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INTRODUCTION

This paper presents analytical data on 21 representative
samples of volcanic and volcaniclastic rocks collected from
the Early Cretaceous Brokenback Hill Formation on the
west side of Harrison Lake. The area lies approximately 100
kilometres cast-northeast of Vancouver and 45 kilometres
north-northeast of Harrison Hot Springs (Figure 1-4-1),
close to vein-hosted gold-silver mineralization at Doctors
Point and the small, abandoned Providence mine (Ray er al.,
1984, 1985).

REGIONAL GEOLOGY

The Harrison Lake fault system is a major dislocation
excecding 100 kilometres in length that passes through
Harrison Lake (Figure 1-4-1). It separates rocks of contrast-
ing geological settings (Roddick, 1965; Monger, 1970). To
the northeast arc highly deformed. largely supracrustal
rocks that were originally called the Slollicum series
(Crickmay, 1925, 1930} but which are now termed the
Slollicum package (Monger, 1986). These schistose rocks
are penetratively deformed and regionalty metamorphosed
to greenschist and lower amphibolite facies (Journeay and
Csontos, 1989); they may be metamorphosed equivalents of
the Late Triassic Cadwallader Group (Monger. 1986). With
the exception of the Chilliwack-Cultus package, which out-
crops south of the lake, rocks on the southwest side of the
tault are younger, less deformed and of lower metamorphic
grade. They include a variety of voleanic, volcaniclastic and
sedimentary rocks of largely Jura-Cretaceous age, as well as
some plutonic and migmatitic rocks.

The southwest part of the area, west of Harrison Lake, is
underlain by the Lower to Middle Jurassic Harrison Lake
Formation (Crickmay. 1925: Arthur, 1986). This formation
is a sequence of intermediate to acid volcanic flows and
pyroclastics that hosts the Seneca copper-zinc massive sul-
phide deposit (Watanabe, 1974; Urabe et al., 1983}, To the
north are Middle to Upper Jurassic sediments and tuffs of
the Mysterious Creek and Billthook Creck formations which
are unconformably overlain by a sequence of Lower Cre-
taceous rocks, The thin, lowermost portion of this Cre-
taceous sequence is occupied by sediments of the Peninsula
Formation; these pass conformably upward into the Broken-
back Hill Formation. Journcay and Csomtos (1989) and
Lynch (1990) correiate the latier formation as part of the
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Fire Lake Group (Roddick, 1965), which lies at the north
end of Harrison Lake; Wheeler and McFeely (1987) place
both these packages within the Gambier assemblage. The
Brokenback Hill Formation on the west side of Harrison
Lake comprises the voleanic rocks which are the subject of
this paper. as well as wifs and a variety of sediments that
range in age from upper Valanginian to middle Albian (Ray
et al., 1985; Arthur, 1986). The upper part of this formation
to the north is intruded by several high-level, diontic plu-
tons (Figure 1-4-2) of mid-Tertiary age that are associated
with auriferous vein mineratization at Doctors Point
Approximately 5 kilometres south of Doctors Point, on the
shoreline of Harrison Lake, the old Providence mine con-
tains both gold-bearing quartz veins and gold-poor, silver-
rich quartz-carbonate veins. Minor gold production came
from the quartz veins at the turn of the century (B.C.
Minister of Mines Annual Reports; 1897, 1901). The
steeply dipping silver-rich veins are up to 07 metre thick
and are hosted by basaltic flows and tuffs of the Brokenback
Hill Formation (Ray ef al., 1935).

The Harrison Lake fault is associated with a deformation
zone [ to 2 kilometres wide, marked by ar intense slaty
cleavage and gently plunging linear stretch fabrics (Arthur,
1986). The fault has had a long history of recurrent thrust,
strike-slip and normal fault movements that ended prior to
development of the Fraser fault sysiem during Eocene time
(Monger, 1986; Journeay and Csontos, 1989).

GEOLOGY OF THE BROKENBACK HILL
FORMATION, AND SAMPLE LOCATIONS

The locations of samples collected for geochemical anal-
ysis are shown on Figure 1-4-Z, Between Doctors Point and
the Providence mine, the Brokenback Hill Formation dips
northeasterty. Bedding and fracture cleavage intersections
indicate that this section occupies the northeastern limb of ¢
major northerly trending anticline; there is no evidence of
structural repetition and graded bedding shows the sequence
is upright. Consequently, rocks between Providence mine
and Doctors Point are considered to form part of a contin-
uous, northerly younging sequence. Mafic volcanic flows
and tufts predominate in the lower, more southerly part o
the section. Farther north, hewever, toward Doctors Bay,
flows are uncommon, and the abundant tufls are interbed.
ded with black argillite, volcanic sandstone, siltstone, and
rare, thin beds of polymictic conglomerate. Locally, the
silistones contain graded bedding, argillite rip-up clasts,
soft-sediment deformation features, load casts and chaotis
slump structures,
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Figure 1-4-1. Regional geology of the Harrison Lake area and location of the Dactors Point and Providence minc
mineraltzation in the sampled area {adapied after Roddick, 1965; Monger, 1970;1986, Arthur, 1986).

The volcaniclastic rocks throughout the section vary from
massive to thinly bedded crystal-lithic tutfs and lapilli tuffs,
through to chaotic, coarse volcanic breccias and aquagene
breccias containing abundant angular to subangular clasts
up to 15 centimetres in diameter. Most of the clasts are
basalt and andesite, although some fragments in the upper
part of the succession are dacitic. The mafic aquagene
breccias are characterized by rounded clots of carbonate
rimmed with epidote, and most of the tuffs and flows are
strongty chloritized.

The varied character of the sedimentary und volcaniclas-
tic rocks in the Brokenback Hill Formation suggests it was
deposited during alternating episodes of low and high-
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energy sedimentation with some pertodic explosive vol-
canic activity,

The volcanic rocks are generally massive; pillowed flows
have only been identified m the lower part of the succes-
sion, close to the Providence mine. Individual piilows are
vesicular and reach 75 centimetres in diameter. The more
mafic flows contain altered remnant crystals of augite up to
4 millimetres in length that enclose interlocking laths of
andesine-labradorite plagioclase. Alteration products
include chlorite, epidote and tremolite-actinolite. Some
basaltic rocks with abundant coarse plagioclase phenocrysts
up to (.5 centimetre in diameter may represent subvolcanic
intrusions.
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Figure 1-4-2. Location of the rock samples collected from the Brokenback Hill Formation between Doctors Point and
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TABLE 1-4-1
ANALYTICAL RESULTS OF VOLCANIC AND VOLCANICLASTIC SAMPLES.
DOCTORS POINT, BRITISH COLUMBIA

Sample No, §i0,  Ti0,  ALO, Fe,0.% MnO  MgQ (a0  Na,0 K,0  LOI TOTAL Y Zr
RR 104 4775 04 1933 975 035 428 7D 248 1.73 46 9913 20 51
RR 105 4569 093 1495 999 .01 23 7.4l 080 6.65 8.7 98.52 20 45
RE 106 5344 071 1791 905 009 368 649 255 0.8 5.1 wWI0 I8 72
RR 108 4696 107 (R29 072 (.26 547 1L12 2. (.14 1R 998S 20 66
RR 109 5615 090 1934 737 (.13 1.85 776 3.67 .53 L5 10020 0 2 84
RE 115 5340 142 1606 1319 634 403 738 3y D54 0y oS 24 06
RR 170 53.36 0.95 17.12 7.35 0.12 4.70 6.72 4.01 1.15 5 100.58 18 120
RR 172 S60F 075 1743 765 044 I%4 798 277 068 26 99,61 16 63
RR 174 4858 103 1931 995 050 535 6.12 287 043 57 99.74 18 4s
RR 175 S06% 081 18R4T 1D 047 473 684 33§ 058 4.1 9RY 16 W
RR 176 50.66 .81 18.57 5.9% 0.25 3.00 10,36 2.39 0.62 4.9 {254 16 42
RR 177 S238 0 3% 1908 942 0% 329 Ty 136 038 6 10058 20 &)
RR 178 4820 094 1815 1132 0200 506 991 LIS 054 52010079 16 26
RR 175D SLOR OB IR4Z 1007 0% 479 6 130 056 43 10047 18 3
RR 107 5607 078 1682 647 047 347 524 289 0.4 46 10045 2% o1}
RR L0 5301 096 1876 9.5 0102 408 552 141 0.62 44 10023 22 72
RR 111 6182 079 1806 732 0.3 209 407 2.79 114 25 10071 26 Lo
RR 114 6202 G&L 1760 7300 013 R B 1.13 250 043 26 90
RR 163 62.12 1.21 17.69 8.70 i6 1.70 2.01 2a2 1.83 2.3 100.34 42 164)
RR 169 6187 0K0 1652 ped 004 294 083 0.08 493 19 9835 2R 140
RR 171} 61.01 0.86 17.16 7.27 .06 3.A7 1.49 1.0 3.25 4.1 9G.87 28 130

* Total iron expressed as FelO),

Y and Zr ity ppm: all ether values 1 per cent.
Analytical methods used for data it Table -4-1.

Major clements by flame AAS. Precision for major and trace elements averages 3-10¢ relative error. depending on element concentration.

L.O1 caleubated by heating predried samples 1o J050°C for 2 hours,
Y and Zr by XRFE

Y and Zr analyses completed by X-Ray Loboratories Ltd., Don Mills, Ontario,
All other analyses n Table 1-3-1, completed at the B.C. Ministry of Energy, Mines and Petroleum Resources Laboratory, Victoria,

SAMPLE DESCRIPTIONS (for locations see Figure 1-4-2y

Dark colorved voleanic and wiff samples. generally of haseltie composition.
RR )} - Mufic, vesicnlar, pillowed volcanic,

RR 105 - Mufic. chioritized aquagene breceia

RR

106 — Chioritized voleanic, Ophitic-textured plagioclase crystals up to 3 millimetres long: original pyroaenes replaced by chlorue.
108 - Mafic veleanic. Ophitic-texiured plagioclase (An ) with chlontized amphibole: miner epidote and carbonate,
10% - Coarse feldspar porphyry flow or subvolcanic intrusion. Plagioclase phenocrysis up o § millimetres long with minor hornbiende,

RR 115 - Maffc. massive voleanic. Ophitic texwures: aliered amphibole,

RR 170 — Mafic, chloritized veleanic. Minor epidore.

RR 172 - Mabic erysiab-lapiili wiy,

RR 174 — Crystal wff. Abundant plagioclase crystals with minor amphibole.

RR 175 — Fresh erystal (wf. Abundant plagioclase with some augite crystals up 10 5 mylimetres long.

177 - Chlorinzed crystal wff. Minor eprdote and carbonate,

178 — Chlorinsed crystal wll. Minor epidote.

175D — Altered erystal it containing some augite erystals.

Pule cofored voleanic and wfl samples. generafly of andesizic compositon,
RE 107 - Ahered crysial wit with minor veinlets of tremolite-actinolite.

176 — Chloritized crystal wit. Abundant aliered plagioclase with some augite and renmant amphibole crystals,

RR 110 — Lnalered erystal-lupilli wiff, Fresh volcanic fragments up to 8 millimetres in diameter.
RR 11 = Silicious lapilli wil. Chloritized volcanic tragments up o 5 millimetres in diameter.
RR 114 - Weakly homfelsed lapilli taff with ubundant andesiue voleanic clasts and rare dacitie fragments.,

RR 163 - Silicious. hornfelsed crystal tuff.
RR 169 — Siliciows bedded crysisl wit. Minor pyrite,

RR 171 - Silicious erystal-lapilli wlf. Abundant fresh andesite volcante fragments.

The appearance of the volcanic and tutfaceous rocks
changes from north to south up the Brokenback Hill Forma-
tion strattgraphic sequence. In the southern, more basal
section the volcanics are mafic, but higher in the sequence,
toward Doctors Bay, they are pale grey coloured and gener-
ally more silicious (Figure 1-4-2); these pale rocks were
originally mapped as dacites by Ray er af. (1985), but this
work indicates they are andesites.
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CHEMISTRY OF THE VOLCANIC ROCKS

Analytical results for the major exides, ytrium and zir-
conium are shown in Table 1-4-1. The sumples analysed
comprise seven from volcanic flows and fourteen from
volcaniciastic tocks. Fourieen of the samples represent
mafic volcanics and tuffs from the lower part of the succes-
sion, and the remaining seven samples are paler coloured
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Figure 1-4-3. A Alkali versus silica plot (after Mac-
Donald. 1968; Irvine and Barager, 1971} illustrating the
subalkalic nature of voicanic and wffaceous rocks, Bro-
kenback Hill Formation. (B AFM plot of the voleanic
and tuffuccous rocks, Brokenback Hill Formation.

rocks in the upper part of the sequence (Figure 1-4-2: Table
1-4-1).

An alkali/silica plot of the data (Figure 1-4-3A) indicates
the myjority of the samples are subaikalic while an AFM
plot (Figurc 1-4-3B} suggests they are of tholeiific to transi-
tional calcalkaline affinity. Figure 1-4-4 shows that the
mafic volcanics in the lower section of the Brokenback Hill
Formation are subalkaline basalts while the pale grey rocks
originally believed to be dacites (Ray ¢ al., 1985) are
subalkalic andesites. The stratigraphic variation in the com-
position probably marks an original progressive remporal
change from hasaltic to andesitic volcanism due to differen-
tiation. A discrimination plot (Figure 1-4-3) suggests the
basaltic rocks are low-potussium island-are tholeiites.

CONCLUSIONS

The Early Cretaccous Brokenback Hill Formation on the
west side of Harmison Lake containg two compositionai
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Figure 1-4-4. Plot of Si0, versus log(Zr/TiO,) {after
Floyd and Winchester, 1978} illustrating the subalkaline
basaltic and andesitic compositions of the volcanic and
tuffaceous rocks. Brokenback Hill Formation.
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Figure 1-4-5. Zr-Ti-Y plol (after Pearce. 1975) ol the
volcanic and tuffaccous rocks, Brokenback Hill
Formation.

suites of volcanic rocks. The lower part of the formation is
dominated by mafic, subalkal ine basalts; they largely repre-
sent low-potassium arc tholetites that were probably erupte
in an island-arc environment. Higher in the formation, vol-
canic flows are subordinate 1o tuffs and sediments. These
volcanics, which were previously incorrectly described as
dacites, are subalkaline andesites of transitional tholeiitic t
calcalkaline affinity. The chunge up the succesion [rorn
basalt to andesite probably reflects voleanic differentiation
during arc volcanism.
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