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GEOLOGICAL SERIEo, ^o. 13.

L—The Origin of GraniU (AticropegmatiU ) in the Purcell SiU$.

By S. J. ScHoriELD.

INTRODUCTION.

Of late years, thr assimilation-differentiation hypothesis, in
connexion with the larger problems of petrogenesis, has received
some measure of support from the study of the gabbro and assoc-
iated granites occurring as sills in various parts of the world.
The purpose of this paper is the examination and discussion

of this hypothesis with reference to the origin of the so-called
"secondary" granite in sills; especially in those of East Koote&sy,
B.C. This is all the more desirable since the Easi, Kootenay
sills show a general type of phenomena common throughout the
world, and since they present such exceptional opportunities for
rftudy.

The problem was suggested by Professor R. A. Daly of Har-
vard University and was studied in connexion with the geolog-
ical mapping of East Koot v, B.C., during the field seasons
of 1909, 1910, 1911, and 1

Previously Daly studied occurrences of similar phenomena and
published several interesting papers.' Daly's main conclusions
are as follows:

—

(1) "The Moyie intrusive is an enormously thick sill composed
in greatest part of a peculiar hornblende gabbro slightly acidified

atthe lower contact. An equally abnormal biotite granite

'Daly, R. A., Geol. Surv. Can., Ann. Rep., 1904, p. OlA.
Daly, R. A., Araer. Jour. 8ci., vol. 20, ISOS, p. 18S.

^".IXi
^- *•• FwtBchrMt lum aiebiusten Geburtrtage yob H. Ronabnirb,

M815-1
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mergijii irregularly into mieropagmatite, fomu a lone in tlie

uppemuwt part of the lill, while a fourth lone of rocic intet •

mediate in composition between the granite and gabbro and, on
the respective eidee, tnuuitional into those rocka, occurs between
the thick basic lone and the much thinner granite lone."

(2) "The sedimentary formation cut by the sill compriiw a
very thick series of ancient sandstones highly quartsose but
generally containing alkaline and soda-lime feldspars and always
carrying mica."

(3) "At the time of intrusion the quartiitic strata lay flat."

(4) "At both contacts of the sill, the igneous rock contabs
foreign blocks shattered off from the quartiites. These blocks
often show evidence of magmatic corrosion."

(ft) "The field-relations and the cliemical and optical study of
sill-rocks and quartrites suggest that the material of the granite-
micropegmatite sone is of derived origin. Most of that material
resulted from the solvent action of the gabbro magma on the
quartiite blocks and on the main sill-contacts. Some of the
eonstituent elements of the granite may have l>een taken from
the gabbro, which, on account of its superior and great volume,
shows no appreciable modification by such loss."

(6) "The asymmetry of the intrusive body is believed to be
owing to the stratification of the sill by the action of gravitative
adjustment. The product of assimilation whether at the lower
main contact or about quartaite blocks immersed in the gabbro,
possessed less density than the gabbro magma, rose through
that magma and collected at the top of the sill. The interme-
diate rock represents a sone of incomplete differentiation."

(7) "The assimilation and concomitant differentiation are
exhibited in other sills of the region, but, on account of the
relatively small thickness and consequently smaller share of heat
energy possessed by those sills, the action did not develop true
granite."

(8) "Following the solidification of these sills, they were
faulted and tilted to their present position in the fault-blocks
of the Purcell Mountain range."

(9) "More or less perfect pa^u ..» to the Moyie sill have been
described by various workers in Minnesota and Ontario. In all
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of thow initancra there ia the lame genetic ralation of gab>>r<>,

rnnite and ailiceoua Mdimenti or scbitta. An Imporl int
special feature of the extraordinarily thick and exteniiivp aheet
of the Sudbury district in Ontario la an apparent caae of the
gravitative differentiation of the famous sulphide ores of that
diitrict."

New facts gained in the present writer's study of the sai.

phenomena liave led iiini to the follo'"ing conclusions:—
(o) That the sills were formed from piactically simultaneoua

injections of a serie-j of magmas—varying from acid to basic-in
distinct sills.

(6) That these magmas are differentiation products of a
subcrustal or interrruHtnl magma.

(c) That after intrusion, the magma of those sills composed of
basic material 8oli(tifie<l without different! ;"on.

(d) That in the case of those sills comp .*ed of the more acid
magma, differentiation under influence of gravity took place and
the granitic portions furmed in this way with little or no aid from
aiwimilation.

(«) That the hornblende of the sills is secondary after augit3.

GENERAL GEOLOGY OF THE PURCELL RANGE.

The Purcell range, as shown on the accompanying map, lies

in southeastern British Columbia, between Kootcnay rivt r on
the east and Kootenay lake on the wM. The range for the
most part is made up of sedimentary rocks called the Purcell
series, of Pre-Cambrian age. This series, with a thickncHs
of about 23,000 feet, is folded into broad anticlines and syn-
cline« striking in a northeriy direction and is broken by a few
subsidiary normal faults. These orogcnic movem'-i. ' were
accompanied or closely followed by an intrusion oi "i \nite,

especially in the western part of the range.

The Purcell series consists mainly of argillaceous quartzites,
and argillites, with subsidiary amounts of purer quartzitee,
sandstones, and limestones.

Amongst these strata, and especially in the oldest known
member of the Purcell series, occur the Purcell Sills—the subject

S6815—

U
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of this present article—and the Purcell Lava, the extrusive
phase of the Purcell Sills also Pre-Cambrian in age The
lavas consist mainly of basalt with minor amounts of rhyo-
hte, breccia, and tuff, with a thickness of about 300 feet
They occur higher up in the series than the siUs and since they
are of the same composition as the sills, therefore, the sills and
lavae are behoved to be reprosentatives of the same magma

Fio. 1. Hap Bhowing the position of the Purcell Sills.

The Purcell Sills are generally confined to the oldest known
member of the Purcell series and occur as tabular intrusive
bodies, varying from 6 to 2,000 feet in thickness. They are of
two kinds: (1) simple, formed almost entirely of gabbro; and (2)
composite, formed of granite (micropegmatite), gabbro, and
mtermediate rock types. In the case of the composite sills,
the material is stratified according to density, the granite
(micropegmatite) occurr:ng at or near the upper contact of the
sill, and grading downwards into gabbro. That in the case of
the composite sills, these two rock varieties have a common
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origin is supported by the association of the rhyolites and basalts

in the Purcell Lavas, the supposed extrusive phase of the Purcell

Sills.

PETROGRAPHY OF THE SILLS.

As mentioned above, the sills fall into two groups—a simple

type composed almost solely of gabbro, and a composite type
consisting of granite (micropegmatite), quartz diorite, and
gabbro, always arranged in a stratiform fashion. These com-
posite sills are of two types; in some cases the granite (micro-

pegmatite), occupies the upper portion of the sill, grading
downwards into gabbro (Sudbury type) ; while in the other type
the granite (micropegmatite) is near the upper contact and
grades towards each contact into gabbro (Shonkinsag type).

Thus, there are three main rock types in the composite sills,

and one rock type in the simple sills. Of these, gabbro is com-
mon to all types of sills.

Lithological Characters.—The rocks which constitute the

Purcell Sills vary in composition from a hypersthene gabbro
to a very acid granite (micropegmatite), with members inter-

mediate between these two extreme types. The texture of the
sill rock varies from fine-grained to porphyritic. The granite

(micropegmatite) is always associated with gabbro and occurs

at or near the upper contact of the sills. The thickness of the

granite (micropegmatite), which grades downwards into a
hornblende gabbro, bears no relationship to the thickness of the

sill. In some cases, where the granite (micropegmatite) is not
at the immediate upper contact, it grades upwards into a

quartz diorite and finally into a gabbro.

Before proceeding to the general discussion as to the origin

and distribution of the granite (micropegmatite) in the sills,

a description of the three main rock types will be given. It

must be remembered that all three types pass into each other

by gradual transition.

Gabbro.—The most basic type is hypersthene gabbro and
occurs in one of the St. Mary sills. It is a dark grey, crystalline

rock of granitic texture, in which can be detected plagioclase and
augite. The rock is quite fresh, the feldspars being clear and

I
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and without pleochroism TTmiV*- .• ^"^f"*'*® « colourless

with the TatadSTit hr^S'^'T
•'°™^'*°'^^ " ''» ''°°**«*

yeUowish green parallel t; T TwTlTor 1 ,' *^^ ''"''

nearly all the hornblende in the LtirX"^ I'T.u''t3Te and ,t also strongly supports the the^J that a" the ho^'blende is secondary in origin
°™*

may be quoted.
"^^^^nr- An extract from his report

whoiel'teiLrrtJil^^tTeia^-ater^^^ "'"rite) ia. on the

™«ge»t thatdipntic rocks of this wSon «e uri^it^.Li ^'^''t"*'"
°' "»« hornblende!

.itfouKh complete proof is wanting"?'a°^ "cV/^'L^^ute'S ^cltt"^-"^

warren
. The hypersthene of the Purcell Silh i« oK« *

,'

m amount to the augite and is char^teled bt at^LXpl«ochroism parallel to c T* i,...^, r ., ,
* P"**

alteration to ho™btode ^ ''""'°''>' ''•"™ «" »'

hornblende TricltoJ,If."". "'''"'''^ "> ' «°»I»«»

»lo«rle„, idlo^orpbie cyst.,,' 0.?'al?°l'^'^ '^^^
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of quartz was present in the slide examined. The secondary
minerals consist chiefly of fibrous and non-fibrous hornblende.
Sericite occurs as dust-like particles in the feldspars. The struct-

ure of the rock is ophitic with the femic constituents filling the
interstices of the lath-shaped labradorite crystals.

A chemical analysis of a typical specimen of hypersthene
gabbro is as follows:

—

SiO, 50-36

TiO, 0-90

AljO, 13-63

Fe,0, 2-22

FeO 8-38

MnO 0-20

MgO 8-67

CaO 11-50

Na,0 2-54

K,0 75

H,0-t- 005
H.0- 0-71

PtO. 0-07

99-98

S.G 2-970

(M. F. Connor analyst).

The norm calculated from this analysis is as follows :-

Orthoclase 4.44

Albite 20-96

Anorthite 23-63
Diopside 26-97

Hypersthene 9-86

Olivine 8-16

Magnetite 3-24

Ilmenite 1-67

98-93

Water 0-76

99-69

Hence in the quantitative classification the rock is auvergnose.
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kJ?!?"**'^"*.***''*
''^°'^' **»« chemical relationship of thehyperrthene gabbro to other gabbros.—

1. HyperatliPnc gabbro of Purccll sills.

4. An aiuilysis of Karoo dolerite (olivine diabase).'

thlt'^r- il
^ Ga66ro.-The most common variation in

S^Hfvi tol* ; °"!!r°"" °[ '^' hornblende gabbro, which isbelieved to be formed ivm the hypersthene gabbro by meta-morpbsm. In this gabbro. the pyroxenes are entirely'^aS

thtZ^ T' r°f
'*"^°* "'""^ * fibrous hornblende with the

characteristic pleochroism, bluish green parallel toe strong

these hornblendes contein inclusions of magnetite in irregula;

tZ ?'' J^°™blende is identical with that described aboveas hemg formed from augite and hypersthene, and, hence Iscoo^dered secondary. In the hornblende gabbro. quaS
Tnt ."v r* "°^.

r**^
'^i-'^I^atlte occasionally occuas interstitial material. Epidote and calcite are present as a

r;l? 1 deep^eated metamorphism of the feldspa" An

nomblende as primary.

'R. A. Daly, Pro. Am. Acad, of .\rta and Sci., vol iS 1900 n on
•ia4?^^Co^^4"!ne^??£.°'^,Lrl«t. v^^^«S=t«; j'A*^"?' ^.";- A™a- O' Arts.Hateh and Corstorphine, Geol. S. AfricK. A. Daly, Amer. Jour. Sci., 4th Ser.,

Africa, p. 232!
vol. 20','i90S, p. 193.
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SSO, 61-92

•no, 1-83

AVO. 1413
FeA 2-97

FeO 6-92

MnO 014
MgO 8-22

CaO 11-53

Narf) 1-38

K,0 0-47

H,0+ 10

H,0- 1-07

P,0. 004
COj 0-06

100-78

S.G 3-000

The lorm of the hornblende gabbro is:

—

Quartz

Orthoclase

Albite

Aaorthite

Dbpeide

Hypersthene

Ilmenite

Magnetite

Wat« "1

Carbon dioxide]

6-78

2-78

11-53

30-86

21 07

19-44

1-62

4-41

1-23

Hence, in the quantitative classification, the rock is salfemic,

quadrofelic, percaicic, presodic.

Towards the centre of the thick sills, there are often con-

spicuous streaks of light coloured material in the gabbro, which

generally approximate a position parallel to the upper and lower

contacts of the sill. This variation strongly resembles the

banding in the gabbros of Skye, described by Barker.' The

light coloured bands are pegmatitic in character and resemble

segregation veins. There are two phases of the pegmatitic

gabbro—an acid and a basic phase. The acid phase consists

chiefly of quartz and the feldspars, orthoclase and oligoclase-

albite. The orthoclase occurs as intergrowths with quartz

forming micropegmatite. In this instance, quartz holds the

feldspar, which is the reverral of the usual relations of the min-

A. Harker, Mem. Geol. Sur. ol the United EisBdom, 1904, pp. 90-02, 117, 121.

L
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in-

phase strongly resembleHn fn^nJ -^"^ hornblende. This add

biotite^ndS'Sh^ :ptJ°J^*"-^^^^
acid bands and the KrST^^iJ^JT^"'*^ '^*'^«'° *»>«

have had the sameT„^„
^"''''^^^''^^) suggests that they

Under the Tcttpe U r«^n ^^^^^^^^^^^
'''^'^' ''"^ '^'^^P"-

crystallization is the reveU<rtLfnf.iK*PP*"''- °'^'' °'

which has an ophltic teX« IntK
^^^P^^thene gabbro

hornblende, which L hST' i**
P««»atoid variety, the

tends to idioXhic oSesTr^*, '^^ •'^-^^ P--^.
essential constit^nt A S!?/*!^^*.

*^* ^°^^'°«' **>« "th"
accessory const tTnts wMe th« '^ "°^ '"''"^ "« »«>«

of epidote and caSte Th.
*
! "TT"^"^ °''°««^« ''^^^

of the pegrnatoid g^brol Ln r ^^'^^ *''« **« Phases

observ^brqiut^ ehTri H^r ^ «radational, but has beenue quite snarp, hke an igneous contact.

occurred nearCe"i'^ IntTcf^f^'th: *'n ^"'k^'
'^''P"^'^*'^

the essential constitEts of the a^teVrf ^H^^^^'^'^y'
pegmatite in which tie Qmrtzlt^hTZ

'^'^^^^'^^ micro-

inclusions of orthoclasf Sl«»
the .latter contains oriented

with a great nuXr of sLti Tf'"' ^ "'"''"^^ ^'°"ded

blendeJhich ir^^LntlSblts^^^^^^^^^^^
green, b, stronir me^n a ,r„ii •.

P'eocnroism, c, bluish

the seco;dary JoSere'd^cS a^:'
^°' ''^' '--^'-

roundirg gabbro TWs „S .
boundaries with the sur-

blende endosed in a «^^^^^^^^
'°°« ^'^'^^ °f born-

microscope sho-s th^t ^ikh M* ? ""''^pegmatite. The
and physLl proper tsv^ththr;f V^T' ' '° "P««'-I

above, but in th.^ cat Trlni ? T ^^"^^^^^^^ described

blende is complete Th^hT^*'"° °^ ^'^^ «*"»*« i°to horn-complete. The hornblende has a distinctly shredded
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appearance and minute needles of it occur througliout the other

mineral constituents. The micropegmatite, which forms the

ground-mass, consists of quartz containing oriented inclusions

of orthoclase, minutely charged with a great number of micro-

scopic hornblende needles. Large masses of quartz occur which
are usually, but not always, free from inclusions. Apatite in

long needle-like crystals, and magnetite form the accessory

constituents. This phase is believed to be a variation of the

acid member of the banded gabbro.

Associated with the basic sills and sometimes with the banded

g ;;bro8, are small irregular dykes of aplite, which consist almost
entirely of plagioclase and quartz in varying proportions, with
minor amounts of calcite. With a decrease in calcite and
plagioclase these dykes pass into quartz veins which represent

the extreme differentiate of the gabbro magma. Associated

with all these variations occur sulphides of iron and copper.

Quartz-Diorite or Transition Rock.—With aa increase in

quartz and micropegmatite the gabbro gradually passes into

quartz-diorite which forms the transition type between the

gabbro and the granite (micropegmatite). The quartz-diorite

has a light greyish-gieen colour and, in the hand specimen,

shows quartz, feldspar, hornblende, and biotite. Under the

microscope, the phredded hornblende is seen to have the same
pleochroism: c, bluish-green, b, dark green, a, yellowish green,

as the secondary hornblende described as occurring in the hypers-

thene gabbro, and is embedded in a ground-mass of quartz and
micropegmatite In the latter the quartz holds the feldspar,

which is clouded with a great number of dust-like inclusions.

Plagioclase—andesine to labradorite—is rather plentiful, while

biotite, in small plates, is present sporadically throughout the

rock. Chlorite and zoisite occur as secondary minerr's. The
following analysis is given by Daly:—

'

Daly, R. A Festschrift lum siebzigsten Geburtstage von H. RosenbMh,
1906. p. 217.
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8,0k..

T.O...

AI,Q,.

Fe,Oi.

FeO...

MnO..
MgO.,
CaO...

52. 63
0-62

10-76

2-86

10. 74

0-38

433
6- 17

Na,0..

K,0...

H,0+.
H,0-.
PA...
CO,...

141
229
012
117
0-33

0-10

S.G.
99-91

2-954

which occurs at oTneuZl^ ^ ^'^^ (micropegmatite),

caae closely rtLmbHrth?5w w*"* °^ *^* «"*«' '" *»»« '»»*«'

contain a largeZ^^t nf ^ ?°^ '"''"" '"'« ^-^^ ^^^ t^ck

basic. In the hand spSiZ! !!t l**'.'f''°r.'
^'^ ^^^^''^^

is a fineisrained. hSocmtl'-T. '^T^- ^"^'""'P^JPnatite)

grey cotour, .? STal t^L??;^*'" '^'''^ °^ ^'^^^^^^

feldspar. Under thrm!!!.
"*^°*'fi«d ^lotite. quartz, and

which the quartz holds the orth^ia«T CT'S'""*'*^'
'°

with dust-Uke inclusions and - '
'^***' " ^"^

throughout the quarTz 1^'°^ ''
*r"^'^

''"^^^^'^^ ^^'^^^y

simultaneously Agl ^1^ "*^ ''^'°- '"**°«"^^

peripheral parts of tie' auart^wKM fu
'' ""'^ ^^^° '^ *t«

from such Llusil ''i?3J^'^J^!- -•^*- ."^'l-te free

^r^nt in s.all amour"Bt;rr:e.\tSf
a^J

'L. V. Pmaon, U. S. G. 8. Bull. 23V. p. 43.
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occurs in irregular plates having an average diameter of 0-25

nun. Muitcovite is present very sparingly and has a rod-like

form. Magnetite, titaniferous magnetite in irregular masses,

apatite in idiomorphic crystals, together with very minute

crystals of garnet, complete the mineralogy of the granite

(micropegmatite.) The analysis of the fse&mie (micropeg-

matite) given below in column 1 b taken from Daly's paper'

—

"The Secondary Origin of Certain Granites." The analysis

given in column 2 is the average analysis of granites of all periods

by Osann and Clarke, given by Daly*.

1. 2.

8iO« 71 '6»

OW
13»
0-83
4-23
OW
1-28
1-66
2-48
2-37
014
1-31

007
013

00-92

TiOj 0-3»

AliOi 14-78

FeiOj 1-S2

FeO . . 1 67

MnO 0-13

MgO 0-»7

CaO 2- 15

N»,0 3-28

KtO 4-07

HiO+ 0-78

HiO—
PiOi 0-34

CCH

p G .

100- 16
2-773

100-10

2-S60

The calculation of the norm of the granite (micropegmatite)

gives the following results:

—

Quartz 39-90

Orthoclase 13-90

Albite 20-96

Anorthite 8-34

Corundum 4-59

Hypersthene 9-14

Magnetite 1 • 16

Titanite 1-22

99- 12

'R. A. Daly, Amer. Jour. Sci., 4th 8er. vol. 20, 1905, p. 193.

>R. A. Daly, Proc. Am. Ac. of Arts and Sci. vol. 46, 1910, p. 219.
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Hence, in the qu»ntltative clawification, the rock is of the

dS:,h'^"*'
"'" "'""'*"' '"« •»-*"-. -d -brai

dlrtnbution of the sills now exposed in the Purcell ranee Asthey were mtruded when the strata were flat, they have s^fferej

frl nT '^/°*'«"°«« and "ynclines with all a^ of dtpfrom to 90 degrees. The sill, often end abruX awinlt•trjta which are older or younger than those hoSbg the sHlfand m some cases the vertical displacement may be several

itrr'a^d f
'"*•

f
°'""°" ^°'°**"«' P«n-ndicdar toth

siSrinH ? ,7 u""*'*'*'
" ^P*"'^'y P^'"'"^"* in the thick

M ?1 ""l'
'^°''" '° *^« ^^'"P'nent to the north of St

q«S:tV* *'"^"^*'°" °^ *^« -'-- " - -te angled

8111s IS a stratification of the material according to density

SaLTttTte" 1 *"°.'"«°'^-
.
'° *^« -mpl?studirj?fh

mSrit?^
International Boundary line, the distribution ofmatenal was: an upper gabbro zone 26 fset thick pa^sine wad

turn gradually passed into a lower gabbro layer 30 eet thick

li^iX ir"^«°" '
^^"^"" *« ''^' - «^-^*-i

The other type was studied in the St. Mary sills and consists

war'JsTJa'';;;!;''
"^"" '^r ^'^'^^ P^'^ graduX downwards mco a gabbro zone also 70 feet thick. All gradationsexist between the granite (micropegmatite) and thrgabto

T^^K- JT • f.

*'"' e'^tremes, is called the quartz-dioriteThe th,ek basic sills also show a rough stratification in the entTeof their masses where long schlieren of acid material are ek,n!gated parallel to the contacts of the sills. The gabbro at the

centre ,t is coarse^jramed and pegmatitic. A discussion of the
'T Pi.'MOD. U. 8. G. S. BuU. 287. p. 43.



mcioraoiiATrn: in pooux hixi. IS

ori^n and relations of these rock types will be given below under

"Rock Oenesis."

Tlie exomorphic contact effect of the sills is very small,

especially where the contact rock in a fine-grained argillaceous

quartzite. In one case the quartiite for an inch from the upper

contact is thoroughly vitrified and charged with small needles

of hornblende. Outside this narrow contact zone, the sediments

are normal in character. A study of the cont under the

microscope revealed three distinct but gradational bands. The

normal quartiite consists of interlocking grains of quartz, 0-5

mm. in diameter. This zone passe.^ gradually into the vitreous

variety which shows no great signs of metamorphism, except a

thorough cementing of the quartz grains, whose contact with

"ach other is very indistinct and whose individuality was only

detected by their optical orientation. Hornblende with green-

ish-blue pleochroism parallel to c and identical with the horn-

blende in the gabbro, is present in this vitrified band. This

zone with a gradui.i increase in orthoclase and piagioclase past.es

into micropegmatite in which the quartz holds the feldspar,

the latter being filled with dast-like inclusroa'* of sericite. Horn-

blende, similar to that described above, and biotite are sparingly

present in this micropegmatite zone. As the hornblende and

piagioclase become greater in amount, with a concomitant de-

crease in the quartz and orthoclase, the micropegmatite variety

passes into the hornblende-gabbro proper. All three zones were

seen in one slide taken from a specimen at the contact.

The exomorphic contact action, exhibited at the lower contact,

was studied in two localities. In the Pyramid basin, a sill 150

feet thick is intruded into grey weathering quartzites and

argillaceous quartzites. The latter, at the lower contact of the

sill, is impregnated at a distance of one foot with hornblende,

similar to that found in the sill itself. This hornblende is

shredded in appearance and sometimes occurs in radiating

groups embedded in a fine ground-mass of quartz grains. Musco-

vite in small, needle-shaped crystals is present in moderate

amounts. A fine-grained variety of the quartzite occurred at a

distance of 6 inches from the lower contact, and its metamor-

phism consisted only in the development of a few crystals of
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biot'te. Under tb« mlcrcmcope th« grain, of qiurti, wbow
averaferiM |»008 mm., ihowi a pitted itructureM if mct«J upon
byaaolvent. Biotit* i. pre«ent in large amount. Thi. differ-
ence in degree and kind of metamorplii.m between theiK^ two
lMnin« Muggeeta tliat the texture an well as the composition hadome influence on the contact metamorphiam induced by the

M°,.«!
enclo"*"! iedimenU. In the St. Mary eill., where

a nil 140 feet in thidmea' was intruded into fine^ained argil-
laceous quart«it«, the contoct effects are very slight and extend
for a distance of 3 feet from the upper contact. The only
result, visible in the hand specimen, is a slight baking of the
iMSdiiuents. Under the microscope, this baking is seen to consist
o: a slight coalescence of the quarti grains whose average
diameter is 0- 09 mm. Muscovite, which, in general, is restricted
to the contact metamorphosed sediments, is present in rod-like
individuals. Biotite, common to all the sediments of the Aldridge
foiroation, occurs in irregular masses 049 mm. in diameter
Summary of the Contact Melamorphim.—The sharp line of

demarcation between the siU and the sediments is worthy of
notice, for though, as the microscopical examination showed,
there IS a gradational change from sediments into granophyr
yet this change takes place in a zone with a width only a small
fraction of an inch. The very small amount of contact meta-
morphism induced by the intrusion is perhaps what might be
expected, when the intruded rock is a fine-grained quartzite.
It consists of a baking of the sediments for a maximum distance
of 3 feet from the contact, with the formation of mi^scovite
and the transference of femic constituents from the gabbro into
the quartzites for the distance of 1 foot.

THE STRUCTURE OF SILLS.
The Movie Silis.—One of the finest, as well as one of the most

easily accessible examples of diflferentiated and undifferentiated
sills, IS exposed on the western slope of the mountain west of
Kingsgate, B.C., on the International Boundary line. This
section was described in some detail by Daly '.

'»
A R?f- f'"°™»'y Report. G«)I. Surv. Can., 1904, p. 98A.

n A nij' p"*." /SSf-
8«i-. <.'h SeriM. vo). 20, 1906, p IM

IMS. p.'m '' ^"»^-"*'t ""» S.eb.-ig.ten Geburt.t«w von Harry Ro««bu«,h,
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At th« time of bis work in thli area, througli the pnuoity of

rank outoropa, be failed to note two bands of sediment in bis

Moyie sill. 80, instead of one sill as Daly described, there are

three sills. This new field fact, which was found by the writer

in 1910, materially affects the problem of petrogenesis. In

1911, the writer guided Daly to the several important exposures

and the section was again carefully studied with the resultH

given below. The exposures are not very satisfactory and
other bands of sediment may be present in sill D.

The mountain to the west of KiDfetgate consists of argillaceous

quartxites, belonging to the oldest known member of the Purcell

series, dipping 60 degrees to the east and intruded by sills of

igneous material. Sections of these sills are given in Figs. 2
and 3.

Tabular iratkin o( the Moyie SilU. (Mrawred at a locality l| miin dittast
trom (ration Uliutrated in Figa. 2 and 3.)

SilU. thirknoHM
iaieet.

Rook logM, thick-
neweii in tuot.

Character at rock.

100+ Bodimenta.

A.3I5± M+
100±
1U±

Gabbro.
Gianttc.
Gabbro.

100 Spdimonts.

B, S2» 310
215

Clronite.

Gabbro.

45 Sediments.

C, 30 30 Gabbro

2S0 Sediments.

D, 438+ 138

300+
Granite.
Gabbro.

66815-2
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Sill "A," the highest in the series, consists of an upper gabbro
phase of specific gravity, 2-96, having a thickness of 26 feet
a,nd passing gradually downwards into a granite (micropegma-
tite) interior whose specific gravity is 2-76. This finally
gives way to a lower gabbro zone of specific gravity 2-97, about
29 feet thick. Underlying this sUl occur 80 feet of argUl'aceous
quartzites. SUl "B," of specific gravity 2-93, 30 feet in thick-
ness, now occurs and in turn is underlain by 670 feet of quartzitic
sediments. At this point sill "C" makes its appearance and
has a total thickness of 910 feet, containing an upper granitic
(nucropegmatitic) zone, 310 feet thick, of specific gravity, 2-74,
passing gradually downwards into hornblende gabbro approx-
imately 590 feet in thickness. Intervening between sill "C"

Sculeof Milei

Fio. 2. Natural aection of Moyie 8Uls. See also Figure 3.

and sill "D" occurs 75 feet of argillaceous quartzites. Sill "D"
is 1500 feet thick, and was poorly exposed. It consists of horn-
blende gabbro of specific gravity, 2-99, no large mass of biotite
granite (micropegmatite) being present in this sill. In the section
at the Boundary line no further outcrops of gabbro were set n, but
Daly, from his study of the region to the south, postulates
another sUl, "E", as the lowest sill in the Moyie group of sills.

A summary description of the rock types mentioned above
has beet given under "lithological characters" and will not be
repeated here. It will be noted in comparing Daly's columnar
section of the Moyie sills with the one accompanying this paper,
that there is a difference in the respective thicknesses of sills
' C" and " D." Daly estimated his thickness in the field, while
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HOCK TVK8 SPCt

Sill A I36rt.thick
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quartstta .2 70., ZOOft.*

Fig. 3. Columnar Bection of the Moyie Sillii.

56815—2}
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the writer obtained bis results by calculation, taking into
consideration the slope of the hill as well as the dip and strike
of the sills.

The St. Mary St7Z«.—Intruded into the westerly dipping
Aldridge quartzites, which form the mountains rising on both
sides of St. Mary lake, is a series of gabbro sills which were
studied in some detail. Sill "A" (see Figure 4), which apparently
represents the highest one in the series, is 140 feet thick and

Fia. 4. Natural section of the St. Haiy Sills.

contains an upper granite (micropegmatite) zone of specific

gravity, 2-76, 70 feet in thickness, passing gradually downwards
into a gabbro of specific gravity 3-01, also 70 feet thick. Separat-
ing sill "A" from sill "B" occurs 400 feet of argillaceous quartz-
ites. Sill "B," which is 985 feet thick, is composed almost
entirely of hornblende gabbro. It is in this sill the hypersthene
gabbro occurs which shows the transformation of augite and
hypersthene into hornblende. No granitic (micropegmatitic)
zone is present in this sill although here and there in the centre
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of the sill Bchlieren of acid material were observed. Sill "B"
is separated from the underlying sill "C" by 200 feet of argil-

laceous quartzite. Sill "C" is 123 feet thick and consists
entirely of hornblende gabbro. The two remaining sills observed
in this section were respectively 565 and 2, 165 feet in thickness,
but as they were not well exposed, several bands of sediment
may be contained in each of the two sil's. No granite (micro-
pegmatite) was found in these sills.

ROCK GENESIS.

The facts which any theory as to the origin of the granite
(micropegmatite) in the Purcell Sills must account for, are as
follows:

—

(0) The majority of the sills are entirely basic and non-
stratiform.

(fi) S< of the sills are composite.

In co™iexion with the composite sills, the following facts

are noted:

—

(1) The presence or the amount of granite (micropegmatite)
in these sills bears no relation to the thickness of the iilla.

(2) The composite sills are stratified according to density.

The following theories might be advanced to explain the
above facts.

—

(1) The simple sills may be magmatically distinct from the
composite sills.

(a) If magmatically distinct, no special explanation is

necessary for the "simple" sills. In the case of the "composite"
sills any of the alternatives given in "(2)" might hold.

(2) The simple sills and the composite sills are magmatically
related.

(a) The composite sills were injected along with a
simple magma which gave rise to the granite (micropegmatite)
because of:

—

(1) fusion and recrystallization.

(2) assimilation.

(3) differentiation.
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(6) The composite silla represent a simple mRgmft later
injected with the acid material coming either:

—

(1) directly from an intercrustal reservoir;

(2) or from lower sills in which any of the things listed

under 2a may have happened.

It is believed that the simple and composite sills are mag-
matically related, for, if they belonged to distinct intrusions,
one would expect to find some evidence of this in the field.

But such has not been found, though the simple and composite
sills occur in the same sections and have been examined in many
places over a very wide area. Also the gabbro in both types
is identical in composition and all gradations occur between the
gabbro and the granite (micropegmatite). The rock types are
analogous to the extrusive phases—the Purcell Lava—and as
both acid and basic lavas occur closely associated, it is evident
that they are genetically related. Hence, it is concluded with
some degree of certainty that the two varieties of sills are
magmatically related.

That such an intrusion of related acid and basic magmas is

possible, is supported by the relations existing between the
Buttermere and Ennerdale Granophyr of England.' In the
Buttermere and Ennerdale districts occur intrusions of dolerite
and granophyr into slates and volcanics. A point of resemblance
between the phenomena exhibitea in the two districts arises in
connexion with the 'olerite which precedes the granophyr in
time of intrusion .^d which contains towards the centre of the
mass, nump' ., pink patches of acid material which strongly
resemble the main mass of the intrusive granophyr. Raatall
supposes that the pink patches in the dolerite are a Mixture
Rock and the following extract is quoted from his paper.'

.«,n "ko?°I''!i'* ^1 '^i-'" •i''®
*'!*''' ^o'Sfi'* ^^ •>"' intruded, and whik

BtiU hot and partly liquid in the middle, another intrusion of more acid
?j^ .

^
f**..™

'"';'? *'?® "'"* reservoir and penetrated into the stiU unconaol-
laatert centre of the earlier intrusion producinK a hybrid rock in*«rmediate betweenthe granophyr and dolente.

As already stated, Rastall has strong evidence that the two
main intrusions of dolerite and granophyr are magmatically
related.

'R. H. Raatall, Q. J. G. S., vol. «2, 1906. p. 253.
•Ibid p. 283.
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Another explanation of the occurrence of the pink spots in

the dolerite might be given. They may represent the results of
difFerentiation subsequent to intrusion by which the dolerite

was finally freed from the granoph3rr and hence would be syn-
genetic. Many cases of such segregations are known in all parts
of the world, and in general, in such cases, no granitic intrusion
subsequent to the dolerite is known. In the description of the
geology of the Antarctic* are noted numerous sills of gabbro
intruded into sandstones. The interior of the sills contains
patches of micropegmatite and quartz. The contact of the
gabbro and the sandstone is fine grained and less acid than the
interior of the sill. Here the acid patches are original, for no
intrusion of granite subsequent to the gabbro is known. Hol-
land' tells of augite diorites in southern India, which contain
segregations of micropegmatite, and he considers that this acid
material might have been separated from the augite diorite and
injected as separate intrusions, similar to the phenomena and
re'»tion8 exhibited at Carroek Fell.'

>;^mce from the above discussion, it is seen that the evidence
supports the view that the simple and composite sills are mag-
matically related, the granite (micropegmatite) in the composite
sills might be a separate intrusion of granite into simple sills.

In this case, the sill would be compound. Under this suppos-
ition the second intrusion of granite (micropegmatite), since it

occurs in some of the sills only and then always towards the upper
margin, would be selective in character, which of itself is some-
what difficult of explanation. But there is also a complete lack
of any evidence of cutting and no feeders (dykes) of acid material
were observed, though basic dykes, the feeders of the basic

sills, were observed. Furthermore, the contact of the gabbro
and granite (micropegmatite) is in all cases gradational and the
stratiform arrangement of the materials in the sill does not favour
this idea.

Therefore, by the process of elimination, it may be concluded
that the composite type dififerentiated in place and that it

' National Antarctic Expedition, 1901-1901, vol. 1.
« Holland, Q. J. G. S., vol. 51. 1895, p. 125.
» A. Harker, Q. J. G. S. vol. 60, 1894, p. 311.
Q. J. G. 8. vol 51. 1895, p. 125.
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differentiated from a magma closely related in time and origin
to the magma of the simple sills.

Granting this, there may be two ways in which the granite
may have originated :

—

(1) The granite (micropegmatite) may represent the simple
fusion of the sediments into which the gabbro was intruded.
The presence of a granite (micropegmatite) zone in the inteiior
of some of the sills at once prevents this from being a working
hypothesis.

(2) The granite (micropegmatite) may represent the assimila-
tion of blocks of the surrounding sediments which have been
stoped off by the intruding gabbro. After the assimilation of
the sediments, this syntectic differentiated under the action of
gravity giving the mass a stratiform appearance. (Daly's
assimilation-differentiation theory).

This hyp ihesis is based on the idea of an intrusion of a
homogeneous gabbroidal magma into sills of various thickness,
and as Daly has pointed out' demands that "a great absolute
amount of thermal energy be credited to a sill in which secondary
granite has been formed; that the sill must be thick. Other
things being equal, granite formed by mere differentiation
should be found in sills of less thickness, though here again the
thickness must be considerable. True granite with relations
described in this paper has never been found in any intrusive
sheet 500 feet or less in thickness. The assimilation-differen-
tiation theory readily interprets the facts as due to the relatively
enormous amount of heat required for the generation of the
granite-granophyr zone, namely, the amount of heat character-
istic of thick intrusive sheets."

Field work by the writer subsequent to the publication of the
article containing the above extract, revealed the presence of
sills 140 feet thick which contained 70 feet of granite (micro-
pegmatite) at the upper contact. Applying the hypothesis
propounded by Daly, it is necessary to suppose, in such a case,
that a sheet of gabbro with a thickness of about 70 feet rifted
off and absorbed an equal thickness of quartzose sediments;
this credits the gabbro body with an amount of thermal energy

R. A. Daly, Amer. Jour. Sci., vol. 20, 1906, p. 214.
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so excessive us to be almost improbable, especially when
considered in the light of countless observations all tending to

show the low thermal energy of sheet-like bodies of basic rocks.

Apparently Daly's argument also fails in another way, since in

East Kootenay it has been found, as illustrated by many cases,

that the thickness of the granite (micropegmatite) in my sill

bears no rel&tion to the thickness of the sill itself, which woJd be
absolutely necessary under the assimilation-differentiatioci hypo-
thesis.

The strong emphasis placed by Daly on the chemical similarity

between the granite (micropegmatite) and the enclosing quartz-

ites (as shown by the following analyses), loees much of its force

when critically examined.

1. 2.

SiOj 7600
35

11-25
0-69
304
0-02
l-Ol
0-88

72-05
TiOj 0-63
AliOt 11-88
Ferf). 0-83
FeO 4-87
MnO 0-P
MgO 0-85
CaO
8rO
NajO 3-28

1-36
0-20
1-20

tr.

15

K.O 2-66
H,0— 0-10
Hrf)+ 1-21
COi 0-37
IW, 0-09

S.G
100-33

2-OSO
99-96

1. Reprf-«-nts tlie analysis of a type specimen of Kitchener (Aldridge) quartzite;
2 is thp nvorage analysis of acid lono, Muyie sill

The rocks into which the sills are intruded are not all quartzites

as might be concluded froc 'Daly's description. Half of the
series are very slaty and argillitic, analyses of which are not
available, and, the rocks which he holds to have been assimilated,

may just as well be conceived to be dominately argillitic as

quartzitic. The rocks through which the magma passed before
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reaching its final resting place also mutt have iffocled the
upnBing magma. Examples of such action are u«,cribed by
Harvie.' Inclusions in dykes around Mount Royal at Mon-
treal, show that these inclusions have risen at least 2,080 feet
from their point of origin and perhaps a greater distance, for in
the same dyke other xenoliths have sunk 2,000 feet from their
pomt of origin. These senoliths, which are great in number,
often show evidences of solution by the enclosing igneous
material. In the East Kootenay district one dyke was foundm connexion with the Purcell SUls which was crowded with
small fragments o{ crystalline limestone which is not represented
in the Aldridge formation as far as known. Thus, the evidence
of some contamination of the magma by material through
which It passed is strong and if the acid material of the com-
posite sills IS indeed of extraneous origin, it would be perhaps
more justifiable to assume that it was absorbed by the uprising
magma before it entered the Purcell Series.

Another field fact of prime importance is that in those sills
whose upper contacts were so exposed as to be traceable for long
distances, the contact between the sediments and the sill was
remarkably uniform and not irregular as might be expected if
stoping had been very active.

A modification of thi.s theory was discussed with Dr. R A
Daly. It is as follows: assimilation of the blocks of sediment
took place in the lower larger sills; the syntectics thus formed
were drawn off in some manner and injected into a higher
horizon where they differentiated under the action of gravity.
The following field facts do not support this hypothesis:—

(1) Many sections containing thick sills contain no
granite (micropegmatite) in any of the sills.

(2) The upper contacts of the larger sills in sections
which do contain granite (micropegmatite), where examined,
show a smooth upper contact. If stoping took place to
such a degree as to form large quantities of granite
(micropegmatite), the upper contact would be irregular
showing the effects of stoped off blocks.

'Harvie, H., TroM. Roy. 8oc. ol Can. 3rd aeries, vol. 3. 1909-10. p. 277.
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(3) No shatter contacts were seen in any of the sills.

(4) The heat consumed in such a series of reactions,

which are necessary under this hsrpothesis, would be very

great and it is doubtful if the magma contained such a

quantity of heat.

The remuining hypothesis is, that the granite (micropegmatite)

in the composite sills was formed by differentiation in place.

Thi^ hypothesis is the one favoured by the author. In this

case, there was an intrusion of a magma whose composition,

in the case of any dingle sill, was the average of the whole con-

tents of the sill in question. These sills have in some ca.ses

basic upper and lower contacts. The homogeneous magma
which filled the composite fills would cool first along the contp ts

and hence the upper and lower contacts of the sill would be basic.

Differentiation, acting on the remaining fluid portion, would
cause the heavier constituents under the influence of gravity to

gather in the lower part of the chamber concomitantly with the

collection of the acid differentiate towards the upper part of the

chamber. A similar distribution r. acid and basic material in

a laccolith has been described V,y Pirsson. A vertical section

across the Shonkinsag laccoliMi' is as follows:

—

Rock type.
Thickni'sa

in fot't.

(centre)

Thiekne.«
in feet,

(outer wall)

T-eucitP basalt porphyry S
5
J^«
3
25-30
m
80-70
1.5

10-1.5

D^inso shunkiDiW ...

Shonkinite

Syenite
Transition rock

75
15

140 100

The combined effect of convection and crystallization is used

to explain the above occurrence of rock types in the laccolith.

The same result could be obtained by differentiation under the

'Pirsson, L. v., U.S. G.S. Bull 37.
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action of gravity. Thia latter explanation it more appUcable to
differentiation in sills on account of their lateral extent. In the
case of the Shonkinsag laccolith, there is direct evidence that the
syenitic facies is not due to afsimilation in place of the sur-
rounding Cretaceous sediments, for the composition of the
laccoUth is dominately alkaline, whUe that of the enclosing
sediments is salic. Another example called the Lugar sill is
described by TymU.* This intrusive mass 140 feet thick,
enclosed by sandstones and shales, differentiated according to
density into tb^ following zones:—

Rook type. 8.0.

Upper part 35 feet thick. TcKhinite, coarse, pliu uialcite 2M
JTO

2 W

" normal
" camptonitic

Mcnohiquitio

CentrkI put SI -5 feet
thick Fierite 301

Lower part 178 feet thick Teichcnito, camptonitic 2-81
2-71

" normal

Tyrrell excludes assimilation in the formation of the above
magma. This seems perfectly logical from the low percentage
of silica and the presence of analcite in the resulting rocks.

In the Purcell sills, it is probable that assimilation of some of
the enclosing quartzites took place, but assimilation of this kind
is held to be a minor factor in the formation of the granite
(micropegmatite) in the composite sills. Occasionally blocks
of quartzites were found in the sills. When these xenoliths
occur in the granite, they are charged with needles of horn-
blende which greatly resemble the hornblende of the gabbro.
No contact aureole of micropegmatite was found around these
blocks. In the gabbro the xenoliths only suffered a baking,
hejiontact between the quartzite and the gabbro being sharp

'Tyrrell, G. W., Trans. Geol. Soc. of Glasgow, vol. 13, 1909, p. 298.
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and no evidence of MiimUation to preient. The blocks may have
been torn from the floor of the ti" and riaen to their present
position. Such a phenomenon has been described by Campbell
and Stenhouae.' Here a oloclc of sandstone han been disrupted
from the floor of a siU of leschenite and risen to the top of the
ttill and left trailers in its path. Thus underhand, as well as
overhead, stoping u possible in a tabular intrusive body.

Bailey,' in hu paper on the "Eruptive and Sedimen-ary
Rocks of Pigeon Point, Minnesota," emphasises assimilation in

the following words:

—

"More dirjct cvidcgoa of the action of the ntbbro on the qoartilte U found la
the inclusion of the latter in the former. It will be remembered that the alteratioa
of the frumenti in the gabbro ia in (eneral limilar to that of qnarUitic frasmenU
ill the red rook

. In the latter in certain eaaee the quarta fragment* are surrounded
by a rim of red material, which, under the microcwpe, presents all the appearance*
of the red rook, except in the presence of green fleck; of chlorite. QoarUitio frag-
ments in the gabbro are bordered by a rim exactly like tUe oiaterial in the red rock.
At a point on the suuthem shore, in the eastern portion of the peninsula alwut i mil*
from the end of the point the rock cementing quartsite and slate fragments is siibilar
to one of the rocks intermediate between the gabbro and the red rock, and wh'-ie
formation is suppoeed to be due to the interfusion of these rocks. The origin ol th*
cementing material of this breccia may be. the direct solution of fragments in th*
pbbro. One of the fragment* embedded in the intermndiatp rock is a large rhom-
bohedral block of pink quartsite about 7 feet long and 4 feet wide. Surrounding
thta. between it and the including rock, is a bright horde- 2) or 3 inches wide. The
red feldspathic material hasagranophyric structure in which fan-lilii' groups of feldnpar
and guaru extend perpendicularly from the bounding plnn.s of th.> mt lu«ion. Since
the rim is probably the result of the fusion of portiun.'iof the quartsite by the surround-
ing rook, and its structure and composition are idcntiral with those of the red roek,
it niay fairly be concluded, in the absii-nce of any evidence to the contrary that the
red rock itself has been produced by the fusion of the quartsites by the irahbro—that
it IB a product of the actinn o( the gabbro upon the slatex and quartiitos, melting
the latter and thus producing a magma from wliich the re<l rock solidified."

In Bailey's concluding chapter on the origin of thj red rock,
he states that no positive determination can be made whether
the gabbro is the cause of the red rock or the red rock is an
original eruptive. Another solution to this problem might be
given. If the intrusion is in the form of a sill, it may have been
intruded as a magma of intermediate composition which later

differentiated into gabbro and red rock. As the red rock
contained most of the mineralizers, contact metamorphiam
would be greater in connexion with this phase than with the
other and some assimilation of the enclosing quartzites would
take place. This view is supported by the occurrence of heavy
contact metamorphism only where the red rock has collected

'Campbell and Stenhouse, Trans, of Edin. Geol. Soc., vol. 9, 1008, p. 121.
"Bailey, W. S., U. 8. G. S., Bull. 100, 1883.
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b th* imculikriti» . the ill roof. Where the qiurtihee are
in oontMt with ''

.abbro, very little metamorpbiBm has taken
place.' Tb» vuuution also acoounta for the absorption
ci the quartuves by the red rock. The red rims around the
quartiites in the gabbro may be red rock which has froien to
the quartiite. The blocks with the red rim then sank into the
gabbro sone and were caught when the sill solidified.

The composite sills, as described above, sometimes have a
basic upper oonUct. This basic layer has a specific gravity
of 3-966 and hence cannot represent the quickly chilled original
magma, for in a sill which is half granite (mioropegmatite),
the 3pecific gravity of the original magma after soHdification
and cooling would be 2-80. Hence there has been some differ-
entiation of the basic elements to the cooler part of the magmatie
chamber followed by differentiation under the action of gravity.
A similar phenomenon of differentiation towards the ci/oler
parts of a magmatie chamber has been described by Lawson.*
In this case, the intrusive mass is a dyke 160 feet wide with
the following variations in chemical composition.

I II

WOi 47-83
4'A7

30-28
8-72
4*.

trace.
1-30
2-19
205

8750
507

23-44

' 8
U-45
201
202
2-25

FeiOiFeO
AliO.
Crt)
MsO
KiO
N»iO
vto, ::;:;:::.::
Loa on ignition

8.0 3028 2-858

,

I. At the contact of the dyke wall.
II. At 75 feet from the contact, the middle of the dyke.

These two extreme types grade into each other and are con-
sidered as differentiates from an original homogeneous magma,
differentiation being due to the difference in temperature at the

'BaUey. W. 8.. U. 8. G. 8., Bull.. 109, p. 105.
'Lawwn, A. C, Am. Geol., yol. 7, 1891, p. 153.
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pariphery and the crntre of the dyke at the time of cooHng and
olidifii-ation. Harker* deacribee the baaification of the Canock
Fell to the dUTercnce.. of temperature between tlie borders and
the centre of the main during Holidification. Otner intereiiting

exampled of this phenomenon an duxcribed by Piraran.'

The absence of the basic upper contact sone in some of the
Purcell sills is probe - due to the high temperature of the
intruding magma. In such cati«i«, the initial temperature was
so high that before it sank to a degree at which the basic con-
stituents would tend to segregate towards the margin, an
almost perfect separation of the gr.-.nite (nUcropegmatite) took
place. In this manner, no boMic upper contact would be expected.

The absence of this special layer also proves that differentiation

according to gravity has played the leading role in the separation

of the acid and bisic material, and not differences in temperature
between the contact and the interior. If such were the cai^e, a
B}rmmetrical igneous l)ody would result.

SUMMARY.

The Purcell sills represent intrusions from a single intercrustal

reservoir of a series of magmas—acid magmas—which gave
rise to composite sills whose rock types vary in the same sill,

from a granite (micropegmatite) to a gabbro; and basic magmas
which gave rise to simple sills of gabbro.

The reservoir may be assumed to have been stratified according
to density, having a relatively acid portion collected in the
irregularities and projections of the roof and grading downwards
into more basic materials.

Crustal movements would furnish fissures which would tap
this reservoir at various levels. In this way a separation of the
acid and basic materials of the reservoir would occur, so 'hat the
acid and basic materials would rise through separate fissures

and spread out between the strata as sill.-. Some motic material
was gathered up from the walls of the fishures through which they

' Barker, A., Q. J. G. 8., vol. 50, 1894, p. 311; vol. 51, 1896, p. 125.
' Pirsson, L. V., 20th Ann. Rpp., U. 9. O. S., pt. 3, 1900, p. 5C3.
Pirsson, L. V., U. 8. G. 8. Bull. 237.
Weed and Pirsson, Amer. Jour. Sci., 4th tet., vol. 12, 1901, P. I.
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passed, and in part assimilated by the rising magmas. The
magmas woiUd also probably assimUate some of the enclosing
Purcell sediments but not enough to materially affect their
composition.

The simple sills solidified in the usual manner of such intru-
sives, while the acid materia! differentiated under the influence
of gravity giving rise to composite sills.
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Columnar Strudure in Limestone.

By E. M. Kindle.

Columnar structure, though very rare in sedimentary bsds,
is not altogether unknown in argillaceous sediments.' In
limestones only one example of this structure has ever come
under the writer's notice*. This occurs in a bed of Silurian
limestone on Tcmiscouata lake in eastern Quebec. This structure
is believed to be here a consequent of special conditions of
sedimentation. So much remains to be learned about the
factors of sedimentation involved in the formation of the various
types of limestone that any deductions or inferences regarding
them which may be made from physical features merit con-
sideration as well as the structures themselves.
The pronounced columnar structure of the limestone shown in

Plate II is comparable with that found in basalt, but the columns
are perhaps less regular in the number and width of the sides.
The columns vary rather widely in the number of faces shown,
five to seven being a common number. One side of a column
may have a width two or three times that of an adjacent side.
The faces or sides while roughly plane show more or less irregular-
ity of surface. The colunmar limestone is a dark blue, hard, fine
textured rock. It leaves a fii>e argillaceous and siliceous residue
when dissolved in acid. The rock shows on a weathered surface

vol T^'^p'm °" ^''"""" 'tructure in subaqueous clay. Science, new ser..

56815—3 35
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numerouB, thin, paper-like lines of sedimentation—thin lamina
of argillaceous limestone alternating with less argillaceous
bands; the limestone splits up freely on weathering into columns
at right angles to the bedding, but it displays very little tendency
to split along the bedding planes. A large number of these
detached columns of limestone, with a length of from 10 inches to
24 inches, are scattered along the front of the ledge. A very
thin sheet of dark argillaceous and carbonaceous matter, usually
about one-fourth of an inch thick, separates the faces of ad-
jacent columns. An approximate estimate by Mr. R. A. A.
Johnston places the carbon in this material at about 3 per cent.
This thin, black film is essentially free from lime, affording no
reaction with hydrochloric acid, although the faces of the columns
adjacent to it effervesce vigorously with acid. The lamina of
the limestone do not pass through this thin wall but stop abruptly
on either side «f it. The presence of this dark argillaceous
partition between the faces of adjacent columns is a feature
which distinguishes this structure from that characterizing the
columnar structure of basalt. It distinguishes it also from
joint structure, thus indicating an origin independent of the
agencies which produce either joint or basaltic columnar struct-
ure. The bed of columnar limestone occurs in a region where
orogenic agencies have acted vigorously. The horizontal
stresses developed by these agencies have resulted locally in
shortening one diameter of the columns and in changing the
original vertical relations of these to the bedding by several
degrees. The effects of deformation are indicated by the
inclination and slight flattening of the columns shown in Plate
II. In most specimens observed the columns are vertical to the
bedding.

The structure described and illustrated by Plate II and
Plate III, fig. 1, occurs in the lower two-thirds of a bed of
limestone at the base of Mount Wissick on the shore of Temis-
couata lake opposite Cabano, Quebec. The stratigraphic
relations of this limestone are indicated in the following section
which represents only a small portion of the Mount Wissick sec-
tion.
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Mount Wiuick tecHon. ^mt.

E. Argillaceous limestone with corals and other
fossils

gg
D. Bluish grey sandstone with fossils 60±
C. Finely laminated blue limestone with columnar

structure in lower two-thirds' 40+
B. Red and green shale jg
A. Green, shaly, fine texturr '! sandstone probably in

part of volcanic origin. Saucernstructure (mud-
cracks) well developed 50+

The beds of columnar limestone occur, as will be seen from
this section, in a series in which sandstone and shale deposition
alternated with limestone deposition, each in turn prevailing
long enough to build 20 to 60 feet of beds. The three lower
divisions of these beds, including the columnar limestone, are
very sparingly fossiliferous where not entirely barren. The
lowest bed exhibits a striking example of a variety of sun-
cracked beds in which the margins of the irregularly rounded
plates have warped upward, givingthem a saucer like appearance.
Littoral conditions of deposition are thus indicated for the sandy
shale 20 feet below the limestone under consideration.

The Ihnestone of bed "C" is a contmuation or recurrence of
the littoral conditions, indicated by the sandy shale, in the
opmionof the writer. If viewed only from the surface of the
strata, the columnar structure of the limestone is not evident and
the mud-crack origin of the polygonal figures appears clear.
Columnar structure, however, is not ordinarily associated with
mud-cracks and the reason for the association of the two which
this interpretation indicates requires consideration. The factors
believed to be responsible for this association of columnar
structure and mud-cracks can be advantageously considered in
the light of some observations made by the writer on mud-
cracks on the shores of the Bay of Fundy.

Can'I''r2n'"n"t'".'*""'^"''° °K^^"^ '^ fi"t "oted by Logan in 1863 (Geol of

S6816—3i
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At Black Rock, N.8., where these observations were made,
the mud-cracks when made in the lower parts of the mud flats

are obliterated by each tide owing to the heavy deposit of
sediment left. In a higher zone which i<« under water for a
shorter period, the mud-cracks are only partially masked by
the sediment left by a falling tide. In a third and highest
«one, mud-cracks may persist through several tides because of the
shorter period of submergence and lighter deposit of sediment.
The accompanjring photograph of mud-cracks (Plate III, fig. 2)
taken at Black Rock, is introduced here to show that mud-
cracks formed on the higher portions of the littoral zone are not
evanescent features requiring very special conditions for preser-

vation as they are often assumed to be. The mud-cracks here
shown lie between 3 and 8 feet below high tide and had
been covered when photographed, by at least two tides. They
had also been exposed to a heavy shower of rain immediately
before the photograph was taken, and are cut across by resulting

rills as shown in the photograph. Yet notwithstanding the
deposit of sediment from two tides, the action of a strong current
during ebb and flow, and the beating of rain, they remain dis-

tinctly outlined instead of being obliterated as might have been
expected. A few days of cloudy weather would, of course, result

in their obliteration by fresh sediment. There is no evident
reason, however, why these mud-cracks which occupy the outer
zone of tidal action might not, if they occurred in an arid climate,

continue indefinitely to receive their daily deposits of sediment
from the rising tide. So long as the mud-cracks were not
obliterated by new sediment the recurrent daily shrinkage
resulting from the exposure to the sun would be more likely to
keep open the old cracks than to open new ones. The semi-
permanent character which is assumed for the mud-cracks in an
arid climate would produce the polygonal cracking of the beds
which would eventually result in columnar structure being
impressed upon each tidal deposit as it was laid down.

It is believed that the columnar structure of the limestone at
Mount Wissick originated in this way. The shell of sediment
surrounding each column strongly supports the inference that
the columns are the result of mud-cracks which extended to a



COLUMNAR mrcTCRX IN LUIUTONB.

considerable depth and which were filled by sediment having a
somewhat more argillaceous composition than the limy beds
cut by the mud-cracks. The failure of the laminae to cross this

p»rtitional material clearly indicates for it an origin later than
t e adjacent rock.
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III.—Supposed Evidences of Svbndenee of the Coatt of New
Brunavnek toithin Modem Time.

Bt J. W. QOLDTBWAIT.

INTRODUCTION.

While engaged in 1910 in a study of the lecords of late Pleis-

tocene marine thilsmergence in Quebec and New Brunswick, I

was impressed by the need for giving greater attention to the
more recent of the post-Glacial movements which this region,

in common with New England, has suffered. Accordingly, In

July and Auguist, 1911, during the continuance of work on the
several problems of post-Glacial changes of level in southeastern

Quebec and New Brunswick, I visited a number of localities

where so-called evidences of modem subsidence are to be seen.

Before entering upon this phase of the work, a conference wiu
held with Professor Douglas Wilson Johnson of Harvard Univer-
sity, under whom an exhaustive investigation of the question

of modem stability of the coasts on both sides of the North
Atlantic was already in progress. A co-operative plan was
arranged, between the Geological Survey, Canada, and the
Shaler Memorial Investigation, which will find full expression

in a later publication. The present paper merely outlines the
conclusions reached by the writer during the field season of 1911.

From Professor Johnson have come many helpful suggestions,

which it is a pleasure to acknowledge. Thanks are due also to

Professor W. F. Ganong, of Smith College, whose published

46



46 mnmrnt bullshn no. a.

wntmgson the botany, physiography, cartography, and history
of New Brunswick constitute a most valuable guide in that
Province for the naturalist, the antiquarian, and the traveller:
and who kindly suggested to me, in personal correspondence,
several locahtiea particularly worth visiting, in my search for
evidences of modem coastal subsidence.

MODERN VERSUS LATE PLEISTOCENE MOVE-
MENTS.

The elevated beaches, deltas, and sea-floor deposits which are
found along the coast of the Maritime Provinces bear witness
to a differential emergence of this region from the sea, in post-
Olacial time. Judging from the strength of certain strands,
especially along the north coast of Gaspe peninsula, this emer-
gence was not steady, but consisted of two or three periods of
uplift, separated by periods of stabUlty or of subsidence. In the
lower Samt Lawrence, one shore-line, in particular, which forms
a wide shelf only twenty feet above the modern sea-level, and a
great searchflF, records an interval of stability or of subsidence
which must have lasted for a considerable length of time, and
was followed by an uplift of approximately twenty feet.« Recent
observations around the coast of Gaspe peninsula point to the
probabihty that this recent upward movement of the lower
Samt Lawrence region was attended by a downward movement
of the more southerly coast of Gaspe and New Brunswick.
It 13 not known whether the upward movement is still in progress
along the lower Saint Lawrence, or not. From New Brunswick,
however, a number of phenomena have been adduced as evi-
dence that the more southerly coast is still subsiding. That
there has been coastal subsidence, locally, if not over a wide
region, since the last Glacial epoch, and presumably since the
great Champlain emergence, is shown by the famous submerged
forest at Fort Lawrence, Nova Scotia. The supposed evidences
of a modern continuance of the subsidence, however, are open to
question. On this account, it is important to discriminate
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at the outset between modem movements and those which, so

far as can be seen, may have been completed some time ago.

To avoid any misunderstanding that might arise from the use

of the term "recent"' for the period covered approximatelv

by the twenty centuries of the Christian era, the term "modern"
will here be used.

Among the supposed evidences of modern subsidence of the

coast in New Brunswick, those to which attention is here

invited are:

—

(1) A rapid recession of the coastline now in progress;

(2) The presence of drowned valleys;

(3) The presence of barrier beaches;

(4) Recurved hooks, dipping beneath lagoons;

(5) Trees dying because of an invasion by high tides;

(6) Feat bogs whose bottoms lie below high tide mark;

(7) Old beaches on prograding shores, whose crests are lower

than the cre&ts of more modern beaches outside of them.

Such a varied list of evidences would seem to constitute a

strong ailment for the commonly accepted view that the New
Brunswick coast is now sinking. An examination of the several

lines of evidence, however, seems to show that convincing proof

of modem subsidence here, is yet to be discovered; while, on the

other hand, as some writers have maintained, there are some
indications that the coast for several centuries has been nearly,

if not perfectly stable.

Z

I
3

SUPPOSED EVIDENCES OF SUBSIDENCE.

Recession of the Coastline.—As all who live on exposed portions

of the New Brunswick coast are aware, and as Professor Ganong
has pointed out in several of his physiographic a^^d historical

papers, the coast is being cut back at a rapid rate. Vmong the

hundreds of illustrations which might be given, are the sites of

the old French establishments at Fort Nipisiguit, Fort Moncton,

and Little Shippigan, which have been more or less completely

Which, accc line to the best usage, is synonymous with the "human" or "post-
Glacial" period.
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waah«d away, during the last two centuries and a half.' Lobster
factories near Miscou point, Point Escuminao, and other places
have been swept away by the recession of the cliffs, and rebuilt,
farther inland, over and over again. According to Mr. Kenneth
MeClellan, iightkeeper at Point Escuminac, the lif^thouse
originally stood about 600 feet seaward from its present position,
and was moved inland about eighty years ago, because of the
rapid encroachment of the waves against the low cliffs of sand-
stone at that point. Smce that time, the sea has advanced
about 100 yards, and is now threatening to demolish a building
where the fog horn is installed, unless the Government takes
prompt measures to protect it. There is no doubt that along
most of the open coast of New Brunswick, the sea is now advanc-
ing upon the land.

It does not follow, however, that because the shore-line is

moving inland, the coast is sinking. In a brief note on "Evid-
ences of sinking of the coast of New Brunswick"* Professor
Ganong explains that the washing of the sea through the
gateway of old Fort Moncton, described by Gesner,» must be
accounted for by a washing away of the coast, rather than by
an actual sinking o( the ground beneath the sea. Ganong,
nevertheless, argues that the rapid cliff recession thus recorded,
which measures over 70 yards in a century and a half, is an
evidence of subsidence. "This washing away of the upland
can only be explained by a marked sinking of the coast, though
the amount of the sinking is not thereby determined."* Were
it not for the fact that this idea of a necessary connexion between
cliff recession and coastal subsidence has been widely circulated,
it would seem hardly worth while to point out the possibility

that all this encroachment can be accounted for by the horizontal
cutting of waves against the foot of cliffs, attended, as it is,

by the scouring down of the inclined shelf which lies below, and
without any downward movement of the coast whatsoever.

» W. F. Ouong: Proeeediosa and Tranmctiooa oJ the Royal Society of Canada,
•econd Mriet, vol. 12. 1«08, p. 133. also in his tranaUtion oJ Nicholas Denye* Histow
of Aowiia, pobliahed by the Champiain Society, IMS, p. 202.

I S\F- G"»»«: Evidences of the sinking of the coast of New Brunswick. Nat-"""History Society of New Brunswick, Bull., vol. XIX, 1901, pp. 339-340.
>Abrabain Geaner: Onelevationsanddepresaionsof the earth in North America.

Quarterly Journal of the Geol. Soc. London, vol. 17, 18«1. pp. 381-488.
Op. cit., p. 340.
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Cliff receuioQ u indeed sccelerated by coastal Bubsidence; but

it takes place on any fully matured shore-line, as a part ojf the

normal sequence of changes, and even on young shore-lines

where the initial slope is steep.

That rapid cliff recession does not neeettarily indicate that

subsidence is in progress is seen in the case of the west shore of

Lake Michigan, between Milwaukee and Chicago. According

to Dr. Edmund Andrews,' the average rate of recession of this

cliffed coast, prior to 1870, ^as over five feet a yeai. In other

words, although the cliffs along the west shore of Lake Michigan
are higher than those on the northeast coast of New Brunswick,

their average rate of retreat is faster. Locally, cliff recession

as fast as thirty or forty feet has been observed on the Wisconsin

shore.* This destruction of cliffs by the waves of Lake Michigan
cannot be attributed to a rise in level of the water on the shore;

for the surveys cover a long period of years, during which the

changes of level of the lakes have been slight, and aa often

downward as upward.*

Drowned Valleya.—In a letter in Science,* discussing the

question of modem stability of the Atlantic coast, Mr. T. L.

Casey points to the well-known estuarine coast of Maryland as

"positive evidence of progressive subsidence ... in

recent times." If the drowned valleys of Chesapeake bay can

thus be appealed to as evidence that the coast of Maryland is

now sinking, the same argument could be applied to the equally

typical dendritic estuar s of Gloucester, Cimiberland, and K nt

counties, in New Bnmswick. It seems necessary, thert >,

to anticipate the use—or, more accurately, the misuse—o' oL

evidence, by pointing out the fallacy in it. Drowned '..eys

simply indicate that the land once stood higher than now; they

do not indicate the date of the drowning, and do not prove that

'Edmund Andrews: The North American Lakes considered as Chronometers
o( Poiti(lacisl time. Transactions of the Chicago Academy of Sciences, vol. 2,
1870, pp. 1-23.

'J. W. Goldthwait: Abandoned shore-lines of eastern Wisconsin. Wisconsin
Geological and Natural History Survey, Bull. No. IV, 1907, pp. 58-5B.

'For similar testimony from the hore of Lake Huron, and information as to
the fluctuations in level of the Great i.akes, see A. C. Lane; Geological report on
Huron County, Michigan. Geol. Survey of Michigan, vol. 7, 1900, pp. 78-15, and
Plate S.

*T. L. Casey: S identic of the Atlantic shore-line. Science, vol. 34, 1911, pp.
80-«l.
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the sinking of the land has continued down to present time.

Indeed, in the case of New Bruniwiclc, there is positive evidence,

in the raised beaches, fosdiliferous clays, and associated deposits,

that at the close of the Ice Ago this coa^t was very much farther

under the sea than now; and that an elevation of from 100 to

200 feet has taken place, nearly but not quite restoring the

region to its former position. Since the elevation of this coast

is of later date than the stage of widespread submergence, it is

more logical to conclude that the movement now in progress,

if any, is upward, rather than downward. In any case, drowned

valleys do not necessarily show what is the nature of the latent

movement in a region.

Barrier Beacha,—During the past few years, there seems to

have been a growing opinion, on the part of experts in plant

phyjiiology and ecology, that barrier beaches like those of New
Jersey and New Brunswick are evidences of coastal subsidence.

While, so far as I am aware, this opinion has been expressed in

print by only one author, it is entertained by others.' It is

hard to see the reason for this view, unless it is that barrier

beaches are commonly associated with salt marsh deposits,

and that these are believed, upon botanical grounds, to testify

to a modem progressive subsidence. The only attempt to

outline a theory for tht origin of barrier beaches, based upon

subsidence, so far as I have learned, appears in Professor Ganong's

notes on the origin of Portage and Fox islands.* Referring

to the long, broken barriers across the mouths of the Miramichi

and neighbouring estuaries, he says: "Originally . . . they

no doubt formed against the margin of the flat upland as ordinary

shore beaches. But the steadily progressing subsidence carried

the land beneath the sea faster than the beaches, whose rate

of inward movement is determined by the erosion of the pro-

tecting headlands, could follow; hence the lagoons were formed.

The coast is still sinking, and the beaches are still travelling

'C. A. Davis and David White, in oral diroussion of the question of modera
coastal subsidence, at the eleventh annual New England Intercollegiate Geological

Excursion, at TufU College, Oct. 13, 1911. j . , .

'W. F. Ganong: On the physical geography of the north shore sand islands.

Bulletin of the Natural History Society of New Brunswiclrvol. 6, 1908, pp. 6-13;

and, On the physiographic characteristics of Portage and Fox islands, Miramichi.

In the mme volume, pp. 1-6.
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inwsfd.'" As eoB- u Uluttr»t<oiu of «ue«e«ive ttafM in thk
development of bii-ier beaches, Profenor Qanong proenU,
UBong other caaee, tue following:

—

(o) Three ibort h*
, juit eouth of Point EacuminM,

which connect h»i ilandt' and which enckMe very narrow
lagoona. "TheM ' oi «ai xsial interest as showing the mode
of origin of the f i r »>ea I es, for in the caae of the first two,
while they are s; ' ,i,o,»> t oaches, lagomia are forming inside
them." Likewise Cht k s

, beach, nrUch "extends from the
rocky Richibueto a wl ti ,ia inbowjd cnrve south to a rocky
point just north J ' -u : h<; '

i loses mostly bog and
marsh, but witl maant-Dt^ \ h oons. It is thus another
forming beach."*

(6) The long barr ers or sau.i tds which shut oflf from the
sea the wide estw es of Pcl.cii. iche, Little Tracadie, and
other rivers. According to Proiisaor Ganong's theory, the
lagoons have been broadened by progreasive subsidence faster
than they have bf.»a narrowed by the inland migration of the
sand reefs. In other words, the vertical subsidence has been
more effective, here, than the horizontal advance of the barrier
towards the land—an advance which is accomplished mainly
through the drifting of sand along the exposed shore and the
scattering of the sand through the gWleys into the lagoons.

(c) The more detached fragments of sand reefs, like Portage
and Fox islands, at the mouth of the Miramichi. These are
conceived to have passed through the stages already described,
and to have become disconnected from their original anchorage
as subsidence converted the mainland border into a submerged
shoal, or as the protecting ledges at the headlands were drowned
and their places were taken by easily eroded cliffs of peat,
whose destruction let the sea through the barrier, at points
where there was no longer a supply of sand for the beach. In
short, "both Portage and Fox islands . . . appear to
have been formed as true beach plains against the neighbouring
upland.

. . Their separation from the upland is due to
subsidence of the land, admitting the sea to flow over their

'Op. cit., pp. 12-13.
•Op. cit., p. 9.
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oldest ftsd, therefore, lowest parta, while their outer parts have

been more or leas eroded by the advancing ocean."' Thus it

is conceived that barrier beaches originate as true beaches at

the mouths of rivers on a low coast; that as this coast sinks

beneath the sea, the river mouths are drowned to form lagoons,

while the beaches, being tied to headlands at either end, remain

relatively fixed in position; that as soon as the subsidence allows

the sea a better opportunity to cut the beach away from its

supporting headlands, there is a rapid widening of gullies, and

a conversion of the reef into a broken chain of sand islands.

It will be noticed, by those familiar with the commonly

accepted principles of shore-line morphology* that the first or

"rudimentary stage, as outlined above, is the final stage,

according to the accepted theory. Barrier beachex along coasts

like that of New Brunswi^-k are commonly believed to owe

their origin to a rapid accumulation of shore drift along the

concave line of breakers between headlands, and to fuulow these

retreating headlands in their shoreward migration, narrowing

the lagoons as they go, until at last iftey reach the mainland,

and the lagoons vanish, so that the barrier passes into a true

beach. In other words, the small beaches which Professor

Ganong regards as "forming" would be regarded by most

physiographers as disappearing barrier beaches. It is perhaps

sufficient reason for the rejection of this theory of subsidence in

favour of the commonly accepted one, that long bars or barriers

of this kind occur between headlands on lakes whose level has

been unvarying. Moreover, since both the headlands and the

beaches, on the New Brunswick coast, are known to have been

rapidly retr^ting, during the last few centuries, at least, this

horizontal shifting, alone, of the sand reefs towards the shore,

is competent to account for the several stages of development

noted, if the long barriers which bridge the greater re-entrants

are taken as the more youthful tjT)e, and the short beaches at

the mouths of streams on the most exposed headlands mark

the end of the life history of the barriers. Here, as in the rase

of the rapid recession of sea-cliffs, we tad no necessity for

progressive coastal subsidence.

• Op. cit-. p. 5.

' See, (or instarce, W. H. Davis: Physical Geography. Boston, 1899, pp. .I^S-SM.
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Re-curved, Hooked SpiU, Dipping Beneath Lagoone.—In bis
description of Portage and Fox islands, already referred to,

Professor Ganong shows that they are detached remnants of
long, re-curved hooks, now being cut away at one end, and
built forward at the other. "Portage island is composed of a
series of approximately concentric, low dime beaches with
intermediate shallow hollows, a series of sand swells or
billows. . . Near its northern end the beaches, bearing
the oldest woods, are parallel with the axis of the island, and
here they are being cut away, together with the covering woods,
by the sea. Farther south these same beaches curve around
to the westward and finally sink gradually beneath the waves
of the Inner bay, their summits projecting as points, while
their intermediate hollows form coves of salt marsh. These
beach lines, as may be seen at many points, form only
above the reach of the highest tides, and their gradual disappear-
ance beneath the waters of the Inner bay forms one of the very
best evidences we possess of progressive subsidence in this
region, evidence still further strengthened by the occurrence
near the north end of the island, of peat in situ on the beach
below high water mark."*

Contrary to this statement, it may be pointed out that the
hooked terminations of long sand spits are commonly inferior

in height to the crestliae of a main storm beach, whether the
latter is covered with dune sand or not. On such a hook, the
crest of the beach alwajrs descends to sea-level and extends out
under water. This is due in part to the decreasing supply of
sand towards the end of the hook and in part to the fact that
the storm waves around the bend of the hook are weaker than
on the fully exposed straight beach which faces the sea, and
BO do not cast beach material up so high. In this case of Portage
island, therefore, there is nothing abnormal about the dipping
of the extremities of the hooks beneath the surface of the
sheltered lagoon. Not only is this feature seen on hooked
spits of the Atlantic coast generally, but it occurs on hooked
spits in such lakes as Lake Michigan, where no subsidence of
the coast has taken place during the period of construction of

>0p. cit., p. 2.
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the hooks. So far as the occurrence of the peat bed below high
tide mark on the outer beach of Portage island is concerned-
evidence of quite another kind—this is a common feature in
retreating barrier beaches, and can be explained without appeal
to coastal subsidence.'

Trees Killed by High Tides.—In a short paper in his "Notes on
the Natural history and physiography of New Brunswick,"
Professor Ganong says that on the low shores of the South river,
near Pokemouche, "in places the dead forest trees still standing
with their roots immersed by the highest tides afiFord striking
evidence of the rapid subsidence this coast is undergoing."*
An examination of this estuary in 1911, with the expectation
of finding convincing proof that the tides at that place rise
higher than they formerly did, proved a disappointment to me.
It is quite possible that I failed to find the precise place to
which Professor Ganong refers, although my search for it was
rather thorough. Here and there, near the creek are patches
of trees whose death, like that of groves farther back on the
upland, seems to have been due to fire rather than to tides.
Where the road from Lower Pokemouche to i acadie crosses
the upper end of South river, a number of dead spruces and
firs occur near the river bank; but they stand in a bog which is

clothed with characteristic freshwater vegetation. At one
point where the highway between Six Roads and Pokemouche
crosses the head of a short creek, about a mile south of Upper
Pokemouche, there are obscure signs of an increasing sub-
mergence by the tides. At the water's edge, where salt marsh
grasses of the genus Spariina and meadow plants like Daucus
Carota and Eupatorium purpureum are curiously mingled, are
a few tall birch trees, now dead. According to farmers in this
vicinity, the trees have been killed by salt water, brought up
during occasional spring tides. Even if we grant that this
explanation is correct, in this instance, we cannot safely argue
^"^^ it that the killing of the trees registers more than the

95?^""^'®' ^°'- *'• **''• PP- •93-2'- (particularly pp. 201-204).

St S!m~.' ^^-"^n 1? 5-
PhyfioKraphic characUTistics of the Pokemouche and

voi.8!?Mfl,pr"24-iM! '^ *^"'^ °' ^"' B™'«»i<!"'.
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injury received from an unusual succession of high tides, due,

perhaps, to a series of storms of very great severity. If a

downward movement of the coast is now in progress, and is so

rapid as to be recorded during the short lifetime of a tree, we
might reasonably expect to find, in a situation like this one,

trees in all stages of destruction and of burial by the advancing

salt marsh.

In one other place, of those which I visited in 1911, is there

perhaps a record of forest destruction through submergence.

At the head of the southeast branch of Saint Simon inlet, near

the railway that runs to Shippigan, the low upland bordering

the salt marsh is occupied by many stumps and dead trees.

The suggestion of subsidence here in modem time is strengthened

by the discovery of a number of stimips farther out on the marsh

itself, entirely surrounded by Sparfina and other halophilous

plants, and of a black stratum of leaf mould or swamp deposit

containing birch bark, beneath three feet of salt marsh material,

near the edge of the creek, about 300 feet out from the margin

of the upland. Some of the stumps are charred, as if by fire.

Most of them, however, bear axe marks, as if the forest had

been cut while living; for there is no apparent reason why a

tide-killed forest should have been visited by the woodsman

in a district where standing timber is abundant and little fuel

is used. The encroachment of the salt marsh upon the forest

border, therefore, must have taken place within the two cen-

turies or so of occupation of the district by the French. A
series of borings indicates that the buried stratum of leaf mould,

at its greatest depth, is not more than four and a half feet

below the surface of the marsh. As Professor Johnton points

out, there are a number of ways to account for slight submer-

gence without subsidence. The local high tide surface may
creep up over a k n upland border and bury it with a few feet

of salt marsh ia ;-i district, for instance, where the widening

and deepening of passageways across barrier beaches allows a

constantly increasing play of the tides, or where the same

result is accomplished in a single great storm, as at Marshfield,

Massachusetts, in 1898.* On a rapidly retrograding coast like

> D. W. Johnson: Botanical evidence of ooaatsl subsidence.

1911, pp. 300-302.

Science, vol. 33,
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that of New Brunswick, where the sea has cut back half-way
to the heads of the estuaries, an increase of three or four feet

in local high tide level might reasonably be expected. It does
not appear, therefore, that the destruction of trees at the
localities noted constitutes valid evidence of coastal subsidence.

On the other hand, as Professor Johnson suggested to me
before field work was commenced, if the coast is now going
down at a rate fast enough to be registered within the lifetime

of trees of moderate size, the destruction of bordering forests

should be seen in all parts of the area where submergence is in

progress. An inspection of a number of estuaries along the
drowned coast of New Brunswick, between Bathurst and Point
du Chene, leads to the opinion that as a rule the forests sur-

rounding salt creeks and marshes are not suffering from their

proximity to the sea. The fringe of dead trees which we should
expect to see is missing.

Forest Beds and Peat Bogs Reaching to Depths Below High Tide
Level.—^At a number of places along the coast of New Brunswick,
peat bogs composed of fresh-water plants and containing roots

of trees have been reported to extend to depths several feet

below high-tide mark. Bogs of this type, composed of sphagnimi
and other swamp-loving plants, but gesenJIy treeless, cover
vast areas on the lowlands near the coast, and are known as
the "barrens." Their height is often not more than fifteen or
twenty feet above sea-level. Since soundings have been known
to penetrate them to a depth of over twenty feet, the impression
has arisen that the bottoms of the bogs are so far below tide

level as to indicate a subsidence of the coast. Among those
who have studied the bogs and reported in detail upon them,
the late Dr. Chalmers has published the largest amount of
information. Criticism of his evidence naturally follows two
lines: (o) Chalmers' statements of observation are so qualified

as to admit of some doubt whether the peat actually does
extend below sea-level; and (b) in case it does extend to that
depth, the question arises whether it may not be explained in
other ways than by supposing that the coast has gone down.
In order to test both the facts and the interpretation of them
as records of modem subsidence, I visited a few of the most

66815—4}
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typical barrens, including one on Miscou island, one at the

head of Saint Simon inlet, and one near Point Escuminac.

Natural cross sectionH of ^b.ese bogs, cut by the sea, were in-

spected, and many soundings were made with a Davis peat

sampler, with the expectation that the doposits would prove

to extend to a considerable depth.

On Miscou island, half a mile inland from Miscou point, at a

place where the surface of the barren is about ten feet above

high tide mark, the sounding instrimient penetrated decayed

sphagnum to a depth of thirteen feet, where it struck something

hard. Another group of borings 150 feet away from the first

one, at the edge of a tidal "pond," gave the following section:

—

Surface; typical salt marsh, with Juncat gerard: (7) the dominant grass;

at mean hif;h tide.

to 6 inches; brown, spongy peat, oontauiing very little sediment, with
many vertical fibrcK (salt marsh).

6 to 12 inches; brown, -ciy compact, woody peat, without sediment; splits

horixontally.

12 to 18 inches; roddish brown, very soft, fibrous peat (sphagnum).
18 to 24 inches; no core (frequently the case in boring through soft sphagnum

deposits).

24 to 30 inches; same rotten, nxldish brown peat.
30 to 36 inches; stiffer, rather firm, reddish-brown peat.

36 to 42 inches; brown, slippery, muddy peat in upper two inches, followed
below by watery mud.

42 to 48 inches; muddy brown sand, with hard, gritty sand below, through
which the sounder could not be driven.

The significant points about this section are: (a) that the

salt marsh is merely a thin veneer over the bog peat. This

agrees with the physiographic evidence that this "pond" is

one of the numerous fresh-water pools on the barren, which has

very recently been invaded by an advance of the sea, cutting

back the cliffs into one end of it; (b) that the sphagnum deposit

extends to a depth of only three feet and a half below mean
high tide. This much submergence does not prove coastal

subsidence. The bog may have grown up in a basin whose

floor, although below high tide mark, was above mean tide

level, and whose water, consequently, was fresh, and supported

fresh-water vegetation. Later, as the sea cut its way mto the

pond and flooded it to high tide mark, opportunity came for

a salt marsh deposit to form on top of the fresh peat, around

the border of the Dond.
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A condition of things similar to this was found in the peat
bog which lies at the head of the Saint Simon inlet, southwest
of Shippigan. Here a low sea-cliff exposes the peat in cross
section to a depth of not more than four feet below high tide
mark, where the underlying stnicture, deeply decayed sand-
stone, is seen. Spongy brown sphagnum, in layers, alternates
with tougher, blacker layers of woody peat, in which erect
stumps and prostrate Ic^ are rather abundant. The peat is

exactly the sort of deposit now in process of formation on the
surface of the quaking bog, where stunted spruces in scattered
groups relieve the monotony of the low-bushed carpet that
conceals the soft sphagnum. There seems to be a greater
compactness of the basal layers of the peat, as if considerable
settling of the mass had occurred. The rotten character of
the moss, likewise, points to a considerable loss of volume.
The very distinct stratification evidently marks recurrent
cycles of wet and dry climate, in which forests encroached
upon the barrens during dry periods, only to be overwhelmed
by sphagnum when more humid conditions returned. The
fact that the peat reaches down about to mean-tide level,

but not below it, seems significant and will presently be
discussed.

Of the bogs cited by Chalmers as evidence of coastal subsi-
dence, perhaps the most notable is the one at Point Escuminac,
near the mouth of the Miramichi. Ells stated, in 1880, that
this bog has a maximum depth of more than thirty feet.»

Chalmers, after mentioning the convexity of the bog, sajrs:

"From the examination made about its margin, it seems to
occupy a basm ... the central part of which is below
high tide level. This gives it a thickness of twenty feet or
upwards. Mr. Phillips, the lighthouse keeper at Poiut Escu-
minac, informed me that he found it twenty-four feet deep in
one place."* Again, Chalmers remarks that "the bottom of
these deposits seems to be at least ten or fifteen feet below
high tide level in some places."'

jS>" Y; ^'; GeoloKical Survey of Canada, Report for 1879-80, P»rt D, p. 43.
' K. M. Chalmers: Geological Survey of Canada, Annual Report, 1887, nit N,

•Op. cit., p. 28.



MUBBuif BtnxBmr no. i

A study of the peat exposed in receding cliflFs west of the Point

Escuminac lighthouse, accompanied by borings to detennine

the depth of the deposit, convinces me that there is little if any
evidence of coastal subsidence. Behind the soft peat cliff,

which rises from 5 to 15 feet above the beach, the surface of the

bog ascends rapidly inland, attaining nearly 30 feet altitude

in the central part. It is quite apparent that the convexity

of the barren at its periphery is due mainly to loss of water near

the cliffs, where the water-table descends to the level of the

beach. In the first quarter mile west of the lighthouse, the

freshly cut cliff shows the floor of the bog—a smooth surface

of decayed sandstone, gradually descending to the high tide

mark. A series of borings along the foot of the peat cliffs in

the next quarter mile, taken at intervals of 200 feet, show the

depth of the floor of the peat bog below high tide mark, as

follows: zero; zero; 6 inches; 12 inches; zero. Half a mile from

the lighthouse, where the peat cliff attains its maximum height,

13 feet, a boring through the beach reached the sandy floor of

the bog at a depth of less than 24 inches below high tide mark.

Since the upward slope carries the surface of the bog to an

altitude of fully 26 feet (as measured by hand-level and rod)

above high tide mark, it is probable that the peat here is 28 feet

thick. The sounding instrument used was limited to a depth

of 21 feet. The 24-foot sounding reported by Chalmers may,

therefore, have been entirely above high tide mark. In the

half mile between this point and Herring cove, a few borings,

at wider intervals, struck sand beneath the peat at depths

"below high tide mark, successively, of 24, 18, and 6 inches. It

appears, therefore, that the Point Escuminac peat bog occupies

a rather flat basin, whose floor is close to high tide mark over

a wide area, yet rarely as much as two feet below that mark.

In this respect it seems to agree with the peat bogs at Miscou

island and Shippigan This I am inclined to regard as signifi-

cant. If there had been a subsidence of the coast of New
Brunswick in very recent times, while the bog was under con-

struction, we should expect to find the fresh-water peat extending

down to greater depths; for sphagnum would have accumulated

in basins whose floors, in some places, were barely above mean
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tide level, and thus just above the influence of the tides; and
the subsidence of several centuries would probably drown these

bog floors to depths distinctly below mean tide level. If, on
the other hand, there has been no vertical movement of the
coast for several centuries, while peat has been accumulating
in these bogs, we can see why the fresh-water structures ap-
proach, but seem in no place to exceed mean tide level.' The
latest evidence from the peat bogs of New Brunswick, therefore,

argues rather for modem stability than for modem subsidence.

Old Beaches on Prograding Shores, with Crestlinea Lower than the

Preaent Beach.—A few places on the coast of New Brunswick,
where, instead of retrogression, there has been for centuries a
forward construction of the beach, offer opportunity to test the
hypothesis of modem subsidence by a comparison of the crest-

line altitudes of the older beaches with the newer.' Of two
such localities described by Professor Ganong—Miscou Grande
Plaine and Portage island, the former was selected for a visit,

partly because of the Interest aroused by Professor Ganong's
report on the plant ecology' and partly because the age of

the beaches on Grande Plaine can be estimated with some
approach to accuracy.

As both Chalmers and Ganong have stated, Grande Plaine is

a long triangular tract of sands at the northwest side of Miscou
inland. Hither for centuries have been swept the beach sand)
and gravels that driTt northward along the east side of the island.

Rounding Miscou point, the shore drift comes to rest on the
more sheltered beach of the Grande Plaine. Each successive

storm of the first magnitude causes the construction of a new
beach, a little outside of the former one. Thus there has grown
up a sandy terrace which is over a mile wide, and is corrugated
with ridges and swales. The outer, newer ridges are very

'A larger amount of testimony on this point is, of course, desirable, before drawing

if u
'"'""''"''on'- The value of this evidence depends also upon the assumption

that the sphagnum deposits have had a continuous upward growth, rather thM a
honiontal growth out over the surface of pools, in the form of a mat, which might
smk to the floor of the basin, after a time, in the manner suggested by Professor
Johnson. I am unable to say how far the latter process has entered into the forma-
tion of the peat deposits here described.

« D. W. Johnson: The stability of the Atlantic coast. Bulletin of the Geological
Society of America, vol. 23, 1912, p. 740.

• W. F. Ganong: The nascent forest of the Hiscou Beach plain. Botanical Gaaette.
vol. 42, 1908, pp. 81-106.
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sandy and have rather pronounced back slopes. Their crest-
lines, which commonly stand four or five feet above the inter-

:?

—

t

«'

6raveUij beaches

Walrus bones

scale:
One mile.

Fio. 6. Map ot the northwest part of Hiscou island, showinc the old beaches
of Gtande Plaine (with slight modifications from wTF. Ganong).

vening hollows, are surprisingly uniform for dune ridges. Meas-
urements along the crest of the outermost or newest ridge, in
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August, 1911, gave altitudes of 8-37, 7-71, 8-81, 8-97, 9-77, and
10-63 feet above high tide marlc. In the hollows, well within
the vertical ratige of storm waves, gravels are common. The
ridges themselves, however, so far as they exceed the altitude

reached by the present storm waves (5-66 feet above the high
tide mark) appear to be of solian origin. Passing inland
aero this sone of dune ridges, which on the old trail to Lake
Frye consists of twelve distinct members, one finds behind
them a large number of flatter ridges, formerly well clothed
with forest, now to a large extent laid bare by the lumbennan.
As Professor Ganong has pointed out,' the crests of these
inner ridges are somewhat lower than those near the shore.
Herein lies what appears to be evidence of coastal subsidence.
That the inner beaches are at least a few centuries old id inferred
from the presence on them of bones of walrus, which were hunted
hwe in great numbers \ y the early French settlers, and exter-
minated shortly before the cloee of the eighteenth century.'
Professor Ganong's wabus bone locality is about half a mile
in from the sea, on the outer members of the inner group of
beaches. From the published descriptions one would be led
to suspect that enough subsidence of the coast bad taken place,
in the centiuy and a half since the slaying of the wahrus, to give
the crests of these old beaches a perceptibly lower altitude than
the crest of the present beach.

In considering first the testimony of these walrus bones with
reference to the age of the beaches on which they occur, we
may accept without hesitation the view that the inner beach
ridges were formed prior to the close of the eighteenth century.
Furthermore, the absence of such bones from the outer ridges
seems to show that these have been built since the days of
walrus hunting, or since the beginning of the nineteenth century.
However, it is possible that the ridges which have furnished
the bones are of much eartier date than the walrus hunting
period, since, as Dr. John M. Clarke has pointed out to me, con-

XI- .'* o'
9*'»o»5: 9° *''^ physical geography o( Miscou. Bulletin of the Natural

ttistory Society of New Brunswick, vol. 5, 1905, p. 450.

su»'.*' ^Vp*"^"*' '^''.''.walrv '° New Brunswick. Bulletin of the Natural History
Society of Nrw BrunH-vi.k, vol 8 1903, pp. 240-241. Also, R. M. Chalmers: Geolog-
ical Survey of Canada. Annual Report, 1887, Part N, p. 37.
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tempwary Meounta of walrus bunting tell of tlie praetice of

drivinf the beaeta from the waters or the floe ice up on to the

low shore platforms and even into the wood*, where they were

shot at leisure. Possibly, then, some of the outer, barren

beaches were already in existence when the walrus were slain

in the woods close behind them, and the foesiliferous ridges are,

therefore, older than we have assumed. Keeping this poasi>

bility in mind, we may say that the ridges in question date

back at least to 1776. If, now, we assume that the growth of

the beach plain, in the long run, has been steady, we may
estimate that the age of the innermost beaches, which are as

far behind the bone-bearing ridges aa these are behind the

modern beach, is probably not less than 300 years.

Lines of levels were run from the shore across the plain to

Lake Frye, to determine what difference in height, if any, exists

among the beach ridges. The measurements follow:

—

LMt high tide mark <m tha baaoh, on Aagvit 8, Mil, At •.m .... Zero.
Cut %t UMper rn«oh o< storm wave* S-M(eet
Crest o( fint or oatermoit ridce, mndy 0'<M

"
" Moood " " 1».... 8 91

"
" third " " 8-70 "

" fwirth " " 8.8« "
"

fifth " " 812 "
" lixth " " 8u4 "

" leventh " " 8-07 "

" eighth " " 8-91 "
" ninth " " 7-81 "

« tenth " " 8-50 "

" eleventh " " 6-09 "
•' tweUtb " " 7-44 "
" thirteenth " gravelly 4-8« "
" (ourteenth " " 3-70 "
"

fifteenth " " 381 "
" sirteenth " " 3-86 "
" leventeenth " " 4-80 "
" eightoenth " " 4-84 "
" nineteenth " " 3.»7 "
" twentieth " " 3-92 "
" twenty-firrt " " 4.25 "
" twenty-aeoond " " 3-04 "

" twenty-third " " 8.28 "
" twenty-fourth " " 3-28 "
" twenty-fifth " " 3-21 "
« twenty-sixth " " 8-43 "
" twenty-Mventh " sandy 414 "
" twenty-eighth " " 419 "

As the measurements show, the outer ridges, from the first to

the twelfth, are on the average nearly three feet higher than the

inner ridges, from the thirteenth to the twenty-eighth. This
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deeresM In altitude, however, b by no meuu luiiform. Indeed,

thwe is » ntther sharp dlitinetion between an outer, higher,

and more variable group, r,nd an inner, lower, and man uniform

one. Of the ridges numbered from thirteen to twenty-eight,

the extreme erestline measurements are 3-04 and 4-64 feet

—

a difference of scarcely 18 inches among them. There is also a
cioiw approach to perfect horisontality in the orestlint) of any
single ridge of this group. As Professor Ganong remarks, the

diiferenee between the vegetation of the outer and the inner

ridges is very great.* There is an equally striking difference in

their structure. Ridges one to twelve inclusive are dune

ridges, of unusual linear uniformity and sjrmmetry, to be sure,

but built throughout of wind-swept sand. In the hollows

between them, gravel frequently appears; but in no place, so

far as I could see, above the altitude which is reached by storm

waves on the present beach, i.e., 6-&4 feet above high tide mark.

Ridges thirteen to twenty-six, on the other hand, are gravelly,

with pebbles of good dize on the very surface. Many of them are

typical shingle beaches. Ridges twenty-seven and twenty-

eight have a veneer of sand, perhaps a foot thick, above the gra-

velly foundation. As a record of the former sea-level, therefore,

ridges thirteen to twenty-six are as valuable as a modem
storm beach; while ridges one to twelve, being dune ridges, have

relatively little significance. They are, on the average, about

three feet higher than the older ridges, not because the coast hat

Buheided about three feet since the older ones were built, but because

the wind has heaped up sands on top of the outer gravel beaches

to an average depth of three feet. Any conclusion regarding

modem subsidence heremm 1; rest upon a comparison ot the gravel

beaches with each other and with the gravel beaches along the

present shore. As already stated, the gravel ridges thirteen

to twenty-six are practically equal in height; and such small

differences as are brought out by the measurements are distribu-

ted unsystematically through the group. All the crests are

vertically within the range of stomi waves of to-day—5-64

feet above the high tide mark on the present beach. The most
significant comparison is that of the old ridges with a modem

^^S • W. F. Gonoas: Op. cit. Botanicsl GazcSt, voJ. 42, 1906, p. 93.

M
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torm bMush which cneloMi Uka Firye at ita northern end.
Thk beach hM a craatUna altitude, determined by inatrumental
levelling, of Juat A feet above high tide—the old ridgea from
thirteen to twenty-eiz have an average oreatane altitude of 3 • 82
feet. If the facta on Miacou Grande Plaine can be uaed aa
evidence in thia diaputed queation, therefcHre, they teatify that in
the laat three centuriea or ao, there haa been no meaaurabie
Bubaidence nor elevation of the coaat.

''I

ii

CONCLUSION.

Summing up the aeveral linea of phyaiographic evidence
which have been i»eaented by earlier writera, in aupport of the
view that aubaidence ia now in progreaa on the coaat of New
Brunawiek, we may draw the following concluaiona:

—

(1) The rapid receaaion of cliffa and beaches along the coaat
at the preaent time provea nothing either for or againat modem
aubaidence. If the ooaat had been atable for centuriea, the same
cliff-cutting would be expected aa haa been deacribed by investi-

gators of the cartography and history of thia coaat.

(2) The preaence of estuariea of the drowned valley type
provea that there haa been submergence, and, in view of the
depth of the drowning over a wide area, coastal subsidence, at
some time in the past. It proves nothing about modem or very
recent movements of the coast. In fact, the valleys in question
seem to be products of pre-GIacial or intergiacial stream erosion,

drowned very deeply during the Champlain submergence, and
only partially lifted out again by the subsequent upwarping of
the region.

(3) Barrier beaches are not evidence of coastal subsidence.
They are normal features in the simplification of a shore-line

which is initially irregular, whatever the cause of that irregularity

may be. It is as natural to interpret the lagoona behind them as
bays, shut off by reefs which have grown up between headlands,
as it is to regard them as river mouths which have been drowned
since the barriers were formed. Indeed, the former explanation
is the more natural one, since it involves only those processes
of shore drift and deposition which can be seen actually in
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prograw, while the latter aupposen a downward movement of the
land which demands further demonatration. Inasmuch as

barriers are known to have been constructed on the Bborea of

lakes in which n<> relativ*- eultsidence has occurred, and the pro-

cwwcs of shore drift, working atone, are competent to account
for them, the assumption that where such barriers occur the
coaxt has hcvu subsiding is entirely gratuitous.

(4) The disappearance of the hooked ends of re-curv<d Hpits

lM>neath the surface of lagoon» i'* not an evidence of .o.aatal

subsidence. f>n the contrary, thi» i^ the form whii-h h(x>ks

necessarily assume on shores where no change oflev^'l is in

progrcsF.

(5) An examination of localities where tree h;iv<! Iieon said

to be dying from invasion by high tido^ does not ufT^rd as good
evidence as one might expect. If, a- one may fai'ly qtjostiotj,

the dead trees at Pokcmouche and Saint 8in>or. rivi-is rrj^isU-

a submergence of the low upland border by bait wator tliis

submergence may be due to recent increase in runpcf of t.lc,

which in some estuaries might l>e considerable. On the oiiwr

hand, if this coast were subsiding fast enough to kill the trccM,

this sort of evidenee should l>e apparent in favourable situati- ins

throughout the region—which is distinctly not the case.

(6) The peat })ogs or barrens of sphagnum and associated

fresh-water plants, whose Iwttoms have been reported to reach
ten or fifteen feet depth below high tide mark, appear to extend
only two or three feet, at most, below that level. Inasmuch as
these bogs seem to have grown up in enclosed inland basins
before the sea encroached upon them, it is not impossible that the
basin floors, originally a few feet below high tide level, but not
below mean tide level, were covered with fresh water. The
fact that, so far as observed, and measured, the bog deposits
approximate but do not exceed the depth of mean tide level is

itself reason for favouring the view that neither subsidence nor
elevation has taken place during their growth.

(7) A detailed survey of the beaches on Grande Plaine, Miscou
island, which seem to register a period of at least three hundred
years, indicates that so far as these are true wave-built beaches
they testify to coastal stability rather than coastal subsidence.
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IV.—Some AtpecU of Puberty Fatting Among the Ojibwa.^

By Paul Radin.

INTRODUCTION.

The subject of fastmg among the North American Indians,

although it has been touched upon frequently by a number of

vriters, has never been made the object of a special study aj yet.

In the present little essay the writer will make no attempt to

study the subject of fasting in any exhaustiye manner, but will

merely attempt, on the basis of a number of some of the faating

experiences, to point out features that, in his opinion, seem
distinctive of Ojibwa puberty fasts. He hopes to reserve a more
exhaustive study of the same for his report on the ethnology of

this tribe itself.

The fasting experiences will be given first and the discussion

will then follow. The writer has only selected a few of the

accounts he has obtained, but the five chosen seem to contain

all the characteristic features of the fast, although in certain

details they, of course, differ from some of the others.

It might be stated, before proceeding to give the accounts

themselves, that in only two cases did the experience represent

that of the informant himself, and that in the other cases they
referred to relatives of the informants. I do not believe that

this in any way detracts from their value, but, of course, h may
have led to the omission of a detail here and there.

'The following article ii based entirely on notes collected >>y the writer unonc the
Ojibw* of eastern and southeastern Ontario during the s^iriog and summer of 1912,
for the Geological Survey of Canada.
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FASTING EXPERIENCE (A).

I was about ten years old when I fasted. That is the age at

which our grandparents generally desired us to fast. My
parents, themselvei, seemed to care very little whether I did or

did not fast, and I imagine that had it not been for my grand-

mother, I never would have done so.

It was at about the middle of what we call the "littl»-bear"

month that my grandmother came to visit us. When she was
about to return to her home, she had me accompany her. I

did not know at the time what i^he wanted and n was only on the

morning of the next day that she told me that I was to fast.

Two mornings after that I received very little to eat and drink

at breakfast time. At noon I received nothing at all. For the

evening meal she gave me a very small piece of bread. In

addition to myself there were six other boys fasting at the same
time. During the daytime we would play together, keeping a

close watch on one another, lest someone try secretly to get

something to eat.

We were to fast ten da3r8, all in all. At the end of the fifth

day, however, I became so hungry that after my grandparents

had gone to bed, I got up and helped myself to a hearty meal.

They discovered it, however, the next morning and I had to

begin my fast all over again. This time I was very careful not

to break my fast, for I did not want to begin over again, as on
the first occasion.

At the end of the tenth day, my grandparents built me a

wigwam. It was supported on four poles, about three or four

feet from the ground, and I was to use it for sleeping. My little

wigwam was situated at some distance from the lodge of my
grandparents, directly under an oak tree. I do not know
whether in olden times it was customary to build the fasting

wigwam under just this tree or not. My impression is that the

old p< ople built it at some distance from their own lodge, hut not

too far to prevent them from watching its occupant during the

day time.

My grandmother told me not to accept the blessings of every

"spirit" that would appear to me in my "dreams," for there
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were many bad spirits around and tiiey would doubtless try to
deceive me and thus cause misfortunes. The erst four nights,
I slept soundly and dreamt of nothing whatsoever. The fifth

night, however, I dreamt that a very large and beautiful bird
came to me and promised me many great things. I had, how-
ever, made up my mind not to accept the blessing of the first

spirit that appeared, so I refused all that had been offered, and as
I watched the bird disappear, I saw that it turned into a chick-
adee. In the morning, when my grandmother came to asic me
whether anyone had blessed me, I told her that a chickadee had
offered me many gifts, but that I had rejected them. Then she
told me that the chickadee often fooled people in this manner.
For a few nights after that I again did not dream of anything,
but during the eighth night another big bird came to me. I
was getting tired of staying in the little wigwam so long, so I
decided to accept whatever he would offer. I dreamt that this
big bird took me along with him to the north, where there was
only ice. There I saw many _..ore birds just like him, some of
them very old. These birds offered me long life and freedom
from sickness. Indeed it was quite different from what the
chickadee had promised. I accepted all that they gave me and
then the bird that had brought me there took me to my wigwam
again. When he left he told me to watch him before he got out
of sight, and as I did, I noticed that it was a white loon. In
the morning, when my grandmother came to question me about
my dreams, I told her of my experience with the white loon.x.
She was very glad to hear about it, for they had rarely been
l)lps8ed by white loons. From that time they called me Wabimq
or White-loon.

FASTING EXPERIENCE (B).

When I waj a boy of eleven years old, I was told by my
mother that it was about time for me to find out something
conrerning my future life and this I was to do by fasting. I wa:j
at first not to eat or drink anytning for five days except at supper.
The sixth day they built a little wigwam for me alongside of a
little creek running through the woods and left me there over

5681&—
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night. The next morning my mother came and asked me of

what I had dreamt. Aa a matter of fact I had not slept at all

that night, for I went to the creek to get a drink. However, as

this was early in autumn, the nights were quite wa.^m; she

noticed my tracks near the creek and immediately suspected

that 1 had left my wigwam. She asked me where I had been

and I admitted that I had been to the creek for some water.

She told me to go home, and I had to start all over again, about

two weeks from that time. This time another lad fasted to-

gether with me. After four days my parents built me a wigwam
in a part of the woods far away from the water. I went to this

place on the evening of the fourth day. The other boy accom-

panied me. That same night this other boy had a bad dream,

and when our mothers came to see us the next day, we told his

mother that he had dreamt of being bitten by a snake, that the

snake had then made him sick, and that he had finally died.

After telling of this dream, he was told to go home and I re-

mained in the wigwam all alone. My parents visited mo
quite frequently, about four times a day. For five days 1

stayed there all alone and it was only on the fifth night that I

had my dream. It was as follows:

—

I dreamt that I was alongside of a lake and that I had had

nothing to eat for some time. As I was wandering about in

search of food, I came upon a large bird (wio"). This bird

came over to where I was and spoke to me, saying that I was lost

and that a party was out searching for me, but that they desired

not to rescue but to shoot me. Then the bird flew away to a

lake and brought me a fish to eat. He then told mo th.at I

would have good luck iT> hunting and in fishing and that I would

live to a good old age. He also told me that I would never bo

shot by a shot-gun or a rifle, for the bird of whom I dreamt

belonged to a species that a man rarely finds a chance to shoot.

From that time on the mon was my (personal) manito.

FASTING EXPERIENCE (C).

When I was ten years old my grandmother wanted me to

fast, so that I might know what blessing I was to receive. I was

to start in the autumn of the year. At first I wa-s to get just a
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httle to eat and drink in the morning and the evening. This
meagre diet was to continue all through the autumn and winter
In the spring a little wigwam was buUt for me on a scaffold
not very far from the ground. In this wigwam I was to stay
ten days and nights, and only get a little to eat in the morninm
and evemngs. My grandmother told me before entering not to
believe every spirit that would come to me with promises, for

!

there are some who try to deceive people, and only to accept the
i

bleaamgs of that spirit who came with a great noise and power.
The first and second night I did not dream of anything, but

dunng the third night a very rich man came to me and asked
me to go along with him and said that he would give me all the
riches I wanted. I went along with him but I did not accept
what he offered me and returned to my wigwam. Then I
looked in the direction in which the man who had appeared tome was disappearing, as he had bidden me, and I saw that he
had changed into an owl and that the big lodge I had visited with
h.m was a hollow tree with holes. The next night another rich
man came to me, dressed in a suit of red material. He offered
me^the same things as the first man, and in addition told me that

I

If I accepted his blessings I could change my clothes twice a
[year. After I refused, he told me to look in his direction as he
I left me, and as I did so, I saw nothing but oak trees and dry and
Igreen leaves. The next night another man came and offered
m*. boxes of sugar. I went with him, too, but I refused his
Ibkssmg, and when I turned to look at him as he left, just as I
Ihad done m the other cases, I only saw a large maple-trc-

Ii, ^yf'»°^ot*»«'' came twice a day to ask mo about what I
|had *vamt and to give me something to eat. 1 told her about"my <keams and she again told me to accept the blessing of nome I -ut tho spirit who came to me with a great noise and strength
^om^ night before the tenth I heard the noise of a gush of wind
'Rbov.. me and saw a very stout and strong man. With thisman I went towards the north and finally came to nine old men
[ittin^ around in a circle. In the centre sat a verv old man and
^h.s was the man who blessed mo. He told me that he had just
J.een .^-nt down from above. Then I was brought back to my
iJttlrwigwam and told to look in the direction in which my
I awls—5|

'
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guide was going. When he had gone some distance, I looked

and I saw a number of large white stones in a circle and one in

the centre of this circle. The next morning when my grand-

mother came to me to feed me and question me, I told her of

what I had dreamt. That was the end of my fasting.

Some people are fooled, during their fast, by a bird called the

chickadee.

FASTING EXPERIENCE (D).

or

3

r-

^
^:

When an Indian is abcu* to fast, he gets up early in the morn-

ing, gets his charcoal ready, and marks hi? cheeks. In the even-

ing, when he returns, he washes his face and eats verj' little.

He does the same thing for two days. Then he breaks his fast

for two days. After that he begin." his real fast. For six days

he marks his face with charcoal. After the expiration of these

six days he breaks his fast again for from five to six days. After

that his parents build him a little wigwam about fifty rods from

their lodge and there he is supposed to remain ten days. He

knows that it is here that he will see his manito and that the

animal (spirit) will bless him.

While the faster is in this little wigwam, the people get a

very fast runner near him. When the morning of the tenth day

arrives, the fire is made and the faster gets ready to leave.

As soon as he leaves his fasting lodge, he starts to run. The fast

runner gets after him and soon he catches him. Then they all

ask the faster what spirit had blessed him. After that they

give him a little song, and then he tells them by whom he had

been blessed. By a very thin man (a pagak spirit) he had been

blessed.'

FASTING EXPERIENCE (E).*

When a child was ten years of age, it generally itarted to fast.

For a few days, sometimes a week, it was given nothing to eat

except a little for supper. This was only preliminary to the real

'I'ttoik are thin airy spirits who formerly inhabited this earth, but who became

ao attenuat<'d that thoy ascended into the air, where they still live, flying around

and makinn peculiar sounds. It was formerly believed that if anyone heard tUora

he would die.

This is a generalised aeoount.
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fasting, which began after that. After the child has fasted for

a few days, the parents or grandparents build a little wigwam
in a lonely spot of the woods. In this wigwam the faster then
stays and sleeps. He is not allowed to eat or take even a drop
of water. Generally he keeps a small piece of lead in his mouth
and swallows the saliva that gathers. Every morning the
parents or grandparents visit the person who is fasting, and
inquire about his dreams, and if the faster dreams that he has
been in trouble, lost in the woods, or eaten up by some wild
animal, then he is taken home and given something to eat for a
few days, after which he must start his fast again. His first

experience is regarded as bad. Thus it continues for some
time. The faster generally does not get his dream until the
sixth to the tenth night. Sometimes a dream obtained even
then is regarded as of bad omen, and the faster must start

again. He is encouraged to have patience and wait until the
right spirit comes. Sometimes this takes two to three months.
The dream that is to benefit him generally comes in the following

form. The faster, in his dream, finds himself in great trouble or,

at times, he believes he is killed, and some animal comes to his

rescue. Thb animal, he believes, will come to his rescue in

similar situations throughout his life.

DISCUSSION.

We will discuss first the contents of the preceding experiences
and then the relation of the fasting experience to the faster,

on the one hand, and to his cultural environment, on the other,
as it is embodied especially in the person of his parents and
grandparents.

Even a cursory perusal of the experiences shows that, as one
would have been led to expect, all are ca.«t in a definite mould.
An animal appears to the faster in a dream, and promisii^ him
certain blessings, leads him far away to some place where he
meets the one who is actually to bless him. He is then led
back to his little fasting-lodge and told to watch carefully the
disappearing figure of the one who has come to him. It is only
when the "person" is about to pass out of sight that he takes
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upon himself the shape of the animal itself. This is the formula
that appears over and over again, in all these dream-experiences,
and is unquestionably transmitted from one generation to
another. How this is transmitted would be an interesting
thing to determine, but in the present state of our knowledge,
I am afraid all that can be done is to offer a few hypothetical
explanations. It is this that we shall in the main attempt
to do.

What opportunity does a boy of say eleven years or there-
abouts have of learning this dream-experience formula? That
he would have ihc slightest opportunity of himself hearing an
older person recount his dream-experience is quite unlikely,
for it seems ir. olden times to have been customary to recount it

only on one's sick bed and then to an older person. There is

thus left only one means whereby he could obtain the desired
information and that is through the system of instruction to
which it was customary to subject all children from the age of
five or six to the age of puberty and which consisted almost
exclusively in directions concerning the actions necessary to
take in order to ensure a happy and successful life. One of
the most insistent prayers in this instruction is that without a
guardian-spirit (manito) no individual could possibly surmount
the crises in his life. But the main question to decide is, does the
youth in this instruction obtain any detailed information about
the dream-experience formula itself ? I believe he does not.
All that he is taught is to expect a dream-experience. The
main object, I should say, is to obtain the religious thrill; the
form that it assumes may be vague except for the outstanding
fact that a manito has appeared to him. How then are we to
account for the stability of the formal element? This, I believe,
may be accounted for by two facts, first, that a minute control is

exercised by the parents or grandparents, as the case may be,
over the faster, and secondly, that the form in which a dream-
experience is told does not represent that of the boy of eleven
but that of a mature man. It is this latter fact, that we never
obtwn the experience of the youth, immediately after his fasting,
that makes the question of the exact mechanism of transmission
so difficult.
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Let US return now to the nature o( the control exercised by
the parents over the faster. This takes two forms, a negative
and a positive one. It sees to it first, that the youth observes
the fast and the restrictions imposed on him during the fast,

and secondly, that only certain blessings be accepted. Now if

we knew exactly in what this latter positive control consisted,

we would know likewise what part the individual far i«r and the
controlling agency, the father, etc., plays. Judging from the
fact that we learn from one of the experiences that the faster is

directed to accept only that spirit who comes to him "with a
great gust of wind," we might argue that if the spirit by whom
he is to be blessed is thus limited, other details might be equally
dependent upon the suggestions of those who are in control.

It might, of course, be said that owing to the extreme suggest-
ibility of a child under the conditioas imposed at the time of

fasting, many details might be accounted for as due to this

suggestibility. This is, of course, quite true, and this is probably
responsible for many of the details that distinguish one experience

from another, but it has no relation at all to the dream-experience
formula, for the sii^ifioant fact here is that the formula is always
the same. However, even if we were to credit the controlling

agency with a great influence in shaping the formal aspect of the
experience, this must not be overrate^ for that would be practic-

ally saying that all the formal elements were given at the begin-

ning and I hardly believe there is any evidence for this.

We thus come face to face again with the central problem in

the transmission of the dream-experience formula. Did the
youth obtain the entire formula during his fast, or only part of it,

or indeed any of it at all? And this brings us back to the
question, did the youth obtain it? As I have stated before, we
do not know what the form of the dream-experience, at the time
of the experience itself, is, for no youth ha? ever told us. How-
ever, I believe that we may safely assume that from the point
of view of formalistic expression, the dream-experience as

known to the mature man was different from that known to the

youth. Considering the age of the boy while fasting and the

nature of the instruction he received, I believe that it is justifiable

to assume that the main element in the dream-experience was
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the raiigicNU "thrill," uid that Hi wtting wm VAgup. It is not

st all my purpoie to mparate the "thrill" from the setting of

Hwciatione that have always clung to it in different cultural

areaa, but I claim that at the time of the thrill and perhaps for a

conaideraUe time afterwards in the life of th^^ individual, these

associaied elements are vague and ill-dcfin«<d and that they

only then become clearly difTfrentiati'd when the cultural

environment exerts its greater influence upon the individual.

Now if we look at the dream-«x;»erien('f> a,i a formal unit, we
will notice that it contains a number of foil< orir<tic elements^

such as, for instance, the dreaming of a snake us an ill omen, the

deceiving promises of the chickadee, etc. At ti <> same time, the

manner of obtaining the blessing, the visit to the home of the

manito, etc., are all themes characteristically develop<Hl 'n the

m>'thology of the people. Both these elements, folklore nnd

mythology, begin to exercise their influence on the individual

after the age of puberty. L", in addition, we allow for the increan-

Ing knowledge of the details of the dreaui-experience that in

maturer years one is quite likely to obtain, all the conditions for

the fixity of the dream-experience formula seem to be given.

Summing up, we might Ray that the evidence at hand seemj

to warrant the suggestion that a lx>y approaches the ordeal of

fasting with definite suggestions from those who are exercising

control over him at that time; that he himself is probably most

intent upon the religious experience he is obtaining, and that

although this religious thrill is necps'-arily associated with sug-

gesitions from others and from himself, thej'? latter play a sec-

ondary part; that, finally, what I have called the dream experi-

ence formula probably does not exist at the time (rf fasting in

any clearly defined form, but it probably represents tha increasing

influence of the cultural environment, and the knowledge of

those details ot the fast that he learns from the generation of his

parents and grandparents, as he grows older.
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v.—The Pre-Cambrian (BeUian) Rock$ of SotUhtatttm Britith

Columbia and Their Comlativn.

Bt S. J. ScHoncLO.

INTRODUCTION.

The Beltutn roclu of the Golton range and of the Purcdl range

in southeastern British Columbia have been called the Galton

series and the Purcell series respectively by Daly', in his study

of a section across these ranges, along the International Boun-

dary line. These and equivalent series in Idaho have not

previously been seen in their stratigraphical relationship to the

fossiliferous Paleozoic. Hence the age of these rock?, based

entirely on correlation by lithologic rcscmblancea, has been a

matter of controversy; Walcott placing the whole of the Bcltian

in the Pre-Cambrian, and Daly on the other hand postulating

that only the lower and smaller portion of the Bcltian is Pre-

Cambrian and the remainder or upper part is Cambrian. In

1913, the writer discovered a section near Elko (see map,

Fig. 7), British Columbia, where the Pre-Cambrian-PalBoioic

contact is well exposed and the interpretation of the field facts

at Elko places the whole of the Beltian in the Pre-Cambrian.

>DlUy, R. A., Geol. Sur. Can., Ann. Rept., 1904. p. 9IA.

Report of Chi«f Axtronoinor o( Can. Ann. Rept., 1905, p. 279.

Ueol. Sur. Can., Memoir No. 38, 1913, pp. 99-139.
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PRE-PAMBRIAN-PAL^OZOIC SECTION AT ELKO,
BRITISH COLUMBIA.

The mountains to the north of the Elk River valley at Elko,
form the most westerly part of the Rocky Mountain system!
The structure of these mountains is of the nature of a syncline
striking northwest-isoutheast. The eastern limb of the syncline
is cut off by a northwest-southeast fault which brings the Devono-
CarboniferouB limestone in contact with the Roosville formation.
The strata forming the western limb of the syncline and inci-
dentally the western face of the Rocky mountains, dip, on an
average, 45 degrees to the northeast.

Elko, a station on the Crowsnest branch of the Canadian
Pacific railway, is situated on the western slope of the Rocky
Mountain system, at the Elk River portal to the Kootenay
valley or Rocky Mountain trench. The section exposed at
Elko can be most easily expressed in a stratigraphical column.

Devonian Jefferson limestone.

Silurian, Ordovician, or

Cambrian Elko formation
Lowest—Middle Cam-

brian Burton formation. .

.

feet.

300+

90+

80±

Beltian.

Unconformity.

.Roosville formation.

Phillips formation

Gateway formation

1000

500

1000+

The Gateway, Phillips, and Roosville belong to the Galton
series of Daly.'

Gateway Formation. The lower part of the formation consists
of alternating bands of massive, concretionary, siliceous dolomite
and limestone weathering buff, and massive, light grey quartz-
ites. These are pi i--needed by thin-bedded, sandy argillites, and
greenish grey, sili s argillites. The sandy argillites weather

Can., Memoir 38, p. 97.Daly, R. A., Geo,
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a light buff and are characterized by the presence of abundant
castd of salt crystals.

Phillips Formation. The Gateway formation passes gradually
into the overlying Phillip? formation which consists mainly of
dark purplish and red methrgillites, sandy argillitei, sandstones,

and quartzites. At several horizons are intercalated thin lami-
njB of green, siliceous argil'ite. These rocks are exposed in a
rock cut on the Great Northern railway, IJ miles east of Elko,
from which point they rise to the east in the hill to the north of

the track.

Roosville Formation. The Phillips is overlain conformably by
the Roosville which is composed mostly of massive, laminated,
green, siliceous metargillites weathering greenish grey and
rusty brown, and buff coloured sandstones. Mud cracks are
abundant at all horizons. The Elk River canyon is carved in the
horizontal strata of the Roosville formation. Cryptozoan forms
occur at several horizons near the top of the Roosville.

Burton Formation. The Burton formation, called after Burton
creek near Elko, rests with no discordance of dip on the Roosville
siliceous me,<u''^ites, and consists in great part of greenish
black, calcareous shales with interbedded siliceous limestone
bands. A detailed section of the Burton formation at Elko is as
follows.

Elko formation, fGreenish black shales with

limestone interbands. . . . 60± feet

Sandy limestone 10 "

Greenish black shale 4 "

Calcareous grit 3 "

Hematite conglomerate. ... 8 — 10 inches.

Burton formation.

Unconformity.

Roosville formation.

The hematite conglomerate, the base of the Burton, is com-
posed of rounded to subangular pebbles of siliceous hematite,
embedded in a cement consisting of quartz and hematite.
This conglomerate passes gradually into the overlj^ng grit

which is made up of angular and subangular grains of the
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RoosviUe siliceous metargillite and a great number of milky
white to glassy quartz grains in a calcareous cement. This grit

contains the oldest fossils found in the Galton series. Succeeding

this grit is about 4 feet of calcareous, greenish black shale which
readily weathers to soft earth. It is brittle and breaks up
into small rectangular shaped pieces. Above this shale comes
10 feet of sandy limestone, in beds from 1 to 2 feet in thickness,

broken by vertical joints. The weathering colour of this

limestone is brown. Above the limestone comes about 60 feet

of greenish black, calcareous shale containing numerous band." of

siliceous limostone. These interbands are especially rich in

trilobite remains.

Elko Formation. The Elko formation, called after the town of

Elko on the Crowsnest branch of the Canadian Pacific railway,

rests upon the Burton formation. The exact contact betw^een

these two formations was not exposed in the sections studied and
no .structural evidence of an unconformity was present, exposures

on each side of the contact being very good.

The lower 30 feet of the Elko formation is composed of mas-
sive, grey, siliceous limestone, weathering grey, containing

indisti' :oral-like forms. The limestone by gradual transition,

passea into a massive cream coloured siliceous dolomite in massive

beds averaging about 6 feet in thickness.

The Jefferson Limestone. In the Rocky Mountain system,

the Devonian limestone rests conformably upon the underlying

lower Palseozoic Elko formation, while in the Purcell range to

the west, an apparent unconformity exists between the Devonian
limestone and the Gateway formation. The staple rocks of the

Devonian are a massive, dark grey limestone and dolomites

weathering a whitish-grey colour. The following fossils were
found in the Jefferson limestone and were identified by Dr.

Kindle.

Atrypa reticularis.

Atrypa cf. missouriensi'

Spirifer englemanni.

Strophostylus sp.

Stropheodonta demissa.

Schizophoria n. sp. near s. striatula
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Unconformity at the Bate of the Burton.

Although no structural features empha ize the presence of an
unconformity at the base of the Burton, yet from other evidence
such an unconformity is believed to exist.

V 0- In harmony with the other sections throughout the Rocky
Mountain geosynclinai, u marine Cambrian transgression is
represented in the deposition of the Burton formation.

(2). The conglomerate at the base of the Burton is composed
clefly of hematite pebbles with minor quantities of pebbles of
quartzite and quartz in a hematitic quartz cement. The
hematite pebbles, although some have a concentric structure,
probably represent the results of erosi-nand subsequent con-
ceL.-ation of hematite layers which occu- abundantly in the
underlying Pre-Cambrian series. The quartzite (metamorphosed
sandstone) pebbles are identical with the quartzite of the un-
derlying Phillips formation. The occurrence of these pebbles
already metamorphosed before the deposition of the Burton,
indicates that a time interval existed between the deposition
of the Roosville and Burton formations.

(3). The grit which overiies the conglomerate is characterized
by an abundance of milky white quartz particles evidently
derived from the erosion of quartz veins such as are known to
be present in the underlying Roosville formation and othe.'
members of the Pre-Cambrian series. Green particles of the
Roosville siliceous metargillites are also present and their presence
supports the idea that the Roosville formation was metamor-
phosed before the Burton was laid down, hence the idea of a
time interval betwem the deposition of the Roosville and
Burton formations is strengthened.

(4). The difference in degree of metamorphism of the Roosville
and the Burton is very striking in the field. The laminte
of the Roosville siliceous metargillites are so thoroughly cemented
together that the rocks always form steep cliffs, in fact the
perpendicular walls of the Elk River canyon are carved in the
Roosville formation. In contrast to this the Burton formation
weathers to a soft earth and is characterized by gentle slopes.
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(5). Since cryptozoan forms have not been described, as far

as the writer know8,from formations later than the Pre-Cambrii.a,

the classification of the Roosville and the underlying formations
as Pre-Cambrian is still more firmly established.

THE PURCELL SERIES.

The Purcell series of East Kootenay was first described by
Daly in 1904,' and subsequently in unchanged form in 1913,*

and is as follows:

—

Erosion surface.

feet.

Middle Cambris >. . .Moyie 3400 +
Purcell lava 465
Kitchener, upper part 6000 + 1 .,

Lower Cambrian. . . Kitchener, lower part 1400 ± j

Creston, upper part 3000 ± t Q./y.
Beitian Creston, lower part 6500 + /

Base unexposed.

In 1911, Daly identified for the writer, the Kitchener and
Creston formations, in the neighbourhood of Kingsgate, B.C.,
(see map) where the south-flowing Moyie river crosses the
International Boundary line. Subsequent work by the writer
in 1912, definitely proved that the so-called Kitchener rocks
near Kingsgate were older and not younger than the Creston, and
the name Aldridge formation was proposed for this group
of rocks. Further work on the section in the neighbourhood of
the Moyie lakes (see map) showed that a group of rocks litholo-

gically similar to those described by Daly as Kitchener, overiies
the Creston and underlies the Siyeh. The name Kitchener
has hence been retained for those rocks which overlie the Creston
and imderlie the Siyeh.

The Moyie formation was examined over a wide area. The
area of Moyie rocks outlined by Daly west of Kingsgate was
found to rest conformably upon the same rocks which Daly

'Daly, rt. A., Geol. Surv. Can.. Ann. Ropt., inftt. p. !)1A.
'Daly, R. A., Geol. Siir». Can., Memoir 3f>, 1913, p. 119.
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identified an Kitchener, near Kingsgate, and which were subse-
quently proved to belong to the Aldridge formation. Hence,
they cannot be Moyie as originally defined by Daly as lying
conformably on the Kitchener. Lithologically, these so-called
Moyie rocks are identical with the Aldridge and hence are
classed as Aldridge. The Moyie in the vicinity of the Yahk
liver rests conformably on the Kitchener formation as defined
by the writer, and in this region is lithologically similar to the
lower part of the Siyeh formation and occupies the same strati-
graphic position as the Siyeh south of Cranbrook, where it overlies
the Kitchener and underlies the Purcell Lava.

The Purcell Lava is absent in the Boundary section but is

present in the section south of Cranbrook (see map). Daly
states that the Purcell Lava is absent between the Kitchener
and Moyie on the International Boundary line, since the flow did
not extend as far west as the Yahk river. The writer concludes
that the lava occupied a position above the Moyie and has been
removed by erosion, and that the Moyie is equivalent to the
lower part of the Siyeh. Hence, the name Moyie has been
dropped from the stratigraphic series of East Kootenay.
The Purcell series as defined by the writer, is as follows:—

Erosion surface.

Pre- Cambrian. Gateway 2000-!-

PiTcell Lava 300
Siyeh 4000
Kitchener 4500
Creston 5000
Aldridge 8000 ±
Base unexposed.

Aldridge Formation. The Aldridge formation is the oldest
known sedimentary member of the Purcell series in the Purcell
range. It consists of argillaceous quartzites and purer quartzites
with a subsidiary ^- unt of argillite. The beds vary in thickness
from a few inches in the argillitic members to 8 feet in the pure
quartzites, but the average thickness of the strata is 6 inches.
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The argillaceous quartzites are grey to almost black in colour

on fresh fracture. They weather to a rusty brown, and since the
argillaceous quartzites are in greater abundance, they give the
characteristic reddish-brown colour to the formation as a whole.
The thick-bedded purer quartzites weather to a light grey
colour. Shallow water features, except some conglomerates on
Goat river, were not noticed in the Aldridge formation. In
places, cubes of pyrite were abundant. A fact, worthy of

emphasis, is that in this region the Aldridge formation is char-
acterized by the presence of a relatively large number of thick
gabbro sills called the Purcell Sills. The succeeding younger
formations contain only a few gabbro sills, and these are relatively

thin and unimportant.

Creaton Formation. The Creston formation rests conformably
upon the Aldridge formation. A transition zone 500 feet in

thickness separates the Aldridge and the Creston formations.
The latter consists of a well-bedded series of grey argillaceous,

quartzites, purer quartzites, and sandstones with thin inter-

calations of argillite. The beds, averaging one foot in thickness,
are often cemented together so that they form steep cliffs. In
the western part of the range, in the vicinity of Goat river, the
quartzites are coarser in texture, and resemble coarse sandstones
in appearance, while in the eastern part they are finer-grained
and more aigillaceous. In general, the quartzites are grey on
fresh fracture and weather to a grey colf'ur, which is in distinct

Mdge formation.

'. cubes of pyrite,

.as throughout the

contrast to the weathering colour <

When the grey quartzites are imprei^

they weather reddish-brown.

Ripple marks were noted at sever;

Cr iton formation. Intruded into the formation are a few
gabbro sills reaching a thickness of 100 feet.

Kitchener Formaiion. Lying conformably upon the Creston
formation and passing into it by gradual transition is the Kitch-
ener formation, which is composed of calcareous argillites,

calcareous quartzites, argillaceous quartzites, and limestones,
in beds whose average thickness is 6 inches. The weathering
colour is reddish-brown.

56816—
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Siyth Formation. Lying conformably on the Kitchene
formation and paasiug bto it by gradual transition occurs tli

Biyeh formation, which consists of purple and green siliceou
argillites in beds from 1 inch to 2 inches in thickncs. Dolo
mites and limestones are present in the middle part of the forma
tion. The argillites are characterized by the presence of abund
ant mud-cracks and ripple marks.

PuTceU Lava. The Siyeh epoch was brought to a close by th(
outpouring of basalt called the Purcell Lava. This lava consist)
almost entirely of amygdaloidal basalt with small amounts ol

rhyolite and breccia and is the extrusive phase of Purcell Sills.

Gateway Formation. The lower part of the formation consists
of alternating bands of massive concretionary siliceous dolomite
and limestone weathering buff, and massive light grey quartriten.
These are succeeded by thin-bedded sand, argillites and greenish
grey siliceous argillites. The sandy argillites weather a light

buff and arc characterised by the presence of abundant casts of

fait crvstals.

:3

RELATION OF GALTON SERIES TO THE PURCELL
SERIES.

The Purcell series of the Purcell range is the western or near-
^hore equivalent of the Galton series and the relations of these
two series is expressed in the following table.

Galton !*eriea of the Galton range of
Rocky Hountsin systpm.

Purcell aeries of tiie Purcell imnge.

Roosville
rhillips
Gateway
Purceli Lava.
Siyeh

Gateway
Purcell Lava..
Siyeh
Kitchener
Creston
Aldridge
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nnio»i)M
I.MO Icet.

OnnWiMidpwpb,wwom Md iitt-

Mnto.

>,771 tot.

l.OU

'•W™^'*^^! 9W ^Plv>

Myab IttMatoM. dkb colow
Anmccow noMly tad-

tot.
i.aw

•4.000 tot. 4.M1 iMt.

Total Hctioa
1S40 Int.

OrimM

Total aartka 0,710
tot.

Naihatt aaadatoaa
TOO tot.

— Uaeoafermity—

AnaacMW vad aad any
aoloanlOOtotodliM-

No

0,000 tot.

700 tot ton!

<4toi«alaaraoaaaadAtotaato
mUowmm
TOO tot.

Baaa aoaaeaiad.
Total aaetloa
t. TOO tot.

Total aetioa
11.000 tot.

Caleanoaa aad iUtooa*. ^^^ ^manoaaaw

4.l0itot.

SilicHoa* aad anaa- Sarto.
«"><>>>'

I
Altai ««<«.

Naa»wjaa«l«lnta.

rm. MOtot.

Purple lad (rmauh an 1'

BaaecoaaaaWi
Total netiaa
34.7(0 fMt.

6'ieeoaa aa aiaaaeaoaa.: Aadlila.
PtaroU. «naaiih, aad pay; OJOOtok
1. .l_

K.«t«tot. KiUmm.
;

QuaHaita.

hritta i.

Bpadad, dark blaa grey, 7,4getot.
Una blaek aad gray.

aOtooaaiariaa.

10,000 tot.

iCrwtoa.

!
Qaartaita.

Total aaetloa
28.000 tot.

O.IOO+bat.

Total aeetto
:30.000 tot.

Total thiokneai of aeetion of Pre-Cambriaa roeka la narthmalan Moalaaa

I88Ifr~p. 83a.

aad Northern Idabu. aa aow kaowa, S7,000 tot.
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PrebabU ComUOion of Pnnetpol 8eeHon$ of Pre-Combrian SecHmmU in Monimku mi Idaho, by F. C. Catkitu.

Baltmc
(Wal«ott)4i

CMBbriM.

—UaMiaformity—

Hmtk, glial*, rad.
MOlMt.

BtUm, UmastoM,
wfth oin* ahal*.

3.400 int.

BmpirtMaimjaua i

idkvvy. tOotnt.

Spnkunt
with tUa bMlawditnaa;d—pwd
i.aooiwt.

ShalaL
tut

LtwkMdLiTiu.

TopBotMm.

irmlia. Shale, mar-
ooa (Ml; ripple
mark*, ate.; lome
qnartiitie aad eal-

oanooa bed*. 800
feet.

Shtpavi. Qnartdte
yellow, (enodaoitt
700 feet.

SMk. Limeetoae,
dark bine or ray
weathariu

,

with ihale iatar-
badded. 4,000faet

PUUpriiHgdiittiet MiiriiNiiaafla
(Wal«ott),i

Coeurd'AlaMdiftriet
I (CalUa*).*

Cambriaa.

-UaeualuimHy.—

Camp Cratt. Saad-
toaa. gray, rathw
this bedded. 1,702
feet.

OriimaB. Shale, part-
ly araaaeeooi;
dark red; ripple-

marked aad aoa
eraekad. l^OOteet.

Orfiwaa.
moatly daric grey.
LOOOIaet.

ippiktuum. Shale,
rey buusk, aad
ne(ai*h,iat*rbed-
ded with white
qoartiite. 3,000±
net.

JTwalaaf UnMBtoae,
impon, waathafiag
btf. with iatar-
haddadahale.»JOp

Baae act eipoaed.

CUmbtrlain. Shale,
moatly bla''c, with
Bome «u». ^tone,
l.HOfeet.

IfMart. QitarUite,
with lome ihale ia
npperpart. 700(eeti

illiini. Limeetoae,
VPar part thia-
bedded aad (er-
ragfaKMa; lower
part B«y]ah blue,
maarira, iiUeeoM.
1,400 leet. Battta*

Cambriaa.

— Paeoalofmity.—

Cams Crmk. Shale
aad»adatmae,tha
lattbr ptrraili^iB
appar pofftioB. Col-
oor oUafly red
«,O0O-ffeet
foet.

to

Handitooaa, largely
aualy, eMoara red
aad grey, with 108
feet ct linteatoae
700 (eet below t<».
8,887 (eat.

yawfaaii. Limeatoae
thia bedded, more
or leaa aUicaona
aad famgiBoaa,
paaring iato ahala
geaerally boil oa
weathered *ar{a«e
4.000 (eet.

BatalU. Quartiite,
ney, with aomej
dark bluiah and;
greenidi ahale.

'

3,000 feet.

Hhalaa aad ladatoaaa, mad-
tolhkibaddad-.aoloar

Upper part ofaaetionerod-
ed.

aad limaatoaea.
l.HOfeet.

raddiah. '4,481 (eet

SbiptdPrnk.
aandstooa, red aadgnea
1,000+ (eat.

BlaeVoot. Limeatone
thia bedded, more
or laaa aUieaoaa;
ailieeooa layata,
weathering bafl,
iaterbedded with
oaleareo-anaaoe-
ooa ahalaa. 4.808
(eet. Batttaa daaai.

RflU. Saadatonaa,
qnartiitie. fiae
grained, jpeyidi
purple aad grey.!

(Oalkiaa)

Uttte wOa aryatalUaa
Hwwtwa. waatharha yal-
ww. at arrani kariaoa*
BaaaaotaM*. lO.a0O± liat.

Siripti Pmk. Shalaa aad
ahdy aaidiloaii, paarail.
iaglr da*
maika.ata. Mi^^9^ laet.

Wallace. Shalea, more or
leas calearaooa, iatar- ATwlaa^.
bedded with thhilayen ~

at nliceoMaad (emgia-
one limeatoaeaad eak»-
reous aaidatooa. Lim^
atonei aad eali

ahales weather bofl.
4,000 feet,

S.SBOfeet.

St. Resit. Sialaa aad
aandstonaa. purple and
green. l.oOOleet.

Sandatoaee, compact Bwwti
grey. 1,000 (eet.

: feet.

White qnartiita,
partly aaridtic. 1.300

Sanditonea, peea-lBwif. Indurated ailice-

iahfrey,AnegraiB-| ous shalea, with mad-
ed,inlayen4ineh- atones and qoartsitea,
es to 2 feet thick. prevaiUncly Krey-green.
4,M5 feet. Baael 2,000 feeT
not seen. Total
Ravalli, 8,285 feet.

Priekard. Shales,'
dark bluish, inter-
bedded with BMid-;
stone; rusty brown
on weathered sur-
face. 8,000± feet.

jQuartsite, light col-:
> onred. Base not ei-
I posed. 1,000± feet

Priehard. ArnlUte, blu^
{

gre> toblaokTwitiidiB-
tinct aad regular band-

,

ins, ^tsrbedded with a
subordinate amount of

,
grey a«dstoae. Upper-

' moet part arenaceous
I

and lArkad with akal-
low-wifer leatnrea. Baae
noteiposed. S.OOO-ffeet.

QMitaitsa,!
, aad £3}

ateasa; uuf par graaa
aad paipla; lower partgrey
moaily grawlah, kwally
with Itiat pnpla ti^e;
middle part tUdiaat bed-
dad, aad moat qnartiitie,

eoMiatiag hMaUy o( (airly
pare lAita qoartiite. 8,000
±l«et.

Pridtariformtioit. AigiUite,
dark bMih, beaded. 3,000
(eet.

V «• Tnnlaaai

0|p«fartal aaelfaa aedad.

TM. Qaartaite. MO (eat.

lavBoaa^ mafDacMMiiwnB
mof* er tmt aataaiaoaa
ahala*. •.08>1 (M.

KUekmur. F(
qaartaite. 7, (set.

Aicnsan.

. amr, thick
bedded to shaly. iater-

bedded with more or leas
SMdr bluish shalae. The
roeka liaeeiue antaaigmapl
eeooa toward the aoath-
eaat. 10.000± (est. Baael
aot eipoeed .

Qaartaitic aaad-
thick-^ty. pw.

> aab-

Otslaa.
attnea.

iaterbedded with a
ordinate amoaat of blaiah
aigiUaeeoas matariai. Base
Boteiaaeait. tMI+lmt.

^^*itS^£**CimM»»ktmimm feriMtioa*: BaU. Qecd. Soe. Amerfaa. toI. M 1880, p*. 1S»444MWBj^BdtajnSte^paphy ..I «,uct«a. Uwia a»d Uriagrto. nu^aa. mSSS: Wi' oSlft^'aSSJc Vol. 18. 1003, pp. 80M52.

•mmm. r. IL. aad CWUa*. ,. .

/Daly, It A.. flniunaiT Sept. Gael,

«^ *'J!!I^^**'**? Moataaa: BaU. QaeL Soe. Amatiea. vol. 17. tSOS. bd. 1-28.

i!:-°a.S^lr&aL,1iWI"«S!^.S.S[
-A.- 'i-*.*.'AiK;^.?sper u . 8. Geot. Survey No..a3,:«'XIB.



1*^. ^«BV^4»«ll(' iftim*'. l»!^r»,f«T'\ \« wmWwjv^'! >it\D,i.ii*\

is
|.<m

n

i

8

1 Ml. > ...J

.'wi

•>M'r ;«-i «).<.! • +),al >v.„,i INJ

'')• "!>->' ,r>-'.

I;.H_) J..,{_i,.^



PRXKUMBRUN OF BOCTHBABTKRN B.C. M

Daly in his correlation of the Galton and Purcell series empha-
sizes the importance of the Purcell Lava in the correlation of
not only these two series, but for all the equivalent series of the
Rocky Mountain geosynclinal.» In addition, the Siyeh and
Gateway formations arc identical lithologically in the Galton
and Purcell series.

General Correlation of P,e-Catnbrian (Beltian) by Walcott.

Walcott made the first general correlation table of the Beltian
of Montana, Idaho, and British Columbia, in a paper entitled
the "Algonkian Formation of Northwestern Montana,'" and
for onvenience this table is here reproduced.

General Correlation of Pre-Camhrian (Beltian) by Calkins.

In 1908, Calkins' formulated a correlation ta hie of the Beltian
as a result of a rand reconnaissance in Idaho and Montana
and along the International Boundary line across the Purcell
range. His correlation table based upon Walcott's of 1906,
is identical with Walcott's except as to the positioii of the
Purcell series. Both Walcott and Calkins place the whole of
the Beltian in the Pre-Cambrian. Calkins' table of formation
is here appended.

'Daly, R. A., Geol. Hurv. Can., Memoir 38, p. 102.
•Walcott, C. D.. Bull. G. S. A., vol. 17 1900, p. 17.
'Calkins. V. C, U. S. G. S., Bulletin asi, IMii, p. 40.

56815—6}



MmCM BCIXCTIN NO. t.

General Correlation of Pre^ambrian (Betttan) by Daly.

Daly, in 1913, from hid field work along the International

Boundary line, puts forward the accompanying correlation table.'

Ti

r

S
*%>

^

t

Correlation of Pre-Cambrian (BeUian) by SehofUld.

(/) Correlation of Purcell Serie$ with Coeur d'Alene Series.

The correlation of the individual members of the Coeur d'Alene
series with the Purcell series by Walcott and Calkins was based
upon Daly's subdivision of the Purcell series which was found to

be erroneous. The writer, in 1911, carefully examined the
formations in the Coeur d'Alene district and was able to identify

in that region with some degree of certainty, the formation:)

exposed in East Kootenay. The following table shows the

writer's conception of this correlation.

Coeur d'Alene iieriea. Purcell Series.

Striped Peak 1000+.. . Siyeh (lower part) 2000 +
Wallace 4000 .. . . Kitchener 4500
St. Regis 1000

Revett 1200 ..Creston 5000
Burke 2000

Prichard 8000+.. ..Aldridge 8000 ±

(2) General Correlation of Pre-Cambrian by SehofUld. The
following general correlation table is based on Walcott's original

table presented on the foregoing page of this article, with
additions by the writer on the results of field work in the Pre-

Cambrian of Idaho and British Columbia. It will be noticed

that the controversy centres arcunH the age of the Siyeh lime-

stone which is one of the most important horizon markers in the

Beltian.

The evidence for the determination of the Siyeh limestone as

Middle Cambrian by Daly on stratigraphical and lithologic

bases, is given in part by these words.

'Daly, p.. A., Geol. Surv., C6n., Memoir 38, p. 178.
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CmtlatUm TM$ Pni

ftuamH MTlMa I

i.«rN
MkU, Fvadl wriw,

|
Comt O'AImm tmUi ia OdiiMt w*^ •vtoiaMWoa

9).

Coatormity with apiMr P»-|Eroak« nirfM*. IKroiiMiHriMw.
Ivotoicr

jCaalormlty with aww;

Use aur, a.OaO+(wt. , li.>yie3,400+lMt.

BMhiva, 7,000 iMt.

StriMd P«kk, l,000|8(ri|MNl Peak, 3,000
+lMt. + (eet.

Kitohmarj^aBp«rW«UMa,4,000{Mt. BUekloot (obUmI CMi>pCrMk,0-5,000(M(
PMt, •.OOOthat. St. Ila^.l,000(a«t. Nswiud bgr CiO-BlMkfoot, 4,000 iMt.

kiM)t,000±(Mt

PUrthMd.IfMCher, 400 (Mt. i riMB«M.
WolMy.i0»400{Mt. ThiekM«.r . r
FUthoM), aO-MO (wt. Camp Cnak, U.TM G

(T)(

Ripple, l,«aO (eat.

Dewdney,a,00O(Mt.

WoU.upper pwt,l.0001iMt.

Kiteheoer, lower
pwt, l,400±fwt

Cnatoa, upper part,

8,000+(eet.

Wolf, lower part, 1,9001 CreatOD, lower part,

feet. •,IOO±teat.
Monk, t,MO feet,

Irene Voleanie lormatioa,
«,00O±feet.

Irene oonglomerata 5,000-1-

feet. Bale eoaeealed<
Tot*1.32,060-|-leet. Total, aO.SOO-t-Ieet

Unconformity.

Priest River terrane.

Revett, 1,300 feet. RavaUi, upper part,
S.OOOtteet.

Burke, 2, 000 feet. Ravalli, lower part,

i

3,000ife«t.
Priohard, upperpart,
l.aOOlleat.

Priehard, lower part
a,S0O-t-feet.

Baie oooeealul.
Total. 17,300-l-teet.

Priehard, lO.OOOdr
feat.

Bane coBoealed.
Total, 37,000-l-feet.

RavaUi, 3,000 feet.

Priehard, upper part,
a.OOOtfeet.

Blaektoot.4,«lllMta

a

Ravalli, apper part,
4,860 hat.

Priehard, lower part,
S,00O±feet.

Neihart, l,000±feet.

Total, 13,560-18,000 feet

RAvaUi, lowar part,
4,000-l-iMt.

BttMOOMMd^de
Total, 15,068 bet.

i«8IS-p. OOft

(1) F. C. Calkiaa. BaU.384, V. S. GaoL 8arv«y, 1800, p. 40.
(3 F. C. ^lU... Adb. »4 a«l 815. V.ToZi.BS^g.im (p.

?< S- S- S*}~**' 2"H- S"*"- Soe. America. Vol. 17. IMO. p. 8.

HI S-SJ^^ #"^- <5«>'- "*»«• Amariei Vol. 10 1808 pi 801.
(5) C. D. Waloott., Smithtoniaa Ifiao. CoUaotioaa. Vol. IS, No. in
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5^_<w,«
u*.

LMrkMfiM,Clarlw
MdUwfanivia, («)

IC«rfarmity4lki«>

B«wIlhrwMtl«(l>

it

Co«lormlty with«Oaafcraaty
FWaowM.

wMk

iMt.
PlNlM,IW+lnt.

M. CluriM. I,nr iMl.
UpfwCMibriM.

SaiMvilb,M

k, U.7H CMm>»7. l.«MiMt.

P"»Mt,

rwpMt,

Ud.
ittMt.

Ofttowajr, loww part, lit

KiatU,nOIM.
8iMpi<anl.ieOlMt.

ilomrput

8i]rA,4,100lwt.

WigwMii, l.mtart. OriMMU, 1, 600 I

lfMDoMad.S.IW(Mt. Apvaknwy, S.I

H«fty,77llMt.

AHyB,«Ofaet.

ToUl, U,100fwt.

AHva, l,S0O± iMt.
WktortoB, - -,100+ (aat.

OatteUa.
riatlMwi.

___^ EMaml.TMlMt.

Manh, MM M.
_ CatiMdnl, I,HI
Halaaa.2.4nint. (net.

Bm*if«,aooi«rt.

Nownaa, I.OIl int.
Wotmb^itm, 1,110 Iwt,

BtaakmMb.lTOiMt.

P>a.7lthat.

Uavtaa. «M fMt.
Bfi^taa, wnm lart.

.CkMlyltfaidl*
•bttea.

Spokaae, I.MIIwt. Mount Wbyta, MOBiigham-l-i.lU I

OnyaoB,'.M»ib»ll8t. Piiraa, S,70l(Mt.

Uk<^UMliM,tOttMt.
Fairview, lOO+fMt.

yrayioa. l.mtleetCoatiiaatioa oT Bow
Nmrlaad, 2,2K fMt. RiTwaigUlitaa.
Chamberlaii, I,MO
iMt.

N«Uiart,700lMt.

Total. Il,ti0 iMt.

Ban oooMalad.

Total, 14,0001 laM.:Total, lJ,U3-f bat,

BaiteoaoaaM.

Total, 0.0«7-f(act.

Uaaoatomiity.

Cheny Creek bada

UBoaafonnilT.

"Arehaeii.'

Cambflaa.

Lower Cambrlaa.

Baltiaa.

ay, no* (p. 40) aad 1007 (p. »).
900. p. S.

n. No. itta, iM.







GENERA CORRELATION TABLK.

Cbrk MHi Uwl* nMf Roeky MomUiIini, K.C. ^wmII nam. tC. CoMr VMtm ilMriM, Idako. CaMMt

Mnnolr W. Itll) m.1 Mbmiaratiy nmlilUd by Fafx r M. lite, p. M. Mi, tSSTT^Mk
'

iMwMlior.

Lowwl Midillr « aiubriM.'

Uaraatormity.

CMbWIm.

KmtkM wrfaro. RtHMvtllo, t.OUOIrrt.

KUtU, KOtart.
HhcpfBrd.MOlMt.

Purnilt Iavs.

liiy«li,4,IMlMt.

PhUlipi, MO (ect. |»>uiiloB MirfMW. EntkwHflM*.

Oatcwsy, 2.03S fi-vt, Ciatfiway. t.OMtMt.

PM-CMBbflM

PurcKll l«vit.

my«h, 4.nu(H.'t.

Purcrll l«va.

«iy*b.4.anf«*t.

Kruaiiiii Hirhu'v.

Htriv.lPra ., I.OUOfwt.

MbalM mm! mJHoati M.gM
(MliM).

HtripwiPwIi.J,too fact.

UruuMll, l.aOOlMt.
Appikiiuy, 2,600 iMt.

WlcwMii. l.'jOOfrat.

MaeDcuUd, 2.3tU(Ml.
' Hetty. rtlMt.

t

KitchcMT, 4.S00r«>l. Wallix" 4.a00fp«t. Blackioot. 5.000 feat.

AUyn. 1,600 (eat. Altya. 6iO feet.

Crxalua, S.OOOfn-t. St. K<«ii. LOOOtma.
Revittt. 1,300 leet.

Burk'. 1,000 faa>
iUvalli. 8,000 leet.

Wtiy-p. tOb.

AlJri«lv),8,000i(iMt. Frii'hittii, 8,000 iert. Priehard, 10,000 feet.

..i - .
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PRK-CAMBBIAN OV BOtTrBEABTKRN B.C. «

"Walcott recognizes the Cambrian-Ordovician equivalent
of McConnell's Castle Mountain group as occurring near
Belton, Montana, and Nyack creek, Montana, At these locali-

ties, massive bluish and greenish limestones bearing a species
of Raphistoma and Stromatoporoid form, were found in great
development. As shown by Plate 6 of Walcott's paper, the
field habit of these limestones is extremely similar to that of the
Siyeh ii.-«estone at Mt. Siyeh, which is less than 15 miles distant
from the Nyack Creek locality. It is difficult to avoid the
suspicion that these Castle Mountain limestones are, in truth,
identical with the Siyeh limestone in which, therefore, Middle
Cambrian fossils may at some future time be discovered."'

The discovery of lowest Middle Cambrian fossils in the
Burton formation, 3535 feet above the Siyeh formation, points
out that the Siyeh limestone cannot be Middle Cambrian, and
since the Siyeh for ation occurs below the unconformity which
exists between the Pre-Cambrian and the Cambrian in the
Rocky Mountain geosynclinal, it is concluded that the Siyeh
is Pre-Cambriun in age.

This conclusion is supported by Walcott in the following
words.

"The series of limestones at the head of Nyack creek illus-

trated 1-iy Plate 6, are of Cambrian or Ordovician age, as indicated
by fragments of fossils that I found in them. I do not think thp
Siyeh limestone is to be correlated with them nor with the
Castle Mountain limestones of McConnell.""

'Daly, R. A., Geol. Surv., Can., Memoir 38, 1913, p. 183.
•Walcott, C. D., Gcol. Surv. Amer., Bull., vol. 17, 1906, p. 19.
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VI. Early Cambrian Stratigraphy in the North American Cor-
dillera, with Disctission of AJherteUa and

Related Faunaa.

By Lancaster D. Bcruno.

INTRODUCTION.

In 1913, Schofield 6rst noticed the presence near Elko, British
Columbia, of fossils immediately superjacent to a great series
of rocks (the Galton) generally assigned to the Pre-Cambrian.
T(^ether with Mr. Schofield the writer visited the locality during
the latter part of the same field season and secured fossils from
four closely related horizons in the basal layers of the Burton
formation in the immediate vicinity of the Burton mine, about 2
miles northwest of the town of Elko, British Columbia.

Schofield has called attention to this discovery in a review
of the Pre-Cambrian rocks of the northern Cordillera.'

In adjoining areas the Galton series is mantled by the De-
vonian', and Willis' found the Carboniferous resting unconform-
ably upon a similar series of rocks in northern Montana, m that
the importance of the discovery at Elko depended largely
upon the age of the fossils. This is particularly trae for the
reason that the Pre-Cambrian age of the underlying beds h ts

been called in question.^ That the upper and best represented
oTthe faunas secured by Schofield and myself should happen to

'Gi'dl. .Surv. Can., Huaeum Bull. No. 2, 1914, pp. 79-91
•Idem. p. 83.

'Bull. G(X)I. Sop. Amptica, vol. n, 1902, p. 325.
'Oaly, R. A.: Geo!. Surv-., Can., Memoir No. 38, 1912, pp. 17*-178.
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94 MCBXUM BCLLBTIN NO. 1.

be referable to the AlberUlla fauna, a zone which appears to

occupy a debatable position between the Lower and the Middle

Cambrian, is fortuitous and it will be necessary to preface the

discussion of the age of the Burton formation by a general review

of our present knowledge concerning the Albertella fauna, the

Pioche formation, the relations of the basal Cambrian to the

Pre-Cambrian locks, and the boundary between the Lower and

the Middle Cambrian in the Cordilleran region.

I

THE BASAL CAMBRIAN AND ITS RELATIONS TO THE
PRE-CAMBRIAN.

The formations referred to the Pre-Cambrian in the Cordil-

leran region have already been described and correlated in

detail.' In this review Schofield' ha.s outlined the diastrophic

criteria for the separation of the Burton formation (Cambrian)

and the Rjosville (Pre-Cambrian). In the following pages will

be given a fairiy detailed account, mainly from a pala;ontologic

standpoint, of the beds composing the basal Cambrian in the

various districts and of their relations to the Pre-Cambnan.

Of the sections described the writer has visited those m
British Columbia, Idaho, and Utah, with the singl exception of

the one at Yellowhead pass, and ir". drawn largely upon his

unpublished field notes for the H^ which follow.

The various districts ar.' -.ranged in an order comparable

with the successive stages in the advance of the Lower-Middle

Cambrian sea upon the Cordilleran region, as fellows: Cali-

fornia, Nevada, Arizona, Utah, Idaho, Montana, and British

Columbia.

California, Inyo County, Waucoha Springs.—The Lower

Cambrian occurs east of Waucoba Springs, on the Saline Valley

road, east of the Inyo range, Inyo county, California,' as a

series of limestones, arenaceous limestones, shales, and sand-

stones, 5,670 feet thick, without observed upper or lower

limits, and within which the genus Olenellus and its immec'.'ate

Schofield, S. J.: Geol. Surv., Can., Museum Bull. No. 2, pp. 79-91.

'wro«":"mithsonian MUc. Coll.. vol. 53. No. 5, 1908. pp. lW-188.
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allies have a range of 4,900 feet. This section and the one at

Barrel Spring, Nevada, exhibit the greatest known development

of fossiliferous Lower Cambrian.

Nevada, Silver Peak, Barrel Spring.—The Lower Cambrian

limestones, shales, and u iartzites in the vicinity of Silver Peak,

Nevada, appear to have an exposed thicknesf; of 6,250 feet,*

without upper and lower limits, and are much like those east

of Waucoba Springs, California, with the exception of the

interruption of the middle of the section by a mass of andesite

750 feet thick. The genus OleneUua and its congeners (the

Mesonacidffi) appear to have a vertical distribution in this

section of about 5,300 feet. If there is no duplication in either

this section or the one near Waucoba Springs, California, these

vertical distributions for the Mesonacidse of 5,300 and 4,900

feet, respectively, are of great importance and indicate clearly

that, in the absence of ample diastrophic criteria, there is little

justification for a ,,3iing to the Pre-Cambrian any of our basal

quartzitic series, no matter how thick they may be. Such

occiurences can also be interpreted as indicative of the relatively

quiescent conditions which obtained in the ocean covering the

southwestern portion of the continent during the time required

for the general northeasterly advance of the overlapping portion

of the same body of water. Traces of organic life are conspicuous-

ly absent from the major portion of the sediments resulting from

this encroachment, but favourable habitats in the new sea areas

appear to have shared the biota of the ocean to the southwest.

Nevada, Highland Range.—The basal quartzite series is suc-

ceeded in the Highland range of Nevada by the Pioche forma-

tion which is stated^ to be 170 feet thick. A limestone in the

section at Bennet Springs' carries a fauna w^iich is to be

compared directly with the fauna assigned to the Pioche at

Pioche (See page 120.) As is explained on page 122,

in the discussion of the Pioche formation, Mr. Walcott has

called attention to the relative positions in these faunas of the

Olenellus horizon and the horizon indicated by the other fossils,

and to the fact that in the early collections from the Big Cotton-

'Walw.tt: Smithsonian Misc. Coll.. vol. 53, No. 5, 1908, pp. 188-189.

' Idem, No. 1. 1908, pp. 11-12.
' Walcott: Mon. U. S. Gcol. Survey, vol. I.I, 1912, p. 189.
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wood Canyon, Highland Range, and Eureka District sections

the two horisons were not separated by the field observers.'

The Lower Cambrian is represented by at least the lower

portion of the Pioche formation (see pa^e 121) but the relation

of the underljring quartrite series, wLict. lias an exposed thickness

of 350 feet,' to the Pre-Cambrian is unknown. Over 1,000 feet

above the layers with Olenelliis in the Highland Range section,

occurs a fauna, No. 21 of the section,* which can be correlated

with that of the Middle Cambrian portion of the "Pioche"
in Big Cottonwood canyon and can be assigned to the Spence
shale horizon* in northeastern Utah and Idaho and to the

Ogygopsia zone of the Stephen formation in British Columbia.

These faunas are discussed more fully in the section on the

Pioche formation, page? 120-125.

Nevada, Pioche.—The most thorough discussion of the stratig-

raphy near Pioche, Nevada, is furnished by Pack' who gives

the following section*:

—

1. Limestone 800 feet.

2. Shale [^Zacanthoideatypicalu zone].. 75 "

3. Limestone 600 "

4. Shale [ = Pioche formation] 400 "

5. Quartzite 1500 "

The town of Pioche lies in the northwestern portion of a pitching

anticlinaF which has been considerably disturbed by faulting,

but in which there is a general concentric arrangement of the

shale and limestone formations about the quartzite. Both
shale horizons carry well developed faunas, that of the lower

(400 feet) being the one quoted on page 120, and generally

ascribed to the Pioche formation.

' Wnicott: Bull. U. S. Geol. .Survey, No. 81, 1891, p. 3W.
« Mem, No. 30, 1886, p. 33.
' Idem, p. 34.
• The name Spcncc has been carried soutliward to the Houiie range (Siniths-)ni.in

Misc. Coll.. vol. .53, No. 5, 1908, p. 183) where the rocks to which the name hii»
been applied carry a fauna more closely analogous to that in the shales formini; No. 21
of t!ie Hinhland Jiiinge section, but no name has a.'i yet be.n applied either to these
shales or to the Middle C^mbnan shale outcropping near the mine.' in the Ely
mountains near I'ioche (No. 2 of the above section).

• .-iehool of Mines Quarterly, vol. XXVII, 1906, pp. 285-312.
• Idem, p. 29.').

' Idem, pi. II, between pp. 290 and 291.
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The interpretation of such a fauna as properly belonging to the

Lower Cambrian has, in addition to any doubt which might

be occasioned by the association itself, been clouded by the

reported occurrence' in "the Ely mountains, just east of the

Highland range", and, therefore, very near Pioche, of a Middle

Cambrian shale (2 of the section, page 96) carrying several

species identical with those in the " Lower Cambrian. " Pioche

lies on the north slope of the Ely mountains and the literature

hari thus come to indicate the presence near Pioche of two shales

of more or less indefinite position, and with comparable faunas,

the one referred to the Lower, the other to the Middle Cambrian'.

F. J. Pack' was the first to point out the relationship between

these two shalea, their typical outcrops being given as 5 or 6

miles apart and separated by a stratigraphic interval of 1,000

feet.

The two localities may be closely defined as follows: (1) the

shale which has been referred to the liower Cambrian (4 of the

section page 96) and for which the name " Pioche " was proposed*

outcropa southeast of the town of Pioche on the road to Panaca,

Nevada;' (2)the shale which has been referred to the Middle Cam-
brian outctops in the dumps of the Abe Lincoln, Cbisholm, and
Half Moon mine^ west and northwest of Pioche.* The second

outcrop is upon the western flank of the anticline, the first

upon the east.

As thus defined the lowest shale (4 of section) represents the

Pioche formation and appears to be divisible (see pages 121-123)

into a basal Oknellus giWerti zone, and an upper portion or

Crepicephalus zone which is believed to be Middle Cambrian in

age and is in this paper (see page 127) correlated with the

Albertella fauna in Montana and British Columbia and the

Burton formation in southern British Columbia. The upper shale

Walcott: Bull. U. S. Geol. Survey, No. 30. 188C, . 5.

' Of. lot-alitie.i 31 and 3Ia, Mon. U. S. Geol. Survey, vol. LI, 1912, p. 192.

» School of Mines Quarterly, vol. XXVIT, 1906, pp. 292 and 294-296.
'Walcott: Smithsonian Misc. Coll., vol. 53, No. 1, 1908, pp. 11-12.
' "On the east side of the anticlinal arch at Pioche:" Bull. U. S. Geol. Survey,

No. 30. 1886, p. 35.

"Southeast of Pioche on the road to Panaca, Utah:" Smithsonian Misc. Coll.,
vol.53. No. 1, 1908. p. 11.

"Southwest of Pioche on the Panaca Road:" Idem, No. 5, 1908, p. 1S4.
* "In the Ely Mountains just cast of the Highland Range, owing to mining opera-

tions:" Bull. U. .S. Geol. Survey. No. 30, 1886, p. 35.
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(2 of section, page 96) carries a fauna which has been referred

to the Spence (Middle Cambrian) in the House range (see

page 96) and which is to be correlated directly with No.
21 of the Highland Range section. The Middle Cambrian
faunas of the two shales bear more or less striking resemblances

to each other. Gilbert, who was the first to describe the district,'

appears to have had little doubt as to the unity of the different

shales (2 and 4 of section, page 9€), and attempted to account

by faulting for their presence neur the mines. Pack's descrip-

tion* of the two formations (their occurrence and their meta-
morphism, particularly the obliteration of bedding planes in both

the quartzite and limestone, the pockety nature of the upper
shale outcrops and their variation in thickness from 4 to 100

feet in distances of half a mile, the fact that many of the ores

of the district occur as "bedded deposits" along fault planes

in the upper shale formation, etc.) also bears internal evidence

of the possibility that the two formations may be the same.

The relations between the two shale series and their correlation

is further discussed in the section on the Pioche formation, pages
120-125.

Arizona, Grand Canyon.—The sediments overlying the Pre-

Cambrian in the Grand Canyon region have been referred to

the Tonto group and placed in the Middle Cambrian.' They
are stated* to have been deposited upon an erosion surface'

transectinr at least 13,000 feet of strata and cutting deeply
into the Archsean. This pre-Tonto series consists of limestones

and shales remarkable for their lack of metamorphism, but
the evidence of an unconformity so profound as the one by
which they are separated from the Cambrian leaves little

question as to the correctness of their reference to the Pre-

' U. S. Geog. Surveys Wert lOOth Meridian, vol. Ill, 187.'>, pp. 257-261.
« School of Mines Quarterly, Vol. XXVII, 1906, pp. 291-202 and 294-296.
» Walcott: Smithsonian Mi»e. Coll., vol. 83, No. 5, 1908. p. 167.
•Waleott: American Jour. Sci., 3d. ser., vol. XXVI, 1883, p. 440.
* The unconformity at the base of the Cambrian involves erosion and the line

will frequently be spoken of as a plane of erosion or an erosion surface. It is to be
understood, however, that the Cambrian might be in contact with several or even
all of the underlying Pre-Cambrian formations through depositional or other causes
without postulating a period of erosion so intense as actually to have removed the
missing strata. And such an explanation is favoured by the continental origin assigned
to the Pre-Cambrian by such observers as Barrell (Jour. Geol., vol. 14, 1906, pp.
553-S68).
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Cambrian. No Lower Cambrian fossils have been found in the
Tor' lowest horizon represented being the lower portion

t
*

iddie C mbrian.

Lun, Houte Range.—^o Lower Cambrian fossils, with the
excepi;ic of annelid trails and trilobite 7 tracks {Crwnana), have
been found in the House range in western Utah, though that
section is only 100 miles distant from Pioche, Nevada, where the
Lower Cambrian Pioche formation is so typically developed.
The base of the section is formed of a series of unfossiliferous

quartzitic sandstones and arenaceous shales 1,500 or more feet

in thickness, conformably overlain by arenaceous limestones of

Middle Cambrian age. In view of the proximity to Pioche
there appears to be no reason for doubting the reference of the
quartzitic series to the Lower Cambrian, but the Pre-Cambrian
appears to be unrepresented. The horizon of the Spence shale

is well represented in the House range 200 feet above the quartz-
itic series.

Utah, Oquirrh Range.—The first reference lo the Cambrian
of the Oquirrh range is by Howell' who mentions Primordial
".shale carrying several species of trilobites and Discina," and
it is probable that this material furnished the species for which
VV hite' proposed the name Olenellus gilberii. Emmons' found a
fauna in 100 feet of greenish yellow clay slates immediately
overlying a quartzite series which is not li.sted as containing
Oknellna and which is apparently referable to a higher horizon,

the Bathyuriecus productua zone (see page 101). Walcott*
mentions a shale in the Oquirrh range as carrying both of these

faunas {Olenellus gilberti and Bathyuriscus prodiictua) but in

1891' he credits the collection to the Wheeler (100th Meridian)
Survey and .states that it probably represent;" an artificial

mixing of the collections from two distinct zones similar to that
described for Big Cottonwood canyon (page 101) and Pioche
(page 121). The shale near Ophir City in the Oquirrh range
is thus apparently the lithologic, dtratigraphic, and faunal equiv-
alent of the Pioche shale in the Big Cottonwood Canyon section.

' y. S. Gcog. Surveys West 100th Meridian, vol. Ill, 1875, pp. 237-238.
' Idem, vol. IV, 1877, pp. 45-40.
=U. S. Geol. Expl. 40th Parallel, vol. II, 1877, pp. 443-444.
'Bull. U. S. Geol. Survey, No. 30, 1886, pp. 39-40.

' Idem, No. 81, 1891, pp. 319-320.
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Utah, Watatek Afounlatfw.—The Mdimentation in the different

portions of the Wasatch mountains varies so greatly that the

individual sections will be described in detail. The Bear

River plateau or range, with the Blaclumith Fork, Utah, section

upon its western flank and the Mill canyon, Idaho, section

upon the east, is also to be included in the northward extension

of the Wasatch mountains though it lies to the east of the

Wasatch mountains proper and is separated from that range

by a pronounced depression.' The Wasatch Canyon, Ogden

Canyon, and Big Cottonwood Canyon sections occupy positions

along the north-south line formed by the western escarpment

of the Wasatch mountains. In the southern portion (Big Cotton-

wood canyon) OUnellua occurs in siliceous shales at the top of the

quartzitic series (see below); 70 miles to the north ^Wasatch

canyon), and in the Bear River range immediately to the east

(Blacksmith Fork and Mill canyon) conditions favouring

the deposition of sandstone appear to have continued into the

Middle Cambrian and the upper portion of the quartzitic series,

here named the Brigham quartzite, is referable to the Middle

Cambrian.* (See also the summary statement, pages 1 10-11 1).

Utah, Wasatch Mountains, Big Cottonwood Canyon.—An
unfosniliferous quartzite 1,000 to 1,500 feet thick, conformably

overlain by arenaceous shales containing Olenellus, itself rests

with angular unconformity upon an almost similarly metamor-

phosed quartzite, slate, and conglomerate series approximately

10,000 feet thick, the erosion surface being so uneven that in

places the upper quartzite series even rests on a much older

gneiss and schist series which has been referred to the Archtean.'

Here the weight of evidence wouiii seem to be in favour of a

Pre-Cambrian age for the quartzite, slate, and conglomerate

series, and a Lower Cambrian age for the upper quartzite

series.

' The "-'.ansic rpporta on the goolngj- of the Fortieth Parallel by Kins, HaKUc,

ind Emmons, with their accompanying atlas, still contain the only coinprehensive

description and delineation of the geologj- of the area included within this mountain

system.
.

•Middle Cambrian fossils have been found in the Brigham quartzite in Mill

ranyononly (we p. 1021, but there as well as throughout the area the quartzite series

is immediately overlain by beds similar both in lithology and faunal content, ami

tlic (seneralizBtion would appear to be applicable.
» Blackwelder: Bull. Geol. Soc. America, vol. 21, 1910, p. 523,
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The overlying shale seriex is the Mtratigraphic, Uthoiogic,

and faunal (7) equivalent of the Pioche fornation in Nevada,
and like that formation (^tee page 122) iU first desrription*
listed fossils collected from Lower and Middle Cambrian zones
a hundred or more feet apart. This mistake was corrected in
1891' when the formation woa divided into two zones, a lower
one with Oknelliu which for convenience of description we shall
call the Olenellua gilberti zone of the Pioche formation, and an
upper one with "Lingulella ella, Bathyuriaciu producta," etc.,

which for similar reasons will be called the Bathyiiriscua pro-
ductus zone of the Pioche formation. In Big Cottonwood can-
yon, therefore, this unit is lithologie and includes both Lower
and Middle Cambrian horizon.'* Indeed it includes the oniy
Lower Cambrian forms so far discove.-ed in the section and
the placing below it of the line between the Lower and Middle
Cambrian would remove from the underlying beds the very
fos-sils upon which their age is predicated. For this reason
that boundary is Iwlieved to l)e correctly assigned co a position
above the Oknellua gilberti zone and it may be expected that
subsequent work in the district will show this lower horizon to
be properly separable as a lithologie member of the Pioche,
more closely related to the underlyiug quartzite than to tht;

overlying sh»le(see pages 124-125). Hintze* has pre osed the term
Aha shale fc the strata between the quartzite and the "Ordo-
vician" limestone to which he has applied the term Maxfield.
The discovers', by Mr. F. B. Weeks and the writer,* of Middle
Cambrian fossils in the type section of this limestone obliterates

the "hiatus" at the top of the "Alta" and leaves that name
?o nearlv the equivalent of the Pioche as hardly to warrant its

adoption.

Utah, Wasatch Mountaiv^, Ogden Canyon.—The basal quartz-
ite in Ogden canyon, Utah, is an apparently conformable series
about 1,000 feet thick, which rests on gneisses and schists
referred to the Archaean and is itself overlain by shales containing
fossils that have been referred to the Middle Cambrian. Black-

' VValcott: Bull. U. .S. G<>ol. Survov, Xo. 30. 1S30, p. 39.
' Idem, No. 81, 1891. p. 319.
' Anuala N. Y. Acad. Sci., vol. XXIII, 1913, pp. 104, 105.
' Lopublishcd aoUii.
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welder* diMUMm the stratig: .,• > and Btructure in the Ogden

Canyon region, correlatlnf the shales immediately above the

quartiite with the "Middle Cambrian [portion of the) Pioche."

"'le Langiton limestone* ia not present in the meaaured Reotion,

and while OUneUuM waa pnt secured from the layem immediately

above the quarttite the succeaiiion appears to correspond more

closely with that in the Big Cottonwood Canyon section less

than 80 miles to the south than in the Bear River range to the

northeast.

Utah, Wtualeh Mountain; Wa$atch Canyon.—\t the mouth

of the first amall canyon south of Wasatch canyon, 5 miles

north of Brigham, Utah, the Spence shale is well developed and

the uccession is in every way comparable with that in the Bear

River range (Mill canyon) to the northeast.

Utah, Blaekmith For*.—The basal quartrite series has an

exposed thickness of 1,000 or more feet without observed uncon-

formity, and grades upward into a series of massive limestones

to which the name Langston has been applied.' The line between

the Langston and the underlying Brignam is here drawn 500

feet down in this gradational series, while at Malade and on

Mill rreek in the Bear River range, Idaho, localities within

45 miles of the section in Blacksmith Fork, the Langston is

very thin, sharply set off from the underirng quartrite, and

crowded with fossils referable to the Middle Cambrian. In

the Blacksmith Fork section no fossils were found in the Brigham

quartzite, but that formation, in the Mill Canyon section, has

yielded fossils upon whos^. basis the Brigham quartzite has been

referred, at least in part, to the Middle Cambrian.'

Idaho, Bear River Range, Mill Canyon Section.—The sedimen-

tation in the Mill Canyon section of the Bear River range is

closely comparable with that at Blacksmith Fork in the southern

portion of the same range, see above. The Middle Cam-

brian Brigham quartzite is cleariy to be distinguished from the

ovcriying Langston limestone, however, and the latter formation

is here only 25 or more feet thick and abundantly fossiliferous.

As in the Blacksmith Fork section it is conformably overlain

>~Bull. Ocol. Soc. America, vol. 21, 1910. pp. 52f and 834-539.

« Walcott: Smithsonian Misc. Coll., vol 83, No. S, 1908, p. 198.

» Men. r. S. Ocol. Survey, vol. LI, 1912, p. 153.
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by the Middle Cambrian Spence ahal'« wUch ia of intermt in
this connexion because of the similarity in lltbologio position
between it and the Pioche formation. The error resulting from
admbcture of Lower and Middle Cambrian forms in the lists of
fossils credited to the Pioche formation '^cc pages 122-123) has
been perpetuated for years and has s. further accentuated
the resemblance of the Pioche to the Spence. The presence of
OknelluM in the Pioche has been the "insurmountable" barrier
to this correlation, but the division of the Pioche into two tones
referable to the Lower and Middle Cambrian respectively
permits the true correlation of the Spence with the upper or
Bathyuntcut productut zone. See the discussion of the Pioche
formation on pages 120-125.

Idaho, Malade.—In Two Mile canyon, southeast of Malade,
Idaho, the relations of the Langston limestone to the Brigham
quartiite closely approximate those in the Mill Canyon section of
the Bear River range. The limestone is much thinner, however,
only 5 or 6 feet, and is very fossiliferous, thirty species having
been identified.' Of these Orydocephalut is perhaps the most
interesting in this connexion, because of the very limited
stratigraphic distribution of this most striking form. It has
been found not only in the Langston limestone and the overlying
Spence shale at Malade, in the Spence in Mill canyon, Idaho,
ard in the Stppiien formation on Mount Stephen, British Colum-
u. :, all localjiies which appear to be referable to one remarkably
uniform though widespread Middle Cambrian horizon, but it

was included in the collections which have been assigned to the
"Lower Cambrian" Pioche formation. This occarrence has
boen used on page 124, as an arjjument for the correctnesd
of the proposed division of the Pioche.

Montana, Big Belt and LiUle Belt Mounlaina.—The lowest
rocks referred to the Cambrian in the Big Belt and Little Belt
mountains of Montana are the Flathead sandstones which are
stated' to carry fossils in the lowest horizons "comparable with
the oldest part of the Middle Cambrian fauna as the latter occurs
ashort distance above the 0/eneH«»horizon in Utah and Nevada."

' JValrott: Sniithsoninn Misc. Coll.. vol. 83, No. 5, 1908. pp. 108-199.
Walcott: Bull. Geol. Soc. America, vol. X, 1899, pp. 20»-21S.
56816—7
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If this correlation is correct the fauna of the Flathead would

appear to be quite closely comparable to that of the shales in the

Dearborn River section which are also believed to be referable

to the base of the Middle Cambrian (See the discussion of the

age of the AlberteUa fauna, pages 118-120). Differences of meta-

morphism between the Flathead and the underlying formations

are marked and the two series are separated by an unconformity

which brings the Cambrian Flathead into contact not only with

many of the different uiuts into which the Pre-Cambrian has

been divided but with the Archaean as well. Here, as in the

Grand Canyon region of Arizona, the Pre-Cambrian age of the

lower series would seem to be demonstrable, though the overiying

rocks can not be proven to have been deposited earlier than the

Middle Cambrian.

Montana.Dearhom River Section—Aa unfossiliferous sandstone

150 feet thick separates a superjacent shale carrying an assem-

blage of fossils to which the name Albertella fauna has been given,

from underlying shales having apparently the same strike and

dip as the base of the sandstone, but which appear, when traced

on the strike, to occupy an unconformable relation. The upper

shale and sandstone are referred to the Lower Cambrian by

Walcott,' the underiying shales being referred to the Pre-Cam-

brian. The Pre-Cambrian age of these underiying shales seems

to be well attested by sections measured by Mr. Walcott at

many other points in this area of Beltian rocks. The overiying

shale and sandstone, however, occupy lithologic positions exact-

ly analogous to those of the Wolsey shale and Flathead sandstone

in the Little Belt Mountains section, 100 miles to the east. There

both the Wolsey and the Flathead carry well developed Middle

Cambrian faunas, and while that of the Wolsey is noticeably

different from the Albertella fauna found in the Dearborn River

section, the fossils occurring in the underiying Flathead in the

Little Belt Mountains are described by Mr. Walcott as com-

parable with the oldest part of the Middle Cambrian fauna

(see page 103). This, the AlberUlla fauna is now believed to

represent, see pages 116-120.

> SmithBoniui Uiic. CoU., vol. 53, No. 6, 1906, p. 203.
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Montana, Phillipaburg Diatrid.—The Pre-Cambrian rocks
are separated from a quartzite series correlated with the Flat-
head by an unconformity involving angular discordance, y (.'

"diflficulty will often arise in exactly defining the limit ' Awveu
the Flathead and the Spokane (Pre-Cambrian). A sharp
boundary can be drawn only where the unconformity k visllAc,

or where the Flathead rests on shaly Spokane strata i-^A tbp
contact is marked by an abrupt lithologic change." No fossils

were obtained from the upper quartzite series ("Flathead")
and it can not be referred with certainty either to the Lower or
Middle Cambrian.

British Columbia, Elko.—The Pre-Cambrian rocks about
two miles northwest of the town of Elko, British Columbia, are
overlain without angular unconformity by a transitional sand-
stone, sandy limestone, and shale series to which the name
Burton formation has been applied.' The formaiion is readily
divisible into a basal sandstone member 20 feet thick, and an
upper shale member about 40 feet thick, but the faunas which
have been secured from these beds all appear to be referable
to the early Middle Cambrian. They are correlated with
the Albertella fauna and, more or less tentatively, with the
Crepicephalus zone of the Pioche formation. (See page 126 and
the section on the Burton formation, pages 125-128).

British Columbia and Alberta, Mount Bosworth Section and
Bow River District.—The base of the section along the main line
of the Canadian Pacific railway in British Columbia and Alberta
is composed of a clastic series to which McConnell early' applied
the term Bow River series or Bow River group. It is several
thousand feet thick and lias been recently described^ as including
2,500 feet of Pre-Cambrian at the base. Frequent variations in
the sedittontation and the presence of conglomerates at many
places in the section,' however, complicate the proposed separa-
tion. The Cambrian rocks of the Bow River district have

j
Ei nona and Calkins: Prof Paper, U. S. Geol. Survey, No. 78, 1913, p. 51.'N „,.held: Geol. Surv. Can., Museum Bull. No. 2, 1914, p. 82

j^^
Aim. Kept. Geol. and Nat. Hist. Sur\'ej Canada for 1886, Part D, 1887, pp. 29

I
Waleotf: Smithsonian Misc. Coll., vol. M. No. 7, 1910, p. 428

18S7 n in n* • j"?<-?''''*A '^•f°U""'*
^'^- "'»'• ^^fvey Canada for 1886, Part D,1887, p. 30 D; and Daly: Geol. Survey Canada, Memoir No. 38, 1912, p! 176.

56815—7J
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recently been subdivided by Walcott' who places the boundary

between the Bow River group and the overlying Castle Mountain

group* below a 20-foot bed of interbedded arenaceous limestoned

and siliceous shales (the Oknellus canadensis zone) forming the

base of the Mount Whyte formation. The correlation of the

top of this bed with the upper boundary of the Bow River group

would make that group synonymous with the Lower Cambrian,

at least so far as their upper limits are concerned, and would

permit the relegation to the Middle Cambrian of the upper

portion of the Mount Whyte in spite of the inclusion within that

horizon of fragments which appear to be referable to Olenellus.

The correctnes.? of this reference is indicated (a) by close faunal

affinities between the underlying Bow River group and the 20-

foot bed in question and (b) by the presence just above that hori-

zon of the Albertella fauna (see pages 116-120 ), a striking assem-

blage which is here known, in its typical expression, only from

two drift blocks. One of these loose fragments weighing several

tons has been thoroughly tooled by both Mr. Walcott and the

writer without discovering the smallest fragment referable to

Olenellus. The absence of this genus in strata so widespread

(Montana and British Columbia, page 113) and so minutely

studied, here possesses special significance since these layers

appear to be interbedded between strata carryii.g Olenellus and

supports the impression that the occasional appearance in the

Mount Whyte of fragments referable to the latter genus is to

be explained by the recurrence of a lingering type.

The discusiion of the basal Cambrian sedimentation in the

Mount Robson district (see below) also contains additional

notes on the Mount Bosworth section.

British Columbia and Alberta, Yellowhead Pass Region, Mount

Robson Section.—In 1901 McEvoy' described and mapped the

geology in the vicinity of Yellowhead pass, dividing the basal

stratigraphic succession into a "Lower Cambrian Bow River

series" and an "Upper Cambrian Castle Mountain group"

• Walcott; SmithsomanMisc.CoU., vol. S3, No. 5, 1908, PP-,!»*-2J/-p^^, „
•McConncll: Ann. Rept. Geol.and Nat. Hist. Survey Canada for 1886, Fart U.

^^i^A^^^.G^l. Survey Canada for 18B8, vol. XI, 1901, Part D. with map.
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which "may include some beds newer than the Cambrian but
not distinctly separable from it."*

This conception of the strudgraphy and of the relations

between this section and that along the main line of the Canadian
Pacific railway to the south has been confirmed by the recent

discovery' of I>ower Cambrian fossils in the upper beds of the

Bow River series and of drift blocks indicating the Ordovician

age of the upper portion of the Robson massif, all of which was
mapped by McEvoy as Castle mountain.

The Cambrian strata are divided bj' Walcott* into nine forma-
tions, see page 109, but fossil collections were only secured

from general horizons in the Hota, Chetang, and Titkana. Mc-
Evoy's Bow River series is divided into a Cambrian and Pre-

Cambrian sequence, but the thickness of the basal Cambrian
sandstones (McNaughton) is described' as very uncertain since

it is difiicult to determine the line of demarcation between
them and the unconformably underlying Miette sandstones.

Here the lack of knowledge concerning the relations between
the two basal sandstone series leaves some doubt as to the

Pre-Cambrian age of the Miette, but the Lower Cambrian age
of at least a portion of the basal elastics is certain. In this region

the AlberteUa fauna is assigned* to a position 350 feet below
the top of the 900 feet of Chetang limestones " of which
is placed above the Lower-Middle Cambrian bo While
the Albertella fauna is thus separated by a consid, iterval

from what seems to be the correct position for tLo top of the
Lower Cambrian, the actual data with regard to the distribution

of the Oknelltis fauna in the Hota fc-mation below that boundary
are very meagre.* On the line A section fragments assigned

to the genus occur in the upper layers of this formation on
Mahto mountain, a recognized species (Olenellus canadensis)

was obtained from a horizon placed about 300 feet below the
top and an undetermined species near the top of the formation,

and the new subfauna with Callavia, Wanneria, K 'al, and
OlenMu^ is assigned to the 800 feet of which this formation

'Ann. Bept. Geol. Survey, Canada, for 1898, Vol. XI, 1901, Part D, geological
notes on map.

•Walcott; Smithsonian Mlaj. Coll., vol. 57, No. 12, 1913, pp. 327-343.
• Idem, p. 339.
* Idem, p. 338.
•Idem, vol. 57, No. 11, 1912, pp. 309-326.
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(the Hota) is composed without observation as to its relations

to the upper or lower limits of that formation. Stratigraphic

arrangements based solely on apparent stages in the development

of the included faunas have been a source of error in the past,

but this new subfarna, including Olenelltu as v does, appears

to represent a horizon high up in the Lower Cambrian, even

if it may not be as young aa the Olenellua canadensis fauna of

the Mount Bosworth section to the south. If its reference

to the Hota is correct it is separated by at least 550 feet of

strata from the AlberUlla fauna which does not contain Olenellus,

either here or in the Mount Bosworth region, where, as has b-en

stated, tons of its enclosing sediment have been worked up in

the minutest of detail by both Mr. Walcott and the writer.

The absence in the Mount Robson region of any fossil collec-

tions from this 550 foot interval as well as from the 250 feet

immediately overlying the AlberieUa horizon, coupled with the

fact that in the Mount Whjrte formation of the Mount Bos-

worth section Olenellus is also absent from the beds above the

position to which the Albertelh fauna was assigned', would

appear to lend weight to the assumption that the Chetang

limestone and that portion of the Mount Whyte formation

down to and including the Albertella horizon are to be referred

to the same division of the Cambrian. As the writer has inti-

mated in the discussion of the Mount Bosworth section, page

106, he believ*. ' •-
. upper portion of the Mount Whyte formation

to be Middle Cambrian in age. Mr. Walcott' has placed this

formation entirely in the Lower Cambrian, but he appears to

recognize its kinship with the Chetang, which also carries the

Albertella fauna, by stating' that that fauna occurs at about

the same horizon in both the Mount Bosworth and Mount

Robson sections. In his table of formations in these two

ivV'alcott: Smithsonian Misc. Coll., vol. 53, No. 6, 190S: pp. 212-215, gives 3 f.iunal

horiions above the Albertella horizon in the "Lower Cambrian" Mount Whyte,

all without OlenellM, the evidence (or the statement (p. 203 of the same reference)

that that genua "occurs so generally in the Mount Whyte formation, both above

and below the Albertella horizon" and for the writer's di.scui<sion of the possibility

of the recurrence of OUnellu» above the Lower-Middle Cambrian boundary (page 117"

being the presence in a different aection (the Mount Stephen), though in an appare-ay

Bimifar position, of fragments assigned to Olenellut. ..,,.,„
•Smithsonian Misc. Coll., vol. 53, No. 6, 1908, p. 212. Its reference to the Middle

Cambrian in No. 1 of the same volume, pace 2, being a typographical error.

> Idem, vol. 67, No. 12, 1913, p. 338.
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distri-ts,' however, the Mount Whyte is correlated with the

Lower Cambrian Hota formation, presumably upon the basis of

the presence in each of the genus Olenell\ta and the absence

from the overlying beds in each case of anything referable to

that genus. This principle, to which Mr. Walcott has leg
subscribed, altogether ignores the stratigraphic value of so new

and striking an assemblage as the AlberteUa fauna, and places

that biota in the Lower Cambrian on Mount Bosworth and in

the Middle Cambrian on Mount Robson. The Titkana and

Eldon are correlated upon page 343 of the same paper whereas

beds at least 1,000 feet above the base of the former unit are

stated on page 337 to have yielded a fauna directly comparable

with that of the Stephen formation. The Mount Robson

Cambrian section, which is 9,200 feet thick, has yielded only

seven fodsil horizons and three of these are closely related zones

with Olenellus, consequently the following table can be presumed

to give only the major features of the correlation between the

Mount Robson and Mount Bo3worth sections:

—

Correlation of Cambrian Formaliona in British Ctflur/ibia.

Mount Robson district. Moimt Bosworth district.

Upper

Cambrian. ..Lynx 2,100

Middle

Cambrian. .

.

Titkana.... 2,200

Mumm 600

Hitka 1,700

Tatay 800

Chetang.... 900

Ottertail...

.

Chancellor.

,

Sherbrooke.

Paget

Bosworth...

Eldon

Stephen ....

icathedral...

1,725+
2,500+
1,375

360+
1,855+

2,728

640+

1,595+

^Mount Whyte... 390
Lower [Hota 800

Cambrian. . . . ] Mahto 1 ,800 St. Piran 2 ,705

Tah 800 Lake Louise 105

.McNaughton 500+ Fort Mountmn.

.

2,700

' Smithaoniu Misc. Coll., vol. 57 No. 12, 1913, p. 343.
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'li

These sections differ from those of Walcott* in the correlations,

in the substitution of the Fort Mountain for the Fairview,*

and in the addition of the Ottertail and Chancellor formations.*

The only correlations which can be assumed, from our present

information, to have any certainty are (o) the equivalence of

at least part of both the Hota and Chctang to the Mount Whyte

and (6) the equivalence of the Stephen to the lower portion

of the Titkana, The Mumm, Hitka, Tatay, Mahto, Tah,

and McNaughton formations in the Mount Robscn district

have proven unfossiliferous* and this is also true for the Bos-

worth end Fort Mountain formations near Mount Bosworth.'

(See also the section of the AtberUlla fauna, pages 116-120).

Summary.—The data presented in the preceding pages are

largely utilized in the discussion oft he boundary bstween the

Lower and Middle Cambrian, pages 112-115, and form the

basis also for the discussion of the Albertella fauna, the Pioche

formation, and the Burton shales, but the following summary

statement may be useful;

—

In the Big Cottonwood Canyon, Oquirih Range, and Pioche

sections, the only localities northeast of the Highland range

from which Olenellus has been obtained, the quartzite series is

succeeded by siliceous or sandy shales; where the same series

grades into limestone in the northern portion of the Wasatch

mountains, both the limestone and the overlying argillaceous

shale carry Middle Cambrian fossils, and at one point (Mill

canyon) this fauna exiendj into the underiying quartzite.

Diagnostic fossils were not discovered at the following localities,

but if the above generalization may be applied to this portion

of the Cordilleran region. Mill canyon, Idaho, and Blacksmith

Fork, East Fork canyon, Geneva, Wasatch canyon, and Promon-

tory point, Utah, all represent sections where the upper part of

the quartzite series is of Middle Cambrian age; and this appears

to hold for the Onaqui range, 50 miles southwest of Big Cotton-

wood canyon. With this exception, however, the quartzite series,

~
1 Smithsonian Misc. Coll., vol. 57, No. 12, 1913, p. 343.

•Walcott: Men. U. S. Geol. Sun,'cy, vol. 61, 1912, p. 131.

« Allan, Summary Rept. Geol. Survey Branch, Dept. Mines, Canada, for 1911,

1912, p. 178.
• Smithsonian Misc. Coll., vol. 87, No. 12, 1913, pp. 337-339.

• Walcott: Mon. U. S. Geol. Survey, vol. 51, 1912, pp. 125-131.
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if present at all, is succeeded by siliceous shales and appears to

he of Lower Cambrian age in all of the examined sections south

and southwest of Ogden canyon, Utah, and north and cast of

the Highland range, Nevada. These include the Stansbury

Range (Muskrat Spring), Oquirrh Range, Simpson Range,Beaver

River Range (Cricket Spring), and House Ranp" section3. The

basal quartzite series is not exposed in the other sections measured

in this area. In the Highland rangs ' the basal quartzite series

is separated from the Olenellus gilberti zone of the Piochc forma-

tion by 35 feet of limestone.

In the Grand Canyon, Big Cottonwood Canyon, Phillipsburg,

Mount Bosworth, and Mount Robson sections, variations in

the degree of metamorphism between the Cambrian and Pre-

Cambrian are so slight as to make this criterion of little value.

At Elko only is there a pronounced difference.

In the Grand Canyon, Big Cottonwood Canyon, and Phillips-

burg sections the unconformity between the Cambrian and Pre-

Cambrian involves angular discordance; in the other sections

unconformity can be proven only by overlap, basal conglom-

erates, etc.

The Cambrian and Pre-Cambrian systems both appear to be

represented in the Grand Canyon, Big Cottonwood Canyon,

Dearborn River, Phillipsburg, Elko, Mount Bosworth(?), and

Mount Robson (?) sections; in Ogden canyon and in the Big Belt

and Little Belt mountains the Cambrian rests on the Archaean.

The Pre-Cambrian does not appear to be represented in the

Highland Range, Pioche, House Range, Wasatch Canyon,

Blacksmith Fork, Mill Canyon, and Malade sections.

The Lower Cambrian is not represented by fossil evidence

in the Blacksmith Fork, Malade, Wasatch Canyon, Mill Canyon,

Big Belt and Little Belt Mountains, Dearborn River, Phillips-

burg (?), and Elko (?) sections.

The relations of the Lower Cambrian to the over- and under-

lying strata do not appear to have been observed in the Waucoba

Springs or Silver Peak sections.

> Walcott: Bull. U. S. Gcol Survey, No. 30, 1886, p. .33.
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THE BOUNDARY BETWEEN THE LOWER AND
MIDDLE CAMBRIAN.

The Lower Cambrian has, by general usage, been defined as

the time interval dominated by the Oknelliu fauna, beginning

with its earliest advent and ending with its final disappearance.

Such a definition for the upper limit has been called in question'

and, aj has been outlined on page 106, the Mount Bosworth

and Mount Stephen sections in British Columbia appear to

represent environments of so favourable a nature that Olenellus,

or the local representative of that genus, there became tempo-

rarily immune and did not share the timely oblivion to which

the other members of the group appear to have been doomed.

Chamberlin and Salisbury* suggest the possibility that

Olenellus in the west may be contemporaneous with Paradoridea

in the east, but Walcott has shown * the latter genus to be the

probable derivative of a line of Olenellus ancestors including

Nevadia, Callavia, Holmia, and Wanneria. Schuchert * would

separate the two divisions and give them systemic rank, a

conclusion reached from a study of the relations for the continent

as a whole; Ulrich ' would not.

Prior to 1905 the last traces of the genus Olenellus, the top

of the quartzitic sandstone series, and the top of the Lower

Cambrian were supposed, for the Cordilleran region at least,

to be synonymous, indeed this condition appears to hold for

Nevada and Utah as far north as Big Cottonwood canyon in

the Wasatch range just south of Salt Lake City. Between

this point and the Upper Columbia lakes • nearly 700 miles to

the north in British Columbia, however, Olenellus is unknown,

and the only palseontologic evidence for the presence of the

Lower Cambrian throughout this distance is the reference to

that period of the Albertella fauna in the Dearborn River section

of central Montana. That the Lower Cambrian and a con-

> Ulrich: Bull. Geol. Soc. Atnprica, vol. 22, 1911, p. 619.
» Text book of Geology, vol. II, 1907, p. 245.
> Smithsonian Misc. Coll., vol. 53. No. 6, 1910, p. 249.
< Bull. Geol. Soc. America, vol. 20, 1910. p. 483.
• Idem, vol. 22, 1911, pp. 625-627.

•Dawson: Ann. Rept. Geol. Survey, Canada, for 1885. vol. 1, 1886, p. 156B, refers

rock* at this locality to the Cambriaii, but states that the included fossils were not

determined even gencrically. They are preserved in the collections of the Victorii

Uemorial Museum and have been identided by the writ<>r as CMeneUti*.
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siderable portion of the Middle Cambrinn seas were continuous

between Nevada tnd PritiBh Columbia there can be little

doubt. Apparently synchronous deposits occur in the Lower

Cambrian of California, Nevada, Utah, British Columbia, and
Alberta, though in the latter region limestone forming conditions

obtained long before the actual diaappvarance of C" nellwt, an

event which ia not believed by the writer to have \i : contem-

poraneous with the close of the Lower Cambrian ,.*<"' 'te 112).

The AlberleUa fauna crosses the interval betw . u Gordon
creek, Montana, and Mount Bosworth, British Columbia, a

distance of 300 miles, with only a modicum of change; and the

Spence-Stephen-Titkana fauna of the Middle Cambrian, though

characterizing different lithok 'acies and occupying different

positions with respect to tL .. elastics in the areas where

it has been discovered, still pteserves its identity through the

1,100 miles separating the Highland range of Nevada from the

Mount Robson district of British Columbia and Alberta. This

broad expanse of water was bounded on the cast in northern

Utah, southeastern Idaho, and central Montana by land areas

whose submersion was gradual and upon whose Pre-Cambrian

shores the sea matured from Lower to Middle Cambrian in

age before it was able to mantle the Pre-Cambrian regolith.

Without going into a discussion of the problems involved in

the satisfactory solution for the continent as a whole of the

true relations of the Lower to the Middle Cambrian, we may
base our conclusion that the Cordilleran region offers a very

close approximation to a gradual transition b( ' ween these

two units upon the following grounds: (a) the Mesonacids,

or OleneUxis-like genera, are everywhere represented in the

uppermost layers of the Lower Cambrian by Olenellus (s.s.)

or the latest ' if not the highest exponent of the group for which

it has long been considered typical, the importance of the

apparent annihilation of this genus over so large an area being

tempered by the presence of a recurrent(?) species in the Mount
Stepheii section of British Columbia; (6) in the Mount Robson
region the upper portion of the rocks referred to the Lower
Cambrian contains representatives of all of the genera {Callavia,

> Walcott: Smithsonian Misc. Cull., vol. 53, No. 6, 1919, p. 248.
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Wanneria, and Holtnia) that have been placed* upon the theoret-

ical line of evolution between the primitive Nevadia and the

Middle Cambrian Paradoxids; (c) there is widespread evidence

of a transition fauna (the AlberteUa) between the Lower and

the Middle Cambrian, a fauna distinct from its predecessors

in the region and so closely united with those which follow

that it has in this paper been referred to the Middle Cambrian,

but whose very presence betrays a kinship between the two

divisions of the Cambrian which is only emphasized by the

apparent recurrence in younger strata of a surviving member of

the illfated Mesonacidte;and (d) nowhere have unconformable

relations between the two units been observed. To be sure

there is evidence of a gradual encroachment upon an eastern land

_J8 of the waters of a great Lower-Middle Cambrian sea which

appears to have been continuous from Nevada to Britbh Colum-

bia, but the slowness of the approach effectually barred the

Mesonacidee from participating in the march upon the promised

land and reserved to their descendants the peopling of shores

not 50 miles away.

In California and Nevada the Lower Cambrian arenaceous

series contains large quantities of calcareous and argillaceous

matter, and Olenelius and its congeners there jneld our only

record of their existence during a period long enough for the

deposition of a mile or more of strata. Here the time interval

necessary for the gradual spread of the Lower Cambrian sea

upon the western portion of our continent was spent under

conditions of more or less stable equilibrium and the deposits

have yielded representatives of the Mesonacidse ranging from

the most primitive (Nevadia) to the most highly specialized

{Olenellia s.s.)* Elsewhere in the United States portion of the

Cordilleran region the members of this group appear to be

confined to Olenelltts \s.a.) and occur only in the upper thin-

bedded layers of a highly arenaceous series referred to the

Lower Cambrian,* as if the waters in or by which these sediments

were deposited proved so inhospitable that the life which teemed

> Walcott: Smithsonian Misc. Coll., vol. 53, No. 6, 1910, p. 249.

•Idem.
' The Middle Cambrian age of a lithologic equivalent of this aeries baa been

described, p. 102.
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in the contemporaneous seoa of Nev&da and California hold

back until the very last. Farther north, in British Columbia,

however, the genus ranges sparingly through the upper 500 feet

of a similar clastic scries and then occurs in great profusion in

the lower 20 feet of an overlying transitional formation.

Here the true Lower-Middle Cambrian boundary from a
diastrophic standpoint would appear to lie just above this

clastic series, but the profusion of Lower Cambrian forms in

the overlying 20 feet* suggests the drawing of the boundary
above that stratum, and the correctness of this interpretation

appears to be attested by the occurrence, in the immediately

overlying beds, of the Middle C mbrian Albertella fauna with

its host of new types (See pages 118-119).

A similar delineation of the boundary between the Lower
and Middle Cambrian has been made in Big Cottonwood
canyon, Utah, in the belief that where so distinctive a Lower
Cambrian form aa Olenellua occurs just above a quartzitic

series, even in transitional beds, and i- neither associated with

nor preceded by forms characteristic of the Middle Cambrian,
we are not doing violence to the principles to which we subscribe

(pages 119-120) when ne suggest that the divisional boundary
between the Lower and Middle Cambrian be drawn above the

horizon characterized by that genus.

In our opinion thie sudden and widespread introduction of so

characteristic a biota as the AlberteUa fauna was an event of

far more importance than the ultimate extinction of the Mes-
onacidffi, and the Lower-Middle Cambrian boundary has been

drtmn below that horizon. When the absolute disappearance

of the preceding biota or of any one type is not considered a
necessary corollary to the inauguration of a new period, incon-

sistencies which appeared to be difRcult of explanation no
longer vex us but give way to new problems, and the delimitation

of the boundaries between the stratigraphic units becomes one of

increasing complexity because of the substitution of the proper

valuation of a debatable cieries of diastrophic and organic

phenomena for a simple yes or no.

> Walcott: Smithaonian Misc. Coll. vol. 53, No. S, 1908, pp. 214-215.
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THE ALBERTELLA FAUNA.

The Albertella fauna has hv\ an interesting history. It was

first discovered in 1005 by Mr. C. D. Waleott ' in a shale 75 feet

above a quartzitic sandstone on Gordon rreeic, 6 miles from the

south fork of Flathead river, Ovando quadrangle (U.S. Qenl.

Survey), Powell county, Montana. In 1907, drift blocks up

to several tons in veigtit were discovered on the south slope of

Mount BoHworth about 500 feet northwest of the main line of the

Canadian Pacific railway between Hector and Stephen, British

Columbia.* The duplication between these drift bloclcs and

the original locality in Montana is nearly perfect, specimcnH

fro n the two localities containing at least four identical species

and dicing almost interchangeable. At the time the drift blockH

were discovered their horizon in the section could not be located

and subsequent attempts have likewise proven futile. The

foBsiliferous shale carrying the AlberkUa fauna, an assemblage

of more than a dozen species, is at least 4 feet thick, yet the

only trace of its presence in the measured sections is a fragment of

one specimen referred to the genus from which the fauna derives

its name. On Mount Stephen, 8 miles away, the beds with

which the AUxrteUa fauna is correlated, and which themselves

contain fragments referable to the genus, ore overlain and

underlain by Olenelltia, and the Albertella fauna was, therefore,

assigned to the Lower Cambrian.*

In a recent publication Waleott* mentions finding the Albertella

fauna in the Mount Robson region of British Columbia, 150 miles

north of the main line of the Canadian Pacific. Curiously

enough the fauna was there also found in drift blocks, though

their horizon was located in the measured section. It is des-

cribed as occurring 550 feet above the top of the Lower Cambrian

in the Chetang limestone, yet the apparently contradi( tory

statement is made ' that it "occurs at about the same horizon

in the Mount Bosworth section" where it has been referred to the

Lower Cambrian. A large part of the discussion of the basal

> Moa. U. 8. Geol. Survpy, vol. 51, Pt. I, p. 188, locaUty 4v.

« Idem, p. 197, locality 3So.
• Waleott: Smithaonian Misc. Coll., vol. S3, No. 8, 190S, pp. 203 and 214
• SmithaoBian Hue. CoU. vol. 67, No. 12, 1913, p. 338.

Idem.
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Cunbrian ncdimpntation in the Mount Rmworth and Mount
Robwn regionn of Dritiah Columbia, eee pages 105-110, related to

the occurrence of this fauna. In neither of these •sections 'a the

Alberklla fauna found below Okntllut, and as has been outlined

on the pages just referred to the occurrence of the latter genus

above an Albertella in the Mount Stephen section seemi to argue

rutner for the recurrence in the basal Middle Cambrian of a
surviving member of the MesonncidtB than for the Lower
Cambrian age of a fauna so distinct from its predecessors as the

one in quetttion.

The collections from China which have so recently been

described ' contain a representative of the gcnuH Albertella, to

which the specific name padfica has been applied.* It is

to be distinguished from the species of Alberklla described

for the Cordilleran region by the presence upon its poster-

ior margin of four instead of two spines, but it is referred to

the genus without hesitation by Mr. Walcott. It occurs

1,000 feet above a white quartzite in a low bluff on the shore

of Tschang-hsing-tau island, in Liau-tung, Manchuria, and
is the highest horizon from which fossils were obtained. Its

resemblance to Albertella and its reference to a position well

up in the Middle Cambrian appear to warrant its inclusion in

the present discussion.

The field relations of the horizon of the Albertella fauna may
be summarized as follows: (o) In the Dearborn River section

of Montana and at Elko, British Columbia, it is without close

relations to known faunal horizons and occurs in a shale series

conformably overlying a basal sandstone; (6) on Mount Bos-

worth it was found i^ tne drift but was referred to the Lower
Cambrian because of the presence in a section 8 miles away
(Mount Stephen) of Olenellus fragments both above and below

its correlated horizon, a siliceous shale interbedded in a grada-

tional sandstone, shale, and limestone series; (c) in the Mount
Robson region it occurs in the section 350 feet down in a 900
foot formation described' as composed of "bluish grey thin

' Walcott: Research in China, vol. 3, 1913, pp. 1-276.
•Idem, p. 106, pi. 12, fig. 3.

Walcott: Smithaoniao Misc. Coll., vol. S7, No. 12, 1813, p. 338.
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bedded limettone" and referred to the Middle Cambrian; and
(d) in China ' occurs well up in the Middle Cambrian.

The affiliations of the species constituting the Albertella fauna

are nearly all with those of the Middle Cambrian. The fauna

abounds in typed not found in the Lower Cambrian, and while

several of them are undescribed the following list of described

specied will be sufficient for the purposes of our study:

—

Dtteribtd Sptatt of Albertella Fauna.

Mieromitn (Palerino) teapta Wsleott
meromitra (IpKdeUa) pannula (White)....
Obolu* pamu Waicott
Obolu* (We$tonia) eOa (Hall and Whitfield)
AcroOuU coUent Waicott
AerolMt pat. -ftri Waicott
Wimanttta rimi'^ (Waicott)
OlenojMw (vnetenn* Waicott
Olenopnt americanui Waicott
AlherttOa honoorUa Waicott
Albertella kelena Waicott
Batkguruauproductut (Hall and Whitfield)

Mount BoBworth.

British Colombi'.

X
X
X

Dearborn river.

Montana.

X
X
X
X

X
X
X
X

X
X

Micromitra (TphideUa) pannula has been identified from forty-

one Cambrian localities^ of which ten have been referred to the

lower division of that system. Three of these are from the Pioche

formation and one from the Albertella fauna. Micromitra

(Paterina) wapta* and Obolua parvw? are confined to beds to

which the AJberteUa fauna has been referred in British Columbia.

Obolxu (Westonia) eUa* has been found at 55 different localities,

yet only three are referred to the Lower Cambrian and they

are all referable to the " Pioche " or Albertella faunas. Acrothele

colleni^ has been found only in the Stephen formation, in the

beds to which the Albertella fauna was referred in British Colum-
bia, and in the upper pait-ef the shale which carries the Albertella

'Waicott: Men. U. S. Geol. Survey, vol. 51, 1912, pp. 383-364.
•Idem, p. 357.

•Idem, p. 408.
•Idem, pp. 457-458.
•Idem, pp. 641-642.
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fauna on Dearborn river, Montana. Acrothde panderi^
and Wimanella aimpUs? are confined to the Albertella fauna.
OUnoptU agneatnaitf and 0. americanut* are the coordinate
representatives in correlatable beds of a genus which has not
hitherto been identified in North America but which Mr.
Walcott* refers to the Lower Cambrian on the basis of
the "Lower Cambrian" age of the AlberteUa fauna and
describes as "a form intermediate between Holmia (restricted)
and Paradoxidaf or , , , descendant from the Holmia
type of the Mesonacidse. " AlberteUa boaworthi and A. hdena
are described by Mr. Walcott* a3 representing most interesting
types of the Paradoridae which "should first be compared with
the genus ZacarOhoidea which, in the British Columbia section,
is first met with in strata 2,000 feet above the beds in which
AlberteUa occurs." Baihgtariacua produdua is the represen-
tative of a genus typical of the Middle Cambrian in the
Cordilleran region. It occurs in the Spence and Stephen
formations and is one of the two species mentioned by Mr,
Walcott* as characteristic of the upper or Middle Cambrian
portion of the Pioche formation.

With the single exception of Mieromitra (Iphiddla) pannvla,
therefore, none of the twelve described species of which this
fauna is composed are known to occur in rocks older than
the horizon under discussion. Moreover, two of the types
(AlberteUa and Olenopaia) seem to be derived from the old and
to be prophetic of the new, and the remainder are either confined
to the AU)erteUa fauna or are typically to be referred to the
Middle Cambrian.

The problem before us does not seem sufficiently complicated
to require a discussion of the principles governing the delimita-
tion of stratigraphic units, since, by its attitude toward both
oTthe elementary lithologic and organic propositions (o) that

'Waleott: Hon. U. 8. Geol. Surrey, ycl. 61, 1912, p. 852.
•laem, p. 748.
•Waleott: Smithsonuui Misc. Coll.. vol. 67, No. 8. 1912. p. 242
*Idem, p. 243.

t f "••

•Idem, p. 239.

KJiHh^ '^**«'^°S ?°* •^" *^" ^^^ °' **>« Phyletic relations ot Otmopnt, but
^^ir^'i^

Mr. Waleott that it is probably deseendant from the M«^cide.'Sm thsonian Muo. CoU.. vol. 63, No. 2. 190S, p. 18.
<="«««».

•Bull. U. 8. Geol. Survey, No. 30, 1888, p. 39.

56815—8
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a uradational series of beds in which the transition is from the

more clastic to the less should be included with the younger,

and (6) that the introduction of new faunas, even of new types

in faunas preserving more or less of their original character,

is a phenomenon attending the inception rather than the dechne

of stages in the earth's history, the AJberUlla fauna seems to

have achieved the right to be classed with the Middle Cambnan.

THE PIOCHE FORMATION.

The Pioche formation was first described in 1908' when

Pioche, Nevada, was cited as the type locaUty and it was stated

to carry the Lower Cambrian Olenellus fauna. Later in the

same year» it was described for the House Range section of

western Utah and accompanied by a list of the fossUs at Pioche,

an assemblage which is compared in the following table with a

list first published in 1886.'

Fauna of atiata ("2, 3, and

4"T) resting on the quartnte

at Pioche, Nevada, 1886.*

EocystiteaTT longidactylus.

ijngulella ella

KutoTgina pannula

Fauna of the Pioche forma-

tion at Pioche, Nevada,
1908.'

Acrothete^Wdua
l^J^^lil "^^fce^a!

Fauna of the Pioche for-

mation at Pioche Ne-

vada, 1912.«

EocystitesT lon^dactylua

Obelus (Westonia) ella

Micromitra (Iphidella)

pannula

Acrotreta gemma
Orthis highlandensu. .

.

Hyolithes billing
OleneUua gilberti

Olenoides levis

Crepicephalua augusta..

Crepicephalus liliana. .

.

lAcrothele apum
Acrotreta primteva
Billingsella highlandensu.
Hyolithes billing
Olenellus gilberti

Zacanthoides levis

Crepicephalus augusta.. .

.

Crepicephalus liliana

Micromitra (Iphidella)

pannula.
Acrothele subsidua.

Acrothele subsidua hera.

Acrothele spurn.
Acrotreta primteva.

Billingsella hi^landensis..

Hyolithes biUin^i.
Olenellus gilberti.

Zacanthoides levis.

Crepicephalus augusta.

Crepicephalus liliana.

Olenoides sp.

Ptychoparia sp.

Oryctocephalus primus.

•Walcott: Smithsonian Misc. CoU., vol. M, No. 1, 1908. pp. 11-12.

^r;t? BiULTacSi. Survey, No. 30, 1886. P. 3S.

t&sonian Misc. Coll.. vol. M. No 6. 1908 p. 18*.

•Mon. C. S. Geol. Survey, vol. U, 1912, p. 192.
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The list quoted in the first column has been copied and

recopied with little or no modification until 1912* when examina-
tion of the original material in the collections of the U. S. National
Museum resulted in the withdrawal from the list of Obolua
(WeHonia) elia and Eocystitea ? longidactyltta and the insertion
of Olenoides sp., Ptychoparia sp., and Orydocephalus primus.
Why the latter species, which was described in 1886», has not
been included in previous lists is more or less of a mystery.
Its presence is important, see page 103.

In the following discussion of the beds in question the term
Pioche formation will be used though it was not so applied until

1908, see page 120. It will be shown that this formation is

divisible into two zones: (1) a lower, characterized from
eastern Nevada to northeastern Utah by the trilobite Oknellua
gilberli, which will be called the OUneUus gilherti zone and
assigned to the Lower Cambrian; and (2) an upper, which, from
the collections at our disposal, appears not to belong to the
'me portion of the Middle Cambrian in the different sections
m which the Pioche has been identified. In the Big Cotton-

sx ^ Canyon and Oquirrh Range sections this upper zone will be
d the Bathyuriscus products zone and correlated with the

Spence-Stephen-Titkana fauna; at Pioche and in the Highland
range (Bennett Spring; it will be called the Crepicephalus zone
and tentatively correlated with the AlberUUa fauna and the
Burton formation.

The rocks of the Pioche formation as they were first described
for the Big Cottonwood Canyon section of Utah' were given a
thickness of 250 feet and listed as carrying the following fauna:
"CruziatM sp., LinguMla ella, Kutorgina pannula, Hyolithes
billingsi, Leperditia argenta, Olenellus gilberti, Ptychoparia
quadrans, and Bathyuriacus produdus."

The commingling of Lower and Middle Cambrian types
exhibited by this fauna was first admitted by Walcott in 1891*
and th<> presence of the error has been noted', but there appears

'Mon. C. S. Geo). Survey, vol. LI, 1912. p. 192.
'Walcott; Bull. U. 8. Geol. Survey, No. 30, 1886, p. 210.
• Idem, pp. 38-39.
« Idem, No. 81, 1891, p. 319.
•efl.: Mon. U. S. Geol. Survey, vol. LI, 1912, p. 189.

56815—8)
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to have been no recognition of the fact that in the original

reference ' a similar condition was acknowledged to exist in the

Highland Range and Eureka District sections. Indeed the

writer's attention was only called to this fact after his curiosity

had been aroused by noticing that the collections at the three

localities (Big CJottonwood canyon, Pioche, and in the Highland

range) were all made by the same field observers (C. D. Walcott

and "J.E.W.") during the same field season at a time (1885)

when the OUneUua fauna was believed by Mr. Walcott to be

of Middle Cambrian age.*

A strong intimation of the fact that the OkneKua horison was

to be distinguished from that of the other fossils in both the

Highland Range and Big Cottonwood Canyon sections was,

however, given by Mr. Walcott five years earlier* when he

said: "In both sections OleneUus comes first, and then lAnguklla

eUa, BathyuritcM produda, etc." Here Mr. Walcott does

not refer specifically to the collection from Pioche but on page 35

of the same »v-ork he states that the "Pioche fauna was secured

from beds 2, 3, and 4 of the section in the Highland Range,"

where they have a combined thickness of 131 feet* and four of

the species occurring at Pioche are stated* to occur also, though

they are not so listed, in corresponding beds in the Highland

Range section. The applicability to the Pioche collection

of the remarks concerning the adjoining Highland range is,

therefore, clearly shown.

Two shale series have been identified in the vicinity of

Pioche (see pages 96-98). The first collection from the lower

shales, or the one to which the term Pioche formation has been

ay .ed, included two species of OleneUxu only, and nowhere

in their discussion of this fauna do either Gilbert* or White'

give the slightest indication that species representing other

genera were included in the collections. This only corroborates

I Walcott: Bull. U. 8. Geol. Survey, No. 81, 1891, p. 319.

•Idem, No. 3C. 1886.

•Idem.p. 39, section 76. „. .... . „. /^ „
•At Pioche the thickness is given as 210 feet: Walcott, Smithsonian Misc. Coll.,

vol. 53, No. 1, 1808, p. 11; and 400Teet: Pack, School of Mines Quarterly, vol. XX\ U,

1906, p. 296.
•Walcott: Bull. U. b. Geol. Survey, No. 30, 1888, p. 3S.

•U. 8. Qpog. Surveys West 100th Meridian, vol. Ill

Idem, vol. IV, 1877, pp. 7 and 44-48.

1875, pp. 182-183.
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the suggestion that the Pioche formation at Pioche includes
two faunas, a lower zone with OleneUua discovered by the
Wheeler Survey, and an upper zone with Crepicephalua which
was mingled with the lower faunas by the subsequent collectors.
Even this conclusion may be wrong, however, and we should
be loth to adopt it if it had not already been forecasted by Mr.
Walcott (see page 122).

At Pioche, Olenelltu gilberti is still typical of the lower zone
and that horizon may for convenience receive the same name
as in the Big Cottonwood section (the Olenelltu gilberti zone);
the Middle Cambrian horizon may be called the Crepicephalua
zone from its typical fossil. It is sepaiated by 600 feet of lime-
stone from what has been described ,aR a distinct though unnamed
upper shale series (see page 96) which can be definitely correlated
with the Baihyuriacua produdua zone of the Pioche formation
in Big Cottonwood canyon. (See the section on the strati-

graphy at Pioche and in the Highland range, pages 95-98.)

In the Highland Range and Pioche sections, therefore, the
Pioche formation does not appear to include faunas so distinct
as those comprised in the same formation in Big Cottonwood
canyon (the Lower Cambrian and the Spence-Stephen) unless
there is a duplication in the Highland Range section or the
two shales at Pioche are of the same age. Locally, that is

between sections 50 miles or less apart, the Spence shale
exhibits marked variations in both the number and the types
of species of which it is composed, differences hardly less pro-
nounced than those (o) between the fauna of No. 21 of the
Highland Range section and that of the Middle Cambrian
portion of the "Pioche shale" in the Big Cottonwood Canyon
section, or (6) between the two Middle Cambrian shales near
Pioche—the one southeast of the town on the road to Panaca
where the apparent inclusion of an underlying OleneUua horizon
has complicated its age relationships, and the other typically
exposed in the mine dumps west of Pioche in the Ely mountains.
The equivalent of the Spence in the British Columbia section,
the Stephen, is, however, separated by ^eariy 1,600 feet of
strata from the Mount Whyte, to which the Albertella fauna
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is referred and with which the Pioche has been compared,'

yet in the Big Cottonwood Canyon and Oquirrh Range sectiona

of Utah, the original collections appear to have mingled Pioche

and Spence types (see page 121). Elsewhere, if we except

the. House range of Utah where the reference of a shale to

the Pioche* is not based on fossil evidence, the two shales are

not represented in the same section. Interesting, therefore,

as the possibility of the suggested duplication may be, and the

presence of Olenoides, ZacarOhoidet, and Orydocephalus (the

latter particularly, see page 103) in the lower shale at Pioche

tends still further to suggest its contemporaneity with the

Spence, and, therefore, with the upper shale at Pioche, we

must awai* -he carrying out of detailed work upon these basal

rocks in Nevada, contenting ourselves for the present with the

Bureested division of the lower shale (the Pioche) into two zones

and the tentative correlation of the upper or Crepicephaliu zone

with the AlherteOa fauna and with that of the Burton formation.

Under a system of nomenclature in which formations will

be referable to and comparable with lithologic or stratigraphic

units, the Pioche formation, from our present knowledge,

appears to be an identifiable series of interbedded shales and

limestones occupying a transitional zone between true quartzite

and limestone series. The two faunas into which the Pioche

of the BigCottonwood section is divisible are, however, separated:

(a) in the Bear River Range, 100 miles to the north, by several

hundred feet of quartzites and limestones; (6) in the Mount

Bosworth section by 1,600 feet of massive limestones and 350

feet of thin-bedded limestone, sandstones, and shales carrying

a new fauna (AK>crtcHa); (c) in the Mount Robson section

by 4,350 feet of limestones and shales including the same new

fauna; (d) in the House range by 205 feet of limestones;

(e) at Pioche, if the stratigraphy has been correctly solved

by 600 feet of limestone and the Crepicephalua zone of the

Pioche formation, a horizon comparable with the AlherUlk

fauna in the Mount Bosworth section; and (/) in the Highland

range by 1,100(?) feet of limestones and shales. Such a con-

iwalcott : Smithsonian Misc. Coll., vol. 83, No. 5, 1908, p. 171.

•Idem, pp. 171 &nd 184.
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dition augura well for the probable delimitation within the

Pioche of lithologic and faunal units to which member names
may be applied, but this is left for the investigator who may
undertake the critical study of this formation in the light

of the new interpretation to which it has been subjected.

THE BURTON FORMATION.

The Burton formation has been named and described by S. J.

Schofield', who, together with the writer, measured the following

section in the slope directly back of the Burton mine about
2 miles northwest of th' town of Elko, British Columbia.

Section of Burton Formation Near Elko, British Columbia.

Section. Feet. Fauna.

Elko limestone (Pie-Devonian exact age unknown).

i
.a

.S

5. Greenish black shales with
interbedded limestones, the
limestone beins in the form of
lenses and stringers 1 to 3
inches in thickness and more
or less continuous but makins
up a very soiall proportion d
the strata.

eo In interbedded limestones within A
feet of the base: Micromilra (Pater-
ina), tticromilTa (Iphidella) pan-
nula, Obolut sp., AerolkeU sp.,

Acrotnta sp., Agraulot sp., Ptg-
choparia sp., AthfrteUa sp., Olm-
oidit sp., Batkyuritcua sp., and
Crepieepkttlut 2 species.

•0
e
ii

1

4. Massive, dirty grey, sandy
limestone.

10 Near top: Micromilra sp.. Micro-
mitra (Iphidella) pannula, Agrau-
hs sp., Trilobite fragments 3
species.

1

13

Near base: Mieromitra (Ipkidetta)
pannula, Trilobite fragments 2
species, one suggesting Olenelliu.

3. Green micaceous shale, badly
sheared.

4 One trilobitic fragment.

9
n

2. Rubbly weathering, calcaroous
^t, with annelid like borings
m top layer.

3 Annelid borings, Mieromitra (Pali
ina) sp., Acrotreta sp., Trilobii
fragments 1 species.

1 . Hematite conglomerate 1

Roosville siliceous metargillite (Pre-Cambrian).

Geol. Surv., Can., Mus^ium Bull. No. 2, 1914, p. 82.

Ill
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So far as the writer is aware there are only three reported

occurrences of the genus Crepieephalua in the beds below or

immediately above the line separating the Lower from the

Middle Cambrian. First in the Pioche fcmnation of Nevada

(page 120), second in a limestone with AlberidJa on Mount

Stephen, British Columbia*, and third in interbedded limestones

in a Middle Cambrian shale immediately overlying a quartzite

on an island east of Niang-Niang-Kung, Liau-tung, Manchuria.*

The limits of this paper will hardly permit the inclusion of any

further reference to the latter occurrence or to the relations

between this shale series and the horizons under discussion.

The Middle Cambrian aspect of the fauna of No. 5 of the Burton

formation (page 125) was evident at the time its study was

undertaken, but the association in the same 1-inch layer of

two species of Crepieephdlus and a representative of the genus

AlberteUa suggested the comparison of the Burton formation

with the AlberUlla fauna and the Pioche formation, horizons

which had both been referred to the Lower Cambrian.

Analysis of the AlberteUa fauna in the other regions from

which it has been identified (see pages llS-119) revealed the lack

of any necessity for the assumption that its Lower Cambrian

age was infallible, and the writer turned his attention to the

Pioche. This was shown (pages 121-123) to be divisible into

Lower and Middle Cambrian zones respectively, and even to

comprise faunas which, at the type locality of the AJbertella

fauna, are separated by 1,600 feet of limestone. At the type

locality of the Pioche formation the range of faunas included

in that imit does not appear to be so large and the Middle

Cambrian horizon, to which the name Crepicephaltu zone has been

applied (see p»^e 123) is to be correlated, at least tentatively, with

the Burton formation. The correlation of the Burton formation

with the AlberteUa fauna is based largely upon the presence in the

former of an AlberteUa, a genus which, according to our present

information, is confined in the Cordilleran region to this one

horizon. The weight of evidence so largely opposes the Lower

Cambrian age of these formations and corroborates their refer-

'Waloott: Smithsonian Misc. Coll.. vol. 53, No. 5, 1908, p. 213.

•Walcott: Research in China, vol. 3, 1813, p. 26, locality 35r.
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met to the overiyint division of the Cambriaa that the Burton

formation is referred with Mine degree of cerUunty to the Middle

Cambrian.

It is hard to resist the impression, however, that the clastic

portion of the Burton formation may represent the Lower Cam-

brian, and while the few species occurring in these lower layers are

either unrecognisable or referable to types hitherto unknown,

the suggested definition of the Burton formation will not invali-

date its future division into shale and s'^dstone members.

The Burton formation is, therefore, interpreted as a more or

less heterogeneous formational unit unconformably overljring the

Pre-Cambrian, referable to the early Middle Cambrian, and

easily separable into upper and lower members if such a division

should be warranted by future work upon the faunas of its basal

portion.

SUMMARY.

The AlberteUa fauna has been referred to the Lower Cambrian'

and this reference has been used as an argument* for the sjrstemic

designation of such faunas as that containing Olenoptis in

Sardinia. The AlberteUa fauna is shown in this paper (a) to

occupy strata transitional between the Lower Cambrian sand-

stone and the Middle Cambrian limestone forming conditions

of the early Cambrian, (b) to be unassociated with OleneUut

though it is apparently interbed<^^d with recurrent representa-

tives of that genus, (c) to consist almost overwhelmingly of

forms either typical of the Middle Cambrian or confined to the

Atbertella fauna as species of unknown or connecting affinities,

and ((f) to be referable to the Middle Cambrian.

The Pioche formation has been consistently referred to the

Lower Cambrian, but it is shown in this paper (o) that the

faunal lists with which it has been credited represent an artificial

iWalcott: Smithionuin Mtac. Coll., vol. 6S, No. 2, 1908, pp. 21-22.

Idem, No. 5, 1S08, pp. 203 and 212.

Idem, vol. S7, No. 8, 1912, pp. 242 ar 244.

Mon. U. 8. Geol. 8urv»y. vol- U. ll"**. PP- 1»-130.

SmithBoman Misc. Coll.. vol. 57. No. 12. 1913, p. 343. Rrforred toth«

Middle Cambria-, on p. 338, see paces 107-109 of thia paper lor

discufliioD*

nValcott, Smithsonian Misc. C , vol. 67. No. 8, 1912, pp. 313 and 344.
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mingling of Lower and Middle Cambrian forms, (b) that

the formation is divisible in the Big Cottonwood Canyon and
Oquirrh Range sections of Utah into a true Lower Cambrian
horison with OUneOxu vthe OUnelltu gilberti tone) and a Middle
Cambrian horiion which is called the Bathyuri$cu4 prodvctut

sone and correlated with the Spence-Stephen-Titkana faunas,

and (c) that it ia probably divisible near Pioche, Nevada,
the type locality, into a true Lower Cambrian horizon with

OUnelliu (the Olenelltu gitberti sone) and a Middle Cambrian
horizon with Crepieephaltu (the Crepieephalua sone) which
is tentatively correlated with the Alberlella fauna and the

Burton formation.

The Burton formation of Schofield* has in this paper received

its first paleontologic treatment: its section near Elko, British

Columbia, is given, its faunas are listed, and it ia correlated

with the Albertella fauna and referred to the early Middle
Cambrian.

The Lower-Middle Cambrian boundary has herstofore been

drawn above the youngest beds containing Olenellxta, irrespective

of conflicting diastrophic and organic evidence. It is in this

paper redefined and drawn at the base of such horizons as the

one containing the Alberlella fauna, a suggestion which is

believed to accord with the principle that the inauguration

of major units in the stratigraphic series is more closely related

to the phenomena attending depositional expansion and the

introduction of new faimas than to the accidental and senile

lingering of a decadent tjrpe.

>Geol. Surr., Can., Miueum BuU. No. 2, 1914, p. 83.
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VII.—A Prdiminary Study of the Varialiona of the PliceU»ont

of Parastrophia hemiplicata, HaU,

Br Auci E. WtLTON.

Parattrophia hemiplieata Hail' is found in fp^at abundance
in certain cones of the Trenton limestone. From several of

these zones a considerable number of specimens were collected,

the adults of which showed a great variation in the number of

plications on the valves. A few adult specimens have a simple

sinus with no plications, while the majority have from one to

five in the sinus with the corresponding number on the fold.

A study of them was undertaken to ascertain if possible whether
all of the forms really belonged to one highly variable species,

and, if so, whether any reason for their great variability could

be found. For the purpose of study the shells were

provisionally assorted into groups according to the number of

plications in the sinus. Each variation has been considered as a

group—that is the no-plication group, the one-plication group,

etc. These groups so merge into one another that they can

hardly be regarded as separate sp«cies, and many of the individual

shells of several plications in their growth pass through some of

the stages of those groups which have fewer plications.

The shells used in this study come from three <iivisions of

the Trenton limestone—^the base at Indian Lorette, Quebec,
the Prasopora beds in the vicinity of Ottawa and Hull, and a

higher horizon represented by the specimens from Fifth

« Pal. N. Y. vol. I, p. 144. 1847. m
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avenue, Ottawa. For comparison a study was made of eleven

typical specimens of Parattrophia reversa (Billings)* from the

Lorraine formation of the Island of Anticosti. Billinga later

stated that this species was simply a variety of Parattrophia

hemiplicata Hall.* The most striking differences are their size,

and their greater average gibbosity, as indicated by the ratio

of height and length. The mesial fold and corresponding

sinus also are relatively less prominent than those of Parastrop-

hia hemiplicata, Hall.

For the majority of the specimens the writer is indebted to

the kindness of Mr. J. E. Narraway of Ottawa, by whom all the

Fifth Avenue specimens were loaned, as well as a large

number from the Prasopora beds. The rest are in the collections

of the Geological Survey of Canada.

The data taken for study are: length of shell; width of shell,

measured at the widest part; height; width of sinus, measured

at the anterior margin; number of plications on each side of the

sinus on the pedicle valve; and the total number of plications.

As stated above, the number of plications or striffi in the sinus

is the basis for division into groups.

Each shell in its nepionic stage is without a plication, even

the sinus not being indicated; as it grows, anterioriy, it forms

the sinus and fold, later come the plications in the sinus and on

the sides. Would every young shell, if undisturbed in its growth,

continue to develop mtve and more plications imtil it reached

the maximum number, the five-plication form? Or, does each

shell start out with an inherent tendency to form one, two,

three, Oi four plications in the sinus, as the case may be? From

the specimens examined and measured it would seem that the

latter alternative is the more probable.

Inherent Tendency to a Definite Number of Plications. First.—

Each group of no-plications in the sinus, one, two, or three

plications, etc., has adult representatives. Figure 1, Plate IV,

for instance, probably represents an adult, or neariy adult

specimen, with no plications in the sinus or on the sides, merely

the two ridges which bound the sinus. There is no indication of

>Geol. Surv. of Can. Report of Progeass for 1858, p. 296, 1857.

>Can. Jour. IV, p. 316, ISiW.
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another plication. It is, then, a mature specimen of that class

which has no plications. In the same way figure 3, Plate IV,

appears to be a mature specimen with one plication, figure 11,

Plate IV, an adult of two plications, etc. That is, there are

specimens which have not attained the maximiun number of

plications in the sinus although they have reached maturity.

They, then, must have conmienced growth with a tendency to

form no plications, one, two, or three, as the case may be, but

not the maximum number.

Second.—The adult specimens illustrated by figures 1, 3, 6,

9, 11, 20, and 30, Plate IV, appear to have reached their full

development of plications and most of them have formed their

maximum nimiber while still far from reaching their present

mature size, the last stages of growth being in size only. These

specimens, which are quite typical, have evidently commenced
growth with the inherent tendency to form a certain number of

plications, and have ceased forming new ones when the required

number was reached, although growth is continued. On the

other hand there are a few specimens, that cannot be ignor d,

such as those illustrated by figures 9 and 24, Plate IV, which,

though adults, are evidently in a transition stage. It is prob-

able that each of them has reached its mature form, but the

next generations might appear with three and five plications,

respectively, in the sinus.

It seems, then, that each shell has commenced with an inherent

tendency to form a given number of plications—whether it be

one, two, three, or the maximum number—and, with a few

exceptions, has ceased to form more when the required number
is reached, though growth is continued.

Development of One Group from Another. First.—Considering

the specimens at the stage of growth when the plications are

initial, it is evident, from the illustrations given, that when a
shell is of the plication-forming variety it does not usually leap

at once into its adult condition of two, three, or four plications,

as the case may be, but after the formation of the sinus the

other plications appear, sometimes one at a time, or sometimes

two, in some cases more. The initial stages of the plications show
two tendencies in each group of sheUs. The majority of the speci-
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mens exhibit plications formed at intervals, sometimes by implan-

tation of a later one, sometimes by the bifurcation of a plication

which has already grown to some extent, the latter method

of increase in number is the more frequent. In each group,

however, there are some shells which form their plications

simultaneously, never adding to them,though growth is continued.

It seems probable that the more variable specimens give rise to

the forming of new groups with more plications, while those

which form their plications simultaneously have reached a

constant form in that group. Figure 23, Plate IV, for instance,

forms its three plications simultaneously, exhibiting no tendency

to variation. It has become constant. Figure 14, Plate IV,

on the other hand, shows a primary plication with two added

later. Some of the descendants of this shell would probably

tend to a constant form like figure 23, Plate IV, showing the

final number simultaneously, others might bifurcate the primary

pUcation and with the two added form a four-plication shell.

Owing to the worn condition of many of the shells it is not

always possible to tell the origin of the plications, but, of thirty-

four two-plication specimens examined, twenty-one appear

to have formed the two-plications shnultaneously, about three-

fourths of the remaining thirteen either show funt traces of

an original one-plication form with the one plication bifurcated

or else they converge so at* to suggest that such has been their

origin. A very small minority seems to form the second pli-

cation by implantation after a period of growth of the first.

Of forty-three three-plication shells studied, eleven only appear

to have simultaneously formed plications, while thirty-two

have produced plications at irregular intervals. Seven of

these show a strong one-plication form first, with the subsequent

plications introduced by implantation, one at each side, usually

at different stages of growth. Four show an original strong

one-plication at one side of the middle and the subsequent pli-

cations, unequal in size, introduced by implantation at one side.

Twenty-one give definite evidence of having been derived

from the two-plication form, eight by the implantation of a

third fold and thirteen by the bifurcation of one of the two

ori^nal plications. Eight four-plication specimens were examined

/
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and one only appears to have given rise to the four at the same

time Three of the other seven show an original form having

onb in the centre, which bifurcates, and the final two are added

by implantation. Two more appear to have originated in a

two-plication form, each of the two original plications being

bifurcated. The sixth and seventh show that one plication at

least has its origin in the bifurcation of one of the others, but

the shells are too worn to show the initial form. One oi the

five-plication specimens has formed its plications simultaneously.

Two of them form all five by implantation at irregular intervals.

Two show a derivation from the three-plication form, the first

by implantation of the subsequent plications, the second by a

double bifurcation. A fifth shows an initial form of two plica-

tions, one of which is bifurcated, and later the implantation

of two. A sixth shows no indication of bifurcation, but there

are two strong primary plications. A seventh shows that the

final plication is formed by bifurcation, but the initial form

is worn.

Of the two-plication Anticosti specimens of Paraatrophia

reveraa (Billings), four form the plications at once, one only

shows a derivation from tne one-plicfjon by bifurcation.

Three of the three-plication form have arisen from the two-

plication form, two by bifurcation, one by the implantation

of the third fold. The four-plication specimen shows one

bifurcation.

That, is, then, that the one-plication form appears in the

initial stages of a number of the two-, three-, and four-plication

forms, but as far as the specimens examined show dies out in

the five-plication form. The two-plication form, which seems

the most firmly established, appears in the three-, four-, and

five-plication form. The three-plication form is repeated in

the initial stages of some of the four and five-plication forms.

The four-plication form appears in one specimen of the five.

It is worth while also to note here that the two- and three-

plication shells, the most persistent forms, have a larger pro-

portion of shells which form their plications simultaneously.

Second.—Also, though there are exceptions, the majority

of shells show plications first near the middle of the sinus, where
66816—9
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the on&-plication Bhell has its <me plication, and the additional

plications, whcu formed by unplantation, are almost always

added outwardly towards the side of the sinus.

Third.—^Among the Fifth Avenue specimens, which come

from a higher horiion, there are none having no plications

or one plication in the sinus. There are so few specimens

from here, however, that perhaps it b hardly sufficient evidence

to have much weight.

Hence, it seems only reasonable to infer that those groups

with more plications, as groups, have their origins in the groups

with fewer plications. In the stage of development of the

Prasopora beds, and the Anticosti specimens, the groups with

two and three plications apparently predominated, though in

the former those with none and one still existed, and those with

four and five had evidently made good headway.

RdaHonakip of Horizon and Plication Devdojment.—Th.e 126

specimens measured and examined were collected at three

different horizons. From the lowest, the base of the Trenton

at Indian Lorette, there are only two specunens, both considerably

worn, one having one plication in the sinus, the other two.

From the Prasopora beds around Ottawa and Hull there are

Ou specimens, and from Fifth avenue, Ottawa, a still

higher horizon, there are 28 specimens. The Indian Lorette

specimens are too few in number to furnish any grounds for

comparison, but there are two interesting features shown by

comparing the specimens from the Prasopora beds and those

from Fifth avenue. The first has already been mentioned—

the absence from the higher horizon of any specimens having no

plication or one plication. The second is the much greater

number of plications on the sides of the shells from Fifth

avenue. Comnaring similar groups of those from the Prasopora

bed and those from Fifth avenue it is found that the

Fifth Avenue specimens average smaller in length, width,

height, etc., though the average ratio of length to height is the

same, implying that in size at least they had reached their

fullest development. The Anticosti species, like the Fifth

avenue specimens, shows a greater number of plications upon the

sides, but unlike them is in every dimension about double the
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sice of the specimens from the Prasopora beds. The additional

plications on the sides, then, must be due to the stage of develop-

ment of the shells of that horizon not to the growth of the

individual shell.

There seems, however, to be no definite ratio between the

number of plications in the sinus and that on the sides. Many
of the shells are so worn on the sides that there is frequently

just the indication of a plication on the edge, its extent being

obliterated. It is to be noted, however, that those plications on
the sides which are nearest the sinus form first and are usually

by far the strongest, as well as the earliest to appear.
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Fig. 1. Adult sp<i;im«n with no (rticatioiix, from Pnwopnra beds, OtUws Ont
'•

2. Average pecinien with no plicatioiw. from Praaupofft b«xli, Ottawa Ont
3. Adult upecimon with one plication, from Praaopora beds, Ottawa Ont

"
i' o °^"*" «*«''nen »>th one plication, from Hiainpora beds, OtUwa Ont
8. (necimen with one plication, from Indian Lotette, Que.

" S and 7. Specimene with two plicationa, one primary and one implanted at a
. „ ''1'.!M* "* vowth. from Prawpora bedi, Ottawa, Ont. "" " "

13 and U. Hpeoimeni with: three plicationi, one primary, two added laterby implantation, from the Praaopora bed», Ottawa Ont.J
15. Specimen with three plications, one central primary one which is bifurcated

a " "®"^ ""''''"*"'• ''9"' "» Piasopora beds, OtUwa, Ont
• 16. 8p<«-imcn with throe plicntions, two primaries, one implanted later, from

the Praaopora beds, OttHwa. Ont.
" W. 1% •"! '»• Specimens with three pliortians , two primaries one of which bi-

« . I^!*S*J™" 'h« J>«*J'« *x*l. Otiawft. 0»t.S and 21
.
SpMbwnH withAm •licatioKtwoprimariMOM of whiehbifaeatod,

from the Fifth Avenue horison, Oktowa, Ont.
22. Bpecimen with three plications, one primary one which has apparently later

. Of.
„'*'y»«'««l """ ""«•. tiom the Praaopora beds, Ottawa, Ont.

23. Specimen with three plications formed simultaneously, from the Prasonora
beds, Ottawa, Ont.

24. Specimen with throe plications, one primary which has bifurcated, » third
added later by implantation. The centre plication in about to bilurcuteIron Mm Ptaaopora bwis, Ottawa. Oat.

to bitoMt*. initial att|pi oblitcratad. from the I>nM»orabSil. Oitewa.
Ont.

26. Specimen with numerous side plications, from the Fifth Avenue horison.
Ottawa, Ont.

27. Specimen with four plications, formed from two by double but not sim-
ultaneous bifurcation, from the Pra.topora lieds, Ottawa, Ont.

28. Specimen with four plications, three formed simultaneously one implanted
later, from the I>raaoporu beds, Ottawa, Ont.

29. Specimen with four plications, central one bifurcated two implanted later
at intervals, from tiic Fiasopora bada. Ottawa. Oat.

M, BPecimM 1^ nuracMM i|dc plimtiaw, from tht lUth Avmim horiKin,
Ottawa, Ont.

31. An average specimen with foui plications from the Prssopota bed, Ottawa
Ont. *

32. Specimen with five plications, formed by bifurcation and implantation
,. „ o

""**"' "tas^ obliterated, from the Fifth Avenue horison, Ottawa, Ont.a. Specimen with five plications, two strong ones, from the I'raaopora beds
Ottawa, Ont. '

34. Specimen with numeroua side plications, from the Fifth Aveana horison
Ottawa, Oat.

—-» «x.u«uu,

" 38. Bpecimw olJ»««*(rop*io. mntm (Billing.) (ram A»ti«osti. Ti»o aUoations
u „ c

'"''""^ *'™" ""« ^y bftenrtion.
r^-mmm

W Specimen of P. nreria (Billhigs) from AnHeoeti. Two pUeatkM farmed
8imultani'ou.sIy.

37. Specimen of P reverm (Billings) from Anticoati. Three plicationa, two
formed simultaneously the third implante<i later.

I. Specimen of P. rneraa (Billings) from Anticosti. Three plications, one
Ijeing bifurcated.

39. Specimen of P revcrta (BUlings) from Anticoati. Four plications formed
aimultaneously.
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