
CHAPTER III .-GENERAL GEOLOGY 

INTRODUCTION 

The region including and immediately contiguous to the Antler Creek arca has been 
repeatedly examined by geologists. It has probably received more attention than any 
comparable area in British Columbia, and vet the areas surrounding it have either been 
ignored or have received cursory reconn&sance. Undoubtedly the main reason for 
this state is that attention has been focused on localities containing important placer- 
and lode-gold deposits. If the geolog were simple the. geological problems would have 
been solved by the first investigation, but the present (or fifth) examination does not 
exhaust the possibilities of the area. The answers to some remaining problems should 
be looked for beyond the area to which mapping was previously restricted. The writer 
is currently mapping in adjacent areas, and some of the preliminary results are mentioned 
in this report (SF@ Chapter V) The present study, initiated by Holland, has the advan- 
tage not only of all previous work? but also of more time spent in the field and more 
detailed mapping. 

The gcologp of the arca is not simple. Multiple deformation has rendered most of 
the rocks schistose and tightly compressed in complex repetitive folds. A subtlety of 
rock differences, an obscurity of bedding, facics changes in some formations, and a varia- 

tion in intensity of hydrothermal alterations all combine to make a complex relationship 
which poor rock exposure further compounds. It is therefore not surprising that a variety 
of interpretations has resulted from past work. 

The northeastern Cariboo District is underlain by four major groups of rocks, of 
which only two outcrop within the map-area. All groups arc compressed into north- 
westerly trendig folds of greater or lesser complexity. The oldest rocks-schists, schis- 
tosc greywackes, and micaceous quartzites-form the Kaza group (Latest Precambrian), 
which outcrops east of the map-area. The Kaza group is a newly defined unit and is 
discussed in Chapter V. The Cariboo group (Early Cambrian and Later) comprises 
phyllites, limestones, and micaceous quartzitcs and conformably overlies the Kaza group. 
Most of the Antler Creek area is underlain by the Caribao group. It is in this group 
that complexities and obscurities abound, and efforts to explain its relations have led to 
a variety of interpretations. The Slide Mountain group (Carboniferous) comprises 
chcrts, argillites, basic pillow laws, and conglomerates. It overlies the Cariboo group 
with great unconformity and is much less deformed and metamorphosed. The Slide 
Mountain group fills a narrow trough, of which the southwestern part fringes the map- 
area. The Qursncl River group (Jurassic and Later?) comprises shales and and&tic 
volcanic rocks. It is poorly exposed beyond a contact about 10 miles southwest of the 
map-area. 

SUMMARY OF INTERPRETATroNs 

The interpretations of the geology of the area are reviewed in historical sequence. 
The main differences in interpretation are concerned with the stratigraphy and structure 
of the rocks now called the Cariboo group. 

Bowman (18X9) achieved much in his hasty reconnaissance of a large area. His 
cross-section is shown in Figure 4h and his stratigraphic column in Table I. He rccog- 
nized and mapped the major rock divisions, and boundaries between these large units 
have not been greatly changed by succeeding workers. The Cariboo group of the present 
map-area is the equivalent of Bowman’s “ Quesncl Lake Crystalline Series ‘I and ” Cari- 
boo Schists.” Gneissic granitic rocks near Quesnel Lake and massive quartzites were 
included in the “ Quesnel Lake Crystalline Series,” which MIS judged to be Archatan 
because of its similarity to Archrean rocks in eastern Canada. He estimated the “ Cariboo 
Schists ” to bc 5,000 to 8,000 feet thick and assumed that they were much duplicated. 
The ‘* Quesnel Lake CrystaIline Series ” is treated in his report with fhc “Cariboo 
Schists,” but: judging by his section, it was not included in his estimate of thickness. The 
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“ Cariboo Schists,” being metamorphosed more than the Carboniferous “ Bear River 
Beds ” and less than the ‘Archan ” rocks, were thought to “ constitute some part of 
the Lower Pakeozoic-perhaps even pre-Pal~ozoic~ sy-stem ” (Bowman, 1889, p, 23 ). 

Bowman’s cross-section is highly interpretive bur shows large, tight, overturned, and 
asymmetric folds. Bowman’s and Holland’s cross-sections (.we Fig. 4) are drawn 
through essentially the same positions, but they show little similarity, except the average 
dip of beds and some correspondence between lithologies. 

Johnston and Uglow ( 1926) mapped the Barkerville area and divided the “ Cariboo 
Series I’ into three formations, which, in ascending order, were the Richfield formation, 
which was dominantly quartzose; the Barkerville formation, which was dominantly limy; 
and the Pleasant Valley formation, which was dominantly argillaceous. Their strati- 
graphic column is shown in Table I and their cross-section in Figure 46. The “ Cariboo 
Series ” included not only the quart&es which Bowman named part of the I‘ Qucsncl Lake 
Crystalline Series,” but also massive limestone which hc included with near-hy Carbonif- 
ern~~s strata. They stated that, although the only direct evidence of the age of the “ Cari- 
boo Series ” was that it was pre-Mississippian. the considerable metamorphism and the 
resemblance to Beltian rocks possibly indicated a “ Beltian age.” 
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Figure 4 

DIAGRAMMATIC CROSS-SECTIONS 
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Johnston and Uglow interpreted the structure (see Fig. 4~) as a broad, open, anti- 
clinorium whose form was controlled by competent members such as limestones of the 
Barkerville formation and quart&es of the Richfield formation. The incompetent strata 
were in some instances intensely dragfolded but with small amplitudes. A major fault 
parallel to the strike of the strata was postulated to explain an apparent duplication in 
lithology. Figure 46 is drawn through approximately the same position as Section C-C’ 
of Figure 9. 

Hanson (1934, 1935) accepted the succession of Johnston and Uglow. and subdi- 
vided the “ upper part of the Richfield formation ” between Island Mountain and Grouse 
Creek into five members (see Table I). All members were believed to face northeastward 
on the northeastern limb of a regional anticline. An alternative structural situation. 
involving a large plunging dragfold, was postulated to account for the distribution of 
rock types, but was rejected because “the dips do not support it ” (1935, pp. 7-S). 
Evidently, tight overturned folds were not recognized. 

Lang (1938) accepted Johnston and Uglow’s structural interpretation. Lang was 
unable to map Hanson’s members southeast of Grouse Creek and, although he could 
subdivide the Richfield formation near Roundtop Mountain, he found that these members 
had little continuity. He recognized Lower Cambrian strata on Kimball Creek but did 
not include them with the Cariboo &es, with which he reported they were completely 
conformable. 

A radical structural interpretation was presented by Benedict (1945) when he 
showed that in the Island Mountain mine there had been two oeriods of foldine-an earlv 
overturned isoclinal folding followed by a milder warping with vertical axial planes. Hk 
mapped a large plunging dragfold that indicated an anticline to the northeast, and thus 
concluded that Hanson’s Rainbow and Baker members were overturned. Benedict’s 
work and Skerl’s (1948b) were limited to the Island Mountain and Cariboo Gold Quartz 
mines, respectively, but had important regional implications; the concept of open folding 
had to give way before such tangible evidence of overturned isocliial folds. 

PRESENT INTERPRETATION 

Holland (19.54) attempted to reconcile the inconsistencies of previous work by 
mapping at 400 feet to the inch in the Yanks Peak-Roundtop Mountain area where 
outcrop is relatively abundant. The present writer has extended Holland’s mapping to 
the vicinity of Wells> and has remapped much of the Barkerville area. 

The concepts of the structure and stratigraphy evolved by Holland arc shown in 
Figure 4c and in Table I. No fossils were found in the Cariboo group within either map- 
area. so that the new nomenclature is based solely upon structural information and 
Iithological similarity and sequence. A consistent lithological sequence was traced 
through many complicated structures. 

At Yanks Peak, Holland mapped a closed dome-like anticline with a core of brown 
phyllitcs, the Yankee Belle formation, about which in ascending sequence are the distioc- 
tive Yanks Peak quart&e, black phyllites of the Midas formation, and micnceous quartz- 
ites of the Snowshoe formation. Dragfold and cleavage-bedding relations confirm the 
interpretation of a domed anticlinc. The Snowshoe formation underlies much of the 
area between Yanks Peak and Roundtop Mountain, and at the latter place a sequence of 
rock occurs similar to that at Yanks Peak and in the same order. On both mountains 
the Yanks Peak quart&e forms a marker which can be traced through a series of tight 
folds. At Rountop Mountain the thick Cunningham limestone occurs stratigraphically 
beneath the Yankee Belle formation in the core of the Cunningham anticlinorium. 

The Yankee Belle, Yanks Peak, and Midas formations can all be mapped on the 
eastern limb of the Cunningham snticlinorium. Lang mapped these as Pleasant Valley 
formation, whereas he mapped all rocks west of the limestone as Richfield formation. 
Here, in an area where the evidence of dragfolding is particularly clear (see Holland, 
1954, Fig. 1 and Plate VII), it has been demonstrated by detailed mapping that part of 
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the Richfield and Pleasant Valley formations are identical. At the scale at which the 
previous investigators worked, it would seem impossible to obtain more than a generalized 
idea of the stratigraphy. It has become clear in the Antler Creek area that the parts 
mapped by Johnston and Uglow as limestone are areas where limestone is common: 
quart&e where quartzite is common, and argillite where argillite is common, but this 
rock distribution is the result of vagaries of folding. 

The Cariboo group includes essentially the same rocks as the Cariboo series, but, in 
contrast with earlier estimates, it is thought to be a relatively thin sequence which has 
been much duplicated by tight overturned folding, and faulting. The name has been 
changed from series to group to conform with current usage because the units dealt with 
are rock units and the time relations are not defined. The group is divided into five 
formations, but there is no easily demonstrated equivalence between these and formations 
of the earlier nomenclature. For example, Johnston and Uglow called the massive lime- 
stone the Barkerville formation, the middle unit of the Cariboo series, and mapped it in 
two belts that join together southeast of Antler Creek. Mapping in the Roundtop Moun- 
tain area by Holland showed that a thick massive limestone, the Cunningham limestone, 
was the base of the Cariboo group as exposed in that area. The present mapping shows 
that the Cunningham limestone is equivalent only to the limestone of the eastern belt of 
the Barkerville formation, and that this eastern belt also includes many compressed syn- 
clinal troughs of Yankee Belle formation. The western belt of the Barkerville formatmn 
contains intensely folded, thin-bedded lenses of limestone which, in the aggregate, is far 
less abundant than are elastic rocks. This western belt is largely Snowshoe formation, 
the uppermost unit of the group, and on Antler Creek includes some Midas formation. 
Furthermore, on Antler Creek the Antler fault has placed crenulated limestone of the 
Snowshoe formation in juxtaposition alon& strike with massive ferroan dolomite of the 
Cunningham limestone. Johnston and Uglow did not recognize the Antler fault and 
equated these rocks. In order to account for the apparent splitting of the Barkerville 
formation into two bands, they introduced the concept of a hinged fault approximately 
parallel to the strike of the formations. 

The Cariboo group has been greatly compressed to form tight asymmetric folds 
trending northwestward. Folds in the Antler Creek area are overturned toward the south- 
west, but just southwest of the map-area there is an axis of change of dip of axial planes 
beyond which folds are overturned toward the northeast (EC Chapter V, pp. 58-59). 
The axis passes through the Yanks Peak area. All folds plunge at shallow angles north- 
westward. Almost all Cariboo rocks are schistose as a result of the intense deformation. 
The area has been intensively faulted. Major faults all strike between north and north 
70 degrees east and generally dip steeply eastward. Many are normal faults, but the 
largest are northerly striking right-hand transcurrent faults. The major faults almost 
exactly compensate for the regional northwesterly plunge. 
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METASEDIMENTARY, SEDIMENTARY. AXD EXTRUSKE ROCKS 

CARIBOO GROUP 

The Carihoo group, which underlies the greater part of the Antler Creek area, is 
composed predominantly of elastic rocks with lesser amounts of carbonate rocks. The 
rocks have been suhjectcd to low-grade regional metamorphism and intense deformation, 
but they still commonly show bedding and other sedimentary features. Metamorphism 
has been of such a grade that muscovite and chlorite have grown to large porphyroblasts. 
hut it has not been sufficiently high, sustained. or of such a nature that much hiotite or 
chloritoid has been produced. Deformation has impressed a marked secondary foliation 
on almost all elastic rocks and some carbonate rocks. Most rocks have a marked 
dimensional orientation involving mica, quartz, feldspar, and even carbonate minerals, 
and the most intensely deformed rocks have a flaser* structure. Superimposed on the 
products of regional metamorphism and deformation is a local hydrothermal alteration 
which has blenched, silicified, chloritized. and ankeritized them. 

Many of the rocks arc difficult to name conveniently and accurately because of their 
original sedimentary and subsequent metamorphic character. Many elastic rocks of the 
Carihoo group are composed of poorly sorted scdimenls and commonly have a small per- 
centage of grains much larger than the average: no name is generally acceptable for many 
such rocks even where they are unmetamorphosed. The prefix “ meta ” has not generally 
been used because of its awkwardness, but should he understood where metamorphism is 
not entirely explicit; for example, the term “ quartzite ” is used in the original metn- 
morphic sense. Similarly, n micaceous quart&e is a metamorphic rock in which the mica 
is porphyrohlastic. Such rocks may be called schistose grits, but the term is not entirely 
applicable. Most of the elastic rocks and even some of the limestones are schistose, but 
in any one unit the degree of schistosity may vary, depending on structural position. 
An argillaceous rock may range from an argillite through phyllite to a true schist as it is 
traced from a relatively open to a tight fold. In general the fine elastic rocks are phyllites. 
A difliculty arises when naming rocks that are composed of silt-sized particles. Where 
these rocks arc micaceous, this adjective is taken to indicate metamorphism because a 
sedimentary rock composed of fine mica and clay minerals and silt-sizd quartz should 
probably be called a shaly siltstone. A metamorphosed rock of silt grade that is not 
micnceous is called a metasiltstone. 

The thickness of most of the units of the Carihoo group cannot be measured directly. 
and estimates are subject to considerable error because of poorness of exposure and 
intricacy of structure. Furthermore. in a relatively high proportion of outcrops. bedding 
cannot be distinguished from schistosity with certainty: and although the two are com- 
monly parallel, such a relationship cannot generally be nssumed. Although the fold struc- 
turcs arc known in general, they are rarely known in complete detail, and measurements 
are liable to include duplications. Measurements have been made of sections that were 
judged to he the simplest, but the apparently simple sections may he ones that have been 
subject to thinning (i.e., on straight limbs of folds). Estimates are thus as liable to he 
less as they are to be more than the thickness of the original unit. Only in the Yanks 
Peak quartzitc and, to a lesser extent, in the Cunningham limestone are estimates more 
than qualitative. Nevertheless, the Cariboo group as exposed in the map-area appears 
to he less than 4,000 feet thick. 

The age of the Carihoo group is now known to be Early Cambrian and younger. 
Bowmsn (1889, p. 23~) thought the “ Carihoo Schists I’ to he “ Some part of the lower 
Pakeozoic-perhaps wen pre-Palzzozoic system,” but hc judged the age solely by com- 
parison of the degree of metmnorphism with that of “Archcan” and upper Paleozoic 
rocks. Johnston and Uglow (1926, p. 12) concluded the “ Cariboo series ” ws most 
likely “ Beltian.” Lang was the first ro prove a Cambrian age for some of the rocks of 

* ,, R;,&$ in *~,>ich ,cn,ic,er of ceI;,tirr,y ““P,,C~Cd matrrial ace p”rrrvrd in a flllCly-crullled and FmtiallY~rscTsial~ 
,iZCd mijtrix ace Eslled Rarer mc!o ” !Tgrrrll, 1926, DP. ZRZ. X6). 
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the terrain, but he did not include the Cambrian rocks with the “ Cariboo series,” with 
which he said they were completely conformable, and so concluded the latter were late 
Precambrian (Lang, 1938, pp. 13-14; 1947, pp. 31-32). 

No fossils have been found in the group within the map-arca, and the age is assigned 
on the basis of archaxyathids and trilobites (late Early Cambrian) collected at Turks 
Nose Mountain, Kimball Creek, and other localities within a thick limestone. This lime- 
stow has been traced through a major plunging syncline into the Cunningham limestone 
in the vicinity of Roundtop Mountain. The Cunningham limestone is the basal formation 
of the Cariboo group* and thus the age of the group is Early Cambrian and roun?cr. 
A full discussion of the age is given in Chapter V. 

Cunningham Limeslone 

Disrrib~tion and Thickness.-The Cunningham limestone is exposed along the Cun- 
ningham anticlinorium on the northeast side of the map-area from Roundtop Mountain 
to Wavcrly Mountain, and intermittently to Eight Mile Lake. The formation outcrops 
prominently and, although there arc no continuous sections, good exposures are seen on 
Cunningham North Mountain, after which the unit was named, and on the southeastern 
slopes of Waverly Mountain. At least 500 feet of limestone outcrops on Waverly and 
Roundtvp Mountains, although the base is not exposed. Bzynnd the map-area more than 
2,000 fret is exposed on Turks Nose Mountain. 

The contact with the overlying Yankee Belle formation is completely conformable. 
The base of the formation was not seen within the map-area. but was observed on the 
upper Bowron River, Turks Nose Mountain, and Kimball Creek. The Cunningham lime- 
stone is underlain, apparently conformably, by a considerable thickness of schists, schis- 
tosc greywackcs, and micaceous quartzites of the Kaza group (see Chapter V). 

Lilh~olog).-The Cunningham limcstonc within the map-area consists mainly of 
massive, finely crystalline grey limestone or it, alteration product, a ferronn dolomite. 
Less commonly it is well bedded. Thin white calcite veinlets ramify throughout. Widely 
separated thin argillaceous members occur within the limestone, and argillaceous lamimc 
are increasingly common toward the Yankee Belle formation. 

Microscopically, the limestone is composed largely of sutured calcite crystals about 
0.01 to 0.02 millimetre in diameter and a very minor amount of non-reflecting opaque 
matter. The limcstone may contain as much as 5 per cent of detrital quartz or muscovite 
of a grain size similar to the calcite. 

In several localities the limestone contains spherical or ellipsoidal objects of varying 
character and size. On L~oskcy Creek some spherical objects in the unpcr part <If the 
formation might possibly be algal remains. They are as much as 8 inches in diameter, 
and bedding diverges around them. They arc somewhat lighter in colour than the sur- 
rounding rock and megascopically seem to have a cellular texture, but microscopically 
are only distinguishable. from normal limesronc by the absence of opaque matter. In 
home strata on the ridge east of Roundtop Mountain, spherical or ellipsoidal objects of 
much smaller size than those at Loskey Creek form as discrete pellets about 40 per cent 
of the rock. The weathered limestone is mottled because the pellets are rust coloured in 
contrast to the middle grey of the matrix. The average cross-section of the pellets is 
approximately 0.S by 0.35 millimetre. but some are as great as 5 millimetres in diameter. 
They are now composed of ankerite or ferroan dolomite, and a pellet is normally corn- 
posed of only one crystal. Extinction is commonly wavy. A rare discernible concentric 
structure, displayed by microcrystalline inclusion, might indicate an oolitic origin for the 
pellets. but more likely they are the product of mud-Eceding invertebrates (Hatch, Rastall, 
and Black, 1938, pp. 169-170). A third ellipsoidal form in the limestone at Turks Nose 
Mountain east of the map-area consists of the lime-secreting alga GirvowzUu. Thcrc form 
60 per cent of certain beds, average about 1 inch in greatest dimension, and have a marked 
concentric structure. 
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Metamorphism and Alteration.-Hydrothermal alteration has had a far more notice- 
able effect on the formation than has regional metamorphism. Most of the limestone has 
been recrystallized but still is hne-grained. On the other hand, a large part of the forma- 
tion has been hydrothermally altered and recrystallized to a rusty-weathering, mottled 
light-grey and buff, medium crystalline ferroan dolomite rock. Rarely the altered rocks 
are very coarsely crystalline. The distribution of alteration is patchy, and in some 
instances seems to bear an area1 relation to major faults, e.g., the Antler fault at Antler 
Creek. The alteration has obliterated all sedimentary structures and also a cleavage that 
is common in the unaltered limestone; the alteration probably occurred later than the 
deformation that caused the cIeavage. 

Microscopically, the altered rock is composed almost entirely of ferroan dolomite 
crystals about 2 millimetres in diameter. It has a granoblastic texture, but grains are 
bounded by rhomb faces. The crystals are moderately twinned and some show undula- 
tory extinction. Opaque material, apart from minor limonite, is concentrated as dusty 
matter in very local areas. 

Mode of Origin.-The character and thickness of the Cunningham limestone indicate 
that it was developed in a stable marine basin where detrital minerals were rare. 

Yankee Belle Formation 

Disirihurivn and Thickness.- The Yankee BelIe formation is named after the Yankee 
Belle property on Yanks Peak (Holland, 1954, pp. 17-18). It is exposed at many places 
along the Cunningham anticlinorium in the Antler Creek area, but best on Cunningham 
North Mountain, on Cunningham Creek below Raundtop Creek, and neax the confluence 
of Shepherd and Summit Creeks. The thickness of the formation, as estimated at the 
least complicated sections, seems to range from about 300 feet on Cunningham Pass to 
at least 500 feet at the confluence of Shepherd and Summit Creeks. The latter thickness 
is about that indicated at Roundtop Mountain, but at the type locality the estimated 
thickness is 900 feet. The section on Cunningham Pass may be less than the stratizraphic 
thickness because it is on the limb of a large fold where thinning probably occurred. 

The contacts with the Cunningham limestone below and the Yanks Peak quartzite 
or Midas formation ahove are conformable. 

Lirholopy.-The formation is dominantly composed of brawn, fine-grained phyllitic 
rocks, but the colour may range from grey to -aen and the grain size and texture from 
phyllitic to that of fine-grained quarrzite. Changes in rock type are abrupt and without 
gradation. The phyllites, which may have a paper-like fissility, range in colour from light 
brown to light greyish-gwen and rarely to an intense green. Although very minor in 
amount compared to the phyllites. distinctive brown quartrites and metasiltstones are 
present in nearly all large exposures, except on Shepherd Creek above Pine Creek. 
Commonly they are only a few feet thick; but some may be as thick as 20 feet. A few 
minor thin limestone beds occur near the base of the formation, as at the confluence of 
Shepherd and Summit Creeks and possibly on Cunningham North Mountain. In the type 
locality the arenaceou~ strata are not present and the formation is wholly a crenulatcd 
fawn-coloured phylhte. APPmxilnaw 

Microscopically, the phyllite consists of :- Per cent 
““;yh3F”y 

Quartz ~~~~~~~~~-~~~~~~~~.~.~~..~~..~..~.~~~ 20-50 0.01-0.1 
Muscovite ~...~..~ -... ~~~~~~-~~~~~~~~~~~~~~~~.~~~ 20-40 0.03 
Chlorite ~~ ~~~ ~~~~~~~ ~~~~~~.~-~~~~.~~~~~ 5-30 0.03 
Limonite ..~...~ . . . . . . . ~~~..~~.~-~~~~~~~~~~~~~~~.~~~~ 5-10 
Chloritoid ~~~ ~~~ .~~~~~~~~~~~~~.~~-..~...~... O-5 (1) 
Tourtnaline ~~~~~~~~~~~~~~~~~~~~~.~~..~~..~~ . . . . . . ~..~...~~ 01 

The quartz is angular and commonly elongate, in which case it is invariably oriented 
parallel to the schistosity. The chloritoid, where present, is the only mineral that is not 
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oriented parallel to the schistosity. The opaque iron ores give the characteristic brown 
COIOW to the rock unless masked by a large amount of chlorite. The toumaliie js 
commonly detrital, but overgrowths are invariably present, and where tourmaline is 
abundant it is porphyroblastic. 

The more arenaceous rocks: the metasiltstones and line-gained quart&es, are 
composed of :- 

~~22~ 
Per ccnc 

Quartz ~~~~~~~~~~~~~~~~~~~~~~~.~~~.....~........~~~~~~~~~~~~~~~~ 60-90 0.05-0.1 
Muscovite ~~~ 5-20 
Limonite (after ankerile) ~~~~~~~~~~~~~ 5-15 
Feldspar ~~~~~~~~~~~~.~~~~~~~~.~~~ . .._... ~...~~~~~~~~ O-l 
Heavy minerals, including tourmaline, zir- 

con, leucoxene ~.~~~~~~~~~~~~~~~~ Minor 

The quartz grains are annular and of fairly uniform size in any one thin section. The 
grains are commonly strained and are either sutured or occur in a matrix of mica and 
limonite, where those minerals are present in sufficient quantity. The limonite commonly 
occurs in rhomb shapes and has replaced ankerite or siderite, which was itself porphyro- 
blastic, and replaced quartz as well as matrix. The muscovite diverges from the dimen- 
sional orientation only to wrap around detrital grains. The detrital heavy minerals are 
locally abundant, especially tourmnline. which invariably has overgrowths of amber- 
colourcd tourmaline, although the original grain may be blue, green, or amber. The 
or@naI heavy minerals are rounded and have an average diameter about half that of the 
quartz grains: indicating that there has probably been little change in the size of the latter 
either by crushing or recrystallization. 

Metamorphism and Alreration.-Development of porphyroblasts of chlorite, musco- 
vite. and chloritoid in the Yankee Belle formation indicates a low-grade metamorphism. 
Development of paper fissility in all argillaceous rocks indicates intense deformation. 
Hydrothermal alteration is relatively rare and local. Chloritic Yankee Belle rocks are 
commonly associated with ferroan dolomite alteration in the Cunningham limestone, so 
that a similar addition of iron and magnesium may have affected them both. Large 
amounts of ankcrite and limonite appear to be uniformly distributed throughout the 
formation and probably reflect original composition rather than alteration, even though 
ankerite is a characteristic vein mineral and alteration product. 

Mode of Origin.-The basin in which was deposited the Cunningham limestone 
became the site of deposition of silt and fine sand. Sharp vertical variations in grain size 
indicate that the basin w-as swept by currents of varying intensity. 

Yanks Peak Quurtzire 

Diwibu/ion and I’hirknm-The Yanks Peak quart& is exposed in a series of 
folds from Roundtop Mountain to Mount Guyct, but is not seen elsewhere, except in the 
northeast comer of the map-area near the confluence of Shepherd and Summit Creeks. 
The quartzite ranges in thickness from a few feet to 200 feet and may be absent in places. 
In rh: type locality at Yanks Peak (see Holland, 1954, pp. 18-19) it is about 25 to 50 
feet thick. but near Roundtop Mountain it may be as much as 200 feet thick. Absence 
of the formation is thought to be the result of non-deposition, except in some instances, 
especially near Yanks Peak. where absence is the result of boudinage. The formation 
is contormable with the Yankee Belle formation below and the Midas formation above. 

Lirholozy.-The formation is almost entirely a white to middle grey, medium- 
grained msssive quartzite (see Plate V (A) ). The grain size is uniform, and only locally 
ax coarse or fine beds seen. A few grcy argillaceous interbeds are present where the 
formation is thick. Bedding is usually poorly defined. Cross-bedding is not rare but is 
also poorly defined. The variation in colour is partly primary, but in many instances the 
rock is bone white where quartz veins are most numerous. The quartz veins, which are 
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extre”lel~ rare in the neighbouring phyllites, range from minute stringers to several feet 
in width. Some wins contain ankerite, but the majority contain only quartz. The veins 
appear to be locally derived secretions. 

ThC fOrmatiOn is distinctive, although in places it map be resembled superficially by 
SOme of the p”rU’ Snowshoe quart&es or Yankee Belle quartzitcs, if they are bleached 
and cut by ramifying quartz veins. The appearance of the formation throughout the 
map-area does not differ significantly from that in the type locality. 
a useful marker unit. 

Normally it forms 

%1icroscopically, the formation is of simple, uniform composition:- 
PU cent 

Quartz ..~~..~~.~~~.~~~~~~~~~~~~~~~~.~ ~~~ ~~~ ~~~~~ 95%YY 
Muscovite ~~ ~~~ ~~~ ~~~~~ ~.~~~~~~~ ~~~~ ~~~~~~ ~~ l-5 
Ankerite (limonite) ~~~.~~~..~~~~~~~~~~..~~..~~~.~~~._.~~~~ ~...~~~~~...~~~~~~~~ ~5 
Zircon, tourmalinc, and lcucoxene ~~~ Minor 

The grain size is uniform, and, though it may range from an average of 0.1 millimetre to 
about I mGlimetre, the general average is about 0.3 millimetre. In relatively little 
deformed specimens, trains of dusty inclusions commonly outline the original sand grains, 
which are well rounded. These specimens now have an interlocked fabric, in which 
suturing normally does not involve the original grains but only the quartz cement and 
sericite. All quartz grains are strained and most show lamella: and lines of liquid 
inclusions. Stylolites are not uncommon. Where the quart&e is greatly deformed, 
there has been granulation and recrystallization. and the original grains cannot be 
distinguished (see Appendix A). 

Meiamorphism and Alteration.-Metamorphism has not increased the grain size of 
the quartzite appreciably, but mascovite has grown to moderately large plates. Hydro- 
thermal activity has had scarcely any effect on the rock. 

Mode uf &i&-The Yanks Peak quart&e was laid down 3s a widespread but 
intermittent blanket of small but variable thickness, composed of well-sorted, u~ell- 
rounded, cross-bedded quartz sands. The formations above and below were both formed 
from marine muds, silts, and minor lime deposits. All formations are cornformable, and 
the quartzitc does not appear to be a transgressive deposit. Probably the Yanks Peak 
quartzite was laid down during a period of crustal stability when mcreased currents 
ffushcd quartz sands into the basin, filling minor hollows and sweeping rises clean. 

Midas Formarion 

Distribution and Thicknem- The Midas formation is exposed in numerous Iocalitiss 
but chiefly in the Cunningham anticlinorium between Roundtop Mountain and Downey 
Creek. and in the Island Mountain anticlinorium between .Antler Fountain and Islanzl 
Mountain. Good exposures occur along the canyon of Antler Creek north of Beggs 
Gulch, on lower Grouse Creek, Downey and Shepherd Creeks, Williams Creek above 
Walker Gulch, and on Cow Mountain along the hydraulic ditch. The formalion is named 
after the Midas property near Yanks Peak (Holland, 1954, pp. 19-21). Because of 
exceedingly close foldin: and general obscurity of bedding the thickness of the Midas 
formation is particularly difficult to estimate. It cannot be I~SS than about 500 feet and 
a~D,ears to be at least I.000 feet thick on Island Mountain in a fairly simple section of 
&ich the base is not exposed. 

The Midas formation is conformable with the underlying Yanks Peak quartzitc or. 
whcm thnt is absent. the Yankee Belle formation. There is less certaintv about the 
relation with the overlying Snowshoe formation. Holland (1954, p, 22) ihought that 
there may be a slight unconformity in the Yanks Peak area. In the Antler Creek area, 
the base of the Snowshoe formation is almost invariably a coarse micaceous quart& 
or rarely a pebble congIomerate. Most pebbles in the conglomerate are quartz but a few 
are Midas-like. Possibly the top of the Midas formation was slightly eroded before or 
during depos~ition of the basal part of the Snowshoe formation. 



Litholofl.-The Midas formation is composed mostly of black, quartzose, finc- 
grained rocks which, depending on grain size and degree of fissility, include phyllite, 
slate. argillite, or metasiltstone (see Plates IV (A) and VII (A) ). In the southeast some 
black to grey, thinly bedded limestone members may be as thick as 20 feet, but from 
Antler Creek north only very minor limy beds occur. 

An unusual dark-grey micaceous siltstone member at the base of the formation 
outcrops from Cunningham Creek southeastward to well beyond Roundtop Mountain, 
a distance of 6 miles. The member is nowhere thicker than 30 feet. Bedding in this 
rock, including small cut and till and cross-bedded structures, is outlined by lam& of 
“black sands I’ (see Plate IV (A ) ), 

The general appearance of most of the Midas formations is uniform, except where 
it has been altered, but there are differences in grain size, composition, and fissility. The 
formation is characterized by its black colour and fine grain. In the western exposures 
the rocks are generally slightly coarser. more quartzose, and less schistosc than in the east 
and include black quartzose slates; argillites, or metasiltstoncs, whereas in the eastern 
exposures thev are commonly black phyllites, or even schists. All the various rock types 
of the form&n present in the map-area are represented at the type localities either on 
Yanks Peak or at Roundtop h4ountain. The Midas formation of this report includes not 
only the Basal and B.C. members of Hanson (1935, pp. 6-7) 1 but also part of the Lowhee 
member and some rocks “below ” the Basal member in undivided Richfield formation. 
For the most part, rocks formerly called Lowhee or undivided Richfield but now called 
Midas are bleached equivalents of the normal black rocks. 

Microscopically, the fine black rocks which form the bulk of the Midas formation 
contain an extremely variable proportion of quartz and mica. The most schistose rocks 
were not examined microscopically, but examination of others showed the following 
limits:- 

No detrital heavv minerals are evident. The opaque matter is mostly carbonaceous? and 
is randomly di&ibutcd through the siltstone but commonly is in clusters in the phyllite. 
Large porphyroblasts of pyrite are moderately common. 

The metasiltstones not uncommonly, for example on Mount Burdett and Cow 
Mountain, contain thin white crenulated laminz that are visible megascopically. Most of 
these laminze follow bedding, but some cross the bedding and therefore are sewnday. 
Microscopically, they are composed of clear recrystallized quartz with a grain size two 
to three times that of the detrital quartz. 

The basal dark-grey micaceous siltstone with black laminae is composed of:- 
,rerapz 

Lli”“T,U l’rr Cm, in Yrn. 
Quartz ~~~~ ~~~~~~~~~~~~...~.~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~ 40-70 0.05 
Muscovite and biotite ~~~~~~~~~~~~~~~~..~~~~~~~~..~~~~ 15-30 0.05 
Ankerite (limo&e) ~~~~..~.......~~~~~~~~~~~ ~~~~~~~~ O-5 
Ilmenite~~~~..~........~~~~~~~~~ ~~~~~~~~~~~~..~~~~. 3-15 
Other heavy minerals ~~~~.....~~~~~~.......~~~~~~~~~~~~~ 2-10 0.03 
Sodic plagioclx-~~~ ~~~~~~ ~~~~~~..~~~~......~~..~~. l-3 0.02 

The quartz is angular and has a defmite preferred dimensional orientation parallel to 
the schistosity. Most of the larger grains are strained. The mica may be muscovite, 
biotite, or both, The rock contains an unusual abundance of detrital heavy minerals, of 
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which the only metallic mineral is ilmenite. The heavy minerals are gradationally dis- 
tributed in strata, being most abundant at the bottom of individual lam&. It 1s the 
concentration of ilmenite that emphasizes the rock’s lamination. The other heavy min- 
erals are dominantly zircon and leucoxene, but include considerable amounts of tourma- 
line, and some rutile and perovskite. The heavy minerals are smaller and more rounded 
than the quartz grains. 

The limestones are finely crystalline and normally contain 1.5 to 20 per cent of sil- 
sized detrital quartz. They commonly contain micaceous laminze. 

Meknnorphism and Alteration.-The Midas formation has been metamorphosed and 
deformed in a manner similar to other formations of the group in general, and the Yankee 
Belle formation in particular. The chief difference is that porphyroblastic biotite is rela- 
tively more common in the Midas formation. 

Not uncommonly the Midas formation has been altered, so that the rocks are 
decidedly changed in appearance. Three types of alteration are common--a regional 
ankeritic alteration, a local chloritization, and a local bleaching and silicification. 

The ankeritic alteration is common and widespread, but only locally is so highly 
developed as to obscure the original character of the rock. Ankcritic porphyroblasts as 
great as a centimetre on a rhomb edge are common (see Plate IV (B)), A weathered, 
highly ankeritized rock has a honeycomb or vesicular appearance. Rarely porphyroblasts 
are so numerous that they impinge on one another, and so form an ankerite-quartz rock 
not sensibly different from some alteration products of limestones, micaceous quart&es, 
or dykes. Intense ankeritization is well illustrated in the hydraulic pit on French Creek, 
Lowhee Gulch, and the Richfield adit. At French Creek the most intense alteration is 
concentrated in crosscutting dyke-like bodies which are completely gradational to unal- 
tered phyllite. Similar altered rocks in the Richfield adit were once thought to be sills. 
In both cases microscopic examination of the “ dyke ” rocks proved them to be altered 
phyllite or metasiltstone. 

Chloritic rocks have a patchy local distribution that indicates they may be altered 
rocks. Only a slight amount of chlorite is needed to give a dark-green tint to the black 
rocks. Localities with green chloritic rocks include Grouse Creek near the road, Antler 
Creek between Nugget Gulch and Pittman Creek; and the Cariboo Gold Quartz mine. 

Bleachin_e and silicitication have radically changed the appearance of the Midas 
formation over relatively large areas. The once black rocks may be a rusty brown. a lighht 
purple, or white. In some cases. alteration has erased the cleavage but emphasized the 
bedding. The chief areas of this alteration are Mink Gulch, parts of Island and Cow 
Mountains, and the north side of Downey Creek, all are areas in which mineral deposits 
are known. The origin of these rocks is betrayed by patchiness and by coloor change 
occurring gradationally in a short distance along strike and parallel to the plunge of fold 
axes. The following example illustrates the change of colour on a large scale on the 
northeastern limb of the Island Mountain anticlinorium. On Island Mountain the contact 
of the Midas and Snowshoe formations can be traced from Jack of Clubs Lake up slope 
for 1.000 feet, with the following sequence of changes in the Midas formation parallel 
to the contact: Black rocks at lake-level, patchy rocks at 300 feet, fully bleached rocks 
at 400 feet, and finally black rocks above 600 feet. The downward continuation of the 
same straight limb is penetrated by the lowest level of Island Mountain mine where irregu- 
lar-shaped kernels of black rocks in predominantly light-coloured phyllites betray bleach- 
ing (see Island Mountain and Cariboo Gold Quartz mines). On a small scale, Plate 1X(A) 
shows bleaching in a hand specimen. 

Normal Midas rock has been bleached experimentally at moderate temperatures 
in a short time. A black micaceous siltstone heated in a furnace for one hour at 750 
degrees centigrade became light grey with red micaceous folia. The same rock heated 
eight hours at 200 degrees centigrade in an oxidizing atmosphere became a mottled dark 
and light grey with red micaceous folia. 
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Microscopically, the natural alteration has cleared the rock of carbonaceous matter, 
irregularly increased the grain size, and produced a mosaic texture. Generally the orienta- 
tion of the muscovite has not been destroyed. 

Mode of Origin.-The micaceous siltstonc with black lamin;e at the base of the 
Midas formation differs from the main mass of the formation and has had a somewhat 
different origin. The rock is composed of fine porphyroblastic mica: quartz, and abun- 
dant heavy minerals. Both fme cross-bedding and graded bedding are the rule. The 
rounding of heavy minerals such as zircon indicates prolonged travel from their source, 
which must have been au igneous or metamorphic terrain. The member has without 
doubt been extensively winnowed. The fine cross-bedding indicates that the current 
action indicated by the Yanks Peak quartzite was still general during deposition of the 
base of the Midas formation. 

The succeeding 1,000 feet of line black argillaceous, quartzose, and minor limy 
rocks could have been deposited in deeper water than either the Yanks Peak quartzite 
or the micaceous siltstone. Because of their general blackness and sulphur content, they 
may have been deposited in a barred basin. The formation, though everywhere fine, is 
coarsest in the west. 

Snowshoe Formation 

Dinribufion and Thickness.-The Snowshoe formation underlies ao extensive part 
of the map-area, particularly in the Snowshoe synclinorium. Good exposures of parts of 
the formation are numerous and can be seen particularly in the canyon of Coulter Creek, 
just west of the map-area and on Lowhee, Grouse, and Douney Creeks. The formation 
was named from the Snowshoe Plateau between Yanks Peak and Roundtop Mountain 
(Holland, 1954, pp. 22-23). The Snowshoe is the youngest known formation of the 
Cariboo group. Several relatively simple but incomplete sections expose more than 500 
feet of grey micaceous quart&e and interbedded phyllite, particularly those on Coulter 
Creek, near Victoire Creek on the hydraulic ditch, and near White Grouse Creek. From 
Cunningham Pass to Grouse Creek ZOO to 400 feet of micaceous quartzites lies below 50 
feet of crenulated grey argillaceous limestone which is closely folded and simulates a much 
greater thickness. On Downey Creek about 300 feet of grey arenaceous rocks occur at 
the base of the formation beneath at least 600 to 800 feet of argillaceous and limy rocks. 
It appears that although the formation may be less, more likely it is greater than 1,000 feet. 

Sections exposed in the Island Mountain and Cariboo Gold Quartz mines arc 
described in Chapter VII. The structural problems have not been fully resolved, but it 
is belicvcd these sections involve major duplication. For this reason they are not quoted 
as type sections, although they are fairly representative. 

The contact with the Midas formation may be slightly unconformable. KO fomxi- 
tion younger than the Snowshoe has been recognized. 

LithoIogy.-The Snowshoe formation is composed predominantly of elastic rocks 
with subsidiary limestone. In general the amount of coarse detrital particles decreases 
eastward and probably upward. In the west the formation is composed dominantly of 
coarse elastic rocks, but in the east only the lower 200 to 300 feet is dominantly coarse. 
The elastic rocks are subgreywackes which are characteristically poorly sorted, schistose, 
and deposited in very~lenticular beds. The proportion of elastic to carbonate rocks in 
the sections exposed in the mines averages about 1.5 to 1. The limestones are characteris- 
tically thin, lenticular and impure. 

The arenaceou~ rocks are mostly micaceous quartzites* which are normally a middle 
to dark grey, but can be light brown or greenish-grey. The typical rock is a dark-grey 
coarse- to medium-grained micaceous quart&e in which the large quartz eyes are black 
01 opalescent (see Plate V (B)). In contrast to the Yanks Peak quart& all Snowsho: 
quart&es are poorly sorted and very micaceous. They are moderately to intensely fissilc, 



depending largely on the relative abundance of mica. Characteristically the arenaceous 
beds are very Ienticular and are normally intercalated with argillaceous beds or, less 
commonly, limestone. The c&tic rocks, whether coarse or tine: have a wide variation in 
grain size; invariably a rock contains some grains much larger than average. For exam- 
ple, in a surface area of 10 square centimetres a rock composed predominantly of silt- 
size particles will show a few grains about 1 millimetre in diameter. The gradation of 
argillaceous to arenaceous rocks occurs not only by a general increase in grain size, hut 
also by gradual accession of coarse sand. For example, a siltstone may grade into a coarse 
quart& without ao intervening line quart& or a definite discontinuity. On the other 
hand, large cut and iill structures can be seen, where deformation is not intense. Thcsc 
structures have been useful in determining the direction in which a bed faces. 

Less common types among the coarse rocks include conglomerates and hornblende 
gneiss. Granule and pebble conglomerates are rare but widely distributed. Good 
examples are found on the road near French Creek, on Antler Mountain, and on Bald 
Mountain. Granules or pebbles are commonly flattened Iike pancakes (see Holland, 
1954, p. 22 and Plate IV (A) 1. Conglomerates appear to be most common nzx the 
base of the unit. The composition of them is similar to the micaceous quartzites. A rare 
type of rock included in the Snowshoe formation is a fine hornblende gneiss found on top 
of Island Mountain in the upper part of the formation. The rock is greener and more 
handed than the micaceous quart&es. Commonly the hornblende gneiss is interlaminated 
with micaceous siltstone and thus is of sedimentary origin although probably tuffaceous. 
This rock is one of the few indications of igneous activity in Cariboo time. 

Hanson’s Rainbow member (1935, pp, 5-6) is composed chiefly of typical grey 
micaceous quart&es of the Snowshoe formation. Much of his Lowhee member is the 
same rock that has been bleached. 

Microscopically, most of the coarse elastic rocks are very similar, whether the grain 
size be that of pebbles or silt. The main difference is in the amount of deformation. 

PUARTZ 

MlCA FELDSPAR 

I ANKERITE 

Figure 5. Mineral composition, Snowshoe formation, elastic rocks 
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Fisre 5 shows the variation in mineral composition. The average composition of twenty 
specimens is:- Per cent 

Quartz ~~~ ~~~~~~~~~~~~~~~~~~~~~~.~~~.~~~ ~~..~~..~.~~~~~..~~~.~~~.~~~.~~~~~~~~~~~~~~~~~~~~~ 74 
~~uscovite~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~ 17 
Ankerite ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.~~~...............~~~....~.~ s 
Feldspar~~~.~~..~~..~...~~ ~..~~.~~~~~~~~~~~.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4 

This is equivalent to a subgreywacke by Pettijohn’s classification or 8 low-rank greywacke 
by Krynine’s, but is near the quartzose sandstone composition of both. The texture in 
the less deformed micaceous quartzites also indicates these rocks were originally subgrey- 
wackes (see Plate IX (B)). This specimen illustrates the extremely poor sorting, the 
wide variation in angularity of the large grains, and the high percentage of “mat&” 
quartz. The large quartz grains do not vary significantly from equidimensional, and 
normally they are strained. The muscovite is very well oriented, in this case parallel to 
the bedding. The ankeritc is commonly replaced by limonite, and a small amount of 
pyrite may be present. The feldspar is mostly sodic plagiioclase, but other feldspars are 
present. Invariably a few rounded grains of tourmaline, zircon, or Ieucoxene are present. 
Normally the deformation is moderately intense, and hence were it not for these examples 
of relatively undeformed rocks, much of the variation in grain size might be attributed 
to granulation. In fact, in the most intensely deformed micaceous quart&es there has 
been so much granulation that the rocks are tiser-rocks or mylonites (see Plate IX (C)). 
In these rocks large isolated lenticles of quartz and feldspar occur in a finely cornminuted 
matrix of quartz and mica. In the intermediate or normal case, the large detrital gmins 
have been deformed by flattening, and partially recrystallized, but there has been no large 
amount of granulation. The dark colour and opalescence common to most of the quartz 
and some of the feldspar grains in the deformed rocks is caused by particles of opaque 
matter absorbed on cleavage and fracture planes and by abundant liquid inclusions. 
For a detailed description of the fabric of deformed micaceous quarttites see Appendix A. 

The hornblende gneiss is composed dominantly of greenish hornblende, but lesser 
amounts of quartz, epidote, and feldspar occur. Some of the quartz grains are rounded 
and hence detrital; the feldspar may also be detrital, but the other minerals are porphyro- 
blastic. This rock occurs in thick beds and also as fine laminations within a micaceous 
siltstone which is composed of 80 to 90 per cent quartz and the remainder chiefly biotite. 

The argillaceous rocks of the Snowshoe formation are mostly phyllites (see Plate 
IV (B)) but include tine siltstones. Common colours are grey, light brown, purplish- 
brown, or, less commonly, green. Phyllites closely interbeddcd with micaceous quartzites 
are normally grey. In the eastern part of the Snowshoe synclinorium where the argil- 
laceous rocks are predominant, they are commonly brown. In general, phyllites of the 
Snowshoe formation have a lower iron content than the Yankee Belle phyllites and hence 
are not as brown; on the other hand, they are not as black as the Midas phyllites. The 
western band of what was called the Barkerville formation and much of the Baker 
member of the Richfield formation are composed of the Snowshoe formation where 
argillaceous rocks and intercalated limestones predominate over micaceous quartzites. 

Microscopically, the argillaceous rocks are seen to be a heterogenous group of widely 
varying composition. In the following table the average composition of the rocks 
examined is given in Column A, and the variation found within 1 centimetre in a specimen 
of banded phyllite and siltstone in Columns B, C; and D. 

A n c D 
Mica~~~--~~ ~~~~~........~~~~~~~~~ ~~~~~~~~....~~~~~~~~ 40 35 80 20 
Quartz ~~~~~~~~ ~~~~ ~~..~~~~~~~~~~~~~~~~ 37 45 5 25 
Lirnonite~~~~~~~~~~~~~~~~~....~~~~~~~~~~~~ ~~~~~~~... 18 20 15 55 
Carbonate ~~~~~~~~ ~~~~...~....~~~.~~~~.~~,~~~~~~~ 5 

me average diameter of quartz grains in these rocks ranges between 0.02 and 0.05 
milljjetre, and the average long dimension of mica crystals is of the same order. Quartz 
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hns are mgUhr, inequant, and invariably well oriented in the schistositp. The mi. 
caceous mineral is commonly muscovite, less commonly chlorite. The amount of carbon. 
ate, either calcite 01 fcrrrxm dolomite. may increase gradationally to a limestone. 

CU~CU~SO~~S rucks form a small percentage of the Snowshoe formation, but are 
important because of gold-bearing pyrilic replacement of certain beds. Limestones may 
be black, %;hite, grey, or mottled. Because of alterations ro ferronn dolomite or ankcrite, 
some turn brown on weathering. Only the thicker limestones are pure and free from 
argitlaccous lxninzc. Limestones are rarely more than 50 feet thick and most are less 
than 20 feet. The beds are lenticular and some are pod-like. Limestones are mope 
commonly associated with argillaceous rather than arenaceous strata in the formation. 
The Baker limestone beds of the Snowshoe formation have been extensidy explored 
because they are the site of most known replacement deposits. These beds vary widely 
in thickness, colour, and content of argillaceous laminze. The variation in thickness is 
partly the result of flowage. In highly deformed areas the component calcite cqstals 
have a marked dimensional and lattice orientation, giving the rock a definite planar 
structure although it may not be Ii&e. The crystals average about 0.35 by 0.2 milli- 
metrc in section and are highly twinned and lam&w. 

Mrtamorphism unrl Alleration.-The metamorphism of the Snowshoe formation is 
similar to that of other formations in the group. The common porphyroblastic minerals 
are muscovite and chlorite, whereas biotite is rare. The hornblende gneiss is a rare but 
interesting exception. The hornblende and epidote are definitely porphyroblastic, whereas 
the quartz is detrital. The gneiss is interlaminated with a quartzose metasiltstone that 
contains biotite as the porphyroblastic mineral. It would seem that composition, not 
temperature or pressure, war the controlling factor in the metamorphism of this rock. 
Deformation has impressed a general schistosity on most of the Snowshoe formation in 
common with other rocks of the group: but it has also caused some particularly striking 
effects. The elastic rocks have in large measure become flaser-rocks, in which the larger 
grains have become flattened and acquired their characteristic black or opalescent co!our- 
ing. AU these effect arc particularly striking microscopically (see Appendix A). The 
most remarkable features of the other rock types are the marked flowage of the limestones 
and the intense crumpling of the phyllites. 

The Snowshoe formation has been altered, as has the Midas formation, but the 
effect has been less intense. Bleaching is less noticeable, but many of the brown 
quartz&es were originally grey and have been bleached. Good examples of bleachin: 
occur in the Cariboo Gold Quartz mine (see pp. 75-77). 

Mode of Ori&-The sedimentary- structures, the lenticularity of units, the variation 
of rock type and grain size, and the original mineral composition together probably 
indicate a marine deltaic origin for rocks of the Snowshoe formation. The coarsening 
and apparent thickening of the elastic rocks to the west and the increase in the amount of 
limestone to the east probably indicate a western source. A similar direction of coarsen- 
ing is indicated in the Midas formation. The implication is that there was land to the 
west, and that it was probably an igneous or metamorphic terrain. The Caribcw group 
as a whole shows a progression from sediments typical of a stable environment to those 
typical of an unstable one. 

SLDE MOUNTAIN GROUP 

TIE northeastern part of the Antler Creek area is underlain by sedimentary and 
volcanic rocks of the Slide Mountain grooup. The group comprises conglomerate, grey- 
wacky, argillite, chert, basic volcanic rocks, and a minor amount of crinoidal limestone. 
The assemblage is intruded by Mount Murray sills, which are similar in composition to 
the Slide Mountain extrusive rocks; with some exceptions the intrusive rocks can be 
distinaished in the field from the extrusive. The part of the group that was examined 
coot&s 4,000 feet of stratified rocks and 800 feet of Mount Murray sills. Measured 
sections and a discussion of their accuracy are included in Appendix B. The contact with 
the Cariboo group has not been observed, but there is no doubt that it is unconformable. 
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The Slide Mountain group within the map-area forms the southwestern limb of a 
structural trough 10 miles wide. The rocks are moderately folded but are neither region- 
ally metamorphosed nor fissile and thus contrast with rocks of the Cariboo group. The 
age of the Slide Mountain group is probably Carbon&row, on the evidence of some 
poorly preserved fossils from the Greenberry limestone member. The group has been 
tentatively correlated with the Cache Creek group on the basis of lithological similarity. 

The nomenclature of Johnston and aglow has been revised. The Guyet and Antler 
formations have been retained, the Greenbcrry limestone reduced to a member of the 
Fuyet formation, and the U’averly formation abandoned, The Guyet formation is now 
known to change rapidly in lithology along strike and to include not only conglomerate 
but also much argillite, geywacke, and volcanic rock. The base of the formation has 
been mapped southwest of the position shown by Johnston and U&low on Waverly 
Mountain and Mount Howley. The Greenberry limestone has been reduced to a member 
because it is thin and because it is intermittent and interfingers with conglomerate near 
the top of the Guyet formation. The Waverly formation has been abandoned because 
volcanic rocks are intercalated throughout the whole group, rather than being localized, 
as believed by Johnston and Uglow. The definitions of the Antler and Guyet formations 
have been expanded to include the volcanic rocks. 

Distribution and Thickness--The Guyet formation outcrops along the northeastern 
border of the map-area from Cunningham North Mountain to Summit Creek. Exposures 
are good in most places where the conglomerate is thick-e.g., Summit Creek, Alex Allan 
Creek, ‘Mount Guy+ and the northwestern slopes of Mount Murray-but are poor where 
other rocks predominate. 

The Guyet formation is 1,125 to possibly 1,500 feet thick. Measured and general- 
ized sections arc included in Appendix B. The lower contact was not seen. The upper 
contact is placed at the highest coarse elastic bed in the Slide Mountain group. The 
Guyet formation thus includes all the coarse sedimentary rocks in the group, all of which 
are within the lower 1,500 feet. Either the Greenberry limestone member or a calcite- 
bearing volcanic rock may occur in the uppermost part of the formation and may, in the 
absence of good exposure, be taken as the top. 

Litholugy.-The Guyet formation as described by Johnston and Cglow consisted 
chiefly of conglomerate, but this is so in only two areas, near Slide Mountain and Mount 
Guy&. In general it is a heterogenous assemblage of boulder to granule conglomerate, 
grcywacke, argillite, elastic crinoidal limestone, and volcanic flows and breccias. 

The elastic rocks, from conglomerate to argiUitc, all belong to the greywacke suite. 
The conglomerate is a massive dark-grey to brown polymictic* rock. It is dominantly 
a pebble-conglomerate, although the particle six ranges from that of boulders to granules. 
Bedding is rare; evidence of it is seen as the intercalation of greywackc Ienscs or, ncar 
the base of the formation, as an abundance of parallel schistose rock fragments. No 
imbrication was seen. Boulders and cobbles arc sub- to well-rounded and pebbles are 
angular to well-rounded. The rock types include all members of the Cariboo group and 
also vein quartz, highly limonitic rock, quartz porphyry, and basic volcanic rocks. The 
general appearance remains uniform, although the character of the pebbles and cobbles 
changes upward in the formation. Near the base many of the pebbles arc schistose; the 
largest cobbles are basic volcanic rocks. On Summit Creek near the base of the formation 
a cobble conglomerate contains some greenstone blocks as much as 4 feet in diameter, 
and slightly higher in this section there appears to be a transition from a normal con- 
glomerate, to one with a volcanic matrix, to agglomerate. Commonly toward the top of 
the formation, greenstone cobbles and schistose pebbles arc less numerous and vein quartz 
pebbles more numerous. On Cunningham North Mountain the largest pebbles are similar 

* Composed Of maw dimrent ,‘xEk wx6, 6Dnw Of which arc metartahle in the conglomeraIic en”irOnme”t. 
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to the Cunningham limestone. The matrix of the conglomerate forms as much as half 
the rock, and is similar to the finer-grained rocks of the formation. 

The conglomerate is in general silicitied, so that it forms a dense hard rock even 
though a large proportion of the fragments were originally soft or easily weathered; in 
a few instances, where not siiicified, it is a soft, “ rotten ” rock most unlike the normal 
conglomerate. In the silicified conglomerate many of the phgllite pebbles are now wholly 
or partly replaced by chert, although they retain their original characteristic shape and 
colour. In some instances where the conglomerate was composed of a variety of schistose 
rocks, the whole has been converted into a nearly uniform cherty rock. It should be 
emphasized that the underlying Cariboo group is not known to contain chert. 

The fine-grained sedimentary rocks range from grep and brown greywackc through 
siltstone to grey argillite and slate. The slate and argillite are intercalated with grey- 
wracke and volcanic flows and are not phyllitic, as are the Yankee Belle or Midas argilla- 
ceous rocks. 

Microscopically, the greywackes and tine conglomerates are of more varied mineral 
composition than the micaceous quart&es of the Snowshoe formation (see Fig. 6). The 

MICA FELDSPAR 
ROCK FRAGMENTS 

Figure 6. Mineral composition, Guyet formation, greywackes. 

In all specimens the sorting is poor and, aIthough the quartz may be sub-rounded, the 
rock fragments are angular. The compaction of these rocks commonly has squeezed the 
fine-grained phyllitic rock fragments into the interstices between the stronger grains. 
making the fragments look even more angular than they were originally. There are no 
prominent foliations; bedding is uncommon, fracture cleavage rare, and schistosity absent. 
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A large number of the quartz grains have characteristics such as lamellre or strain 
shadows that probably indicate they were dcrivcd from the Cariboo group, but others 
are clear and may have come from quartz veins or volcanic rocks. In some specimens. 
microcline is present in excess of plagioclase, but normally plagioclase is the dominant 
feldspar. In either case the feldspars are so highly sericitized that they must have been 
altered after deposition. Some grains possess highly erratic twinning, such as that observed 
in feldspar grains of the mylonitic Snowshoe micaceous quart&e. With the exception of 
some detrital muscovite, the mica is fine-grained. Sericite has replaced quartz in some 
cases as well as feldspar. Rarely chlorite is the dominant micaceous mineral. The rock 
fragments include phyllite and micaceous siltstone, which in some specimens have been 
partly or completely replaced by chat. 

Calcareous rocks are rare and represented only by the Greenberry member. This 
limestone was considered a formation 400 feet thick by Johnston and U&low, but it is 
less than 100 feet thick. Possibly some of the calcitic volcanic breccias and flows 
described below were included by them in the formation. The limestone occurs inter- 
mittently as lenses from the ridge east of Mount Guyet to Summit Creek, and is thought 
to represent one horizon. It occurs near or at the top of the formation but interfingers 
with the conglomerate. The best examples of interfingering occur on Alex Allan Creek 
and Mount Murray. 

The Greenberry limestone member is a grey: buff. or mottled medium crystalline 
limestone which in sane places is composed wholly of elastic crinoid stems. In other 
places the only recognizable crinoid stems are contained in white to black chat nodules 
or masses. Only at Summit Creek. where thin grey argillaceous limestone grades into 
argillite along strike, is there no evidence of crinoid stems. Ellipsoidal chat nodules are 
oriented with the major axes parallel with bedding. Other evidence of bedding is rare. 
Some relatively large masses of structureless white chat adjacent to the limestone appear, 
like the nodules, to have replaced the limestone. 

Microscopically, the member is about 80 per cent calcite and 20 per cent quartz. 
The crystal size of the calcite ranges from 0.003 to 5.0 millimetres but averages about 
0.6 millimetre. The crinoid stems are not readily visible microscopically because of 
recrystallization. The quartz is gathered in clots as clear mosaics of grains ranging from 
chert size to 0.5 millimetre, but mostly the smaller. There are no recognizably detrital 
grains. 

The volcanic rocks include pillow laws, breccias, and minor pyroclastic rocks. All 
are composed of basic greenstone and are superficially the same-greenish-grey aphanitic 
volcanic rocks. Pillow lavas are best exposed on Waverly Mountain. The pillows range 
from 1 to 4 feet in long dimension. They are separated by little matrix and show little 
variation in texture apart from rare inclusions of limestone in them. Some flows appear 
massive, except for obscure Bow or fragmental structures. Flow breccias are best exposed 
south of Mount Grcenberry and on Mount Ho&y. The size and vesicularity of adja- 
cent fragments varies widely. Rocks definitely of pyroclastic origin are rare. 

The formation includes some unusual volcanic rocks. One of these is a flow breccia 
that contains considerable quantities (as much as 30 per cent) of coarsely crystalline grcy 
to black calcite. In some places the calcite appears to be a cement between volcanic 
blocks, but in others it occurs in lenticles or bands parallel to flow structllre and appears 
to be an integral part of the flow. These rocks occur near the top of the formation, below 
the Greenberry limestone member; the best exposures are on Mount Hawley and between 
Yellowhawk and Jubilee Creeks. Another type contains large quantities of limestone 
fragments as much as 6 inches in diameter. Such rocks occur chiefly at the base of the 
formation and are best exposed on the north end of Mount Guyet. A similar rock on 
Waverly Mountain is a dyke (see pp. 44-45). and in small exposures it is impossible to 
determine whether such rocks are extrusive or intrusive. 
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Microscopically, the extrusive rocks are all similar despite differences of fabric. 
They are also similar to the Mount Murray intrusive rocks, though not so well crystallized. 
The flows are microporphyritic rocks composed of feldspar and pyroxene or rarely 
amphibole micropbenocrysts, chlorite, calcite, microcrystalline epidcte, and opaque mat- 
ter. Phcnocrysts rarely form more than 10 to 20 per cent of the rock. Not uncommonly 
the pyroxene is completely altered to chlorite with anomalous interference colours. Rarely 
a micrwdiabasic fabric can be seen in centres where micropheoocrysts are common. More 
commonly there is a faintly radial arrangement of microphenocrysts. Ovoid structures 
indicative of original p&go&e are seen rarely. Some of the very fine-grained rocks are 
a semi-opaque mass. In some of the limestone inclusions the grain has been haphazardly 
enlarged, and irregular porphyroblastic andesine has developed. 

The volcanic rocks in the Antler formation are similar to those in the Guyet forma- 
tion, except that the calcitic types are absent. A chemical analysis of a flow rock from the 
Antler formation is shown in Table IV. This is a basaltic rock with spilitic affinities. 

Metamorphism and Alteration.-The Guyet formation has not been regionally meta- 
morphosed or much deformed except locally. Ankeritization is rare and nowhere intense. 
However, there has been a cherty silicification that has bonded and replaced rock frag- 
ments in the conglomerate and replaced limestone in the Greenberry member. This 
matter will be discussed further under Antler formation. 

Mode of Origin.-The Guyet conglomerate is composed largely of detritus that is 
recognizably derived from the Cariboo group and Proserpine dykes. The rocks of the 
Kaza group exposed northeast of the Slide Mountain gxoup are characteristically diflercnt 
from the Cariboo group (see Chapter V), and furthermore contain no dykes of any sort. 
Therefore, it is concluded that the source of the &yet conglomerate was to the southwest 
of the present outcrop belt. 

The environment in which the Guyet conglomerate was deposited is indicated by 
the great variety of rock types present, many of which are m&stable; the relatively low 
degree of rounding and sorting; the intercalation of sediments and pillow lavas of marine 
origin; the lateral gradation of thick sections of conglomerate to fine elastic rocks v:ith 
minor pebble beds. Taken together these characteristics indicate an environment such as 
the mouth of a torrential stream. The thick conglomerate sections at Slide Mountain 
and Mount Guyet may be the deposits of two large streams between which liner-gained 
rocks accumulated. 

The calcitic flow brcccias may be the result of laws flowing over crinoid gardens, 
such as those that provided the crinoid sterns in the overlying Greenberry limestone 
member. 

&v-The dating of the Guyet formation and of the Slide Mountain group is depen- 
dent on fossils in the &eenberry limestone member. Johnston and Uglow found a frag- 
mentary suite of fossils at Two Sisters Mountain, north of the present map-area, and 
Mount Greenberry, but the localities are not marked on their map. E. M. Kindle, who 
examined the fossils, is quoted by Johnston and Uglow (1926, pp. 20-21) as follows:- 

Specimens of limestone consisting chicfly of large crinoid column sections comprise the bu:k 
of the material. Several specimens of a coral resembling, so far as can be judged from the 
poorly preserved material. .a Zaphrer~ris, ax present. Two brachiopodr with obscure features 
which may present Spirifer Krokuk and fragments suggesting an Orrhocerris complete the fauna 
as reprerented by this collection. Notwithstanding the limited number and extremely unsalis- 
factory state of preservation shown by these fossils, I have no doubt that they regrescnt u- Car- 
boniferous fauna probably of Missirsippian age. The material, however, is not good enough to 
demonstrate thin correlation of the fauna. 

In spite of detailed search, the writer found no fossils even as indicative as those 
found by Johnston and Uglow. However, suites containing crinoid stems collected from 
several localities were sent to Professor Howell at Princeton University for determination. 
He believed them to bc either Devonian or Carboniferous, possibly Mississippian, but the 
poor preservation and lack of distinctive features prevented a more precise determination. 
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The rocks of the whole Slide Mountain group are very similar lithologicnlly to those 
of the Cache Creek group, whose age ranges from Late Carboniferous to Latest Permian. 
Until further evidence accrues, the group should be regarded as Carboniferous, possibly 
Mississippian. 

Antler Formation 

Diwiburion and Thickness.-The Antler formation is exposed along the north- 
eastern border of the map-area from Slide Mountain to the ridge east of Mount Guyet. 
The best exposures are on Slide Mountain, Mount Murray, and Mount Hawley. Measured 
sections at the latter two localities are contained in Appendix B. On Mount Murray 
about 3:OOO feet of stratified rocks and 800 feet of sills were examined The Guyet and 
Antler formations are conformable. The top of the Antler formation was not seen. 
Similar rocks extend eastwardintermittently to Bowon Lake where they are well exposed. 

Lilholofl.-The Antler formation consists of fine-grained sedimentary and basic 
volcanic rocks. Characteristic of the formation are banded cherty rocks and dark-green 
pillow laws. 

The sedimentary rocks include chert, nrgillite, cherty siltstone, cherty argillite, and 
fine greywacke. In hand specimen many of these types are distinguished with difficulty. 
The rocks are commonly coloured dark to light grey or buff, less commonly white or 
green: and rarely red. Normally the rocks are banded, except in much of the lower 
1,000 feet of the formation. Where weathering has emphasized texture, fine laminations 
can commonly be seen throughout the fornmtion, even within the lower 1,000 feet. 

The banded rocks are all super6cially similar. They commonly consist of a dominant 
rock type in beds 1 to 2 inches thick, and a minor type in beds less than one-half inch 
thick. The dominant type may be chcrt, cherty siltstone, cherty argillite, or fine grey- 
wacke, and the minor type may be argillite or cherty argillite. ‘The minor type is normally 
more micacenus. Plate VI (A) shows banded chcrty fine siltitone and argillite. In the 
lower I JJOO feet of the formation in which banding is not common the main rock type is 
argillite. Irregular masses in the argillite may be composed of cherty argillitc which 
grades imperceptibly to normal argillitc. These irregular masses are not oriented with 
the bedding. Rafts of sedimentary rocks in the large complex sills on Mount Murray 
and Slide Mountain arr composed almost entirely of chat, although they may have a 
banded structure. 

The banded sedimentary rwks contain small recumbent folds which appear to be 
unrelated to the compressional folding of the Slide Mountain soup. Individual structures 
involve at most 4 to 5 feet of banded rocks. The folds are commonly attenuated and 
sharp but may be complex and lack a truly stratiform nature. If regarded as dragfolds, 
they normally indicate interbed movement, which is the opposite of that which would 
evolve during the major folding if the beds are right side up. Little possibility exists of 
local overturnin& because all pillow lava and many sedimentary beds can be proved to 
face upward. The structures most likely indicate prima? slumping in beds with an 
initial dip to the northeast. 

Microscopically, all the sedimentary rocks have many features in common-fine 
grain, clear chert avoids, and the same suite of minerals. Figure 7 shows the variation 
in mineral composition. It can be seen that almost all specimens contain both detrital 
and cherty quartz. Specimens which appear to be true cherts macroscopically are found 
commonly to be cherty siltstones. The dctrital component is mostly quartz but includes 
zircon, tourmaline, and sodic plagioclase. Detrital grains are normally less than 0.03 
and greater than 0.01 millimetre in diameter and extinguish uniformly. The particles 
are angular, except for the heavy minerals and rare large quartz grains (0.2 mm.). In 
some specimens minute quartz (less than 0.005 nun.) of the matrix also seems to be 
detrital because the grains extinguish uniformly, are angular, and are bounded by an 
irregular packing of opaque matter. More commonly the matrix is composed of crypto- 
crystalline quartz or chalcedony which has sutured, even, black boundaries and a caky 
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extinction. Porphyroblastic micaceous minerals form 10 to 20 per cent of the rock. 
Normally the micaceous mineral is sericite, but it may be biotite or chlorite. The mica 
plates are generally about 0.015 millimetre wide and 0.005 millimetre thick, 

Figure 7. Mineral composition, Antler formation, sedimentary rocks 

The banding of the rocks is seen microscopically to be at least partly due to variation 
in mica content; highly micaceous laminie separate bands of chat or cherty siltstone. 
The micaceous Iaminze may themselves be chcrty. 

Almost all specimens studied contain patches of microcrystalline quartz or chal- 
cedony that contrast with the surrounding rock in opacity and texture. These patches are 
normally ovoid, but in sxne specimens they are plate- or rod-like. They vary in size but 
are commonly large compared to the biggest detrital quartz grains. Some of the patches 
have vestiges of a form that indicate that they may have been organic; i.e., tube-like, or 
vague spiral or cellular shapes. Professor H. E. Wheeler, of the University of Washing- 
ton, examined a typical specimen but was unwilling to say more than that the patches 
may have been organic. 

The cherty rocks show evidence of replacement, solution, and recrystallization. 
V&lets of Eric quartz or chalcedony ramify through the chats and in some instances 
form as much as 5 per cent of the rock. Some veinlets are bridged by detrital gmins or 
micaceous laminze, showing there has been no dilation but only replacement or recr)~stal- 
lization. Some large, recognizably detrital grains are recrystallized partly or completely 
in a cherty manner. The unrecrystallized parts of such grains are highly strained. The 
presence of some stylolites indicates local solution of quartz. 
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The volcanic rocks of the Antler formation are chiefly basaltic pillow lavas, dark 
grey-green aphanitic or microporphyritic rocks. The pillows are massive and have little 
matrix about them. A rude radial and concentric jointing near the peripheries is the only 
internal stmct~re. In many exposures the pillowed structure can only vaguely be seen. 

Microscopically the freshest specimens of volcanic rock are composed approximately 

The plagioclase is clouded and sodic, the augite is fresh and calcic. The groundmass 
normally has a vaguely radial or spherulitic texture as do some knots of phenocrysts. 
Au&e and plagioclase phenocrysts commonly occur in interlocking semi-diabasic knots. 
These knots may involve as few as two crystals, a plagioclase lath with an hour-glass or 
pinched shape surrounded by a grain of au&e. Many specimens are altered to a semi- 
opaqw fine-grained mass of chlorite, epidotc, and calcite. 

In a number of localities the volcanic rocks contain irregular masses of dark grey- 
green chert which grades imperceptibly to normal volcanic rock. The chert masses are 
thus diflicult to distinguish in the field even though they truncate How structures in the 
volcanic rocks. The largest mass found, approximately 30 feet in diameter, was on the 
southwestern slopes of Mount Murray. 

A chemical analysis of a representative volcanic rock from the Antler formation is 
shown in Table IV in comparison with diabases of the Mount Murray sills and other 
similar rocks. The evidence of fabric and mineral and chemical composition all indicate 
that the volcanic rocks of the Slide Mountain group are related in origin to the Mount 
Murray intrusive rocks (sre pp. 42-45). 

Mode of Origin.-The source of the line detritus in the Antler formation appears 
to have come from the southwest as it did in the Guyet formation. Slump structures in 
the banded rocks of the Antler formation are directed from the southwest, so that initial 
dip must have been toward the northeast. 

The origin of cherty rocks has been discussed by many authors without general 
agreement. Reviews of the theories of origin can be found in Pcttijohn (1949, pp. 
328-332) and Bramlcttc (1946, pp. 41-46). In summary, chert is believed to have 
formed epigenetically or syngcnetically by organic or inorganic means. The ultimate 
source of the excess silica 1s commonly attributed to volcanism because of the world-wide 
association of chert and volcanic rocks, but it is also attributed to weathering. 

No single theory adequately explains all occurrences. In the following two examples 
of Tertiary age in similar settings, particularly clear evidence leads to different conclusions. 
Bramlette ( 1946) has shown that the Monterey bedded cherts are largely the result of 
redistribution of silica and compaction of beds containing large but variable amounts of 
diatoms together with ~otne silica reinforcement resulting from alteration of pyroclastic 
rocks, On the other hand, Park (1946, p. 313) has shown that in the Olympic Peninsula 
of Washington, jasper (ferruginous chert) is associated with spilitic pillow lavas and red 
rocks (limy shales), and that single bodies of jasper have replaced both rocks. 

In British Columbia, Dawson (1896, p. 41) postulated that the “ cherty quart&es ” 
of Cache Creek were silts or argillites which were silicified subsequent to deposition. He 
noted the association with volcanic rocks near Cache Creek and throughout the world. 
Caimes (1924, pp. 41-Q)) following Davis (1918, pp. 23%432), advocated a theory 
that involved contemporaneous precipitation of silica from emanations associated with 
lavas as the origin of Cache Creek cherts. Recent authors writing on Cache Creek rocks 
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(Armstrong, 1949, pp. 36-39; Duffel1 and McTaggart, 1952, pp. 18-19) have followed 
Caimes. 

The origin of the cherty rocks of the Slide Mountain group is not simply explained. 
Their development seems to involve the initial formation of fme-grained highly quartzose 
banded sediments and their subsequent recrystallization, solution, and replacement. 
Factors bearing on the problem are reviewed below:- 

( 1) Much of the Guyet formation has been silicified in a cherty manner. Some 
conglomerate composed originally of phyllite fragments has been silicificd 
so that it resembles a chcrt pebble conglomerate. It would seem impos- 
sible for silica gel to exist in sufficient quantity in the depositional environ- 
ment to produce the silicification (see p, 34). 

(2) Chert nodules and masses in limestone which preserve and replace abun- 
dant crinoid detritus are proof of epigenetic chert. As this limestone is 
elastic and interfingers with conglomerate, the environment would seem 
unsuitable for the precipitation of silica gel and penecontemporaneous 
replacement of limestone (.w p. 35). 

(3) Chert masses which truncate flow structures in volcanic rocks are proof 
of epigenetic chert (see p. 39). 

(4) The matrix of a small quartz-feldspar porphyry sill has been in some places 
entirely replaced by fibrous cherty quartz. This shows that some cherty 
replacement occurred not only later than deposition but after intrusion 
(see Intrusive Rocks), 

(5) Chert avoids occur in nearly all bedded cherry rocks. If these were 
originally organisms, as many appear to have been, it follows that: 
(a) If siliceous they have been filled in with silica, (b) if calcareous or 
chitinous they have been entirely replaced. If they were originally lapilli 
or volcanic dust, they have also been subject to alteration and replace 
merit (see p. 38), 

(6) Veinlets of fine quartz or chalcedony occur in chert, cherty argillite, and 
quartz-feldspar porphyry. Some of these veinlets are definitely formed 
by recrystallization or replacement rather than by fracture filling (see 
p. 38). 

(7) Some detrital grains of strained quartz have been partly or wholly recrys- 
tallized into a cherty mass (XP p. 38). 

(8) Rafts of sediments contained in sills are almost wholly chert although 
retaining a banded form. This may be partly the result of recrystallization 
but would seem also to involve replacement (see p, 37). 

(9) The character of the bedded rocks as they are described on pages 37 and 
38 is important. They arc mostly banded at similar intervals regardless 
of their degree of “chertiness.” The interbeds are more highly micn- 
ceous than the chcrty rocks they separate. There is abundant fine detrital 
quartz in argillitcs, siltstones. cherty argillites and siltstones, and in some 
true cherts. Even the minute quartz of the matrix appears to be detrital 
in some cases. There is every gradation between chert and argillite. 
Thus the original rocks seem to have been highly charged with fine detrital 
quartz in beds 1 to 2 inches thick and separated by thinner argillaceous 
rocks. 

An interpretation of such diverse evidence implies more than one source of silica 
and more than one origin of the chert. 

Most of the Antler formation was orianally composed of interbedded, very fine 
quartzose and argillaceous muds. Recrystallization alone may account for the cherty 
aspect of some of the banded rocks, but there can be no doubt that there has been much 
epigenetic silicification. It is not impossible for siliceous organisms or tuff to have been 
dissolved and redistributed as opaline silica to form cherty matrix, but the cherty silici- 
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tic&ion of large amounts of conglomerate and of some lava, limestone, and intrusive 
rock cannot adequately be explained in this way. 

TERTIARY(?) GRAVELS 

Angular gravels partly cemented by limonite commonly occur in minor amounts 
below the glacial till and stratified silts. sands, and gravels exposed in the creek bottoms 
by placer-mining. Many of the paystreaks in the placer-gold deposits of the region 
were at the base of these cemented gravels. Johnston and Uglow (1926, p, 25) showed 
that they are probably of Tertiary age. 

INTRUSIVE ROCKS 

Intrusive rocks are comparatively rare in the Antler Creek area. They are most 
abundant and form the largest bodies in the northeastern part of the area where they 
intrude the Slide Mountain group as sills and part of the Cariboo group as dykes. In 
the remainder of the area there are only a moderate number of small dykes. 

Johnston and Uglow divided the intrusive rocks into two groups-the Proserpine 
intrusions and the Mount Murray intrusions, The subdivision was made on the basis 
of the fact that the Proserpinc intrusions were acidic and were not seen to invade the 
Slide Mountain group, whereas the Mount Murray intrusions were basic and cut both 
the Cnriboo and Slide Mountain groups. They stated that the lack of younger wnsoli- 
dated rocks did not permit dating the Mount Murray intrusions. but they tentatively 
correlated them with the Coast Range (Jurassic) period of intrusion. 

This usage is maintained in this report. One acidic sill was seen in the Slide 
Mountain group, but it is unlike the Proserpine dykes in composition, texture, and 
alteration, and hence is nor thought to be a member of the Proserpine intrusions. The 
Mount Murray intrusions are dominantly diabasic bodies which are related to the basalts 
of the Slide Mountain group areally and in composition, and therefore most probably 
in time; hence they have been classed provisionally as Carboniferous rather than Jurassic. 
Most of the basic dykes in the Cariboo group are probably related to the diabase sills, 
but some, particularly lamprophyrc dykes, are younger. 

PROSERPISE DYKES 

Distribuiion.-The Proserpine dykes intrude the Cariboo group. They are dis- 
tributed throughout the map-area and are well exposed on Grouse, Wolf: and Antler 
Creeks. and in prospecting trenches on Mount Proserpine. Most dykes are 1 to 4 feet 
wide and the largest are 10 to 20 feet wide. 

Lit/w&y.-The Proserpine dykes are felsites that in general are so ankeritized 
that they weather a characteristic reddish-brown, They are usually aphanitic but may 
be microporphyritic. No dyke is fresh; most are highly ankeritized, and many are 
schistose. Commonly the dykes and their adjacent wallrocks are so highly ankeritized 
it is difficult to distinguish one from the other in the field. 

Microscopically, a typical dyke is composed of:- Per cent 
Pot&c feldspar ~~~~~~ ~~~~~~....~~~~~~~~~~~ ~~~~~~~~~~.~.~.~.....~~~~~~~~~~~~~~ 35 
Oligoclnse ~~~~~...~~~~~~ ~~~~~~~~-~~---~~~~~~ .~~~~ 15 
Quartz ~~~.~~~~~ ~~~~~~~~..~~~~~~~~~~ ~~~~~~....~~.~~.~~~~~~~~~~ ~~~~~~~~~~~~~~~~~.... 10 
Ankeritc porphyroblasts ...~~~~~ ~~~~~~~~~....~~~~~~~~~~ ~~~~ ~~~~~ 30 
Muscovite ~~~~~~~~~~~~~ ~~~~~~~~~......~~~~ ~~~~~~~~~~........~~~~..~~~~~~~~~~ 8 
Limonite ~~~~~~ ~~~....~~~~~~ ~~~~~~~~~.~~~~~~~~~~ ~~~ 2 

The feldspan are highly sericitized and the ma&z minerals entirely altered. The orig- 
inal fine.grained texture has been largely obliterated by the development of large ankerite 
porphyrob&ts and by muscovite which is oriented with a microscopic schistosity. Some 
dykes are composed entirely of ankerite, muscovite or fuchite, and quartz, and are indis- 
tinguishable from similarly altered sedimentary rocks. 
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SrrucrurrrI Rrluliuns.-The Proserpine intrusions are invariably steeply dipping and 
so are termed dykes, although they are in general concordant with the foliation. They 
were intruded after the major folding of the Cariboo group, but on lower Grouse Creek 
some of the dykes are folded with the Midas rocks. These latter dykes either followed 
preexisting folds or were involved in a second period of folding. 

Age.-AS pointed out by Johnston and Uglow, cobbles similar to the Proserpine 
mcks are found in the Guyet conglomerate, but intrusive bodies similar to the Proser- 
pine rocks are not found in the Slide Mountain group. The Proserpine intrusions post- 
date the major folding of the Cariboo group but antedate the deposition of the Slide 
Mountain group. 

Mourn MURRAY INTRUSIONS 

Distriburim-The Mount Murray intrusions invade both the Cariboo and Slide 
Mountain groups. They are more numemw in the latter group, in which they occur 
most commonly as sills. The largest sill in the map-area is approximately 700 feet thick, 
but this thickness includes nearly 200 feet of rafts of sedimentary rocks. Most sills are 
about 300 feet thick. The largest dykes are in the Cariboo group adjacent to the Slide 
Mountain group or along the contact between them and may be as much as 400 feet wide. 
Elsewhere in the Cariboo group the dykes may be as much as 50 feet wide but are nor- 
mally much less. 

Litholo~y.-With few exceptions, the Mount Murray intrusive rocks are dark 
greyish-green in colour and of fine to medium grain. Numerically and by volume the 
great majority are diabase. The remainder are diverse types, such as inclusion-filled 
aphanitic greenstone dykes and a quartz-feldspar porphyry sill cutting the Slide Mountain 
group; and small basic porphyry and lamprophyre dykes cutting the Cariboo group. 

The diabases are dark greyish-green rocks that weather to a rough dark reddish- 
brown surface. Specimens from the sills all show some degree of diabasic texture which 
commonly is coarse enough to be recognized in the field. Exposures of the sills are 
commonly massive with no pronounced jointing. In many dykes in the Cariboo group 

the diabasic texture has been largely obliterated by alteration and the development of 
schistosity. A very minor amount of ultramafic rocks, pyroxenites 01 scrpentines, occur 
within the diabasic sills or as dykes not far from them. The ultramafic bodies grade 
rapidly toward their margins to normal diabase. The texture of the pyroxenites indicates 
some form of crystal accumulation. 



Microscopically, the diabases are composed of plagioclase and au&e, or minerals 
formed from them, and accessory leucoxene. Fresh specimens are comparatively rare. 
Table III gives the mineral composition (mode) of a typical fresh diabase (l), altered 
diabase (2), and a schistose dykc (3). The feldspar is commonly oligoclase, less com- 
monly andesine or albitc. It is normally clouded, with the exception of some clear 
untwinned albite. The pyroxene, which may be fresh, is augite with an approximate com- 
position of GI,~M~,,F~,,, detcrmincd by Y-index and 2V. The augite is normally grada- 
tionally zoned, but the variation in composition is not great. Where the pyroxene is 
altered, it has been replaced either by a chlorite that shows anomalous blue interference 
colours or, less commonly, by a fibrous amphibole. Leucoxene usually has a skeletal 
habit and an internal rhombohedral pattern after ilmenite and an iron oxide exsolution 
product. Small laths of plagioclase may be included within leucoxene grains. Calcite 
is invariably present in small amounts and clinozoisite and epidote are rare. 

The diabasic texture may be developed in different degree or manner. The normal 
type of diabase has plagioclase laths about 2 by 0.5 millimctres enclosed in ophitic au& 
grains about 3 millimetres in diameter. A less common type has cuhedral though poiki- 
litic grains of augite (average size 1.2 x 0.7 mm.) in a matrix of plagioclase laths (1 x 0.3 
mm. ) and leucoxene. 



Table IV.Xhemical Analyses of Mount Murray Diabases and Related Rocks 

Chemical analyses of three Mount Murray intrusive rocks are shown in Table 1V. 
These specimens are:- 

(1) Spilitic diabase, from a sill on Beehive Mountain. 
(2) Altered spilitic diabase from a sill near Mount Greenberry. 
(3) Schistosc altered diabase from a dyke at the mouth of Lowhee Creek. 

The mineral composition (mode) and calculated norms of these specimens are shown 
in Table III. For comparison, an analysis of an extrusive rock from the Antler formation 
(4) is included in Table IV. Because the extrusive and intrusive rocks are probably 
related the four analyses have been averaged (5) ; this average may be compared with a 
greenstone from Cache Creek rocks of the Coquihalla area(h) and an average spilite (7). 

The minor types includc:- 
1. Quartz-feldspar porphyry is found in one sill on the lower slopes of Mount Mur- 

ray in the Antler formation. Highly sericitized, euhedral albite-oligoclase phenocrpsts 
form about 15 per cent and embayed quartz phcnocrysts about 10 per cent of the rock. 
Some of the quartz grains show incipient recrystallization to fine quartz. The matrix is 
fme-grained and highly sericitic and in many places is replaced by a fibrous cherty quartz. 
Where the matrix has been replaced, fine chert veinlets are common. In several instances 
these veinlets are bridged by phenocrysts which show, in the plane of the veinlet, bands 
of strain and incipient recrystallization. 

2. Inclusion-filled basic aphanitic dykes, which resemble flow rather than intrusive 
rock, are composed of greenstonc and contain limestone inclusions. 
Mountain is at least 6,000 feet long and as great as 400 feet thick. 

A dyke on Waverly 
Rounded to platy 

fragments of limestone as much as 6 inches in diameter are aligned within it. Where 
there are no limestone fragments, calcite is commonly an integral part of the rock or 
forms amygdules. Microscopically, the dykes consist of patches of chlorite and micro- 
crystzdline epidote in a semi-opaque cryptocrystalline groundmass and resemble some 
flows of the Slide Mountain group. 

3. Small basic dykes which intrude the Cariboo group may be rclatcd to the diabasic 
rocks but have a different fabric and somewhat different composition. Typical small 
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