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.ABSTRACT: 

A study of the S'locan. Series of South Eastern 

B r i t i s h Columbia along the three related paths of Lithology, 

Biology and Tectonics i s made. The Ilthotopes studied are 

mainly microscopic, though some megascopic characters are 

used to determine bottom conditions. The microscopic work 

was done on sl i d e s made from specimens taken at random on a 

cross-section of these sediments from near Zincton B.C. along 

the v a l l e y s of Seaton and Carpenter Creeks, to Mew Denver, 

B.C. The- specimens indicated an increase of grain size and 

feldspar content from the bottom of the section towards the 

top. This i s correlated with an increase i n sediment supply 

and rate of subsidence. The f o s s i l s found by Cairnes show 

that these sediments were l a i d dovra i n marine waters. A 

study of IIthologic assemblages and types: leads to some 

hypotheses. These, taken with a study of the Windermere, 

geosynclinal assemblage, and th e o r e t i c a l considerations based 

on the orogenic cycle, allow a h i s t o r y of the area to be made. 

This h i s t o r y indicates that the Slocan Series, while the 

re s u l t of a. separate downwarp of the crust, i s probably part 

of the complex Purcell-Windermere geosynclinal sequence. 
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INTRODUCTION 

Location, and General Geology 

The location of the area studied i s shown i n 

Plates: I, II, and X. 

Plate. I shows the general C o r d i l l e r a n setting of 

the Series, and Plate II gives the names and l o c a t i o n of 

maps, and reports which describe: the Slocan and related 

s e r i e s . Plate X i s a composite map showing the regional 

geology. 

The section of the Slocan series with which the 

writer is. most f a m i l i a r and with which this., thesis i s mostly 

concerned lies, i n the S e l k i r k Mountains, i n the v i c i n i t y of 

Sandon, B.C. This area i s also the section i n which the 

Slocan series has i t s greatest a r e a l exposure. 

The Slocan series, i s r e f e r r e d to the T r i a s s i c by 

Cairnes and "forms; the largest single known area of Mesozoic 

sediments i n the S e l k i r k Mountains" ( 3 ) . The contact and age 

relationships, of the series w i l l be discussed i n section VII. 

B r i e f l y , the series; is underlain by the Kaslo series which i s 

in. turn underlain by the Carboniferous; M i l f o r d s e r i e s . 

The Slocan series i s composed of a great thickness: 

of a r g i l l l t e s , • limestones, quartzites, and some tuffaceous; 

beds. The Kaslo series is: made up of lenses of volcanogenic 

sediments; associated with sheets, dikes, plugs, and lacco-
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l l t h i c masses, of related i n t r u s i v e s . The, M i l f o r d series, 

underlying or cut by members of the Kaslo series i s composed 

of an assemblage of limestones, s l a t e s , a r g i l l i t e s , quartz-

i t e s , and minor intrusive masses. 

The: formations to the east of the Slocan series 

range i n age from. Late-Pre-Cambrian to (?) Ter t i a r y , but 

Pre-Cambrian measures occupy the major part of the S e l k i r k 

Mountains. The Nelson and Kuskanax batholiths and. a host 

of attending minor stocks;, dikes, and s i l l s intrude the 

sedimentary assemblage. A number of these larger stocks 

and a great number of minor dikes intrude the Slocan series 

i n the Sandon area. 

The rocks to the west of the Slocan series are 

c r y s t a l l i n e schists:, c r y s t a l l i n e limestones:, and paragneiss;" . 

These rocks have been referred to the Late Pre-Cambrian by 

Cairnes. (3). 

Topography 

The following very b r i e f description is: adapted 

from Cairnes (3). The area i n which the Slocan series is: 

exposed i s one of strong mountainous r e l i e f . There are no 

extensive uplands. The v a l l e y walls have comparatively 

uniform slopes, of moderate angle.. The areas of Nelson: 

granite and Kaslo series are normally more rugged and 

sharper i n outline than those underlain by sediments of the 

Slocan series and usually are higher i n elevation. 

Slocan and Kootenay Lakes occupy prominent l i n e a r 

valleys which i n part cut across and in. part coincide with 



P, View taken from J i l v e r K-ia>e looking northwest across Slocan Lake toward 
the Valhalla nountalas . Denver i s i n lower foreground. 
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the geological structures. These v a l l e y s are interpreted 

by Cairnes (3) to be the r e s u l t of erosion by antecedent, 

r i v e r s . 

Purpose of the Study and Materials Used 

This thesis; i s an attempt to determine the de-

p o s i t i o n a l environments, source area and dominant tectonic 

a c t i v i t y a f f e c t i n g the formation of the Slocan s e r i e s o f 

South Eastern B r i t i s h Columbia. 

It i s also an attempt to use. Holmes' conception 

of the orogenic cycle (.7) i n order to determine the time 

and space relationships, of these rocks with some of the: 

bordering assemblages of s t r a t a i n this, region of the 

Canadian C o r d i l l e r a . 

The materials: used in. this; study are: published 

maps and reports of the Geological Survey of Canada and the 

United States Geological Survey, describing areas i n which, 

these and related rocks are exposed; a reconnaissance: cross-

section, survey of these sediments by the writer from, near 

their lower contact with the. Kaslo series, east of Zinc-ton 

B.C.. to their disappearance beneath the waters of Slocan 

Lake near New Denver B..C-.; and a microscopic study of 

representative l i t h o l o g i c types c o l l e c t e d by the writer on. 

this cross-sec tion... 

The f i e l d season of 1949 was spent by the writer 

i n observing rock types, primary features and s t r u c t u r a l 

d e t a i l s of thes.e sediments while a s s i s t i n g i n a d e t a i l e d 
geological mapping project for the Kelowna. Exploration 

Company of Hedley, B.C. The general impressions of t h i s 
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experience are: used, i n t h i s study. 

Pour.days were spend i n the f i e l d mapping the 

cross-section mentioned above and three f i e l d days i n an 

unsuccessful search for f o s s i l s . About four weeks were 

spent by the: w r i t e r examining s l i d e s of hand specimens 

c o l l e c t e d on the above cross-section. Many evenings of 

the summer of 1950 were, spent i n the preparation of maps 

and i l l u s t r a t i o n s and the writing of t h i s thesis i n the 

geological office, of the N i c k e l Plate Mine near Hedley,B.C. 

It must be understood that this: study i s i n no 

sense: the f i n a l word on this aspect of the geology of the 

Slocan s e r i e s . The conclusions are tentative and baaed 

upon incomplete, data.; s t i l l i t is. hoped that continued 

systematic observations along the l i n e s sketched below 

could prove or disprove, the following inferences and b u i l d 

up a more accurate picture of the stratigraphy of t h i s 

section of the Canadian Cdrdilleran sediments. 

P i e l d Work 

The. generalized results of. the f i e l d work done 

i s shown on Plate V. The outcrops: examined were: those; 

found i n road cuts, r a i l r o a d right-of-way cuts and stream 

banks. In addition to the reconnaissance: traverses men

tioned e a r l i e r , many reconnaissance t r i p s were made by 

Mr. W. Sharp,•geologist for the Kelowna Exploration Company, 

and the writer up to the prominent ridges; of the d i s t r i c t . 

These" t r i p s were made as part of the above company's. 



PLATE B 

View taken from S i l v e r Ridge looking northeast up the valley of Kane Greek. 
View shov.s the northwest side of sea ton Greek v a l l e y . The Kaslo Volcanics 
and the L i 1 ford series form the hich p e c k s i n the background. 
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'economic' mapping of the region. The generalized r e s u l t s 

of some of these t r i p s are shown on Plate V. 

Por a distance of about 2000 feet v e r t i c a l l y 

above Carpenter creek on the south, slope of" Carpenter 

Mountain a thick series of mostly v e r t i c a l s t r a t a vjhich 

had a northwest s t r i k e and 'tops' west were mapped. These 

observations taken with those-, shown on the w.est slope of 

Howson Creek., indicate that the axis o f an overturned 

a n t i c l i n e l i e s at least two thousand feet above the v a l l e y 

bottoms. The exact l o c a t i o n of the trace of the a x i s of 

the overturn and, indeed, none-: of the s t r u c t u r a l details: 

of the region: are of great import i n a sedimentation study 

of t h i s type:. Once the major structural, picture has been 

unravelled and the l o c a t i o n of." the s t r a t a with respect to 

the major structural, pattern, is. determined then the primary 

and secondary characters: of the- rocks themselves: are the 

important elements is; a study of sedimentation and h i s t o r y . 

On a reconnaissance, t r i p oh the east slope of. 

Carpenter Creek: above. Cody and near the. Reco-Texas Peak 

ridge an overturn was mapped by Mr.. Sharp and the writer 

from observations of 'tops' (determined-by cross-bedding) 

and by the attitudes of the beds. The approximate l o c a t i o n 

of t h i s overturn i s shown on Plate V. 

In addition, to these t r i p s four months of day-

by-day mapping i n the Howson Creek, Q,ueen. Bess area has. 

convinced the writer of the v a l i d i t y of the overturn 

concept since only when the broad, s t r u c t u r a l pattern was. 



kept i n mind did the minor d e t a i l s of drag-folding, 'tops' 

and attitudes of s t r a t a become coherent. 

The above mapping experience furnished the writer 

with ample opportunity for observing minor primary char

acters, of the Slocan series such as cross-bedding, graded 

bedding and so f o r t h . A f a m i l i a r i t y with l i t h o l o g i c types 

was attained also during the course, of t h i s work. .About 

f i f t e e n observations of the orientation of cross-lamina-

tions were made during the course of the seasons work. 

These w i l l , be discussed l a t e r . 

The observations: noted on the cross-sectional 

traverses, mentioned e a r l i e r , were plot t e d d i r e c t l y on 

&§• x 11" sheets onto which had been traced some geological 

features,, roads, streams; and other topographical d e t a i l s . 

These d e t a i l s were: traced from an enlargement made by Mr. 

J. Lamb of part of Cairnes 1 map of. the area (G.S.C. Map 

273A). P o s i t i o n on the ground was determined by pacing 

and bearing to these topographic features. 

The predominant rock type found, on the Sandon-

Three Forks traverse was. a very black and soft carbonaceous 

shale. These rocks were found i n formations which dipped 

steeply to the west. The 3 t r i k e was the regional one, i . e . 

northwest. There were a few outcrops where the dip was. 

noted to be to the east. This rock was p y r i t i f e r o u s i n 

part but i n general consisted e n t i r e l y of black f i n e 

grained material. 
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In some areas the rock had weathered r e a d i l y , 

and "broken, into small red colored chips and gragments. 

Apparently the more- advanced the weathering the redder i n 

color the chips became.. 

Approaching Three. Forks the' rocks; were harder. 

A r g i l l i t e s and argillaceous quartzites; were encountered 

here. A large piece of conglomeratic f l o a t was; found under 

one of the railway bridges near Three Forks. This was a 

rounded boulder about three feet i n diameter. This boulder 

was composed of fin e grained to coarse fragments of a r g i l l i t e . 

A l l the fragments, were cemented together by arg i l l a c e o u s 

material. A l l the fragments, were rounded to subangular. 

As t h i s was a piece of f l o a t no inter p r e t a t i o n can be. placed 

upon t h i s conglomerate, from the point of view of sedimenta

t i o n . Pettijohn has described a similar type of boulder." 

and c a l l e d i t •Mudball'. On the numerous t r i p s the. writer 

made up the Carpenter Creek there were no bedded rocks i n 

place which corresponded even remotely with t h i s 'conglomer

ate..' According to Pettijohn such, boulders, may be formed by 

the accretion of small rocks and pebbles to a nucleus of >?% 

possi b l y a large mud-covered pebble, (as. this nucleus i s 

r o l l e d i n a stream' bed.) The growth of the boulder i s 

similar to the growth of a snowball as i t r o l l s downhill. 

Some f i s s i l e slates interbedded with thicker, bedded 

a r g i l l i t e s were found near Three Forks. These f i s s i l e slates 

consisted mainly of dark grey argillaceous layers with some 
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sandy partings. Usually there was some evidence of 

dynamic metamorphism i n the form of f i n e crenulations on 

the bedding planes. 

Prom Sandon to about three, miles- from Three Porks 

no outcrops were encountered. In general throughout Sandon 

area the lower slopes of the valleys and many of the- f l a t -

topped ridges were commonly d r i f t covered and outcrops 

scarce. 

On the Three Porks-Zincton traverse the most 

s t r i k i n g feature was the change i n s t r i k e of the beds. The 

predominant s t r i k e for at least a mile and a half from 

Three Porks was north east whereas the regional s t r i k e i s 

northwest. The rock types encountered on t h i s traverse 

were c h i e f l y massive a r g i l l i t e s and f i s s i l e s l a t e s . Some 

limestone members were seen also. In general dips here are 

less, steep than to the west. They varied from twenty to 

f i f t y degrees. 

Some large folds i n the. soft sediments Were seen 

from the r a i l r o a d but were not mapped. The general im

pression from t h i s traverse is. of an area of badly contorted 

incompetent s t r a t a . Detailed mapping, p a r t i c u l a r l y on the 

London ridge side of Seaton Creek could.possibly unravel the 

detailed s t r u c t u r a l picture.. Por about one mile and a half 

from west of Zincton to about one mile east of this v i l l a g e 

soft f i s s i l e slates; were encountered. 

The outcrops i n road cuts along the Three Porks-
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.APPROACH TO SEDIMENTATION ANALYSIS OP SLOCAN SERIES' 

An attempt w i l l "be made i n t h i s thesis to apply 

the- p r i n c i p l e that problems of sedimentation are 'most 

l o g i c a l l y approached along three, interrelated, paths: 

l l t h o l o g y , biology* and t e c t o n i c s L - (l) 

The writer intends to use three terms suggested 

by Sloss et a l ( 2 3 ) . However the d e f i n i t i o n of these terms-

w i l l , be somewhat more extended than suggested in the above 

paper. 

Lithotope This term ref e r s to any single c h a r a c t e r i s t i c 

of a sedimentary deposit useful, i n reconstructing the sedi

mentary h i s t o r y of that deposit, which may properly be re

ferred to lifchology.. For example, textures and structures 

which are environmentally s i g n i f i c a n t are lithotopes. Thus 

cross-bedding could be a l i t h o t o p e . 

Eiotope This, term designates- f l o r a l or faunal character

i s t i c s of a deposit which may aid. in. the Interpretation of 

conditions- of sedimentation of the deposit. For. example, 

"a c r i n o i d fragmental limestone and a coarse sandstone may 

represent i d e n t i c a l dynamic- but r a d i c a l l y d i f f e r e n t ecologi

cal conditions." (2) Thus i n a rock unit which contained 

fragmental c r i n o i d columns', this c h a r a c t e r i s t i c would be a, 

biotope-

(I) (23J p. 91 
. (2) (23) p. 95 
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Tectotope A tectotope is a single characteristic of a 

deposit •which indicates the dominant tectonic- activity 

affecting the accumulation, of that deposit. For example, 

a thick series of greywackes below a series of impure; 

quartzites intercalated, with volcanic intrusives would 

indicate eugao synclinal deposition, and a lithologic 

assemblage of this sort would be a tectotope. Tectotopes 

are normally strata or successions of strata with gross: 

and minor lithologia characteristics which are. of tectonic 

significance. 

The. Slocan Series; wi l l be studied in terms of 

lithotopes., biotopes,and tectotopes;. From the distribution 

and character of these sedimentation, elements, interpre

tations: of the paleogeography of the area can be made. 

Studies of large stratigraphic units are most useful in 

determining the tectonic aspects of the area in which 

sedimentary deposits: were made. For this reason a. consider

ation, of the regional geology of the Slocan Series is 

essential. The geologic history of the whole area can 

shed light on the. shorter term events and conditions in

volved in the formation of the Slocan series. An attempt 

at an elementary analysis; of this type wi l l be made in 

the following pages. 

We wi l l consider f irst the rocks; and. their primary 

features-, then organisms contained in the rocks, or affecting 

directly- or indirectly the deposit formed, and, f inally a 
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l i m i t e d regional tectonic: appraisal and study of the 

regional h i s t o r y of the larger s t r a t i g r a p h i c unit, of 

which the Slocan series i s a part, w i l l he made. 

However, before considering the above elements, 

a b r i e f discussion of the s t r u c t u r a l geology of the Slocan 

series as developed near Sandon is necessary. 
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STRUCTURAL GEOLOGY OF SLOCAN SERIES IN SANDON AREA 

Cairnes (3) made the f i r s t generalization con

cerning the structure of these rocks. He recognized the 

complexity of the structure hut subsequent investigations 

have shown these series to be more complex s t r u c t u r a l l y 

than he had conceived. Cairnes 1 conception was that "the 

Slocan strata l i e i n numerous dome-shaped and basin-shaned 
(1) 

f o l d s . " Plate III shows Cairnes 1 conception and some 

of his structure sections. Mayo was f i r s t to recognize-

that overturning was an important element of the s t r u c t u r a l 

p i c t u r e . In the summer of 1941, while mapping for the 

Kelowna Exploration Company on--Payne Mountain,, near. Sandon, 

he found clear evidence of a major overturn i n the t i l t e d 

s t r a t a . Subsequent detailed mapping i n succeeding summers 

c l e a r l y showed that there, was many steep or gentle layers 

with 'tops' down.. The evidence f o r t h i s was c h i e f l y cross-

bedding. Moreover, drag-fold patterns corroborated these 

determinations; i n every instance.. Furthermore, based on the 

concept of recumbent folds with overturned limbs, a coherent 

s t r u c t u r a l picture, emerged which has formed the basis of 

much economic work by the Kelowna Exploration Company i n 

Sandon area. Plate IV, which•is adapted from a sketch 

kindly lent by Mayo to the writer, shows i n i d e a l i z e d form 
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the concept of the structure of the Slocan series, in the 
area near Sandon. The following quotation from a personal 
communication, by Mayo describes in somewhat greater detail 
the origins and elaboration of the structural concept now 
accepted by those geologists; who have -worked, in the area 
but who have as yet not published their findings. 

"Development of Ideas on Structure in Slocan District 
At the time of publication of C. E. Cairne's 

memoir on the Slocan Di s t r i c t , the Triassic (?) sediments 
of that area were supposed to be deformed in to upright, 
more or less symmetrical, anticlines and synclines. This 
concept of the structure appeared to be supported by the 
work done in 1939 by L. W. Cramer, for Kelowna Exploration 
Company. 

In 1940, Mayo, assisted by Cramer, mapped part 
of the surface geology of Payne Mountain.. The structure 
mapped appeared to be a syncline, but recognizable horizons 
on one flank of. this fold were, not repeated on the other 
flank. Somewhat later in 1940 Mayo mapped the accessible 
underground geology of the Payne Mine, which lay athwart 
the supposed syncline. The underground structure, did not 
even remotely resemble a syncline. Among the surface struc
ture mapped was a band of southwesterly dipping rocks almost 
ver t i c a l l y above rocks, with, northeasterly dip. Unfortunately , 
the significance of these observations was. not realized, 
and-at the close, of the 1.940 f i e l d season no coherent 
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structural, picture had been obtained. 

In 1941, Mayo made a very detailed.traverse 

across the axis of the supposed Payne syncline. In the 

course of t h i s traverse, a small c l i f f , perhaps 20 feet 

high was descended at the top of the c l i f f , s t r a t a dipped 

southwestward, and at its. base the beds dipped northeast

ward. Prom a. t r a i l , at the base of the c l i f f , the actual 

overturn of the s t r a t a could be seen. Reconnaissance, 

established the "Payne overturn" i n the place of the Payne 

syncline, and i t s a x i s was traced for several thousand feet 

along the southwestern, slope of the mountain. A structure 

section, using the then available data, showed the a x i a l 

plane of the Payne overturn to dip northeasterly from i t s 

surface outcrop. Some 5 years, l a t e r , Mr. Paul B i l l i n g s l e y 

using Mayo'a f i e l d notes.,, made a number- of structure, sec

tions of the southwestern slope of Payne mountain and the 

slopes south of Carpenter Creek. These sections showed the 

a x i a l plane, to dip southwesterly,, and B i l l i n g s l e y then pre

dicted that the Payne overturn would be found i n the Ruth 

mine. This prediction, was v e r i f i e d by A. E. B u l l e r i n 

the winter of 1946-47. 

Meanwhile, i n the P a l l of 1.941. Mayo mapped the 

geology of the 5 l e v e l , Q,ueen Bess. mine. Here Cramer, i n 

1939 had mapped, a syncline on surface, which he termed the 

Queen Bess syncline. He had traced i t s axis for many 

thousands of feet, into Carnation basin to the southeast. 

The underground mapping again f a i l e d to reveal, anything 

l i k e a syncline, but the b r i e f time available did not 
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permit recognition of the true structure. 

In 1946 B i l l i n g s l e y and B u l l e r , examining: Cramer's 

maps, noticed a place •where the east dipping limb of the 

supposed Queen Bess syncline was almost v e r t i c a l l y above 

i t s west dipping limb. They' then recognized that here 1 was 

another overturn, concave west, convex east. The Payne 

overturn was convex westward, concave eastward. The Queen 

Bess overturn, lay above the Payne overturn, and was. opposite 

i n kind* B i l l i n g s l e y and Buller then a r r i v e d at the con

clusion that the Slocan sediments had been deformed into a 

p i l e of recumbent a n t i c l i n e s and syncllnes, but there was 

at that time no means; of t e l l i n g which ware a n t i c l i n e s and 

which were synclines. 

In 1.947, Mayo, then i n charge of geological In

vestigations, for Kelowna Exploration Company i n the Slocan. 

d i s t r i c t , started a. systematic; search f o r those primary 

depositlonal features that might reveal which beds were 

ri g h t side up, and which inverted. In this; work, he was 

ably assisted by V/. M. Sharp and John Lamb. £X about the 

same time a f i e l d party under the d i r e c t i o n of Dr. M. S. 

Hedley of the B. C. Department of Mines, began a si m i l a r 

program. Of a l l the primary features, found, cross-bedding 

proved to be the most u s e f u l . The many observations of 

t h i s feature proved that the Payne overturn was a recumbent 

a n t i c l i n e ; the Queen Bess a syncline. Roots of these, f o l d s 

should l i e to the northeast. 
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In 1948., observations; on the nature and d i s t r i 

bution of minor drag fo l d s proved that the recumbent a n t i 

c l i n e s and synclines. -were dominated hy the f l e x u r a l - s l l p 

mechanism. The: directions, of rot a t i o n about the minor f o l d 

axes, agreed with the observations on cross, bedding, and thus 

provided a double check on the structure. The sequence, as 

determined to date i s : 

Top 1... Silver- Ridge, recumbent a n t i c l i n e , 
t i g h t l y oppressed. 

2. Queen Bess; recumbent syncline.. 

Bottom 3. Payne recumbent a n t i c l i n e . 

In 1949 some reconnaissance studies were made alon 

the Kaslo River, and one structure section was made on a 

southwestern spur of the Slocan Alps. As a r e s u l t , i t was 

suggested: 

1. That the roots of the "overturns" l i e 
i n the schist b e l t , just southwest of 
of. the Kaslo volcanics;. 

2. That the Kaslo volcanics once, arched, 
carapace-like, over the p i l e of Slocan 
recumbent folds;. 

3. That, therefore t h i s volcanic carapace 
must be the case of a huge overturned 
f o l d , with root beneath the present 
Kaslo outcrop, and upper limb north
east of the Kalso, and represented by 
that part of the Milf'ord. series nearest 
the Kaslo. 

4. The " f l o o r " underneath the recumbent 
folds must be the schists, and gneisses 
such as outcrop i n the V a l h a l l a 
Mountains." 

The composite structure section of Plate IV shows, 
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the axes of overturns higher than Mayo has described in 
the above quotation. This was done purposely by the writer 
because at the time this sketch-was made, for policy reasons 
the Kelowna Exploration Compahy did not wish the exact 
location of the axes of overturns to be divulged. However, 
as the exact location of axes was of no import to this 
subject the writer decided, to draw, a generalized even some
what incorrect structure section. The main idea that a 
traverse through these rocks, was possible from bottom to 
top and would furnish an opportunity for the study of 
lithotopes and. bio-topes in sequence is illustrated in this 
section. This was one of the main purposes of this sketch 
and. the: writer feels this: purpose, was accomplished.. 

In addition to the above, purpose the writer wished 
to show how the mechanism of sub-crustal convective currents 
and i.S"0static uplift, of the 'root* might produce this, type 
of structure. 

The writer has no information concerning the 
structure, of the series: in areas of the. Slocan strata not 
shown on Plate V. Interestingly enough one of Cairnes' 
structure sections (Section C-D, plate III near. Three Porks) 
shows clearly a drag-fold occurring in competent beds ofL 

quartzite and argillite which from its pattern could occur 
only on the west-dipping limb of a recumbent fold, and 
could not possibly have occurred on the limb of an open 
broad fold. The writer is satisfied after one summer of 
mapping in the field, both of detailed and reconnaissance 
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nature, that the "broad st r u c t u r a l picture as conceived by 

Mayo i s v a l i d . However- i n detail., as Cairnes r e a l i z e d , 

the structure of the Slocan series remains complex, esp e c i a l l y 

so i n the Slate B e l t . 

Prom the point of view of sedimentation study of 

the Slocan series, the recumbent fo l d i n g concept i s a very 

happy one. As Plate V and X show, the v a l l e y of Carpenter 

Creek furnishes a deep cut through the whole series at. 

r i g h t angles to the regional s t r i k e . This means i n effect 

that the steeply t i l t e d s t r a t a here exposed i n almost con

tinuous section i n stream and road cuts are a continuous 

record of the sedimentation h i s t o r y of the Slocan series.. 

Beyond Three Porks towards White Water and Zincton the 

s t r i k e of the strata i n many places almost p a r a l l e l s the 

v a l l e y of Seaton Creek and so the section here is- not so 

useful, for a sedimentation study. However'there are. many 

hundreds, of feet of s t r a t a which do cross the v a l l e y and the 

road and railway cuts, and even here the v e r t i c a l succession 

of strata can be seen c l e a r l y . 

There w i l l be no attempt here to give more than 

the above essentials of the s t r u c t u r a l picture., since such 

an exposition could only be and most probably w i l l be 

described i n papers by those geologists mainly responsible 

for unravelling the complexities of Slocan series structure. 

There, i s , however, one point which should be 

mentioned here as pertinent to a discussion of t h i s type. 
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Cairnes had measured and stated the thickness of the Slocan 

series to he only 6,800 feet. This figure was based on the 

st r u c t u r a l concept of broad open f o l d s . However since this; 

concept i s no longer v a l i d , the figure for the t o t a l thick

ness of the serie s i s also i n v a l i d . The writer w i l l not 

attempt to give a figure for the. thickness of the series* 

A l l that can be stated here i s that the series i s much 

thicker than 6,800 feet. A glance at and comparison of 

the structure sections of Cairnes and the sketch of Plate 

T w i l l show this f a c t quite c l e a r l y . As to t a l thickness 

of a stratigraphic unit Is a tectotope, this f a c t then 

has sedimentation s i g n i f i c a n c e . Purther discussion of the 

new st r u c t u r a l concept of the. Slocan series is reserved 

for the section on t h e o r e t i c a l considerations. 
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' LITHOLOGY OF THE SLOCAN SERIES." 

The lithotopes most useful In sedimentation 

studies i n rocks of Slocan series types are those de

termined mainly by microscopic methods. However, mega

scopic features are also useful. Testures, structures 

and composition are of course the most important l i t h o 

topes. Size range of the d e t r i t a l p a r t i c l e s on a single 

s l i d e too can "be used as a lithotope. 

The l o c a t i o n of the representative l i t h o l o g i e 

samples is shown on plates .III and V. In addition to the 

section mentioned e a r l i e r a traverse from Sandon to Three. 

Forks was made also. Samples were taken from t h i s t r a 

verse as well as from the New Denver Zinc-ton one, the 

lo c a t i o n of samples: taken from t h i s traverse i s also shown 

on. these plates... This tra.verae i s e s s e n t i a l l y p a r a l l e l 

with the s t r i k e of rocks and gives some in d i c a t i o n of the 

continuity of l i t h o l o g i e types along the s t r i k e of the 

formations. 

An appendix gives b r i e f petrographic reports on 

a l l of the speciments examined. A word here on the nature 

of the microscopic examination would be i n order. The main 

object of the examination was to determine size and compo-
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s i t i o n of the p a r t i c l e s within rather wide l i m i t s . The 

percentages given are as accurate as two or three random 

traverses across the section with a stage micrometer would 

allow. Mo great accuracy for the determinations of s i z e or. 

percentage compositions i s claimed, nor for the purposes 

of the thesis' necessary. Also the method of sampling made 

a very accurate count of composition of l i t t l e real, s i g n i f i 

cance . 

In the following des crip tion. of the l i t h o l o g y of 

the Slocan series as seen, by the writer, rock types w i l l be 

described In order- of appearance from the basal part of the 

series as exposed in. the. Sandon area upwards to the youngest 

s t r a t a : that i s , the rocks w i l l be described i n the order one 

would encounter them t r a v e l l i n g from Zincton through Three 

Porks to Mew Denver along the main road and i n the railway 

cuts. 

Cairnes makes some generalizations on the petrology 

of the series which should be used to introduce this section: 

"The series comprises a. v a r i e t y of sediments, which for con

venience i n de s c r i p t i o n are classed as sl a t e s , ar.gilllt.es, 

limestones, quartzit.es,. conglomerates, and tuffaceous beds. 

A l l gradations in. textures and composition: from one v a r i e t y 

to the other may be found. In structure they range from 

massive blocky rocks- to others notably f i s s i l e and s l a t y . 

The s e r i e s has been subjected to varying degrees, of l o c a l 

and regional, dynamic and thermal metamorphlsm" ( .3 ) . 

http://ar.gilllt.es
http://quartzit.es
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The "writer did. not see any true conglomerate: but 

a v a r i e t y of conglomerate which Pettijohn described as 

'mudballs' (l) p. 146, composed of fragments of granite 

rocks, possibly from the Nelson Bath o l i t h and fragments, of 

Slocan series a r g i l l i t e . Mayo (10) believes that what 

Cairnes has c a l l e d basal conglomerate of the Slocan s e r i e s 

i n the Sandon area i s not a true basal, conflomerate. No 

tuffaceous beds were seen by the writer on the section 

examined.. 

Cairnes has excellent descriptions of rock types 

(pp.53-57 (3)) and i t i s not intended to repeat here these 

descriptions. Rather the types of rock a c t u a l l y seen, and 

examined w i l l be described as lithotopes. Included with 

the b r i e f petrographic description, w i l l be one of megascopic 

lithotopes. 

Subdivision, of the Slocan Series-

Prom cross sectional l i t h o l o g y , as shown In 

Figure 3 of Memoir 173, the B e l t s of Plate, V were deter

mined by simple projection to plan (See Plates I I I and V). 

Of course t h i s i s an oversimplified picture and i s mainly 

a subdivision, of convenience for descriptive, purposes. In 

the Slate belt for example are limestone s t r a t a , quartzite 

s t r a t a , a r g i l l i t e s and intermediate types. This d i v i s i o n 

i s thus one based on preponderance of l i t h o l o g i e type. 

In view of the overfolded nature of the whole 

series i t i s not impossible that the second or 'youngest' 
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slate belt i s an overfolded segment of the oldest or western 

slate b e l t . A glance at Plate IV w i l l indicate the plaus

i b i l i t y of th i s hypothesis. In e f f e c t then we have only 

one slate b e l t , and the western bel t can be considered from 

the point of view of sedimentation as part of the eastern 

one and does not record a change of conditions of the basin 

of deposition back to a state similar to those of Eastern 

Slate Belt time. 

In overfolded s t r a t a such as the Slocan series a 

plan view of the l i t h o l o g y which does not take into account 

the: structure can give a misleading picture concerning 

facies change. Apparently, i n plan, limestone strata w i l l 

grade out in st r i k e into quartzite s t r a t a . This may how

ever not be the case' at a l l . from the sedimentation point of 

view. Here the structural impress can be at least as. im

portant as the development of f a c i e s . 

The only way of determing i d e n t i t y of s t r a t a on 

change of strata i n s t r i k e or section i s to "walk out" the 

beds. This i s not possible i n the Slocan series of Sandon 

area due to the s c a r c i t y of outcrop over large distances. 

The writer has traced one band of carbonaceous 

shale for at least one mile from: near Three Porks to 

several hundred yards, east of Parapet. The Kelowna geolo

g i s t s have traced members further than that and with more 

certitude* Certainly then i n view of s t r u c t u r a l factors, 

i t i s not impossible that conditions and types of sedimenta-
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t i o n were consistent over large areas of the basin of 

deposition, of the Slocan ser i e s . In other -words, i t i s 

not necessary to state or. assume that the s t r a t a were 

deposited as intertonguing mosaics of a r g i l l i t e s , lime

stones and quart zites-, though of course t h i s may have 

happened. 

Structure of the Slate Belt 

The pronounced change i n s t r i k e of the form

ations i n the Slate Belt and the higher degree of meta

morphosis apparently of dynamic, type, indicates' that this; 

was a z;one of adjustment of c r u s t a l forces. Hedley (6) 

believes that the apparent thickness of the series here i s 

due to r e p e t i t i o n of strata by small scale f o l d i n g and 

f a u l t i n g rather: than due to large scale i s o c l i n a l f o l d i n g 

as C'airnes: indicated on. h i s structure sections. In view 

of the new. picture of the structure of the series., then 

i t does seem, that this - area would be a center of complex 

deformation p a r t l y because of i n t e n s i t y of forces and 

p a r t l y because the strata involved were incompetent slates 

and yielded more r e a d i l y than the more: competent q u a r t z i t i c 

s t r a t a to the west. 

Lithotopes of the Slate Belt 

The traverse ended i n the Slate. B e l t . Lack of 

time made i t impossible to reach the end of the Slate Belt 

and the contact with the Kaslo ser i e s . However, the. writer 

f e e l s he has seen a l l s i g n i f i c a n t types: of rock of this-

b e l t . In addition Hedley has excellent descriptions of 
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t h i s area (6). He states: "The sedimentary rocks- are. 

best referred to as. s l a t e s . A number of d i s t i n c t bands, 

of limestone occur i n them, as w e l l as calcareous and 

q u a r t z i t i c bands, but the bulk of the rocks are dark highly 

cleavable rocks of argillaceous character. Some are t y p i 

cal, slates' with poorly defined bedding; others are; even 

more f i s s i l e and are; properly speaking p h y l l i t e s ; some 

sections show an alternation of hard and s o f t beds. They 

range in. color from various shades of grey to black and 

l o c a l l y greenish." 

Four specimens were collected from t h i s area. 

A l l four were fine, grained. One specimen showed cross 

lamination of the. symmetrical type, that i s the foreset 

layers are tangential to both the topset and the. bottom-

set layers. The- grain of the quartz p a r t i c l e s was of 

s i l t s i z e and dark argillaceous: layers formed the dark 

l i n e tangential, to both bounding planes. This lithotope 

indicates very weak bottom currents. This specimen is. 

i l l u s t r a t e d i n sketch C p l a t e VII. The rapid a l t e r n a t i o n 

of f i n e argillaceous bands, with f i n e sandy bands i n one 

of the specimens, could indicate during the time of de

p o s i t i o n rather stable conditions of supply and basin f l o o r . 

The general significance of slates and the limestone layers 

of t h i s b e l t w i l l be considered under the section on' 

Tectonics. To summarize then., the lithoto.pes of these rocks 

would indicate, from the thinness, of the beds, of the 
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moderate to slow rate of sedimentation, moderate to shallow , 

depths, since there i s some evidence of bottom currents, 

and a l t e r n a t i o n of types- of material, deposited, i . e., clay 

and sandy s i l t material. The marl specimen"would indicate 

a period of comparative c r u s t a l s t a b i l i t y and f a i r l y shallow 
1 

water. 

Lithotopes of the ' A r g i l l i t e Belt' 

Three, specimens, were examined from this b e l t . 

They are massive a r g i l l i t e s and q u a r t z i t i c a r g i l l i t e s . One 

showed rather vigorous alternation of argillaceous deposi

t i o n with sandy deposition. The cross lamination seen i n 

these strata i . e . truncated foreset layers would indicate 

more vigorous; dynamic conditions on the basin bottom. 

A c t u a l l y t h i s would be a good condition for the 

burial, of benthonic organism. However, l i t t l e or no evidence 

of l i f e : i s found i n these, rocks.. The angularity of the 

larger- fragments would indicate both s l i g h t reworking and 

short transport of the fragments.. There does, seem, how

ever, to be f a i r l y good sorting i n these fine, grained rocks. 

One can conclude then that the supply of material was good 

and the rate of the subsidence of the basin was. increasing, 

though basin conditions remained f a i r l y shallow, c e r t a i n l y 

above abyssal, depths. Nevertheless the depths may have 

approached bathyal l i m i t s for the lack of sunlight at 

these depths would i n h i b i t the development of benthonic 

forms: and any calcareous s h e l l which might f a l l into these 

1 
Pettijohn, p. 454. 
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depths; would he dissolved. The assumption of bathal depths 

could help to account f o r the absence of l i f e . 

Structure of the ' i L r g i l l i t e ' and the 'Quartzite B e l t s ' . 

The structure of both these belts i s apparently 

a homocline dipping very steeply to the west. However these 

layers are a c t u a l l y part, that i s , the west dipping limb, 

of a major recumbent f o l d overturned to the east. There is.' 

possibly some r e p e t i t i o n of. s t r a t a due to f a u l t i n g , though 

the w r i t e r found no obvious evidence that t h i s has happened. 

Certainly such f a u l t i n g could have happened and the apparent 

thickness be thereby much reduced.. 

Lithotopes of the 'Quartzite. Belt' . 

This area i s one with which the writer i s by far 

the most f a m i l i a r . Eleven samples were taken from t h i s 

section p a r t l y because i t i s the widest but also because, 

according to Pettijohn, the q u a r t z i t i c or coarser grained 

members of a sedimentary deposit supply the most information 

concerning the sedimentation, processes. No attempt w i l l be 

made to describe i n d e t a i l each specimen since t h i s has been 

done i n 1 the appendix. The lithotopes of the section which 

are most s i g n i f i c a n t w i l l be described i n the following 

order: texture, composition, and primary structures. The 

following tables show some results of measurement of grain 

sizes and. estimation of composition i n s l i d e s of specimens 

taken from the 'Quartzite B e l t 1 . The l o c a t i o n of the 

^Specimens i s shown on Plates V and I I I . 
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Table I. Average Grain Size of Quarts and. Feldspar. Grains 

Specimen Number 19 .15 mm 
Specimen Number 18 '. .10 mm. 
Specimen Number 17 .07 mm 
Specimen Number 16 i. .05 mm 
Specimen Number 15 02 mm 
Specimen Number 14 .05 mm 
Specimen Number A 225 .05 mm 
Specimen. Number 13 .10 mm 
Specimen Number 12 .05 mm. 
Specimen Number 9 05 mm 

Table 2. Range of Grain Sizes of. Quarts and Feldspar Grains 

Specimen Number 19 .5 mm. - .001 mm 
Specimen Number 18 .5 mm - .001 mm 
Specimen Number 17 Not measured 
Specimen Number 16. 01 mm - .025 mm. 
Specimen Number. 15 .03 mm - .01 mm 
Specimen Number 14 05 mm.- .02 mm. 
Specimen Number. A 225 .1 mm - .025 mm 
Specimen Number 13. .3 mm - .05 mm 
Specimen Number 12 06 mm - .04. mm 
Specimen Number. 9 .06 mm. - .04 mm 

Table 3. P e t r i t a l Feldspar Grain Content 

Specimen Number 19 -- 20% 
Specimen Number: 18. -- 10% 
Specimen Number 17 -- Not estimated 
Specimen Number 16 -- 5 - 10% 
Specimen Number 15 -- 0% 
Specimen Number A 225 -- 2 - 3% 
Specimen Number 14 -- Not estimated 
Specimen Number 13 -- 2 - 3% 
Specimen Number 12 -- Not estimated 
Specimen Number 9v ^ -- Not estimated 
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Table 4.Matrix ( i l l i t e , a r g i l l a c e o u s material, and pyr.lte) 
Content  

Sp ec imen Numbe r 1.9.... - - 10% 
Specimen Number 18 — 20% 
Specimen Number 1.7..... ^. -- 0% 
Specimen Number 16 -- 1 - 2% 
Specimen Number 15 1% 
Specimen Number A 225 -- 1% 
Specimen Number 14 -- 2% 
Specimen Number 13 -- 5% 
Specimen. Number 12 --Not estimated 
Specimen Number 9 -- Not estimated 

The samples from -which the above data "was deter

mined were selected at random, from continuous road cuts 

on the traverse and at approximately equal i n t e r v a l s . They 

should be representative of the gross changes i n composition 

and texture of these rocks from the bottom to the top of thi s 

'Belt'. However f o r calculable s t a t i s t i c a l representative

ness the samples, are obviously too few.. The s t a t i s t i c a l 

factor in. favor of the v a l i d i t y of the suggested conclusion 

of increase, i n grain s i z e , feldspar content and decrease i n 

'sorting',from bottom to top of the section examined, i s 

the true randomness of the specimens. 

The above data, i n the writer's opinion suggests 

but does not prove that the sediments of the 'Quartzite. 

Belt' were deposited, i n a basin where the o v e r a l l rate of 

subsidence and supply increased as time went on. There are. 

two specimens i n the above tables which seem to contradict 

i n some measure the above conclusion. However there are a 

http://yr.lt
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number of explanations for t h i s apparent contradiction. 

F i r s t l y the inadequate sampling ; i n order to determine 

adequately the grains, sizes of the members of this section 

of the Slocan s e r i e s , sampling obviously, should.be on a 

larger scale than attempted i n the above work. Secondly, 

i f one considers the other lithotopes of these specimens 

the above apparent contradiction i s not so obvious. The 

sorting in specimen 16 and 13 i s much better than i n speci

mens 18 and 19. The feldspar content of specimens 16 and 

13 i s lower than'. 18 and 19 and the matrix content i s also 

lower. Further almost a l l the specimens studied showed a 

progressive increase i n angularity of the grains from speci

men 9 to 19. There were some flu c t u a t i o n s . The above l i t h o 

topes a l l . agree with Pettijohn's c r i t e r i a f o r deposition i n 

a basin where opportunity for reworking of the sediments 

deereases with time. 

It should be noted that the increase i n grain 

size from East to West was noticed by Cairne's. He states 

"...from east to west the beds tend to become more massive and 
1 

coarser textured." 

The- increase i n the matrix, content from top to 

bottom of this section i s suggested. In Table 4. This i n 

crease, can be. also correlated with a decreasing opportunity 

for reYi/orking, i . e . the sediments are: approaching the 

'poured-type' of sediment of the eugeosyncline.. Obviously 

an increase i n argillaceous content of a sequence of sedi-

1 
(3) .. p. 59 
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ments- w i l l not of lts.elf suggest increase i n rate of sub

sidence and supply, for denudation of the bordering high

land and decrease of rate of subsidence can also increase 

the matrix content. However when the increase of matrix i s 

coupled with the other lithotopes associated with a r a p i d l y 

sinking, basin f l o o r then i t i s a lithotope of genuine s i g n i f i 

cance. In these sediments this matrix content increase is: 

of genuine value i n suggesting bottom conditions* 

Specimen Number 19 was. taken from a place which 

according to Cairnes' section would be in the western s l a t e 

b e l t . No explanation for this can be given. Certainly as. 

this specimen was near the junction of the New Denver road, 

and the main lake road, p o s i t i o n was e a s i l y and accurately 

f i x e d . It was t h i s specimen which came closest to f i l l i n g 

Pettijohn's; d e f i n i t i o n of subgreywacke. 

There: is. one rock type described by Cairnes which 

should be mentioned, though i t was not seen by the writer. 

Cairnes c a l l e d t h i s type. "tuffaceous sediment". "These are 

l i g h t to dark grey and yellowish brown massive rocks which 

In the outcrop or hand specimen could r e a d i l y be classed 

as quartzite or calcareous a r g i l l i t e s . . Microscopically, 

they consist of large and small fragments of feldspar 

c r y s t a l s ; or feldspar crystals and rock fragments. Some 

of the rock fragments, are. fine-grained, dense, and of i n 

determinate o r i g i n , but others are porphyrltic and d i s 

t i n c t l y resemble volcanic rocks. Flakes and shreds of 
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reddish brown b i o t i t e a r e generally abundant. Quartz' i s 

subordinate and thereby contrasts with the f e l d s p a t h i c 

sediments. The ground mass forms a large part of these 

tuffaceous rocks, and i s of indeterminated. composition, and 

more or l e s s opaque-like volcanic; ash. The angular out 

l i n e s and f r e s h appearance of feldspar fragments i s p l a i n l y  

i n d i c a t i v e of no normal process, of erosion and deposition. 

North of the Sandon map area, exactly similar rocks have 

been found ln.terbe.dded- with volcanic breccia and one lave 

flow, a l l part of the Slocan s e r i e s . " The tectonic s i g n i f i 

cance of this rock type w i l l be developed l a t e r . 

There i s an interesting band of carbonaceous-' shale 

or slate which st r i k e s p a r a l l e l - to the v a l l e y of Carpenter 

Creek above Three Forks. The carbonaceous, nature of t h i s 

very f i n e grained massive black rock i s ' suggested by the 

following f a c t s . The material i s opaque and black-in color 

under microscope. It burns to a white color i n a Bunsen 

flame. A t y p i c a l a r g i l l i t e did not change color i n the 

flame. Cairnes mentions a carbonaceous shale which con

tained, on analysis, 2 . 2 2 percent of carbon.. However no 

lo c a t i o n for t h i s specimen was given. The weathering effect 

is. s i m i l a r on the rocks c a l l e d 'carbonaceous', by Cairnes, 

to the weathering ef f e c t on the. rocks suspected by the 

writer to be carbonaceous shale. Some evidence points then 

to a s t r a t i g r a p h i c layer of carbonaceous, rocks near the 

base of. the ' Qjiartzite B e l t ' . 

http://ln.terbe.dded-
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The megascopic llthotopes observed by the writer 

consisted mainly of crossbedding, graded bedding and r i p p l e 

mark. Two types of cross-lamination were observed by the 

writer. Above, about 5500 feet elevation along S i l v e r Ridge 

for the distance of about two miles, at widely separated 

points, the type of cross bedding i s l i k e that i l l u s t r a t e d 

on plate VI figure. 1. Below 5500' cross-lamination occurred 

i n 'striped' a r g i l l l t e of the scale and frequency shown i n 

plate VII f i g u r e E.. 

C l e a r l y these contrasting, types of cross-bedding 

indicated d i f f e r e n t bottom dynamic conditions. At f i r s t 

the writer considered the p o s s i b i l i t y of juxtaposition of 

unlike facies by thrust f a u l t i n g . But he- abandoned this 

idea not only because of the s t r u c t u r a l d i f f i c u l t i e s but 

also because of the f a c t that these contrasting types of 

cross bedding when seen under the microscope were of sub

s t a n t i a l l y the same scale and involved the same type o f 

material and grain s i z e . The difference i s mainly one o f 

frequency or r e p e t i t i o n of cross-lamination and not one: of 

scale. Two explanations: are p o s s i b l e . There may have been 

a. period of very strong storms which sent currents of greater 

strength than usual down to greater depths: or there, may have 

been a temporary decrease i n the rate of subsidence of the 

basin r e s u l t i n g in. shallower water for - a time. This would 

allow currents to be more active and thus produce, a greater 

frequency of cross-bedding i n s t r a t a deposited at. this time. 
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A type of cross-"bedding which i s seen l e s s i 

commonly i s i l l u s t r a t e d on plate VII f i g u r e D. This type 

occurs commonly i n quartzites which are massive or thick 

bedded and behave as u n i t s of two or three feet structur

a l l y but are a c t u a l l y made of f i n e laminations of alternating 

argillaceous and q u a r t z l t i c materials. 

The ' s t r i p e d 1 a r g i l l i t e mentioned above behaves 

when c l o s e l y folded i n drag f o l d s as i l l u s t r a t e d on p l a t e 

VI f i g u r e 2. At times i n the; f i e l d this very small scale 

"boundinage" resembles an intraformational conglomerate. 

The only r i p p l e mark seen by the writer was seen 

i n massive a r g i l l i t e on Reco mountain. The amplitude and 

wave length i s as i l l u s t r a t e d on plate VII figures A and 

B. This scale might i n d i c a t e deep conditions but not. 

necessarily so because there does not now seem to be any 

r e l i a b l e c o r r e l a t i o n between scale- of o s c i l l a t i o n r i p p l e 

mark and depth of bottom. "Any given set of o s c i l l a t i o n 

r i p p l e marks may be formed by small waves i n shallow, water 
1 

or'large waves in deep water." 

This completes the description of the iithotopes 

of the Slocan series observed by the writer. Many of these 

lithotopes: w i l l be considered again i n the voider picture, 

of sedimentation i n these series, to be discussed under the 

section, dealing with Tectonic controls of sedimentation. 

The next, section w i l l deal with the effects of organisms on 

deposition i n the Slocan series and the effect of the sedi

mentation conditions on l i f e i n the basin of deposition. 

"Pettijohn. p. 131. 
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BIOTOPES. OP THE:' ST J Q C A F SERIES: 

Ho 'diagnostic' f o s s i l s were found by the writer, 

though three days were spent i n search for them i n an area 

where fos s i l s ; had been. seen. Also four months of detailed 

mapping i n the Alamo basin, area and numerous reconnaissance 

t r i p s f a i l e d to reveal any trace of organic l i f e i n the 

Slocan series. This experience vindicates Cairnes' observa

tion, that f o s s i l s are extremely scarce i n the western beds 

of the s e r i e s . 

The paucity of f o s s i l s ; i n the western area or 

younger strata, i s i n I t s e l f a bio tope since i n some way the 

basin conditions were such that l i f e was l i m i t e d or possibly 

non-existent on the bottom. The writer cannot s a t i s f a c t o r i l y 

explain the paucity of f o s s i l s i n the younger s t r a t a of the 

se r i e s . Rapid subsidence, rapid deposition and great depths 

of water would be inimical to p r o l i f e r a t i o n of l i f e , though 

one would imagine that rapid deposition would r e a d i l y pre

serve such forms as were present on the bottom. However 

great depths might dissolve carbonatershells before preserva-
1 

tion.. P e t t i John believes that i n sandstones the c a l c i t e of 

she l l s preserved, or buried w i l l be thinned and. eventually 

completely dissolved. It i s possible that t h i s action 

has occurred i n the quartzltes of the 'Q,uartzite B e l t ' . 

^Pettijohn p.483 (14). 
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However there are many st r a t a of this; b e l t which are very 

argillaceous. It i s d i f f i c u l t to conceive that t h i s 

action has occurred i n these rocks. 

Taking into account the fact that there i s no 

po s i t i v e l i t h o t o p i c evidence f o r shallow, depth i n t h i s 

b e l t and the f a c t that, where moulds of ammonite s h e l l s have 

been seen i n these strata by the writer the cross-bedding 

has approached a shallower- water type, i t may be possible 

that f a i r l y r apid subsidence, rapid deposition and. moderate 

to f a i r l y deep water conditions prevailed i n the basin of 

deposition during much of the time of accumulation of these 

rocks. 

Pettijohn states that "mingling of lime, sand, 
1 

and quartz sand occur read i n shallow waters" . The th i c k 

strata of marls and limestones and interbedded shales of 

the 'Slate B e l t ' could indicate f a i r l y stable shallow, water 

conditions. These conditions would favor l i f e on the 

bottom since, sunlight could r e a d i l y reach the lowest depths. 

Corals, c r i n o i d columns and pelecypods which were found i n 

the ?Slate Belt' limestones are i n d i c a t i v e of shallow, water 

conditions. The pelagic or nektonic ammonites and belem-

nites are not ind i c a t i v e of any p a r t i c u l a r bottom except 

possibly a f a i r l y shallow one, since these pelagic s h e l l s 

could have been transported to and deposited In these. 

bottoms either a f t e r or before death of the organism. 

The above biota are a l l indicative of cl e a r , 

P e t t i j o h n p. 4 5 4 . 
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shallow water conditions i n the eastern he I t s . The l i t h o 

topes i n general agree with the idea of shallow water con

ditions i n the eastern b e l t s . This concept could explain 

the r e l a t i v e abundance: of fo s s i l s ; i n the eastern belts and 

the paucity of f o s s i l s in the western b e l t . It should be 

noted that this concept is; i n d i r e c t opposition to the 

explanation of Cairnes for the above biotopes* 

That conditions w.ere marine i n the basin of de

p o s i t i o n i s not at a l l i n doubt since as Cairnes states 

a l l f o s s i l s found were: marine, except for some f o s s i l plants, 

remains on Reco mountain. It could be mentioned here that 

the writer did see on Reco mountain films of carbon very 

similar i n shape to the f i l m s of carbon which were found 

on S i l v e r Ridge by Lamb.. These carbonaceous f o s s i l s were 

te n t a t i v e l y i d e n t i f i e d by Okulitch as- algae. I t i s not 

impossible that these are the 'plant remains;' of Cairnes. 

Normally the biota and the ecology of. organisms 

l i v i n g i n the ba,sin of deposition are very f r u i t f u l sources 

of biotopic information. However i n the Slocan series: the 

biotopes furnish very l i t t l e information on the environ

ment of deposition of the rocks.. I t does seem that i n the 

be l t which suffered the most deformation and metamorphism 

of dynamic type the f o s s i l s were ob l i t e r a t e d or deformed; 

and i n the b e l t which suffered a minimum of metamorphism 

there are no f o s s i l s . 

The; writer feels that i f the d e l i c a t e laminations 
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and cross-bedding of the 'Quartzite Belt' could be pre

served, undistored by metamorphism, then c e r t a i n l y any 

f o s s i l which might have been burled i n this b e l t would 

also have been well preserved. 

There does remain the p o s s i b i l i t y of f o s s i l , 

evidence someday being, unearthed i n the Slocan s e r i e s 

which w i l l throw, more l i g h t on the uncertain conditions 

of the bottom during deposition of this thick assemblage 

of s t r a t a . 

We w i l l now consider the tectonic forces a f f e c t 

ing the formation of the Slocan sediments.. 
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TECTONICS OF THE BASIN OF. DEPOSITION OP THE' SLOCAN' SERIES' 

A useful term suggested by Sloss et a l * (1.9) w i l l 

be used i n the following discussion.. 'Tectofacies 1 Is the 

t o t a l tectonic aspect of a s t r a t i g r a p h i c u n i t . The tecto-

fa c i e s i s determined by a study of the tectotopes of the 

unit studied and the tectotopes of related strata.. 

The tectotopes to be considered here are: assem

blages of s t r a t a , structures, thicknesses, t o t a l l i t h o l o g i e 

aspect of the series under consideration or i t s l i t h o f a c i e s , 

and orientation of primary features.. The attempt to discuss 

the Slocan series i n terms of tectotopes i s based p r i n c i p a l l y 

on the recognition of the f a c t that "observed differences i n 

l i t h o l o g y and associated phenomena, has been the rate of 

sedimentation which, i n turn, i s controlled by the related 

rates of elevation and depression of the source area and 
1 

the basin of sedimentation respectively." 

Tectope study of the Slocan series involves a p p l i 

cation of recent generalizations concerning the families, or 

suites of sediments which are developed i n basins of vary

ing tectonic aspect. Pettijohn has published the clearest 

and most sweeping of these generalizations. (14) 
He has subdivided, assemblages of sediments into 

Pettijohn, p. 437 
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geosynclinal and platform f a c i a s . The geosynclinal facies. 

has been subdivided further into proximal, d i s t a l and medial 

f a c i e s . He has recognized various- features of composition, 
3 

textures,, etc. to be dianostic of d i f f e r e n t parts of the 

geosyncline. The discussion -which follows w i l l be based 

In part on these generalizations.. 

The 'Slate Belt' of the Slocan series i s an assem

blage of s t r a t a for which some tectonic explanation can be 

found. In a stable basin with a peneplaned bordering land 

ma,ss, the materia-ls to leave the land mass should be con

fined mainly to solutions and muds. Of course, because con

diti o n s of elevation and depresseion of basins; and bordering 

areas fluctuate, there w i l l be alternations of types of sedi

ment carried to the basin of deposition. However, i n a stable 

area, r e l a t i v e l y speaking, deposition from a reduced land 

surface will be mainly of mudstone and chemical type. Hence 

the marls, argillaceous limestones and shales, now s l a t e s , 

of the 'Slate B e l t ' . The alternation of lithotopes of course 

could be due, as mentioned above, to the minor fluctuations 

of elevation of source area and basin.. In considering then 

one unit, f o r example, a limestone stratum, l i t t l e i s gained 
j 

i n way of an i n t e r p r e t a t i o n of basin conditions unless one 

considers the' tectotopes or l i t h o l o g i c associations. These 

associations can be on almost any scale, for example, i t is. 

intended to discuss l a t e r the association of the Slocan series 

as a whole with the deposits of the Windermere geosyncline. 

In the a r g i l l . i t e belt i s found an assemblage of 

http://ll.it
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s t r a t a of predominantly argillaceous character. Two re

lated events most l i k e l y produced the change i n the gross 

s t a t i s t i c a l litho.logy at this time. S l i g h t u p l i f t leads to 

p a r t i a l rejuvenation of the source area. The s o i l mantle, 

Ytfhich was accumulated during the period of c r u s t a l s t a b i l i t y , 

Is destroyed and c a r r i e d to the sea. This results in the 

formation of highly aluminous shales and some quartzites of 

the sedimentary type. Since on the whole the a r g i l l i t e s 

predominate in. the ' A r g i l l i t e Beit' t h i s was. the dominant 

tectonic a c t i v i t y a f f e c t i n g the formation of these rocks 

and. of course a l l the lith o t o p e s developed. The biotopes 

also were dependent untimately for t h e i r form on t h i s form 

on this tectonism.. 

As noted in the discussion of lithotopes, i t must 

be obvious by now. that there i s some overlapping in the 

usage of the terms 'tectotope' and 'lithotope r» There is; 

a suggestion of an increase i n feldspar content, angularity 

of grains, g r a i n s i z e and range of p a r t i c l e size i n speci

mens examined i n the 'Quartzite Belt* from the eastern to 

western exposures. This fact which i s now a tectotope must 

be related to some, tectonic event.. The explanation most 

applicable to the facts, seems to be that the basin of de

p o s i t i o n subsided at an increasing ra.te and the bordering, 

uplands rose at an increasing rate also . 

Cairnes has noted the i n t e r c a l a t i o n of volcano-

genic sediments with the Slocan s e r i e s . This; fact i s a. 
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tectotope. Pettijohn has made the generalization that v o l 

canic formations tend to occur i n r a p i d l y subsiding narrow 

throughs. The stratlsgraphic p o s i t i o n of the volcanic de

posits i s high in. the Slocan series. Thus the production 

of subgreywaekes and volcanic, sediments were related events, 

and both indicate increasing 'acuity of diastrophi'sm r i n 

l a t e Slocan time.. 

The thicknesses of the b e l t s deserves: consider

ation.. The time relationships involved i n the formation 

of the. three, belts, cannot be. deciphered, or at l e a s t the 

writer sees no way at present, of determining the. time i n 

volved" in. the formation of the d i f f e r e n t b e l t s . It would 

seem that a one to one r a t i o of time and thickness for the 

three belts cannot be assumed. Certainly i n the stable 

period, during which the Slate belt was formed, the rate 

of deposition must have been slow. It i s not impossible 

that the thickest formation,, the 'Quartzite Belt* was: formed 

i n the least time. 

At one time the writer considered placing the 

Slocan series i n some portion of the Windermere geosyn

c l i n a l downwarp with which i t i s apparently so Intimately 

re l a t e d . However, as the writer now f e e l s that there are 

in d i c a t i o n s that the center of subsidence moved westward 

forming the Slocan series as a separate or semi-separated 

assemblage, i . e. the geosyncline migrated., t h i s endeavor 

has l i t t l e relevance.. Certainly though, i t does seem that 

at the time of the deposition of the 'Slate B e l t 1 at. least 
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1-
and possibly for part of the time of deposition of the other 

b e l t s , the Slocan sediments were formed on the proximal p l a t 

form to the. west of the land mass which produced the rocks 

of the Windermere geosyncline. The source of supply may 

have been the u p l i f t e d P u r c e l l rocks to the east or another 

complex to the west. This cannot be s e t t l e d one way or the 

other with present data. However, as happened i n other geo

syncline s, this platform became a subsiding basin or marginal 

geosyncline i n i t s turn. This fact w i l l be discussed in. i t s 

more th e o r e t i c a l implications l a t e r . 

One general observation, concerning graded bedding 

which has apparently been overlooked i n the. discussion on 

lithotopes could be inserted here. Pettijohn believes 

graded bedding to be c h a r a c t e r i s t i c of greywacke suite or 

poured-in type, of sediment. This i s of course v a l i d as. a 

broad s t a t i s t i c a l generalization. However i n the Slocan 

series, i n s t r a t a which were only a matter of f e e t removed 

in. v e r t i c a l section from true orthoquartzites and good cross-

bedding, graded bedding was observed. 

Prom a recent paper (9) which explained graded 

bedding as a result of t u r b i d i t y currents, i t seems clear 

now that graded layers w i l l form wherever slopes of deposit

ion are steep enough. Certainly i t i s admitted that on the 

whole, steep slopes w i l l occur i n the narrow r a p i d l y sub

siding troughs more commonly than i n broader more stable 

basins. S t i l l , l o c a l l y at l e a s t , steep slopes can occur i n 
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almost any type of basin. I t seems to the writer that the 

diagnostic properties of the lithotope of graded bedding: has 

been overrated womewhat by Pettijohn. 

In his- discussion of Eacies of Sedimentation, 

p a r t i c u l a r l y i n the table on page 45.5, (14) Pettijohn stated 

that i n the orogenlc facies-, cross-bedding is: infrequent and 

on a small scale. This i s a. very vague generalization. The 

writer i s at a loss, to know whether to class t h i s lithotope. 

of. the Slocan s e r i e s as an orogenic or a platform one. In 

t r a n s i t i o n a l f a c i e s some method of numerical evaluation of 

frequency with, which lithotopes of t h i s type occur, i n the 

section studied would be useful and important i n the c l a s s i 

f i c a t i o n of these deposits i n terms of tectonics. 

McKee (9) and a number, of others (21) and (16) 

have suggested and used the orientation of primary features 

such as; cross-bedding and r i p p l e mark i n paleogeographie 

studies. The writer made an attempt at a s t a t i s t i c a l study 

of the orientation of cross-bedding i n the Slocan series;. 

Unfortunately not enough determinations were made to have; 

a s t a t i s t i c a l l y s i g n i f i c a n t r e s u l t . F i f t e e n determinations 

indicated, however, that the current d i r e c t i o n i n the basin 

of deposition of the Slocan ser i e s was. from the west. Of 

course the fact that current direction, was from the west 

does not prove that the source of sediment l a y to the west. 

Shepherd. (20) states that current d i r e c t i o n may 

or may not be related to the direction, of the land mass; 

supplying sediments. Insufficient- work has been, done on 
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the determination of modern, bottom currents i n the oceans 

to test t h i s idea. In the Slocan series: the •writer f e e l s 

a s t a t i s t i c a l l y s i g n i f i c a n t study of the: orientation of the 

d i r e c t i o n of cross-bedding laminae could be made. This 

d i r e c t i o n could be correlated with other information which 

d i d accurately f i x the d i r e c t i o n of the supply of sediment. 

Part of the d i f f i c u l t y the w r i t e r found i n deter

minations; of this sort was that, the d i r e c t i o n could be re

versed i f a 'tops' determination were, not made on each and 

every specimen of cross-bedding. Later r e f l e c t i o n has how

ever shown that provided two bedding planes and a crossing 

lamina could be found the; d i r e c t i o n of 'tops' (up or down.) 

i s immaterial. The revolving of the exposed cross.-bedding, 

in s;teep beds may be in either- d i r e c t i o n and the r e s u l t i n g 

d i r e c t i o n of the current forming the cross-lamination w i l l 

be the same. A simple sketch can prove this to the s a t i s 

f a c t i o n of. the reader. This idea, i s , Of course, very simple 

and yet; strangely enough not obvious at f i r s t glance. This 

f a c t , i f i t had been understood i n the f i e l d mapping, would 

have enabled, the writer to make, many more determinations. 

Certainly at 1 east four, hundred which i s apparently the 

minimum for. s t a t i s t i c a l , s i g n i f i c a n c e . 

The orientation of primary features; i s a u s e f u l 

tectotope which can. be e a s i l y determined i n many cases and 

can, i f enough work i s done on this feature of sediments, 

r e s u l t i n some important conclusions.. Even though an. i n 

s u f f i c i e n t number of determinations were made by the writer, 
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as mentioned above, there was. a s t r i k i n g consistency i n 

even, the few determinations; made- which i n c l i n e s him to 

believe that any further determinations of thi s sort attempi-

ted i n this, area would v e r i f y the tentative conclusion that 

over a considerable range i n v e r t i c a l s e c t i o n the d i r e c t i o n 

of current i n ;the 1 Quartzite. Belt• time was from the west. 

It i s not impossible to imagine; that the study of primary 

features i n the other b e l t s might show other current d i 

rections. 

The succession of lithotopes i n a st r a t i g r a p h i c 

unit such as; the Slocan series i s a tectotope. The apparent 

succession i n the Slocan Basin, was (from top down): 

5.. Subgreywacke (and washed greywackes and shales) 

4. VoleanogenI.es-,, flows, e t c (4. & 5 alternate) 

3. Ortho quartzites and a r g i l l i t e s ; 

2. A carbonaceous member 

1. Shales - metamorphosed to slates,and chemical, 
sediments - limestones, etc. 

The ideal, or normal geosyncllnal. sequence as stated 

by P e t t i j o h n page- 44.7 i s (from top down): 

6.. Subgreywackes. (and. washed greywackes )shales-
and coal 

5. Massive greywackes (grits) 

4. Interbedded. greywackes and. slates (flagstones) 

3. Shales (with a few t h i n greywackes) 

2.. Chemical sediments (limestone, s i d e r i t e , and/or. 
chert 

1... Basal, breccia o r conglomerate-* 

http://VoleanogenI.es-
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I t i s important to note that volcanic beds:, both 

flow and t u f f , mav/ appear in the. section and are most l i k e l y 

to occur l a t e and Intercalated with 4 and 5.. There i s , at 

f i r s t .sight, l i t t l e : s i m i l a r i t y In the above successions... 

I t does, seem, however, that; the earlier, speculation of an 

Increasing rate of subsidence- and supply i n the b a s i n of 

deposition, of the Slocan series; Is v a l i d , based" on the-, l i t h o 

topes described above. The differences could, be due to the 

f a c t that the succession described by Pettijohn i s f o r the 

a x i a l portion of. a eugeosyncline. The Slocan series were 

probably deposited f i r s t on the platform and then on the prox

imal portion of" a migrating geosyncline. The sequence then 

would not. be. the ideal one of Pettijohn, and would i n part 

at l e a s t consist of platform, f a c i e s * 

This concludes the discussion of the f a c i e s of 

the Slocan ser i e s . The next section w i l l deal with a very 

rapid and. elementary survey of the place of the Slocan sedi

ments i n the geosynclinal. succession of the Windermere; 

geosyncline. Age and contact, r e l a t i o n s of the Slocan series 

wi l l , be considered here: also. 
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CONTACT .AND AGE.' RELATIONSHIPS OP THE SLOCAN SERIES 

The Slocan aeries, l i e . to the. west of. a thick 

succession of sediments which, with the exception of the 

M i l f o r d and. Kaslo groups, have been assigned to the Winder

mere aeries* This assemblage i s measured i n the tens; of 

thousands of feet and has; been involved i n a s i n g l e orogeny.. 

To the e;ast of these rocks l i e the Lower and Upper Purcell. 

s eries* As the Toby conglomerate i s such a remarkably con

sist e n t conglomerate, and i s p a r a l l e l to the s t r i k e of the 

P u r c e l l rocks, which were involved i n a separate folding; 

e a r l i e r , the Toby conglomerate i s a true tectonic marker* 

It records a widespread and important tectonic event, which 

i s unrelated d i r e c t l y to the events of Purcell. time. 

The Toby conglomerate and. the s.ucce.eding coarse 

sediments, such as the Horsethief Creek s e r i e s , were formed 

as the result of the; elevation, of the Montana Island to the 

East and deposition of* the materials derived from th i s r i s i n g 

land mass. In a subsiding trough to the west (4).. The h i s t o r y 

of the trough. Is, complex and may, as suggested by Okulitch 

(10),. have been both a migrating and 1 cannabalisti'c- 1 geosyn

c l i n e , making, 'time' relationships and'divisions d i f f i c u l t of 

exact determination.. 
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The Windermere geosyncline and i t s h i s t o r y i s 

too large and important a subject to be s e t t l e d as a part 

of this thesis. Nevertheless, the writer f e e l s that the 

Slocan series and i t s h i s t o r y are c l o s e l y related to the 

rocks of this geosyncline. There i s no widespread uncon

formity at the base of the M i l f o r d . Walker and Bancroft 

report i n the Lardeau area a conglomerate of a few feet 

thickness at. the base, of the M i l f o r d . This cannot be a 

tectonic conglomerate, similar i n importance to the Toby 

conglomerate. 

On theoretical, grounds, which w i l l , be; discussed 

In the following section, the writer suggests, that the 

Slocan. series, and the Kaslo and M i l f o r d group are part of 

the Windermere geosynclinal complex.. Since Schofield (1.5) 

had mapped the Slocan series as part of the. Ainsworth, now 

Lardeau se r i e s , without any unconformity separating the two, 

surely there i s some ground for suggesting t h i s . I f there, 

i s a gap i n sedimentation of several hundred m i l l i o n years 

between deposition of the Lardeau series and the Carbonif

erous M i l f o r d , surely one should expect a major unconformity 

and widespread basal conglomerate, o f the dimensions of the 

Toby conglomerate at the base, of the Milfo r d * There i s 

clear evidence that there i s no such conglomerate. More

over i n the rocks to the south there i s clear record i n 

the Metalline quadrangle of continuous deposition from the 

Toby conglomerate, which i s a pre-Cambrian formation through 
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the Lower Paleozoic to the Devonian.. , 

The Shedroof conglomerate underlies: and i s grada-

t i o n a l into the Leola volcanics and both are considered to 

he late pre-Cambrian (13) (for names of equivalent s t r a t a 

i n Canada the reader should see the legent to Plate X.) 

Parks: states: "An unconformity may intervene between these 

formations and the: overlying. Monk formation, of Cambrian (?) 

age." (13) However, Rice (17) states that the Horsethief 

creek, series (the equivalent of the Monk, formation) overlies 

the Toby formation conformably, i n the area immediately to 

the north of the. Metaline quadrangle. 

The Gypsy Quart zite. (Hamill- series) grades down

ward into the Monk formation and. upward into the Maitlen 

p h y l l i t e . " (13) . Rice does not separate the Hamill series-

into a p h y l l l t e member,however., he does note that i n the 

Hamill series s c h i s t and p h y l l l t e are common rocks, espec

i a l l y i n the upper, members.. 

The Maitlen p h y l l l t e of Parks grades downward into 

the Gypsy quartzite, which Is;'of Cambrian age and upward into 

the Metaline limestone, of Middle Cambrian age. He notes no 

f o s s i l s have been found, i n the p h y l l i t e s . 

The Metaline formation,, which includes the Bad.sh.ot, 

grades downward into the Maitlen p h y l l i t e below. The top of 

the Metaline limestone i s sharply defined against overlying 

black s l a t e . No gradational. beds were seen by Parks. He 

states that the p o s s i b i l i t y of an unconformity between the 

limestone and the slate ?i.s u n l i k e l y though, the p o s s i b i l i t y 

http://Bad.sh.ot
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cannot be completely discarded. 

In the younger Ledbetter s l a t e s Ordovician F o s s i l s 

have been found. Devonian, or possibly early M i s s i s s i p i a n 

have been found in beds which mere, u n s a t i s f a c t o r i l y located 

by Parks i n the str a t i g r a p h i c sequence, as the outcrops, were 

poor.. In view of the f a c t that no ce r t a i n unconformity has 

been found i n the thick sequence of rocks of t h i s region from 

the- Shedroof conglomerate upward and that the i d e n t i f i e d 

Ordovician fossils, occur low i n the Ledbetter slate sequence 

and the i d e n t i f i e d Denvonian f o s s i l s , many thousands of feet 

higher one can i n f e r continuous deposition from the l a t e 

pre-Cambrian to at. least the Devonian. The f a c t that no 

S i l u r i a n f o s s i l s have, been found does not prove that no 

deposition, occurred i n t h i s area during S i l u r i a n time. It 

could well mean that bottom conditions were such as were i n 

imical to l i f e or the preservation of evidence of l i f e . More

over, as this i s an orogenically deformed.area f o s s i l s can 

be expected to be rare. The- absence of a S i l u r i a n section 

i n the stratigraphic sequence may well, mean simply that no 

S i l u r i a n f o s s i l s have been found so f a r . 

The Lardeau s e r i e s , which i s at least 15,000 feet 

t h i c k i s assigned to the Pre-Cambrian by Walker. Perhaps 

the. Lardeau. series, which i s ' u n f o s s i l i f e r o u s 1 , was deposited 

during the early and middle Paleozoic periods. This suggestion 

i s advanced because i t answers the grave t h e o r e t i c a l d i f f i c u l t y 

of the absence of a basal conglomerate at the base of the 



- .53 -

Mi l f o r d . That there is no conglomerate at the base of 

the Slocan s e r i e s i n the Sandon area (Cairnes (2) and Mayo 

(8)) presents no theore t i c a l d i f f i c u l t y , for the M i l f o r d , 

Kaslo and Slocan series could be formed i n one.continuous 

geosynclinal. sequence, s t a r t i n g with active subsidence, i n 

Lowest M i l f o r d time i n the 'Milford-Slocan* trough. Actually 

there also need be. no conglomerate at the base of the Kaslo 

aeries, i f one regards: them, as a volcanic phase of the tec

tonic a c t i v i t y r e s u l t i n g In the subsidence of the M i l f o r d -

Slocan trough. 

The problem of the age of the Windermere system 

i s one: which was not s e t t l e d by Rice (17) » As Parks (13) 

had assigned some formations', which are continuous i n s t r i k e 

with the Windermere aeries: to the Cambrian and younger. Pale

ozoic periods and as Walker had decided that a l l Windermere 

s t r a t a are Pre-lower-Cambrian, c l e a r l y " e i t h e r Parks or 
1 

Walker may be mistaken i n their c o r r e l a t i o n s " . 

If one accepts Parks' stratigraphy, then i t seams 

that the M i l f o r d and younger s t r a t a could be part of the 

Windermere geosynclinal assemblage. I f one accepts Walker's 

stratigraphy, then there is a long period of erosion a f t e r 

the deposition of the Lar.deau series, and the Milford,, Kaslo 

and Slocan. sediments are a separate sequence. Certainly the 

writer wi l l , not attempt to decide t h i s issue. However hi s 

experience with and. t h i s study of the Slocan rocks tend to 

make; him more receptive to Park's concept: tban to Walker's. 

1(17) p. 24. 

http://Lar.de
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THE0EET.IOA1 CONSIDERATIONS: 

The Orogenic: Cycle 

Holmes (6) has e x c e l l e n t l y summarized the pro

cesses of geosynclinal formation and the orogenic cycle. 

It is not intended to repeat, what Holmes, has so w e l l stated. 

What the writer w i l l do i s attempt to discuss the sediments 

described so b r i e f l y above i n terms of orogenic b e l t s and 

geosynelines and the convectlve mechanism fo r the formation 

of geosynclin.es.. 

"By the work of several generations of geologists 

i t has: been f i r m l y esta.blis.hed that the orogenic belts: of 

each geological- era originated i n long downwarps- of the 

crust i n which ext r a o r d i n a r i l y thick deposits; of sedimen

tary rocks accumulated during the era or eras that pre-
1 

ceded the orogenic revolution." 

These downwarps were most often l i n e a r and the 

now f a m i l i a r term geosyncline was assigned to them. The 

l e s s f a m i l i a r term, orthogeosyncline r e f e r r i n g to the l i n e a r 

geosynelines,. and not a l l are l i n e a r , (indeed some are. quite 

recurved) has recently been coined. The Windermere geosyn

c l i n e i s i n the writer's opinion as orthogeosyncline. The 

concave-to-the-west-arching of the s t r i k e s of the formations 

(as; seen i n plate X) of the Windermere s t r a t a may be due to 
1 ( 7 ) p. 3 7 9 . 

http://geosynclin.es
http://esta.blis.hed
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to a. compression with the', most active force coming from the* 

west or the curve may he a primary curve i n the basin I t s e l f 

and this curve was maintained throughout the subsidence of 

the trough and during the subsequent orogeny* This curve 

i s gentle enough so that, the term orthogeosyncline is. s t i l l 

a pplicable. 

The structures? found i n the Slocan s e r i e s and the 

r e l a t e d Windermere rocks are s i m i l a r to the structures of 

other orogenic belts of the earth. 

The o v e r a l l structural pattern of the orogenic 

belts of Iraq and Iran and the Orogenic be l t of the Himalayas 

and Tibet i s that of f o l d i n g and overthrusting of the geo-

s y n c l i n a l deposits towards the foreland. The foreland i s 

defined by Holmes as the cr u s t a l block towards which or 

over which the structures spray out. 

Holmes makes no statement on the types' of struc

ture or fol d i n g which occurs i n the median mass of the oro

genic b e l t . I t i s possible that here the folding i s of 

broad open f o l d type with the complex over f o l d s and recum

bent fol d i n g confined mainly i n the bordering ranges. This 

might account for the apparently simple folding which occur

red during the f o l d i n g of the P u r c e l l s e r i e s . The complexly 

folded bordering ranges which may have bounded the P u r c e l l 

geosyncline area may have been removed by erosion and the 

i s o s t a t i c a l l y elevated median mass which rose l a t e r has 

been l e s s affected by erosion. This i s a conjecture based 
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s o l e l y on the theory of" mountain structure: proposed by 

Holmes. 

Holmes conceives the erustal blocks of the fore

lands as. acting like', giant vices -which cause: the sediments, 

to crumple up and splay out on both sides. This concept 

can be applied to the structures: of the Slocan ser i e s 

(see Plate IV). 

The type of folding in. the Slocan series, could 

be caused only by overthrusting from the east or under-

thrusting from the west* As a re s u l t of 'tops' and a t t i t 

ude; determinations by Kelowna geologists, there can; be no 

al t e r n a t i v e s . The writer i s of the opinion that under-

thrusting from the west has occurred. Not only because, 

t h i s concept f i t s the idea, of convectlve mechanism of erus

t a l compression but becaus.e the structures and shape of the 

fol d s themselves suggest i t . In addition, Mayo has; found 

evidence, i n the granitic: rocks bordering the Slocan sedi

ments, of lineations which suggest underthrusting (see 

Plate IV). 

The writer has drawn, the structure (Plate. IV) to 

the east of Sandon area as broad open f o l d s . This may or 

may not be the case. A c t u a l l y there i s some evidence, that 

the overfolding has extended as far east as the Toby con

glomerate. The only reason the wri t e r suggested (plate Iv") 

that the structures, east of the Milford. series were of a 

di f f e r e n t type from that, of the Slocan ser i e s i s that a 

large scale drag f o l d on M i l f o r d Peak, drawn in. one of 



Cairne's sections (section B Plate IV), indicated that the 

s t r a t a i n this, section was involved i n open f o l d i n g and. 

not recumbent f o l d i n g . 

The evidence for the above overfolding which i n 

the writer's opinion i s more l i k e l y than open folding l i e s 

in the apparent disappearance i n s t r i k e of the western 

branch of the Badshot formation. This formation has been 

involved i n a massive syncline overturned to the west.(12) 
I t i s possible t h i s formation (see Plate X) has been i n 

volved i n a huge recumbent, f o l d to the east of Sandon area 

and that the western part of the Badshot, which should 

appear i f the above structure i s consistent to the south, 

has been eroded from the'carapace 1 of. Mayo. This idea 

suggests- that the area near the north end of. Kootenay Lake 

has been a centre of compressive force, which i n turn, 

suggests that the thickest part of the geosynclinal sequence 

i s i n this area also. 

Hypothesis of Sub-erustal Convection Currents. 

In addition to the observed facts of mountain 

structure, which Holmes has summarized, he suggests a 

plausible mechanism f o r the geosyncline and the subsequent 

orogenic folding of the sediments deposited i n i t . 

The e f f e c t s of the suggested mechanism and the 

observed broad geological features of mountainous belts of 

the earth seem to be i n agreement. It was i n an attempt 

to reconcile the effects of a convective mechanism and the 



- 58 -

f o r m a t i o n o f t h e - S l o c a n a n d M i l f o r d s e r i e s t h a t t h e w r i t e r 

o f f e r e d t h e s u g g e s t i o n t h a t t h e S l o c a n s e r i e s w a s d e p o s i t e d 

i n c o n t i n u o u s s e q u e n c e w i t h t h e M i l f o r d a n d i n a t r o u g h w h i c h 

l a y t o t h e w e s t o f t h e t r o u g h i n w h i c h t h e L a r d e a u a n d 

y o u n g e r W i n d e r m e r e r o c k s w e r e d e p o s i t e d . T o a s s u m e t h a t . 

t h e t h i c k W i n d e r m e r e s e q u e n c e w a s d e p o s i t e d a n d r e m a i n e d 

u n f o l d e d f o r p r a c t i c a l l y a w h o l e g e o l o g i c , e r a a n d t h a t i n 

t h e s a m e - : t r o u g h d e p o s i t i o n , c o m m e n c e d a g a i n d o e s n o t f i t i n t o 

t h e u s u a l s e q u e n c e o f e v e n t s i n a n o r o g e n i c b e l t . T h i s 

. 1 

s e q u e n c e i s o u t l i n e d b y H o l m e s a n d . i s g i v e n b e l o w : 

" ( a ) D e v e l o p m e n t o f a g e o s y n c l i n e w i t h h e a v y s e d i 

m e n t a t i o n a n d o c c a s i o n a l v o l c a n i c a e t i c i t y . 

( b ) C o m p r e s s i o n o f t h e b e l t b y a f i r s t o r o g e n i c 

p h a s s , i n v o l v i n g r o o t f o r m a t i o n i n d e p t h , f o l d i n g a n d . o v e r -

t h r u s t i n g o f t h e s u p e r s t r u c t u r e s , , a n d u p l i f t o f t h e c o m 

p r e s s e d z o n e i n r e s p o n s e t o t h e b u o y a n t ( i s o s t a t i c ) e f f e c t 

o f t h e r o o t * 

( c ) L a t e r a l g r o w t h o f t h e g e o s y n c l i n e b y d e v e l o p 

m e n t o f a n e w s u b s i d i n g t r a c t o u t s i d e t h e r i s i n g m o u n t a i n s ; 

( B i g . 1 . 9 9 ) . As t h e l a t t e r a r e c a r v e d i n t o p e a k s a n d v a l l e y s 

b y - d e n u d a t i o n , t h e y p r o v i d e , m u c h o f t h e s e d i m e n t w h i c h f i l l s ; 

u p t h e d e p r e s s i o n . . 

( d ) R e n e w e d o r o g e n i c c o m p r e s s i o n o f t h e w h o l e b e l t . 

S t a g e s ( c ) a n d ( d ) m a y o c c u r t w i c e o r e v e n t h r e e t i m e s ( r a r e l y 

m o r e ) i n t h e m o r e c o m p l e x b e l t s * 

( e ) D u r i n g t h e m o r e v i g o r o u s o r o g e n i c p h a s e s , a n d 

p a r t i c u l a r l y d u r i n g t h e c l i m a x o f t h e r e v o l u t i o n , t h e d e e p e r 
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rocks are intensely metamorphosed, and mlgmatites are formed 

by hot migrating f l u i d s . Later, granite batholiths are 

emplaced, followed i n some cases by the introduction of 

valuable ore deposits. These are gradually uncovered by 

denudation i f the cumulative u p l i f t of the completed belt 

i s s u f f i c i e n t l y long maintained." It i s conceded by those 

who have worked i n the Windermere and younger rocks of 

this a.rea, that only one fo l d i n g period occurred and that 

the Windermere and overlying s t r a t a are involved i n the same 

structures. If Walker's stratigraphy i s correct this means 

that a whole geologic era of erosion succeeded the deposi

t i o n of the Windermere rocks and that no orogeny occurred 

u n t i l a f t e r the Slocan series had been deposited. 

According to Holmes, every geosyncline should he 

folded immediately a f t e r the down-bowing action of the 

currents have reached a climax., i . . e* when there i s a short 

period of r e l a t i v e l y rapid currents. In other, words, i n a 

geosyncline a prolonged period of erosion cannot normally 

succeed a prolonged period of deposition without f o l d i n g . 

However, and i t seems: to the. .writer that the Slocan-Milford 

trough, i s an example, i t may happen that the centre of sub

sidence may migrate l a t e r a l l y without fol d i n g i n the or i g 

i n a l centre of subsidence, i n this case, the Windermere 

trough. This will, happen when the teetogene or 'root* of 

l i g h t sediments r i s e s s l i g h t l y ( i s o s t a t i c a l l y ) and over

comes the down-drag, of the convective currents. When t h i s 

happens, the currents, s t i l l exerting a downward drag on 



- 60 -

u 

the crust in spite of the upward l i f t of the ' r o o f , causes 

the crust to form, a downwarp which borders the o r i g i n a l 

geosyncline. It i s possible that two downwarps- w i l l develop, 

each bordering the o r i g i n a l area of subsidence. In t h i s 

case we are concerned with the downwarp to the west of the 

Windermere trough. 

What tectofacies might be expected as a r e s u l t of 

such tectonlsm? One would not'expect a widespread unconform

i t y or basal conglomerate, at. the base of the series, deposited 

in the new trough. One would expect rather argillaceous 

sediments to form since the foreland would have long, since 

been, denuded and only f i n e muds be ava i l a b l e for deposition 

i n the trough. The i s o s t a t l c r i s e of the 'root' would be 

slow at f i r s t and in. a l l . p r o b a b i l i t y would not r i s e above 

sea. level, i n the early stages, and could not contribute much 

sediment. Moreover the convection currents while, they would 

accelerate- r a p i d l y to cause an increasing rate of subsidence 

would be counteracted somewhat by the effect o f the r i s i n g 
r r o o t r . Thus we have sedimentation conditions corresponding 

to a slow rate of subsidence and. supply. The lithatopes and 

the tectofacies of the Milford.. would seem to suggest t h i s . 

We have i n addition a very deep 'root* of Windermere sedi

ments. Holmes suggests that volcanic a c t i v i t y accompanies 

the existence of a deep, a l b e i t , i n t h i s case., r i s i n g 'root'. 

This explains: the volcanic sediments of the. Kaslo s e r i e s . 

F i n a l l y we have the tectofacies: of the Slocan series- i n -
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I 
dieating an increasing rate of subsidence and supply - -which 

is; what one would expect i n a trough sinking- at an increas

ing rate.. The source of the sediments may have been the. 

Windermere strata., s t i l l , unfolded which by now had r i s e n to 

above sea level;; and lay to the east of the Milford-Sloe an 

trough. 

The following sequence of events is. suggested i n 

order to harmonize, the consequences of Holmes orogenic 

mechanism, with the known, f a c t s : 

Geological History of Area 

1. Formation and fo l d i n g of the Purcell. sedi
ments. ' . 

2 . U p l i f t of the P u r c e l l s t r a t a and l a t e r a l 

groYrth of thi s o r i g i n a l geosyncline by the development of 

a new subsiding tract.-outside of the r i s i n g mountains. This 

subsidence re s u l t e d in. the formation of the Windermere 

series. Deposition from l a t e Pre-Cambrian to possibly 

Carboniferous. 

3. Deposition of shales and chemical, sediments 

suggesting; both shallow water and denudation of the border

ing highlands i . e . the P u r c e l l mountains to the east and 

a highland to the west (?). These sediments were formed 

In the basin of the "new* downwarp. This subsidence, r e s u l t s 

i n formation of possibly some of. the upper Lardeau members 

and c e r t a i n l y the M i l f o r d s e r i e s . 

4. Volcanic a c t i v i t y at the period when there 

i s a very deep 'root' --formation of Kaslo s e r i e s . 
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5* Deposition of the shallow water shales and" / 

slates of the 'Slate Belt* 7 of the Slocan series i n the s t i l l 

slowly sinking 'new' Milford-Sloe an trough. 

6... Subsidence at increasing rate in the 'new' 

trough with eventually volcanogenie sediments and subgrey-

wackes' being formed near the climax of the cyc l e . These 

are the Slocan volcanics noted by Cairnes. 

7. Folding of the whole Windermere-Milford-Slocan 

assemblage. 

8. Batholithic. Intrusion and g r a n i t i z a t i o n of 

sediments. 

9. A period of gradual u p l i f t . 

The above h i s t o r y based on theory which has not 

been completely accepted stands only u n t i l further study 

shows that another sequence of events has occurred. This 

Interesting area could prove or disprove some of these gener

a l i z e d theories: of the behaviour of the. earth's crust. This 

thesis is not an attempt to prove this convectlve theory. 

It merely attempts to apply i t i n order to b u i l d up a h i s t o r y 

which could account for some known geologic facts of the 

Slocan and r e l a t e d s e r i e s , of south eastern B r i t i s h Columbia. 

Age of the Slocan Series 

On the basis of poorly preserved f o s s i l s Cairnes 

has assigned the Slocan s e r i e s to the T r l s s i c . The f o s s i l 

evidence found i n the Slocan sediments, i s inconclusive, though 

I t indicated a l a t e Carboniferous or poss i b l y Mesozoic age. 
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The best evidence, for the age. of the Slocan sediments comes 

from the Carboniferous M i l f o r d . Since the M i l f o r d i s placed 

i n the -Carboniferous- on rather good evidence and the Slocan 

i s younger, then i t should be of Permian or possibly T r i 

as s i c age. The Belemnites speciments are the best f o s s i l 

evidence found i n the Slocan. s e r i e s by Cairnes for assign

ing i t to the T r i a s s i e . 

With Okulitch (.12) the writer sees no d i f f i c u l t y 

i n assigning the rocks of. a. single: sedimentary unit to two 

geologic eras or periods. With the: experience of the. Pre-

Cambrian boundary of the Windermere series, as a guide the 

r i g i d separation of sedimentary u n i t s into precise: eras and 

periods seems to be no longer necessary. Or i n Twenhofel's. 

phrase, "The l i t h l c unit may transect time diagonally." 

In the writer's opinion the age of the Slocan. 

s e r i e s while s e t t l e d w i t h i n broad l i m i t s s t i l l i s somewhat 

of an open question. I t may be wholly Mesozoic i n age or 

p a r t l y Mesozoic and. p a r t l y upper Paleozoic. 

Gross S t a t i s t i c a l Lithology 

This i s a tectotope of major s i g n i f i c a n c e . Un

fortunately since no completely r e l i a b l e measurement of the 

thicknesses and types of the Slocan series i s available the 

ratios, which. Sloss et a l (23) use In. integrated f a c i e s 

studies have not and cannot with present data be worked out 

for these sediments.. 

The r a t i o s r e f e r r e d to above are those c a l l e d the 
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the C l a s t i c r a t i o and the Sand-Shale r a t i o . These are 

defined below: 
\ 

„lT , . x . - Conglomerate. -»-Sandstone. -K Shale 
C l a s t i c r a t i o - ^ 

Limestone Dolomite -t— Evaporite 

Sand-Shale r a t i o = Conglomerate -h Sandstone 
Shale 

"These ratios, may be r e a d i l y v i s u a l i z e d by con

sidering them as indices of the r e l a t i v e amounts of material 

in the numerator of the ratio, deposited per unit thickness 

of material i n the denominator. A c l a s t i c r a t i o of 2, for 

example means that- on the average 2 feet of c l a s t i c material 

was deposited per foot of nonclastics; and a sand-shale r a t i o 

of i means that only % of foot of sandstone or conglomerate, 

accumulated per foot of shale. These ratios; apply as aver

ages, for the t o t a l section considered and are indices of 
1 

the gross s t a t i s t i c a l Ilthology." 

Fo r e l i a b l e estimate for the value of the Sand-

Shale ratio- for the three belts; of the Slocan serles T can-

be given, but i t is. certain, very approximate values f o r the 

C l a s t i c r a t i o would show a marked increase i n value for this 

r a t i o from the 'Slate Belt' to the ' Quartzite. Belt.' 

Cairnes measured some sections of the Lardeau 

series (3). The c l a s t i c r a t i o was estimated from this 

data, by the writer, to drop from 200 to 11. This would 

indicate that during the period, of deposition of the 
1(23) p.. 343• 



- 65 -

Lardeau 200 feet of elastics, were, deposited per 1 foot 

of nonclastics near the beginning of Lardeau. time- and that 

towards the end of Lardeau time only 11 feet of e l a s t i c s 

were being deposited per one foot of nonclastics* 

This would indicate a growing tendency toward 

c r u s t a l s t a b i l i t y , which the writer doubts on t h e o r e t i c a l 

grounds or a decrease i n supply as a result of denudation 

of the source area coupled with shallow water conditions. 

This is more l i k e l y . The overall, c l a s t i c r a t i o for 15000 

feet of the Lardeau series i s 6..approximately. 

The above consideration of the Lardeau series 

i s merely i l l u s t r a t i v e of the use of these ratios.. A 

measurement of the l i t h o l o g y of the Slocan series could 

be. made with these ratios, i n mind and would be very use

f u l i n determining the genetic, conditions of these rocks. 
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CONCLUSIONS 

The Slocan. series vi/ere prohahly formed i n a. 

l a t e r a l sequences with the rocks; of the Windermere s e r i e s . 

By this; i s meant that the rocks; of the Slocan seri e s were 

deposited in a trough which developed after the Windermere; 

series had been deposited but not folded.. This; trough 

bordered the tr a c t In which the Windermere sediments had 

coll e c t e d and t h i s trough (MiIford-Slocan trough) may 

have been formed as a r e s u l t of the i s o s t a t i c r i s e of the 

Windermere; 'root' and the down-drag of convective currents 

i n the sub-erustal layers of the earth. 

The; sedimentary c h a r a c t e r i s t i c s of the Slocan 

series as studied by the writer on one continuous cross-

section through the series suggest deposition i n a marine 

environment with a progressive change from conditions of 

very low rate of subsidence and supply to a more rapid rate 

of supply and subsidence.. 

The; source of the sediment i s unsettled though 

current d i r e c t i o n s i n the Quart z l t e Belt, of the Slocan 

series over, a wide range of time possibly were from the; 

west. However i t i s not impossible that the source, area 
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l a y to the east and the sedimentary material came from up

l i f t e d Windermere formations.. 

The main f a c t "which the admittedly inadequate 

sampling of the cross-section suggested is- a progressive 

increase, i n grain s i z e , feldspar content, g r a i n size range 

and matrix content of these rocks from bottom to top of the 

section studied.. 

The age of the series i s possibly l a t e Paleozoic 

or Mesozoic. Available data and t h e o r e t i c a l considerations 

on the formation of a geosyncline as presented by Holmes: (6) 

enabled the writer to form an admittedly t h e o r e t i c a l se

quence of events for t h i s area, which was consistent with 

Holmes;' hypothesis: of sub-cruatal convective: currents and 

the orogenic cycle:. 
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A P P E N D I X : 

Petrographic Descriptions: of Specimens Examined. 

B r i e f petrographic descriptions are made below. 

Plates VIII and I X are camera, lu c i d a sketches of the thin-

sections which showed s i g n i f i c a n t petrographic- features. 

Por location of speciments see Plates I I I and V. 

Number 5E No s l i d e made - This i s a l i g h t grey green 

p h y l l l t e . The1 most important lithotope i s the 

cross-lamination which indicates very weak' 

bottom currents and also a l t e r n a t i o n of" mud and 

fine sand material. 

Number 5.D No s l i d e made. This i s a f i s s i l e p y r i t i c s l a t e . 

I t weathers, rusty brown. Breaks on weathering 

to small flakes.. There are no v i s i b l e lamina

tions.' 

Number 5G This i s : a calcareous a r g i l l i t e - . Carbonate 30%, 

quartz and feldspar.- grains- 40% and s e r i c i t i c 

matrix. 30%'. The average grain size i s .02 mm. 

Number 5B No s l i d e made - This i s a dark grey to black 

carbonaceious a r g i l l i t e . 

Number 6A No s l i d e made. This:- i s a grey soft massive 

a r g i l l i t e . Occurs interbedded with massive 

Q u a r t z i t l c s t r a t a . 
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N u m b e r 8 T h i s i s a n a r g i l l a c e o u s , q u a r t z i t e . I t i s 

m e d i u m g r e y , u n l a m i n a t e d a n d f i n e g r a i n e d -

T h e a v e r a g e g r a i n s i z e i s . . 0 5 m m . , a n d t h e 

r a n g e , f r o m . 1 - . 0 3 m m . T h e g r a i n s a r e v e r y 

a n g u l a r b u t a p p r o x i m a t e l y e v e n g r a i n e d . T h e 

c o m p o s i t i o n i s - q u a r t z , 7 0 % , i l l i t e 2 9 % , 

a n d f e l d s p a r l e s s t h a n 1 % . . T h e r i s s o m e 

t o u r m a l i n e , p r o b a b l y c l a s t i c i n o r i g i n . 

N u m b e r 7 M e d i u m h a r d , u n l a m i n a t e d , l i g h t g r e y a r g i l l i t e . 

T h i s t y p e o f r o c k o f t e n h a s f i n e c r o s s - l a m i n a 

t i o n s ; s u i t a b l e f o r ' t o p s ' d e t e r m i n a t i o n s . . 

A v e r a g e g r a i n . s i z e i s . 0 3 m m , t h e l i m i t s a r e . 

. 0 5 " - . 0 1 m m . . T h e f r a g m e n t s o f q u a r t z : a n d f e l d s 

p a r : a r e a n g u l a r . T h e c o m p o s i t i o n i s q u a r t z , a n d 

f e l d s p a r 7 0 % a n d o p a q u e m a t e r i a l 3 0 % . T h e f e l s 

p a r - c o n t e n t i s l o w . P o s s i b l y a b o u t 2 % . 

S p e e i m e n t s 2 . , 3 , 4 , 5 A a n d 6 a r e o f v a r i o u s s t a g e s o f w e a t h 

e r i n g o f t h e c a r b o n a c e o u s s h a l e ( n u m b e r 1 . ( s e e 

P l a t e I S O ) ) . T h e s e s p e c i m e n s s w e r e n o t s e c t i o n e d . 

T h e y s h o w e d v a r i o u s d e g r e e s o f w e a t h e r i n g f r o m 

h a r d m a s s i v e g r e y a r g i l l a c e o u s a n d c a r b o n a c e o u s 

s h a l e t o ' r o t t e n ' r e d a n d b l a c k c o l o r e d r o c k . 

N u m b e r 1 2 T h i s s p e c i m e n i s s i m i l a r t o N u m b e r 9 ' ( s e e P l a t e 

I X ) . 

N u m b e r 1 5 L i g h t b r o w n a n d m e d i u m h a r d r o c k . C o m p o s i t i o n 

i s q u a r t z . 5 0 % C l e a r ( s e c o n d a r y ) f e l d s p a r 3 0 % 
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and carbonate 20%. The grains are of similar-

size end the average i s about .02 mm. This i s 

a calcareous orthoquartzite. 

Number 18 Argillaceous quartzlte. This is; a medium hard 

unlaminated dark grey rock with f i n e p y r i t e 

crystals; scattered through i t . . This rock app

roaches the texture and composition of Number.-

19. There are chert fragments of about .1 mm.. 

Estimated from the number of twinned feldspar 

grains, the feldspar content i s about 5%. Quartz-

is; 75%. The matrix is'opague with some s e r i c i t e . 

The quartz and. the feldspar grains, are clouded. 

P y r i t e , tourmaline and zircon are accessory 

minerals. 

Number 22 This is a specimen taken from the Zuni claim. 

near- the Jackson basin (for l o c a t i o n see Plate 

V). This rock consists of 50% carbonate and 50% 

clay material.. It i s a soft, dark grey to black 

argillaceous l i m e s t o n e . 



i - g, m m . ^ | . g. m m . ^ 

No 19 X-Nice.Is No 13 X-Nicois 

No \1 X.-ts|.cols . N o 14 A- Ni col5 

No 16 • X- N K O I S N o l o X-Micols.; 
if O r d , L , c , K . t v . - . . . . ^ 

PLATE YELL ' 

to j ^ c e p yo 
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P L A T E : V I I I 

ETumber 19 Subgreywacke from upper s t r a t a of Slocan series 

near New Denver, B.C. Composed mainly of quartz 

and feldspar grains;. Some large, rounded quartz 

grains, have c r y s t o c r y s t a l l i n e appearance, possibly 

of volcanic- o r i g i n or chert fragments. The frag

ments- are very angular and show poor sortin g . 

Size range: from .5 mm to -001 mm. - average 

.15 mm. Most large twinned. Plagioclase grains 

are cloudy. There are some zircon grains. Car

bonate content is minor. Quartz 70%, Eeld'spar 

20%. Matrix i s of. s e r i c i t e and opaque a r g i l l a c 

eous material. 

Number 13 'Washed' subgreywacke from near middle of 'Quart

z i t e Belt 1" between Three Porks; and". New Denver,B.C 

The composition of this rock i s e s s e n t i a l l y the: 

same as that of Number 1.9.. However, the feldspar, 

content i s much lower - about 2 - 3%. The size 

range of the p a r t i c l e s i s less extreme - .3mm to 

.05mm average .10mm. There are fewer chert f r a g 

ments. Possibly some of the feldspar i s secondary 

There are clear feldspar grains. Sphene grains 

are minor. No carbonates. I l l i t e about 5% and 

quartz i s about 90%. 

Number 17 Calcareous sandstone possibly dolomitic sandstone 

near' New Denver, B.C. 

The drawing shows quartz, fragments, feldspar 
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g r a i n s a n d c a r b o n a t e , ( p o s s i b l y d o l o m i t e , a s 

t h e c r y s t a l s - o f t h i s c a r b o n a t e a r e e u h e d r a l ) 

T h e i l l i t e i s s h o w n a s m a t t e d g r a i n s . T h e r e i s 

' a p p a r e n t l y s o m e r e p l a c e m e n t i n v o l v i n g t h e c a r 

b o n a t e a n d q u a r t z . T h i s c a r b o n a t e d o e s n o t s e e m 

t o b e c l a s t i c . T h e r e i s o p a q u e x o y r i t e d u s t o n 

t h e l i n e s o f s u t u r e o f t h e g r a i n s . Q u a r t z , g r a i n s 

a v e r a g e s i z e - i s * 0 7 m m . 

N u m b e r 1 4 F i n e g r a i n e d a r g i l l a c e o u s o r t h o q u a r t z i t e b e t w e e n 

T h r e e F o r k s a n d N e w D e n v e r , B . C ' . 

T h i s r o c k i s c o m p o s e d m a i n l y o f q u a r t z - f e l d s p a r , 

g r a i n s . . T h e r e i s a b o u t 1 5 % o f p s a u d o m o r p h o u s 

c h l o r i t e ( ? ) i n g r a i n s . 1 5 m m - . 2 0 m m * T h e 

Q u a r t z a n d f e l d s p a r g r a i n s ; a v e r a g e . 0 3 m m w i t h 

r a n g e f r o m . 0 2 t o . 0 5 mm., , a r a n g e w h i c h i n d i c a t e s 

' r a t h e r g o o d s o r t i n g a c t i o n . P y r i t e d u s t a n d a 

v e r y s m a l l a m o u n t o f c a r b o n a t e ( 2 % ) w i t h s o m e 

a r g i l l a c e o u s o p a q u e m a t e r i a l m a k e u p t h e r e s t 

o f t h e r o c k . T h e r e i s s o m e b i o t l t e * 

N u m b e r 16 F i n e ; g r a i n e d c a l c a r e o u s o r t h o q u a r t z i t e o r w a s h e d 

s u b g r e y w a c k e f r o m n e a r N e Y j D e n v e r , B . C . . 

T h i s r o c k a p p r o a c h e s a f i n e r g r a i n e d e q u i v a l e n t 

o f N u m b e r 19. T h e a v e r a g e g r a i n s i z e o f t h e 

q u a r t z a n d f e l d s p a r f r a g m e n t s i s a b o u t . 0 5 m m * 

T h e r a n g e i s a b o u t * 0 1 - * 0 2 5 m m . T h e r e a r e . 

m i n u t e e m b a y m e n t s i n t h e q u a r t z i n d i c a t i n g r e 

p l a c e m e n t o f t h e q u a r t z . T h e . f r a g m e n t s a r e a n g u -
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l a r and sharp. There are some subangular grains. 

The quartz i s about 60%, carbonate 30%, feldspar 

5 - 10%. I l l i t e , p y r l t e ajnd..clay material, I -
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PLATE :VIII 

Number 10 Knot.tensrcb.Iefer from near a stock between 

New Denver and Three Eorks,B..C* 

This rock looks i n hand, specimen .like" a massive 

a r g i l l i t e . However, under-the raicroscope, i t 

shows a high degree, of meta morphism.. The matrix 

forms about 90% of the rock and consists of lam

inated layers of opaque material most l i k e l y 

argillaceous or carbonaceous material. The por-

phyroblasts are of pseudomorphous c h l o r i t e (?)• 

There, are also very small quartz; fragments. There 

i s fracture: cleavate. - p a r a l l e l to the bedding i n 

hand specimen.. The porphyro blasts are .4 mm* 

Before: metamorphism. t h i s was probably a highly 

argillaceous rock* 

http://Knot.tensrcb.Ief


• 2. m m . • . 2 m m 

, No 5F X-N ' co l s ; Mo.^R, br^L«,ht • 

PLATE IX 
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PLATE IX 

Number 5F This i s a slate or p h y l l i t e from the: 'Slate 

B e l t ' near Bear Lake.. 

The sketch shows very fine d e t r i t a l grains of 

quartz, and feldspar i n t e r c a l a t e d with layers of 

dark brownish opaque material* There are pseudo-

morphous prophyroblasts of. chlorite. (?) ly i n g 

p a r a l l e l , with, these layers'. The opaque layers-

could be carbonaceous material.. There are some 

fragments of twinned feldspar. The size of the 

grains- seems to be about .002 cm average. 

Number 9 This argillaceous, quartzite i s from between Three 

Eorks and New Denver ,B..C. 

This specimen, i s similar to'. Number 1.3 (same range 

and grains size as A225) except that there i s less 

feldspar' and more argillaceous, or carbonaceous 

material. The grains show, much better sorting 

than. in. 13. The average, s i z e i s about .05 mm and 

the range i s very close to this figure:. The opaque 

material i s about 40%,quartz and feldspar grains 

50% and s e r i c i t e or- i l l i t e and. p y r i t e about 10%v 

There i s no layering apparent. This, i s a porous 

black or a r g i l l i t e i n hand specimen. There, i s 

l i t t l e i n d i c a t i o n that quartz: constitutes about 

50% of the rock i n the hand specimen. 

Number 1 This, i s a carbonaceous shale-slate from between 

Sandon and Three Eorks near Carpenter Creek. 
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PLATE IX. 

Number L This i s a black rock i n hand specimen which 

weathers r e a d i l y and crumbles. The open clear-

spaces i n the sketch are gaps i n the s l i d e l e f t 

by the grinding out of p y r i t e c r y s t a l s . The rest 

of the material i s an indeterminate sooty black 

opaque material which i s presumably a mixture of 

carbonaceous and ar g i l l a c e o u s material with, the 

argillaceous material constituting the greater 

part of the rock. 

Number A225 This comes from the Howson Creek area near the 

Alamo Basin.- This i s a true orthoquartzite. The 

rock. Is almost 100% quartz grains. There i s very 

good sorting and very l i t t l e matrix. The average 

size, of grain i s -05' mm and the range is- from .1mm 

- .02.5mm. Some quartz grains are f a i r l y w e l l 

rounded... The feldspar i s 2: - 3% of the rock. 

There i s some p y r i t e dust, and s e r i c i t e . Tourma

li n e grains, were seen i n the s l i d e but are not 

shown i n the sketch. 

Number A Erom Pettijohn. (15) p. 2.45, Carboniferous Stanley-

shale near Mena. Ark. 

This sketch was traced from, a photomicrograph i n 

Pettijohn*s "Sedimentary Rocks" to show, comparison 

between subgre.ywa.cke types of Slocan. rocks and 

true greywacke. This i s a t y p i c a l greywacke com

posed dominately of s i l v e r - l i k e , i r r e g u l a r quarts 

. grains, together with a l e s s e r amount of 

http://subgre.ywa.cke
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feldspar, and s l a t y or p h y l l i t l c rock f r a g 

ments embedded i n a c h l o r l t i c or s e r i c i t i c 

matrix. The l a t t e r forms a large and s i g n i f i 

cant part of the rosk shewn. In A."' 

Number B Prom Pettijohn., p. 2.45, Atoka formation Carbonif

erous near Mena Ark* 

"This rock i s an orthoquartzite formed by elimin

ation of fine i n t e r s t i t i a l d e t r i t u s . Only quartz, 

remains which shows a d i s t i n c t rounding. Such a 

rock, i s not thoroughly cemented and constitutes a 

p o t e n t i a l o i l . sand. The greywacke from which i t 

Is derived, such as A, i s plugged t i g h t with a 

paste and is. impermeable."' 
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