of Cr and Ti, low to moderate amounts of
F (maximum is 0.74 weight percent F), and higher
quantities of Fe and Mn (Table 4; Figure 8). By contrast,
gamets in the distal vein skarn contain two chemically

distinct populations, one of which is F-r.ch and the other
is Cr-rich (Table 5; Figure 8). As well as containinjf up
to 1.21 weight percent Cr, the latter populatizn has
higher amounts of Mn and Fe and no (1 whereas the F-
rich garnets (with up to 2.07 weight percent F) contain
higher quantities of Ti, Mg (Figure 8) and C! (up 10 1).19
weight percent Cl). Some of the chemical diffzrences
between the garnets in the wrigglite and distal vein slcarn
are illustrated in Figure 9.
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The distribution of the two chemically distinct garnet
populations in the distal skarn is interesting because they
are optically and texturally indistinguishable in thin
section. Indeed, single garnet masses often contain zones
of both F-rich, Cr-poor and F-poor, Cr-rich material.
Because garnets only occur as irregular blebs, masses and
veinlets, it is difficult to identify positively any chemical
zoning that may exist in individual crystals. However,
the most Cr-rich and F-poor material tends to occur in
the core portions of a garnet mass.

Comparative microprobe analyses were completed on
vesuvianites present in the proximal wrigglite and distal
vein skarn (Table 6). Although the latter contains
considerably less fluorite than the wrigglite, vesuvianites
in both the distal and proximal skarns are rich in F,
averaging 1.54 and 1.34 weight percemt respectively
(Table 6). However, in other elements, the vesuvianites
in the two types of skarn show significant differences
and, on average, vesuvianites in the wrigglite contain
more Fe, Mn, Sn and C1 but less Ti and Mg than those in
the distal skarn (Figure 10). There appears to be no
correlation between Sn, Cl or F in the vesuvianites in
either skarm-type.

GARNET COMPOSITIONS OF THE
ATLIN AND OTHER SKARNS.

Microprobe analyses of gamets from a number of
Au, Fe, Cu, Mo, Pb-Zn, W and Sn skarns in British
Columbia indicate that the majority contain less than 1
weight percent MnO and are andradite-grossularite selid
solutions with iess than 3 mole percent pyralspite (Ray
and Webster, in press). However, a few Sn, W and Pb-
Zn skarns include some garnets that contain more than 5
mole percent pyralspite. Thes¢ include the Daybreak and
Silver Diamond skarms as well as the Piedmont Pb-Zn
skarn (082FNW 129) and the Kuhn and Emerald-Dodger
W skamns (104P 071; 082FSW 010 and 011 respectively).
Garnets from the Emerald Tungsten-Dodger deposits in
the Salmo district of southeastern British Columbia (Ball
et al., 1953; Rennie and Smith, 1957; Fyles and Hewlett,
1959; Webster ef al., 1992) are distinct in being the most
manganiferous skarn garnets identified in the province
{Figure 11); they contain up to 25 weight percent MnO
and up to 48 mole percent pyralspite (Ray and Webster,
in press).

Most garnets in Cu, Au, Mo and Fe skarns in British
Columbia are calcic and, on the basis of 12 oxygens and
0 OH, typicaliy contain three calcium ions per calculated
formula unit (Figure 1). Gamets in the Atlin Magnetite
Sn skarn are calcic and average 3 calcium ions.
However, some gamnets in the Daybreak and Silver
Diamond skarns are moderately subcalcic and contain
between 2 and 2.8 calcium ions per calculated formula
unit (Figure 11; Tables 4 and 5).

The garnets in some Pb-Zn and W skarns in British
Columbia are also subcalcic (Figure 11), a feature that
appears 10 be mor¢ common in skarns formed in reducing
environments and/or where dolomitic hostrocks are

present. The most subcalcic garmets yet recognized in
any skarn in British Columbia, with less tham two
calcium jons per calculated formula unit, occur in the
Emerald Tungsten-Dodger W skarns (Figure 11), a
feature that was first recognized by Newberry (1983).
This, together with the fact that these deposits were the
largest tungsten metal producers in the province, is
consistent with the conclusions of Newberry (1983) that a
relationship exists between subcalcic garnets, reduced
states and the size and grade of W skarn deposits. Most
skarn gamets in British Columbia contain less than 0.4
weight percent MpO (Ray and Webster, in press).
However, some garnets in the Daybreak distal vein skarn
(Table §; Figure 8) and at the Emerald Tungsten-Dodger
deposit contain more than 1 weight percent MgO.

PYROXENE COMPOSITIONS OF THE
ATLIN AND OTHER SKARNS

Microprobe analyses presented by Meinert (1984),
Ettlinger and Ray (1989), Ettlinger (1990), Ray and
Dawson (1994) and Dawson (1994) and Ray and Webster
(in press) indicate that most skarn pyroxenes in British
Columbia are diopside-hedenbergite solid solutions,
although varying amounts of the johannsenite component
are present in the pyroxene of some Fe, Au, Pb-Zn and W
skamns

Nakano ef al. (1994), in a study of 46 skarn deposits
in Japan, has noted that most pyroxenes in Cu-Fe skarns
have low Mn/Fe ratios (<0.1), those in Pb-Zn skarns have
high Mn/Fe ratios (>0.2) and those in W skarns have
intermediate ratios (circa 0.15). Data collected from
British Columbia skarns (Ray and Webster, in press)
indicates that the pyroxenes in Pb-Zn skams have the
highest Mn(O/FeQ ratios (average 0.22), similar to
Nakano's (1994) data for Japan. Pyroxenes in the Coxey
Mo skarn (082FSW140) have the lowest MnO/FeQ ratios
{average 0.02) whereas those in W, Cu and the Atlin Sn
skarns have intermediate ratios. The study also suggests
that the pyroxenes in W, Pb-Zn and the Atlin Sn skarns
can be differentiated on their Al,Oy/MgO ratios (Figure
12). Essentially, pyroxenes in the Atlin Sn skarns are
characterized by high AlLO/MgO and low MnO/FeO
ratios, those in Pb-Zn skarns have low AlLOs/MgO and
higher MnQ/FeO ratios whereas the W skarn pyroxenes
cluster in an intermediate field (Figure 12). The
oxidation state of these skarns, as estimated from their
mineralogy, also appears to correlate with variation in
ALO;/MgO ratios of the pyroxenes. The Pb-Zn skarns
with pyroxenes having the lowest AlL,Q,/MgO ratios have
mineral assemblages suggesting they formed in oxidized
environments, whereas the Silver Diamond and
Daybreak occurrences are more reduced and have the
highest ALOMgO ratios in their pyroxenes.
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CONCLUSIONS

The Cretaceous Surprise Lake Batholith is a highly
differentiated subalkaline body of adamellite-granite
composition. The Rb, Y and Nb contents indicates it to
be a “within plate” granitoid as defined by Pearce et al.
(1984). This, together with the batholith’s high F
content and its genetic association with Sn-beating
skarns suggests that the pluton was derived as a meit
from continental c¢rust, although a lack of inheritance in
zircons and its anomalously low initial Sr ratios
(Mihalynuk ef al, 1992; Mihalynuk, personal
communication, 1996) does not support this conclusion.
The contrast in chemisiry between the Cretaceous
Surprise Lake Batholith and the Jurassic Fourth of July
Batholith, which plots as a “volcanic arc granitoid”
(Figure 4D; Mihalynuk er al., 1992), raises problems and
implications regarding the tectonic history of the Cache
Creek Complex and the character of its basement rocks at
Atlin,

The Surprise Lake Batholith is chemically distinct
from other plutons associated with Cu, Au, Fe, and Mo
skamns in British Columbia, but it shows many chemical
similarities to the peraluminous intrusions related to W
skarns. However, the Surprise Lake Batholith averages
more than 2700 ppm F, whereas plutons related to W
skarns average less than 400 ppm F (Ray and Webster, in
press) .

The Silver Diamond, Atlin Magnetite and Daybreak
Sn skarns arg all related to the high level Surprise Lake
plutonic suite, although there are significant differences
in their mineralization, oxidation states and garnet
chemistry.  All three skarns contain sporadically
anoimalous amounts of Cu and Bi.
Atlin Magnetite skarns are enriched in Sn, and cassiterite
is reported from parts of the Silver Diamond occurrence.
Unlike the other two skarns, the Atlin Magnetite has very
low amounts of W and F whereas the Silver Diamond
mineralization contains elevated quantities of Ag, Pb, Zn,
Cd, Se. The Daybrcak magnetite-garnet-wrigglite skam
is enriched in Be and U.

Garnet-pyroxene chemistry and skarn mineralogy
suggest that the Atlin Magnetite occurrence formed in
more oxidized conditions than the other two skams. Its
gamnets are calcic and andraditic; by contrast, gamets at
the Daybreak are grossularitic and are moderately
subcalcic, averaging 2.8 calcium ions per calculated
formula unit. The Silver Diamond includes both calcic
and moderatzly subcalcic garnets. Pyroxenes in the Atlin
Sn skarns can gemerally be discriminated from many
pyroxenes in W and Pb-Zn skams by their higher
Al,O3/MgO ratios and lower MnO/FeQ ratios.

Some gamets at the Daybreak skarn contain
anomalous amounts of Cr, F and Cl, and there are
distinct differences in the major and trace element
chemistry (notably Cr, F, Ti and Mg) of garnets formed
in the proximal and distal skams. Optically
indistinguishable garnets in the distal skarn are separable
into two chemically different populations that are either
rick in Cr or F. It is possible that the Cr-rich material
represents early homfels garnets that crystallized during

The Daybreak and .

batholith emplacement and that Cr vias derived from
ultramafic rocks in the Cache Creck complex. The F-
rich and Cr-poor material, which als> contains mincr
amounts of Cl, represents skarn garret related. to the
Daybreak hydrothermal system that possibly overgrew
the earlier hornfels gamet.

Although many Sn-W skarns worli-wide coutain F-
bearing garnets, Cr-rich garnets in such rocks ar: highly
unusual. Their presence at the Daybreak occunence
teflects a tectonic history that enatled oceanic and
ultramafic rocks of the Cache Creec Terrane td te
intruded by the highly evolved aid peraluminous
Surprise Lake Batholith.
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