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OpiaiMis cxprMMd la aay of its TnVIUmtUmM.

Subject to reriHion.^ [A Paper to be dincuHxed at a Meeting of the
Imtitutimi of Miuimi and MetoUurqy, to he
held at the Booms of the Geological Society,
Burlington Houne, PinadiU,,, fT'., ,„,

Thurnda,,, ApHl 18th, 1912, at ei>,ht
o clock p.m., and at a Meeting of the
Canadian Mining Institute at Toronto, on
March 6th, 1912.

The Domes of Nova Scotia.
By T. A. RicKABP, Member.

PART I.

Genkral Geology.

Thk Province of Nova Scotia is remarkable Awms regions

J' v!
^°

]' ,"?' ^'"" ^^^ '»'"*'""* «^ P'^'^'O"^ ™etal produce^ butor a beautiful lode-structure, the origin of which has provoked
the constructive imagination of geologists for PO years. As this
•nterval of time coincides with the age of modern geology, the
theories oflered in explanation of local conditions serve admirably
to illus rate the development of a science that has only lately

industr
"""' economic importance as an aid to world-wide

The gold mining region in question occupies the seaward half ofthe penin.sula of Nova Scotia and is traversed by a series of sedi-mentary rocks into which granite has intruded. Mining in thegramte has not been profitable, all the productive activities of the

Si T^ . u °.
'""^"''^ *° ^^' sedimentary series, consisting ofhighly altered beds of quartzite and slate of great geologic antiquity,

that is, at least as old as the Cambrian, although, inlBe absence ofrustworthy fossil remains, it is uncertain whether they may not beeven pre-Cambrian namely, Algonkian. These beds of quartzite
anc< slate have a known thickness of 80,000 ft., divided into an
upFer dwision of dark slate, with an estimated thickness of

1«^/f .^"^ \ ^'''''°" ""^ '^"^'^ "^"^ 1™^t=^>te about
18,000 ft. thick. It ,s ,n the lower series that the gold-bearing
odes are found only one noteworthy mine having been worked

in he upper slate, and even this exception occurs close to the linedrawn between the two division?^.

we? of^oii
™',°'"^

'f
'"" ^"^ ^ •"^''•""'"i length, from east to

«\ ;n "^ '' ''"^ ^ '''^'^' ^'•°'» °«^*1^ to south, varying from
8 to 50 miles, so that the total area comprised is about 8000 square
miles (bee map). The heart of the region extends from Caribou
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to MooHc Kiver, the \. ntal dJHtance being 10 iiiilflH and the

vortical thickness of strata 18,000 ft., in one broad inonocliual fold

with minor nnduIation8. Across this section quartzite prpdoni-

inates, the slate appearing in beds relatively infrequent and thin.

The sand-rock from which the quartzite originated .ir i have
contained lime, for calcite is abundant. The fine silt, now changed
to slate, has been much bardene<l, but its true character is not

obscured. Of later igneous rocks there is scant evidence, save at

Tangier, where dikes of diorite have been noted ; but they do not
appear to have influenced the distribution of the gold. \Ve have
to deal, therefore, with inetamorpbo.sed sediments of one stries and
the granite that has intruded into ar through them.

The age of the granite is im- .it, for it bears upon the

geologic antiquity of the ore di os. By reference to maps =

it can be seen that the granite uas displaced more than a third

of the superficial area formerly occupied by the slate and quari/ite

formation ; indeed, it has been suggested that the granite repre-

sents these rocks in the last phase of their metamorphism ; but

this is a deep question, in more senses than one, and need not

concern us just now. As we see the granite today it is an intrusive

rock, and therefore younger than the gold-bearing formation into

which it has been thrust. How much younger '} The evidence on
this point is adequate: fragments of detntal granite are found in

northern Nova Scotia within Middle Devonian sediments ; on the

other hand, in the Bear River basin the granite cuts into the Upper
Silurian of the Oriskany horizon. Therefore the granite is oliler

than the middle, and younger than the base of the Devonian ; it is

of early Devonian age. Jjetween the deposition of the sediments
now constituting the slate-quartzite series and the irruption of the

granite, there stretches the whole of the Silurian period, and a part,

if not all, of the Cambrian.

The slate-quartzite series is probably Algonkian ; the granite is

early Devonian ; what, then, is the age of the gold-bearing quartz ?

The best answer to that is afforded by the fact that the quartz veins

in places (as at Forest Hill) follow tongues or apophyses of granite,

and gold has been detected in the granite at such places. Moreover,

mineralized quartz penetrates the granite at other places (as at

Country Harbour). Therefore the quartz is younger than the granite.

Finally, a conglomerate known to be of Lower Carboniferous a^e
and composed of the eroded fragments of the slate-quartzite series

has been found at Gay's River, and from this conglomerate gold

• 1 refer to the excellent maps prepared by E. K. Faribault for the Geological
Survey of Canada.
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b»s \m'U won bv hiinini,'. The •l(>()ositinn nf i^old rii the -ihiU! awl
»jimrl/it«! m»y hnvf jnuitntnctHl iM'furu th« CtirlMmifernus. Thus
thi' K'ol'l "lul thf j'ranitc' <)<> not ditfur widely uh regards the fiiu« of

tbir mtrmliiiHion, ulth()u;,'h th«! litnitn nf one of the older ideologic U
divisions, siiuh us the DuvoniHn, inclii .• a period of time so vadt kS

to hepffjar thi< imagination of a chuinist in his laboratory. Nor ia it

to 1)6 ari«uniMl tiiat the de|H)Hitiou of the <old, much Ihsh its dintri-

biition luid concentration in tboqnartit, so as ii» constitute oreLo^lies,

was confined to any singln p<>riod. Once brought within reach of

the agencies of solution and precipitation lurking m the waters that

circulate near the earths surface, the ijold '• jaine forever subjeot

to migration, tending to concentrate or to s.; ar the metal according

to changing chemical and physical conditio

The lantl now iopres«!nte<l by Nova Scoiia ha.i passed through
successive |)eri(xls of [)icssure and uplift, the margin of the aboriginal

American continent having been roughly parallel to thu longer axis

of the Province. The .Mgonkian inids have undergone tremendous
folding. The Sii • .n and Devonian rocks overlying the gold-

bearing series also exhibit plication, but the folds are not so con-

formable as to warrant the belief that one agency wis responsible

for all the disturbances re( irded by these rocks of di... rent geological
ages. It is probable thiit the Algonkian sediments underwent
lateral pressure throughout the Cambrian period and later, especially

at the time of the granitic intrusion, for it is apparent that the

basal strata from which the slate and (juart^.ite were evolved have
suH'ered long-continued deformation. Besides the main folds, with
their axes running east and west, there are cross-folds, the net

result of which has been to form domes and ^^ughs. These
constitute the characteristic geological feature of ) ivj,'ion an'^

largely determine the shape of the oiel)od;e.s fror. hich gold is

extracted by mining and milling.

Tk I . »MKS.

The gold is associated with quartz, which in the main follows

the bedding of the country-rock ; hence it forms sheeted bodies of

ore that are sandwiched between the stratification, especially along

the thin seams of slate. Since the quartz follows the structural

lines of the country-rock, it forms 'saddles' where the slate and
quiirtzite have been bent into anticlinal folds ; but the most pro-

nounced development of ore—for sometimes the quartz contains

enough gold to constitute ore—is on the 'domes' formed where
folds cross each other.

ij) I iii
iw 11 1 mmmmmmmmf



4 RICKARD : THE DOMES OF NOVA aCOTIA.

This domical structure leads to interesting results. Owing to

erosion, the crests of the domes havt been degraded to the level of

the present surface, on the plane of which the bedding now assumes

an elliptical form. Any vein of quartz deposited along a bedding-

plane will reproduce this structure. If on a flank of the dome,

north or south, it will have a nearly straight strike, hut in the

approach to the ends, east and west, of the dome, it will curve in

accord with the fundamental structure. At the ' nose,' or extreme

ends of the longer axis of a dome, the quartz will be curved to a

bow. All this is on the plane of the surface. If fallowed under-

ground such a quartz vein will form a saddle, by being curved with

the bedding of the anticlinal fold whose axis runs en ^ and west.

Again, owing to the .synclinal fold, whose axis runs north and south,

the saddle will pitch or slope if exposed at the east or west end ot

the dome, where the strata plunge in accord with the synclinal

curvature of the cross-fold. This description will be made clearer

by reference to the accompanying diagram, which, in eflect, exhibit.-*

the appearance of a model if made in glass. The top of the block

represents the geological surface ; the elliptical outcrops are evident

;

at the west end of the curving strata are shown the quartz veins.

These in cross-section, as exposed at the left side of the bl(i(k,

constitute ' saddles,' the pitch of which is indicated.

As regards actual mining, the workings that follow the pitching

saddles usually consist of a sloping shaft with curving levels. Thiss

is best extmplified by the Richardson mine, a model of which was

prepared by E. P. Brown. At Bendigo, an Australian locality

famous for this type of lode, the ' saddle-reef,' as it is there called,

follows sharp arches in slate and sandstone, but the pitch of the

anticlines is flat, because cross-folds are not emphasi/ed ; that is,

the Bendigo saddle is like a steep ridge with slightly undulating

crest. The Nova Scotian dome resembles the upturned bottom of a

boat, the keel of which stands for the major anticlinal axis.

While referring to Bendigo as a geological analogy, a further

reference may be made to the question of anticlinal pitch. In 1890
and 1H91, when I was examining the Bendigo mines, the truly

anticlinal structure of the 'saddle-reefs' was not recognized; hence

the pitch of the anticlines was not considered. As the crests of the

folds at Bendigo are not marked by violent changes of slope, especially

within the short extent of a single mining property, it is not

surprising that this detail of the local geology was neglected.

Within recent years, however, it has become generally recogniztd

that the changes of pitch or undtdations along the anticlinal a-is

* Caiiaiiian Miiiiii'i <1uurnid. Aufjust, 190H.

mmmmmmm wmmam iiliiiillii
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(there called 'lines of reef) constitute an important factor in

modifying the distribution of gold-Learinfr quartz. Thus the

Bendigo type of ore depoi-it finds closer resemblance to the Nova
Scotian dome.

Only a small portion, however, of the gold contributed by Nova
Scotia has been extracted from quartz at the apex of these domes.
Most of it has been broken from interbedded \eins associated with

the legs or stumps of arched structures whose crests have vanished.

It will be understood that the present surface, from which all

mining starts, represents a nearly horizontal section that has l)een

cut, by erosion, through the folds at a varying distance from their

crests. The bedding-planes, and the quartz veins conforming to

them, that are least curved, are simply farthest from the anticlinal

Ciests, since all the beds of slate and quartzite are members of the

folded series. The greater the distance from the anticlinal axis the

less the curvature, so that many veins following the nearly straight

strike and nearly vertical dip of the country ap|)ear to be unreliiteil

to quartz deposits on the domes, although structurally they are

allied. Such veins follow the lower portion of an arch, the cre'^t

of which, at a higher horizon, since denuded, overlapped the douu>

that survives in the centre of the fold. A distim tion must be made,

however ; it is not necessary to assume, as some writers have done,

that every quartz vein at one time extended over an arch of rock

that has since been removed. That is another question. Whether
the quartz was conterminous with the entire fold of the country-

rock before it was reduced by erosion to the level of the pre-iiit

surface is a point on which I shall speak later. At present I aui

dealing witli facts only, not theory. It is advisable to follow llie

scientific method of proceeding from the known to the unknown.
It is not necessary to assume, and I do not believe, that the quartz

vein distant from a dome, or an anticlinal arch, is a part of a much
more extensive body that coveied the crest of a dome eroded long

ago, nor that the interbedded (juartz now found several thous".nd

feet from any anticlinal axis was contemporaneous in its origin

with, however dependent in structure upon, the lines of weakness
created in the lock formation during the process of folding.

At the Dufl'erin mine, in the Salmon Kiver district, I saw a dome
whose outcrop is barely 2000 ft. long, east to west. In other

districts such as Caribou, Mount Uniacke, and Oldham, it is obvious,

from the geological sur\eys of Jlr. I-aribault, that domes exist

having a length of 2500, 2000, and 8000 ft., respectively. Quartz, in

the shape of saddle-veins, has been concentrated at the cross-folds,

where the nose of the donu' plunges underground, luU in no case, as
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!n?h/nT'''TJ' 1"'" ''P'""''^ profiUblyat both endsof adoru

n 1- ,g. A, the east and west legs of the dome are 1800 ft. apart whihe north and south legs have a spread of oni, 200 ft. at 'he !a™level Since Mr. Fanbaulfs .nap was pabhshed. it has Za certa ned by hun that the antichnal fold is not a single riexur.Wt d.v.ded mto two saddles at its crest. Of these, the Luther^accompanied by a succession of quartz saddles, ^hich have b^e

u:p^om bie vr'^^'^p^*^
"^ «^ "• -'^ ^'^^ ^^^nZit:

but ts nl h
"°"^"'" '"*"°'^ ^^''"^•'' ^^' "« ^^^^^ oi quart,but ,ts northern leg ,s accompanied by a band of quartz stringers thaextend as cross-veins from the apex to the surface and reach fndeptlto the point where the beddmg is turned by the synclme. Stringer

l^h f"""
''' "

'T
'"'-'' '""'^^ '^^ bedding, and it is sug'ei

"

hat the former co.nc.de with fractures due to the cross-foFd Icentre country.' that .s, at the axis of a fold, even the qua t.itexh.bits cleavage. As regards the saddles, it .s apparent (in Fil Athat the anticlinal axis .s not vertical, but dips south • hence^hsouth leg IS Hatter than the north (See also photo No. 1 Thcleavage is at a h.gh angle southward. The north leg has been.nore prohtaoiy m.ned than the south, because thf buter 'sterminated abruptly by the synclinal Hexure. The co,rut ionhown under the north leg of the larger sa.ldle near its apex nearljconforms to the pitch of the anticline, which is 2' W at 125 ftwest of the shaft. The saddle shown on the left of^t A is asupplementary saddle below the ma.n format.on exploited ,n heDuflenn m.ne. The quartz ,s from 8 to 10 inches thick at the apexand thins going down. The nght-hand sketch shows how str.Zr;

iSlln^x.^
'-'''' ''-- '^« "'"»"• ^- - ^^« •- o"'^e

iirom aa.TOl tons, showing an average of H dwt. per ton.

Cre.nllation.

L The 'saddles- of Nova Scotia a.-e also re.narkable tor peculiar
corrugations or crumpl.ngs of quartz, to which the na.ue of ' barrelfomiation- has been accorded, because, when such a corrn'ated
deposit IS uncovered, it looks to the miner like the back or top of

from ni^°''/°
'""" ''''^ 'accompanying reprints (See p.^B)rom old woodcu s, appearing in a report by SiUiman, will indicatethe appearance of such a lode as exposed in a large open-cut on the
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crest of a hill at Waverley. 1 wen. thithei- in August, 1905, and
saw enough to confirm the general accuracy of these sketches.
The corrugation, crinkling, or orumpiing, as ifc ha-, been variously
termed, was most remarkable. As a technical term descriptive of
this structure, 1 suggest 'crenation,' from •/«««, a furrow or
nctch, for the larger barrel structure, and 'crenulation.'f from
rrmula, the diminutive of en .a, for the smaller apparently serpentine
threads of quartz.

While adopting the Latin derivative for the barrel structure, 1
(Ifem it best to use the English word, 'furrow,' for the individual
markmga that constitute the appearance termed ' crenuhtion."
For the larger manifestation of the same structure it might, from
an academic point of view, be desirable to use 'crenation,' but this
IS not necessary to a clear description, and may therefore b« set
aside for the present. ' Furrow ' and ' crenulation ' apply lo the
markings in the wall-rock, and not to the quartz filling them.
The quartz is found in veins of varying continuity, and in shape
reproducing the structure of the encasing rock. Hence it appears
crinkled, corrut,'ated, crumpled, or serpentine, according to the
degree to which the angles are curved. When enlarged, the bend^
uiiike the so-called ' barrels

' ; when infrequent or individual, and
especially when persistent, the ' barrel ' becomes known as a ' roll.'
Though varying in size and multiplicity, these forms of gold-bearing
tjuartz are the product of similar structural relations.
The famous ore deposit of Waverley lies at the cn-st of a low hill,

and at the western end of it, where an anticline is crossed by a
syncline, so as to cause the folded strata to pitch steeper than the
gentle hillslope. The accompanying map and section (Fig. li and
I'ig. C) are cut out of the larger map made by E. K. Faribault for
the Geological Survey of Canada. They illustrtte the excellence of his
topographical and geographical surveys. The following description
IS transcribed from my notes made on August 18, 1905. On the
crest of the hill the apex of the pitching saddle is uncovered by
shallow diggings

; the quartz has been removed, but Silliman's
sketch indicates how it looked when stripped. In the o'd excava-
tions, which followed the north and south lej.i for a few feet, the
crenulation on the hanging-wall quartzite can be seen. The furrows
are nearly horizontal, or at right angles to the dip of the wall-rock
On descending the incline-shaft of the mine tc the third level, the

JthJ^^n"\
'"'"

^>". previously used by .J. Edmund Woodman, in his paper

Scienc, P^^'^^y
°f.-^I«'«« River Gold District'; Nova Scotian Institute ofscience, lS*o3, vol. xi., part I. pp. 18-88.
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<=''n«l axis. On tbiH fen^ L '"/^'^W""*'*' '" 'he nmin ,

"ver mud by lots of irJ ^, ^' *"'""''' ''*^''' '*!<« those l«i

••'-nainin, average, h i^ ^ ,k "7^ ^"" ''«• '^'^ '"'^^
'-

15.ncheH. The vein crosses ^n„:.h? " "•''^"»"™ ^vidth of 11

;'Hte bed within a ..iZro 20 to ^5^V't *''"'«-^'-«" of

J''"nero„s jointn cross the fl, tm. andT ^""^ '^"'^ '' ""^ ^"^"'^

'»>« cleavage and the Udd 1/
'„. ? '.' '" '"^'^^'^^''^ '^n^fc

crc-nnlati„„. On the soutT i^of thT"^' r
'°"^ ''^^ ''"« "^ -

---..-i.onreach.„g.^::;.S;::;-::--^;^;

Fio. -Furrowed foot-wall at Wavcrle.y.

they are parallel to if • h u

"P and at r„ht angled to'The stri nr'^
"'^ ''^^"''^^'^ -*J^ the

^ail-rock. As the vein curv' „^K
'''" ''"'* 'tn enclosing

followed around the corner so n ' "°'' "^ '^' '^"'"^ and is

-b,;bit a devotion fZ^ he ,ip S'iJt
^^^""'^^^ '^^'"-^ '«

'lecided an«jle. At a point 125 tZ eas w \ ?
'^^'" P'"=^'"& «'' a

quartz has diminished to a seamX 2 orT ^'" ''^^ ^''» '^^^' *»>«
the slate has dwindled from a bed 7 or ^ f 'T'^:' T''^ ' ''""^^rently
few mchee, and the crenuktion ha! f i i

""* ^*' **^^ '*?«''-» ^o a
't was nearly horizontal Tat 'Tlff^.r']

^^^^ '-' viiiblo

^tt^^ri;:;::-"-^^-^^^^
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on the No
1 i.vel looking west at the north leg. ThuK at Waverl«.he crenulafons o. barrels pitch with the anticline a^ the lxs„

J

atten an distance is gainH along the flanks of the dome MiOO ft. fron, the axis the furrows lie at an an^le of 8" fm^ ,t
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As a persistent advocate of the nieci«f ns.. nf t^h^i. i .

descrintiv.. writ,^.. i .
1"w.ik use of technical tenns in'<e c.ipt.v, writing. I cannot refrain fron. remarking on the fact

Fm. E.-Thc Lode at Waverley.

that the maps of the Geological Survev emnlnv fh. ^ .
indicate the angle of the oils and nftlT, ^'''^ '"^'P' '»

^s obviously mfant to the 'pi ct.''^' te S^^^^^^^
^ay, a. 52'^ W., and then the ' din ' nf f h ^
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l«K.aIly, in l).TbyHh..e, I., lui .-n.oii., .wk. ll.ir.Hy lo,.s objoctiona
JH the local tHrni • Iwlt

' for slm.., IwcaiiHe this is coniiuonly use.1
HnothiT st-nse in Ktolouy. Thus, one rtutbor speaks of h

'• Mt

'

anpilttrs
;
one might infer that it was a Iwd of slaU. full of cro

veins; an.l when it is written that "the Mt foUoWH the Mrutifi
tion,' one concludes- nt least 1 eoucluded for a i-ionient- tha
yeologic tniisni was In-ing stated. Another objectionable locali
IS 'pay-streak' to signify ore - shoot ; in mining a 'streak' is
thin piolongati(m of ore, a threadlike or ribbony structure, but
Nova Scotia it refers to an orelxxly having a definite pitch. Wh
clumsy and unnecessary when employed locally, such terms .

undoubtedly confusing when used in v.ritings intended to be re
by persons at a distance.

At Oldham more evidence was gathered. Here the mining w
at the eastern end of a dcme. In an excavation at the side of t
road I ma.le the sketch shown in Fig. F. The iK'ddin" dips 45 '

^
the cleavag.. is 62 N. The line of intersection pitches dearly
12 K. The crenulation pitches similarly. In approaching t

nose of the dome, or the place where the anticline is crossed by
syncline, it is apparent that the furrows and the .jnartz associate
with them pitch eastward at an increasing angle.
Oldham IS celebrated for its 'rolls.' These l' regard ns isolaK

or mtrequent furrows of larger amplitude. Thus a 'roll' in
quartz vein, following the i.e.lding-plane. represents a p<.rsistei

• nlurgement and enrichment along a bend in the foot-wall. A «
IS sometimes found where a cross-vein or angular ' meets a vci
that follows the bedding. This would appear to mark a display
inent at the intersection, just as the normal roll represents a sli
where the cleavage crosses the b^.^ding. Angulars uie ino'
plentiful at the place of cross- folding, that is, where intensity (

movement has induced luaximuni fracturing.
Oldham has in-en alile to boast some small rich mines. Most i

them liiiv.. yielded gold from recognized rolls, to which the name
of their discoverers still cling. One of the most famous is th
Ilardman roll, named after that veteran engineer, .John E. Hardmar
This roll is on the Dunbrack vein, which dips 38^ b. near th
surface and increases (at a depth of 800 ft. vertically) to 46^. Tw
rolls, panillel to each other, have been found. The first, or Ned'
roll, carried « to H inches of quartz in an ellip.soidal body 10 t
1.5 teet long. The second, or Hardman roll, carried 10 to 15 inche
of quart/, increasing rarely to 18 in., and for a length of 18 ft.
narrowing at one place to 8 ft., but fairly uniform in size. Boil
rolls are accompanied by minor Huting of the foot-wall. In goin<

.' ^^4
'Mt^lMBS^
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In going

..istward this erenulation, with the rolls. pitch.H ,„ uv steepiv
Hetw,H.n the roll, the wall-rock exhibits sharp flut.ng ard i^
.iCCon.pani«l by \ to .-, inches of ,|uart.. The first roll was struck in
the No. 2 .haft at 100 ft. an.l the second at HOO ft. on the dip
The No. 1 shaft cut the first at 300 ft. and the second at 450 ft. on
the dip. It appearH, therefore, that they nmintaine<l an approximate
parallelism. Eastward these rolls are cut off by a well-defined
fault; they have not lieen exploited beyond it. although the geological
map indicates the position of the vein east of the fault. It is
stated that the top roll marks the junction with an angular. These

0'"""'T*'Tega„«„, (^SL<T£ 1 CASING

Pio. F.

ire notes obta.ne.l from Messrs. " ribault and Weatherbe, with data.uen by resident miners. The workings are no longer accessible.On wnuag to Mr. llardman, in November, 190.5, he stated to me
hat the rolls are " simply enlargements of the quartz vein-fillimr
Loruontal sections of which have the form of elongated ellipses

''

The quart, of the Dunbrack vein, he added, had a general assay-value
o ^3 to J,lo (or 8 to U dwt.) per ton in free gold, whereas the ore

«uJi ]
"'?''

^T^'^"'^
^^'^ '^'''- ^25' '^^'^ sometimes as high

as !51(,00 per ton " for lots of 8 to 10 tons." The high-grade orewas associated with galena and zinc-blende, the p^^^rer quartz
carrying from \\ % to 2^ % mispickel, iron pyrite, and pyrrhotite all

« !"'-''J
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of these minerals being found also in the rich ore, but subordinati
to the galena and blonde. Mr. Hardiiian says :

"The thickness of the Dunbrack vein as n whole (throughout its \vorke(
extent of over 2000 ft.) would ran^'e from 4 to T) in. ; in plaoes it nariowi
down to an inch or less, in other places it widens out to about 9 in., bu
the average width, apart from the rolls. I should put at about o in. Ii
the rolls this width is niueh increased, tlie average width of the quartz ii

a roll being about 17 to 18 inches. The extremes within the roll would rui
from 8 to 22 inches. Occasionally there came into the vein what are callec
' angulars,' which you will recognize under the more general name o
' feeders.' These arc small quartz-veins, of vcrv limited length, and com
paratively limited width (rargingfrom ^ in. to l* in.); often they are pun
quartz, but also often they contain quite an amount of carlxmate of iron oi
siderite. These angulars, when coming into the vein from the quartzit(
hanging wall had little or no effect on the richness of the ore, but wher
they came in from the frMt-^^all side, also through the quartzite, they were
decided feeders or cnlargers of the quartz above them."

I append a photograph (No. 2) given to ine by Mr. Hardman,
but taken by Mr. Faribault. I also add a photograph (No. 8) of the
furrowed foot-wall of the Sterling vein, at Oldham, as seen near the
bottom of a 35^ incline on the eastern nose of a dome. The incline
had followed the quartz, here removed, for 725 ft. on the incline or
pitch of the anticlinal fold.

At Mount Uniacke, on August 21, I'JOo, I saw a 'crumple'
or subordinate fold in the Borden vein. This was described by
Mr. Faribault in the summary report of the Canadian Geological
Survey for 1903, and is there accompanied by a beautiful explana-
tory drawing. The evidence obtained in th(i course of mining
indicat.

, that the subordinate fold is echoed by a series of strata
and th.t the quartz veins following the f(dd are connected by
stringers along the anticlinal axis. The workings visited by me
showed that the fold had an amplitude or cross-sectional measure-
ment of 40 ft., and a height or vertical measurement of 15 ft. It
had been followed for 340 ft. on the pitch, which sloped eastward
at 15°. This small fold showed a double crumple in the roof or
hanging wall and a single bend in the foot-wall, the divergence into
the two crumples being accentuated eastward. Here we have, on a
small scale, a maximum of contortion in the bedding, creating
highly favourable conditions for the passage of mineral solutions.
This locality is 650 ft. south of the main anticlinal axis, and at the
westward end of a dome.

The accompanying sketches and photographs will illustrate the
structure. First come Mr. Faribault's drawings. Fig. G is a
general cross-section, showing the relation of a series of parallel

sitasmE^ns
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No. 3.—C'rt'niilnti'd lnot-wall of tlie Stevliii',' vein at Oldliiiiii.

as seen after tlie (jtiai'tz has been removed.
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veins, and the subordinate fold as exposed in four successive

' leads ' or veins. Fig. II is a detailed section en tho Borden vein.

It will be noted that he marks the cleavage in the slate as being at

a high angle northward. Fig. I is a sketch made by me in an old

stope. A quarts, stringer along the anticlinal axis indicates the

system of feeders connecting the successive crumples. The crenu-

lation accompanying the quartz, previously removed by mining, is

seen in an adjoining shaft, where it slopes west slightly ; in an

open-cut farther west the ' fluting ' or crenulation pitches 4° to 5'^

eastward owing to a local bend in the strike of the stratification.

The crumpling or subordinate fold, of course, will not be confused

with the crenulation ; one is a local plication of the bedding-planes,

while the other is a fluting along the surface of the beds. On the

bottom level of the mine the cleavage is distinguishable in the

quartzitic rock of the foot-wall, and it is seen that the line of

intersection with the bedding pitches 15"^ to 20° west, while the

incipient crumpling on the same wall-rock pitches 10° to 15° east.

Fig. J is a sketch taken in a stope on the south leg of the crumple

and 150 ft. east of the shaft. The crenulated quartz vein is nearly

in the centre of a bed of slate (2 fi, thick), hnt it does not follow

.-M
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the bedding. The cleavage is altuoRt at right angles to the walls of

the slate bed, the foot-wall of which is followed by a vein of

• bull ' quartz, namely, barren white quartz as distinguished from

the bluish-grey mineralized quartz of the crenulated vein. The
latter shows or^casional bunding, due to included slate. This is a

good example of the • barrel ' quartz of Nova Scotia.

The accompanying photi^graphs (Nos. 4, 5, 6, 7 and 8) will

illustrate the extraordinary character of the crenulation. The
photographs were taken by D'Arcy Weatherbe and E. R. Faribault,

who were deputed to be my assistants when making the geological

investigation for the Government. No. 4 and No. 5 show the

crenulation impinging on the ' roll ' formed by the crumple or

minor fold. No, 6 exhibits a small fault. The crenulated quartz

rAff

o-r

Fig. J.

vein overlies a 'bull lead,' that is, a barren quartz vein, which
follows the bedding-plane. The crenulated or ' barrel ' vein is in
a bed of slate. No. 7 is another of the same vein, the Borden
' lead,' at Mount Uniacke. No. 8 again exhibits this remarkable
ore deposit; for the quartz is gold-bearing and was being stoped
profitably. No. 9 exhibits the structure even better. The crenu-
lated vein is accompanied by a simple quartz seam, marking the
bedding-plane between the slate, in which the crenulated vein lies,

and the quartzito of the foot-wall. No. 10 shows the crenulated
foot-wall of the Murray vein at Mount Uniacke. The crenu'ation
pitches 75° E. No. 1 1 illustrates the same structure on a larger
scale. It is similar to that shown in Fig. 10. Additional examples

M
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BpjKiHr in Nof. 12, 18, 14, 16 and 16. The first of these (No. 12) is

ft !ine photograph, by Mr. Faribault, of the Ser^xjnt vein in the
Mooflt' River <liHtrict. The ^cale iw about 1 ft. to the inch. No. 1»
represents a " small curly lei-.i " in the Mexican mine at (ioldenville.

The bedding—diagonally acro8H the crenulate<i vein— iR clearly

indicated by another quartz vein. No. 14 shows the Touquoy vein,

in the Moose River district. The cleavage of the slate is indicated
above the quartz vein. No. 16 illustrates a quartz vein zigzagging
across the bedding-planes at Forest Hill. No. 18 is a photograph
of two crenulated veins at Moose River. The scale is indicated by
the hammer and the Canadian $5 bill. This photograph shows
two nearly symmetrical veins, but they arc not conformable. In
I'hotograph No. 18 the Great North veil at Moose River is shown.
Here the relation of the crenulated vein to the cleavage and the
bidding is evident. No. 19 shows the workmgs oi the Taylor vein,
also in the Moose River district, on the south anticline, with a
minor synclinal fold. The cleavage of the slate is evident. No. 20
shows a subordinate syncline in the Montreal Co.'s quarry at
Moose River. The cleavage is evident. Several of these photo-
graphs appear in Mr. Woodman's paper on the district, and to him
I am indebted for many of my prints. No. 21 shows a thick bed of
quartz itic rock overlying the Cameron vein at Ecum Secum. The
cleavage ami jointing are evident. No. 22 is a photograph of the
Richardson vein, where it is evidently crossed by quartz stringers
of later origin. No. 28 is a series of veins in the Boaver Hat mine,
at Isaiic's Hiubour, These veins are at a crumple or subsidiary
fold in quartzite at a depth of 40 ft. from surface.

Origin of thk Crenulation.

The origin of this beautiful structure is difficult to explain.
The first idea, adopted by some of the early observers, is that the
quartz constitutes an integral meml)er of the sedimentary series,

that is, the silica that became quartz was deposited contempora-
neously with the silt and sand that became slate and quartzite.
According to this theory, the quartz underwent folding and corruga-
tion with the encasing rock, and was particularly plicated at the
places where anticlinal movements crossed. This simple explana-
tion is killed by the single fact that the crenulated veins cut across
the bedding-planes between the slate and quartzite (See photo-
graphs Nos. 9, 13, 15 and 18).

The next theory that may be proffered is that the quartz has
replaced another mineral, segregated from the original sediment

I
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and distributed along bedding-plants or other lines aflbrding passage

to iindergfoiind solutions. Calcite is prevalent throughout the

region, and in association with the quartz; therefore it may have

occupied the fractures in wliicli (juartz is now found. Such calcite

would have been cruslied by the earth-niovenients, and thus it

would be all the more easily soluljle in silicious acid waters. This

theory also lacks the support of evidence. It is true that although

we cannot conceive a layer of quart;c undergoing violent bending

without becoming crushed, a condition in which quartz is not

uncommonly found in lodes, we can imagine more readily that

calcite could better withstand the strain, and even if crushed it

might, at a later period, be replaced by quartz. In this connection

we may remind ourselves, on the testimony of natural sections,

that rock deformation i "isues in the deeper portion of the earth's

crust. C. R. Van Hise has estimated that at 12,000 metres "the

weight of the superincumbent mass is greater than the ultinuite

strength of the rocks, ^ which then undergo 'flowage' or deforma-

tion without fracture." These considerations might well apply to

the case in point, for, as wi have seen, the rocks encasing the gold-

bearing quartz now being mined in Nova Scotia were at one time

covered by eight miles, or 12,000 ft., of superincumbent strata.

Moreover, the pnicticiil researches of Frank D. Adams, in the

laboratory of Me(iill University, prove that many rocks and

mini'rals are capable of deformation without rupture when under

great pressure.; Thus we have evidence on this point; but it b

not applicable to our problem. If it be supposed that the quart/

replaced another mineral which was deposited along the bedding

planes, either by original sedinientation or by subsequent segrega-

tion, \\v are again faced by tlie fact that the crenulated vein?

traverse tlii> bedding. Hence they could not sO originsite. If we

recognize that the (piartz does not lie wholly along the planes oi

bedding, then the problem of explaining tlie crenulated structure if

not facilitated by imngining quai'tz to liav(^ i'epl;ic(>d calcite, for anj

explanation that would suflice for one would be adeiptafe for the

other. Therefore this second theory does not earry us any further

forward. We dismiss it, with regret.

The next theory is not so easily stated, but it is based on the

observation that quartz veins exhibit a step-like or zigzag course

• Such US tlio Comstock.

t Trims. Aiiicr. Inst. Mill. Eii'J., vol. xxx,, p. 32.

J
The hntrnalof Giolofty, vol. xviii, No. 0. 'An Experiinentiil Investigation

into the action of dilTerential piessuie on ceitain minerals and rooks.' By
Frank D Adams.
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in traversini,' beds of diverse tcxtui. :ind in crossing the cleavage,
joints, or otlier structural ine(]ualities of a homogeneous rock. Thus,
at Hendigo, I noticed that the ' spurs ' or cross-veins, which are
mined profitably on a large scale, have a marked characteristic

:

they cross the sandstone almost at right angles to the bedding, but
they tend to follow '\u >

: /.-age of the slate. See Fig. », 9, 10, 11,
IB, 14, 80, HI, ,., ,inil -H d ly paptr entitled 'The Bindigo
Goldfield' (secor ; pjiper), T,ah A.I.M.h., \o\. xxi, pp. ()S(! 718.
Fig. K reproduce t,j.^.. .^ ^f ,u^ Bendigo paper. On turning to the
description, writteu it. I;'L\:' I find that I referred (on p. GKH) to

this characteristic in the following words :
" A quartz seam upon

leaving a bed of sandstone and entering one of slate, invariably

turns its dip in sympathy with the cleavage of the slate." To put
it in another way: a fracture crossing a series of slate and sand-
stone (or quartzite) beds will cut ri;;ht across the sandstone because
It IS of fairly uniform texture, so that it is as easily broken one way
its another. The same fracture, when encountering a fissile rock,
Hke slate, will find the path of least resistance along the cleavage
lather than across it. Hence the fracture, in crossing an alternation
of such rocks, will take a stop-like or zigzag course. (See Fig. L).

If, now, the beds be thin we find this structure emphasized. (See
Fig. M).

If, next, we suppose the alternation to be repeated with greater
frequency—if, in other words, we take a shaley sandstone marked

eJHiii ts:h
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by well-developed cleavage—we obtain conditions favourable to a

crinkly line of fracture. (See Fig. N).

This affords a clue, which appears to be confirmed by the

significant fact that the crenulation, as seen in the Nova Scotian

mines, has a pitch conforming to the line of inter.section between

the bedding and the cleavage. It appears to be dependent on a

relation to the cleavage.

Crenulation is not unknown at Bendigo, although there it is not

a dominant characteristic. On turning to my first paper on the

Bendigo goldfield {Trans. A.I.M.K., vol. xx) I find two sketches,

Figs. 65 and 66, illustrating this structure. Fig. O reproduces the

Fig. 65 just mentioned; it is particularly interesting because it

shows that the deposition of quartz has followed not only the lines

sympathetic to the bedding but also a nearly vertical fracture along

the anticlinal axis, as well as another that shows some kinship to

cleavage. We mus* remember that the shape of the quartz is

determined by the fiature of the receptacle that it occupies; even if

we suppose it to have found space by replacement of portions of the

country-rock, wo have to ascertain the nature and shape of the

fractures along which it found a way when in solution. Veins of

quartz vary in dimension and direction in accordance with the

diverse texture and hardness of the rocks traversed by fractures

precedent to ore deposition.

These fractures .ae various. The lines of weakness along the

bedding-planes, especially such as separate a relatively soft from a

relatively hard rock, a slate from a quartzite, for example, furnish

obvious facility for rupture. Along these is deposited the quartz of

the ordinary saddle-vein. Other things being equal, the crest of

an anticline furnishes an opening or a tendency to open ;
the

syncline does this also, but, while the principle of the arch tends to

keep the anticlinal fracture open, the dead weight of a trough-like

depression or syncline tends to close it. 15etween the two bends, on

the flanks of the anticline—which are also the reversed flanks of the

syncline—the strata are compressed, the bedding-planes are tight,

and the least possible facility is afforded for the circulation of under-

ground waters. Connection between the crests of the anticlines is

obtained by fractures that follow the anticlinal axis, as in Nova

Scotia, or by dikes that have been injected in the wake of regional

dislocation, as at Bendigo.

In a region marked by folding the greatest intensity of fracturing

is exhibited at the place of maximum plication. At Bendigo this

is found at the apex of an anticline. In Nova Scotia it is found

where the folds intersect, that is, where an anticline plunges in
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No. l;>.— III tilt Mox iciiii mine at Goldonville.
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1. A. Jtickuid: The Domes of tfova Scotia.

No. IS. -Tlip Groat Xortli vein iit Moose River.
This c-reiHilated vein is sliown as ii s( rpentine tln-ead in the midst

of a bed of slate.

No. 20.—llontrcal Co.'s (jiiarn at Moose River.
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y. A. Itwkiinl : The l>ome» of \ovii Smlin.

No. 8.— S.vncliiml portion of tlu" IJonlen vein at Mount Uniacke.

No. 22.—The Kicliardaon vein, 'vith cross-stringers.
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Wiiverk'.y.

Isaac's Harbour.
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T. A. lUckaid : Tlic DtmifA iit Soni Smlin.

A serifs of small iniiU's ut Moiiliiiruc.

Old workings at South L'niacke.
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obedience to ii transverse syncline: at the nose of a dome. It is

tliere thai the creDiihitioii is most mari^ed. Foldinj:; is accompanied

by cleavage in fissile rocks and by jointinjj in those of granular

texture. The main anticlinal axes are characterized by a dominant

cleavage, usually at a high and persistent angle. At the approach

to the apex of the fold, and more especially at the place where the

rock is twisted by cross-folds, the regional cleavage is dominated by

a local radial fissility, exemplified in several of the annexed

photographs. It is there that the crenulation is most marked and

most continuous.

At the place of maximum flexure, where the cleavage dominates

the bedding, any fracture due to regional movement will find a

devious way. In part it follows the bedding or, at least, it confines

its divagation *o one soft bed—of sit'''.-; in part it responds to the

invitation of the cleavage-lines ; in default of such assistance it

traverses both bedding and cleavage, but not for long. A vein-

fracture in one mine plays numy parts. That was the lesson at

Bendigo ; that is tlie teaching of Nova Scotia.

When the solutions containing both quartz and gold began to

course along the fractures thus prepared, they were deposited

wherever conditions were favourable, and after deposition they

tended to rei)r()du(f the cbaracter of their abiding place. Thus I

argue that they were precipitated along the bedding-planes, to form

the simply tabular deposits that delight the writers of textbooks;

they lil'Cwise were laid <lown along the arches that gave us the sym-
metiicai .-addle lode; they rested in cross-fraetures that Iwcame the

'spurs' i)f I'.eiidigo and the ' angulars ' of Nova Scotia; and,

finally, they found a way into the intricate and rhythmically-

crinkled passages prepared for them, where cleavage and bedding

disputed for structural mastery.

As far as 1 know, only one writer has made a detailed study of

the crenulatii)n. I refer to Mr. .1. Edmund Woodman, formerly

Professor of (ieology in the Dalhousie University, at Halifax. His

paper on the Moose River district, to which reference has previously

been made, is a good exampU -A careful investigation. The
accompanying drawings are excellent. They ati'ord evidence that

the crenulation is -i-ually eontinc^d to one side of a fold, that it is

found on cr<)ss-vein> as well as on the stratified veins, that the

laniinu' of the enclosing slate tend to curve with the quart/., that

the crenulation is mo-i common in slat^* i)«ds lujiinded on both sides

by quart/ite, that tlie .-.yiiq)atlietie curves in the rock rarely reach

more tiian 2 tt. from tlui creiiulated vein, and that the furrows are

larger where not parallel to th(> bedding. He recognizes straui-slip

tieuMigr, ami .5a^:^ ti.a.i "if il ellu.^eli liie conugalious, we should
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find some sign of it also in the sftliuients, either cleavage or acute

small-scale folding; hut do not." He adds that "there is not the

slightest deviation in the dip of the laniiniv in proximity to the

veins," but I cannot reconcile this with the statement that " the

lamination of the slates follows the crenulations of the lead,

exactly when near it. less faithfully when fartl er away." If the

" deviation " of the laminae is not from the noru al dip, from what

line is the deviation? Dismissing strain-slip cleavage, Mr. Woodman

says: "The only explanation remaining, therefore, is that the

cios'3-veins lie in fissures which had their present sinuous course at

the beginning of occupancy by the vein material. It is noticeable

that this crenulation is not found in quartzite unmixed with slate;

but is confined to slate and alternations of the two. It is best

developed where no quartzite is present. It appears, then, that in

the thinly laminated pelites," at the time of intrusion of the cross-

veins, the rock broke under the strain most easily across the strata

squarely or diagonally in places, with the bedding in others, and in

some backward or downward rather than upward." Thus I infer

that Mr. Woodman and I reach the same conclusion by diverse

ways. I hud not read the foregoing paragraph until after arriving

at mv own conclusion. And I reached it by two suggestions : first,

the coincidence between the pitch of the crenulation and the line of

intersection between the planes of cli avnge and bedding, as noted

by im in 190."), and, secondly, the analogy of the cross-veins as

sketched by me at Bendigo in 1H90, showing the zigzag structure

when the quart/, filled fracture crosses alternate beds of slate and

sandstone. Then canio the evidence of such photographs as

Nos. IH, 19 and 20, where radial cleavage is seen to be traversed by

veins of crenulated quartz. On turning to Mr. Woodman's paper I

noted his sketches of cross-veins accompanied by crenulation, but it

was not until writing the foregoing paragraphs that I ascertained

how closely his conclusion tallied with my own. We express it

differently, but the fundamental idea is nearly identical. He wrote

in 1908.

Thus the crenulation may finally be regarded as the l)eautiful

product of complex fracture due to cross-folds in rocks " uneven

texture. The fissility induced by extreme plication has ., ^rded a

sinuous line of passage to rupture and to the quu; •
; that

subsequeniiy healed the lupture. As originally formed the veins

were crooked, that is, they zigzagged in a sharply angular line. In

the cour.se of mineral impregnation they became rounded. Nature

hates an angle as she abhors a vacuum. Time softens hard lines is

• A pelite is a rock composed of fine mud.
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a poetic way of saving that chemical corrosion is most rapid where
the larfjest surface is oxposcci to solvent action. The angles of the

zigzag vein-fracture were filled with cjuartz, which, in the course of

accretion from further passing solutions, replaced the crushed slate

adjacent to it and slowly gained a rounded outline. On the 700-ft.

level in the Gagnon mine, at Butte, I have seen boulders 5 or

feet in diameter, formed by the solvent action of water that has
seeped along joint-planes in the granite. These were similar in

ciigin to the boulders formed by erosion at surface, and were due to

the sculpturing hand ot chemical waters. Once rounded, the hard
quartz bent the neighbouring soft slate to its unyielding shape.

Neither movement nor solution cease underground at a given
moment. Since the veins were formed, the continual shifting of

loads of sediment, by transfer from mountain to river, from land to

sea, has caused the disturbance of equilibrium that incites geologic

unrest. This has been the cause of new fractures along which later

solutions have found a patient way. Photograph No. 22 shows
clearly the occurrence of quartz veins differing in character and
origin. We who see a vein in a mine to-day are apt to regard it as

a finished product, brought to our attention at the close of a

completed cycle of chemical and physical oi^erations. Wt regard

ourselves as full-stops in time. On the contrary, the whole of the

period durin^j which man has tenanted the earth barely punctuates
the geologic record; ours is a brief phase synchronizing with a
minute portion of the vast stretch of time during which the vein of

ore has undergone successive change. Had we left it in the ground
it would have undergone, in later eons, a further alteration. When
we remove it with the pick and hammer we break the normal
sequence of its development; we are for a brief moment the masters
of forces that have operated since the dawn of creation.

^

.^A^tU
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I'AHT II.

Introdiction.

In l!)Ori I was fn«a«;.'(l by the (lovfrniiunt of Nova Scotia to
fxaiiiino and n.port upon the goldfu'lds of that Province with a
view to Kivin^ advice conceininj,' the hest method of stininlating a
declininj; industry. After I ha<l e pleted my investigation of the
gold-hearing lodes of the country I turned, as was projwr, to the
descriptions ami explanations published hy earlier investigators, and
in ransacking the literature of the subject'^ I found delightful
evidence of the growth of geological thought from 1«60 to the
present day. This evidence can be summarized in the form of a
series of ijuotations, accompanied by my t)wn comment, and it is

here proffered as a contribution to the study of economic Kcology.
Before citing a succession of observers, I shall ask you to

remember that the longer axes of flie saddles and <lomes, on which
the ore is found, have a strike from east to west, that is, parallel to
the iiacklx)ne of the iieninsula of Nova Hcotia, with cross-folds
extending roughly from north to south. Next it is necessary to
explain some of the terms used by earlier writers and sanctioned by
local usage

:
' Lead ' is used as a synonym for ' lode.' The slate

is variously called 'shale,' 'clay slate,' ' argillite,' and 'belt.'
The last of these is also a synonym for ' bed." The quartz is said
to lie in the 'belts' of slate. The qtuirtzite is called 'sandstone,'
which is not far wrong, although the rock in question is undoubtedly
crystallized by metamorphism. Another local synonym for quartz-
ite is 'whin.' This, of course, is an old British term applied to
the trap-rock forming the base of that horizon in ihe Carboniferous
in which are found the lead deposits of the north of England,
notably at Alston Moor. Used thus it is the equivalent of the
Cornish ' elvan.' As applied to the Nova Scotian qnartzite it is

entirely wrong, and serves merely to perpetuate an early error.
Both 'belt' and 'whin' are localisms of a pernicious chanicter,
because any special significance that they may possess is misleading.
Gold was discovered at Waverley f in August, 1861. Earlier

discoveries had been made at Tangier, in 1860, but they proved
unimportant.

\i
' \" "}'<'•' I ^^"^ Kieatly aided by a bibliography placed at my service by

Mr. .). Kdmund Wooaiiian, then professor of geology in Dalliousie University.

t Orii/inally it was Waverlv nrohahly from an rrror in spelling.
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John C . ii'i.i r.i..

ni

In lHG;i Jolin CiiiiiplH'll iniult' a lopoil to tlif IVrA'incial leffiMlatiiit".

He H|ioko of the ' whin ' iis tlio fiui<liiniental or hasemont rock of
the iv-fion and drew a scttion .showing that " it conies to the surface
SIX tinio-i Ik'twii'M the Athmtic coast and the northern boundary of
the gold district, say HO or 40 miles. As in each case the associiittd
rocks accompany it. and with them the auriferous quartz, it is plain
that this structure is clearly estahlished, and there must be not less

than twelve parallel zones at an avenij,'e distance of not more than
three miles from each other, in which the explorer nuiy reasonably
look for the occurrences of •,'old.l)earinj,' quartz."

Evidently he looked for i; . ^old on the sides of the fold, not
alouK the ajiex. He also assumed that the stratified rocks were
continuous sheets, not Hat discs. As the quartz also is suppose<l to
lx> inter-blanketed without a brciik, we may infer that he imputed
the absence of it along the anticlinal crest to the effects of erosion.

John Arthur 1'hii.iji's.

Campl)ell quotes John Arthur Phillips, who apparently visited the
Waverley district at this time (l862-'6a). Phillips says: "The
principal workings are here situuted near the summit of a hill

composed of hard metamorphic shales, where openings have been
made to the depth of 4 or 5 feet, upon a nearly horizontal b( d
of corrugated quartz uf from H to 10 inches in thickness.

He does not appreciate the anticlinal structure, and this failure
to notice a dominant feature may ha\e been due to the small extent
of lode then exposed. Apparently the ore bad only just Inn
uncovered on the crest of a flat (hmie, .so that it looked lik. a
horizontal layer. Proceeding, he says:

"Tliis iuirifcrous deposit is entirely different finm .inythinK I hud seen
befoii', (iiid wlieu laid opin prest'iits tlu' iipptiiiann' of trees oi lo(,'s ot
wood laid tof,'etlK r side \>\ side, after tin. umiuui- of an .\iiicrifan cordurov
roud. From this cireunistanc-e the Uiiners have applied tl:c naiiie of
' barrel quartz ' to tlie formation, which, in many casts, presents an
appcarnnoc not unlike a series of casks laid together side by side and ind
to end. The rock covering this remarkable horixontnl \tin is exceedinplv
hard, but beneath it. for some distance, it is s- Iter and more fissile. The
<|uartz is itself foliated parallel to the lines of etuvature, and exhibits a
tendency to break in uccordancc witli these striie."

Ben.iamin Silli-man, Jr.

In the following year a famous American geologist, Benjamin
Silliman, Jr., offered a description of the Nova Scotian goldtield in
a paper publishLd ut Xewhaven, in Feiauaiy, iHQi. He maiie
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rt'fi'nnce to the strong nmrkH of f,'lii(iiition iiml tb»' proofH of

I'Xtitiiii' (Unudiition. Miiition is imuli' of "tht' uiiixcisal tvitlenci'

of A hiyh (ItRreo of ^luciiil action, which has so worn down an<l

polislud tht rocks ibiU th< ir tdjjcs ivcryw hen- rt'simblt' thi- leaven

of a hook which i:a- iacn cut with h dull knife in the binder's

pr<«8; in ti direction iit right Hngles to that of the leavcB."

Eiit'.y ohserMrs, seeing a few juitcheK of glacial drift, had
imagined the existence of large •^oid-liearing alluvinl deposits,

hidden in lakes and marshes. Sillinmn. however, pointed to the
marks of d( nudiition nd stated that " they account, in fact, for the
general absence of alluvial gold." "The great mass of loose

nuiterials which come from the scouring of the countrj* by glacial

action has gone into the Atlantic ocean, where the gold is safely

deposited."

He gives a section and a perspective view of the Waverley
deposit (see opposite page), and says :

'•Only the ((irrugatioiis in the Dpcii part of the cut are visible; the
extension of the vein to the right and left is ideal, the superincumbent
mass covering it. 1 measured, however, the quartzite above, dipping to
tlie right iiii-l left at u small luiple, and I think no geologist would doubt
that the crest of an unticliii ' axis here couies to the surface and has
escaped the denudation whicii has remo\ed the top of the crest in most
places. The corrugations, or folds, appear to be accounted for on the sup-
position of a luteral tlirust producing the undulations. The annexed
perspective view of thi^ interesting locality is taken from u stereoscopic
photognipli, showing ti.e upjie^irance of the barrel quartz after the surface
rock (quartzite) has been renii)ve<l, and before the miners have brokcti
up the quartz layer for removal."

It is obvious that Sillimau made an acute diagnosis of the struc-

ture and we shall see that many years passed before any later

scientist was able to throw fresh light on the subject.

T. Sterry Hdnt.

Four years later, in 1H68, a celebiated chemist and geologist,

T. Sterry Hunt, made a report for the Geological Survey of Canada,
He quotes Campbell as having drawn attention to '• the grain or
reed-like marking often impressed on the surface of the beds in a
direction parallel to the east and west axes of folding, and he points
out that the angle of dip, eastward or westward, of these markings
on the crown of the great anticlinals enables us to detect the
transverse, or north and south, lines of undulation, which have at
a subsequent pt^nod disturbed the horizontality of the east and west
anticlinal folds." It is obvious that for the "angle of dip" we
should read ' pitch.'
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Hunt himself pr<X!e«Hls to say :

" The inui'kiiif^M in quoHtion often uppcar hm rib-hke ritlgeH or Hiitiiij^'s,

wliicli an' most conspicuous on tiie surfiicc of tlic iiui'ifcroiis quai'tx lasers

and the enclosing beds. On tile suinniits of tlie anticlinal folds they arc

sometimes so lar>,'e and so well defined as to fjive the layers a wrinkled or

eorru^aled form, producing wiiat is designated in the region as "barrel'

quarts, and has by some observers been euinpsred to the ripples on water,

and by others, to tliat parallel arrangement of logs which is seen on what
is culled a corduroy road."

In explaining the origin of the deposits of <>;ohl-bt>anng quartz,

Sterry Hunt says:

" So far as my present observation goes, I think that to descrihe them
otherwise than as intcrstratitied beds would be to give a false notion of

their gcognostic relatioiis. The laminated structure of many of the lodes,

and the intercalation between their layers of thin continuous films or layers

of iirgillite, <'nn hardly be explained in any other Wi'.y than by Miipposnig

these lodes to have been formed by successive deposition at what was, at

the time, the surface of the earth. There is, moreover, evidence that these

laminir were formed before the lodes were folded and contorted ; this is

fiu'nished by some remarkable specimens of the so-called barrel quart/,

which I took from a lode at Upper Stcwiackc. ... It seems not

improbable that the corrugated structure of the lodes, which gives rise to

the barrel quart/, is due to the difference in texture, and to the greater

resistance to lateral pressure offered by the quart/, layers tliaa by the

enclosing beds of ilay and sandstone, which by their consolidation have
given -'se to the argillitcs and >juart<:ites."

Thus he supposes the quartz to bo an original member of the

se:limentary deposit in which it now lies embedded and he imputes

the crenulation to subsecjuent tolding. The corrugation of quartz

and the corresponding fluting of the rock encasing tht-m are esseu-

tially different from ripple-marks, such as, for example, I saw on the

f(K)t-wall of the .Johnson's U^ef mine at iiendigo. The efficacy of

lateral pressure alone is negative! by the fact that jtho 'barreling'

or crenulation is exhibited by veins tnat cross tho stratification.

Henky Y. Hind.

Tho next observer to write on the subject was Henry Youle Hind,
who published a report in IHUO. He had an active imagination,
for he says: "A very fe 'ble conception can now be formed by
superficial observation of the original enormous magnitude of these

huge waves ot rock which ridged the surface of the Province.
Whether ilenudation took place as fast as the uplift, or whether the
undulations attained thuir mi vimin altitude, partially or wholly
undenuded, it is certain that not less than 9000 ft., in vortical

• Traitf. A.l.M.F.., Vol. xx. p. -519.
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thickn.sH, iH-lon-in- to ,mv rock serieH, havf been leniovecl from
the prestnt surface of the Wiiverley jrolil district."

He .peftks of " whin, .piart/Jte, and slate," and assumes the
• whm to he of Igneous orifrin. Having imputed a volcanic character
to a sedimentary rock, he next credits the quartz lodes with a
WM imentary .lerivntion. He says: "The .^o-called veins, leads, or
lotles m which the gold is chieHy found, are true beds of aqueous
oriKin, and formed by deposition in the same manner as the associ-
ated quart.ites and slates with which they are interstratified, and
nuiehnittly proion-red in all directions."

In order that we may not l)e mistaken as to his idea of the true
character of the • whin,' he explains that «' under the general name
' whin are included a variety of rocks which are correctly known
as diorite, .liabase, dolerite, etc.: but for the sake of simplicitv
these will all be comprehended in the general description under the
term 'whin.'

"

Hind's i.lea of simplicity is to ignore facts. However, in his
description of the .letails of i.^le-structure he exhibits powers of
observation better disciplined. He says:

•; M \yav<.,l,..v. movement h.i« oc-.-urred between the .piart/ and tl.ewhin or between the .,uart/ and bard siate. .,r in the bands of shite, and
... all cases slu-kensid.s. reed-like n.arki„Ks. .ipples. a..d small undulationshave been pioduccd. In the hairel .juartz no sliding motion is distin -

K'u.shable, for the .•orn.Rations extend far into the overlvinR whin rock«n .1 they assume the form of a series of connected arches 5. 6, and even
7 ft in width. The com.sations are b.v no ,»ea.is confined to the quart/
iead, but spread out, fan-like, into the overlvin^ rock."

He distinguishes between "true" veins, namely, the feeders that
cross the stratittcation, and the " lK>dded " veins of the domes
th.is

:
"While the gold which the l>edded leads contain, in common

With other meUls, was most probably derived from the oceanic
waters from which the .piartz was deposited, the gold in the short
segregate-1 veins of subsequent origin was transferred from the
lM'.lde.i leads or auriferous interstratified slates." He makes note
..f the fact that at Montague, Hherbrooke, and Laurencetown. thench quartz or • gold streak

' dips [he means 'pitches'] at thesame angle as the corrugations. He attributes the occurrence of
these richer portions to precipitation by organic matter, saving

:

It woul.l b. a simple matter to explain the structure of the -old
streak on the supiK.sition that organic matU^r det..rmined "the
.b.,K>s,tion of the metal in In^lts or zones, for it is easy to conceive
accumulations of stranded organisms on suba-iueous beache.s in a
shallow sea in the form of long bands."

\
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Ihis coincidence between the pitch of the rich ore and a large

coirugation or ' roll ' is an iniix)itant facf , as has Iteen proved by
many small but successful mining operations in Nova Kcoti* The
'• stiandcfl organisms" are not confirmed by the evidenei of vegetal

riniains, imt it is true that slate is more plentiful at the anticlinal

Ci'ests.

In a later essay, read before the (leological Society of J»n<ton. in

April, 1870, he discusses the • gneisses' of N«/\a Sc<»tia. Tb^se lit

supposed to overlie the granite, for he say*: " Tb* granit* i- a

Mdimentary deposit, and consists of two dt-fjo-it^^ re-ting uaenn
formably upon one another." He mistook the effects of contMCt

metamorphism and the schistose ebaraeter givtr in places lo tht-

quartzite slate series. A.-< .ipophyxes (dikes or toiigu**i of granite

penetrate the overlying altered M-dir/i-ntaiy rocks in iillows that
' the granite, or ratb*-r gneisse.^^, break through the >f.>!d bearint.'

series in many places, but tbey are brought up by f;iuU> In oth< r

places the gneisses appear U/ fcatve beet; m a plii>tic >tiite wix-n tbt

uplift look plac<', for veins are found squeeze<l into the i rucky and
inters! ices of th" thin bedded gold-U'aring rocks, and it is this aspi et

whicli leads at the first lilusb lo the inipressioii tbii' thi LT.initc i.>

an intrusiv.' rock, and not a lower .series bnuigbt u|i by a fault."'

This explanation is itself not wholly unreasiuialde, bill ii i-

negatived by jibundant facts, ascertaimd since Illiid wrote .

In describing tlw mines at Sherbifioke he di'-tiugnislu- bttwnn
liHles that are " inter^'aliit.ed, and consequently of Inter aire than tin

i-ontemjH)iHn*oiiS bed The bist two words refer tn the interbedded
seams of (piHrl/. which h" tbii^ distinguishes fron the ijiiart/ thai

apjK'ared to bii to (>• un-trHtifini. llf i^mh-s on to i^ny

• Fm liroiid i>nniU of shu. . iodi - tliHl<( i\ u, the bifjidlli ui In ]•> m. In -

mil thin out lu » tiiiii of i|i!iiit/ m ili~;ipptai- iiltrt^rtluT in llu ^p-.wi of ii

KW him.lr.(l f««l, lint l.tforc tlicv thin out allufjcti,, hiuiiIi. i toil. Ixf-iiis
•<. .ipjxai-. r-t|K=,i«te<t (rniii III,, liisl i,\ :, I, u inches, ui.ii i,|- le.,^, ,,| shil(

.mil (pmrt/ile. TM» fmtiuoi he ^tri(ll\ lej^urdiii m- ;i <ontlnnalioH of llie

lode wbieh hiis thiniM<l -mi dtlmii'ih it ii;n.\ tliin ..ni :iiiil he in pun OM r

hipped l.\ iiiffilhir hidi ni th< -Irik. ..I the t'usl one which li;... disnppeim d
Sonic U«l. - of this (U>cli|)ti( |i app< ;ir lo hi {(Mif.; to thi .1,1--- i.l inti ii ,1 ii, .;

I.mI'-. Ilijit iii. the\ .-u-e -h. ets nf iiiuul ;!i:it h.-nr been foruu d Ml ii liil. i

dii!. rhiui til. ericioviiij; rock, and wcie pioduced l.\ llic rcphiceniint.
particlthv panic!, of |ir< .Aislmt,' lied- ol some othi i >o!uhl> tnnlerml. In
hjdes of this (iii.st^. u Inch ;;(nfi!dl\ oeciii in. -lute, tlu -Iiit< ii.-eH is f, in,,!

to \» nBriferfiuw, iimi ih, ^Iml, nmss is frt (jik ntlv \\..iih ci -hmj;. Th.
str> nj; p«i-i'tctit !,'de- j;(e(iHll\ o,-ci.r jn i|uart/iti -. oi with iju.itt: il. s

'The tijil -«)fi- • In a plH.-tic -/-/O'

vp<i(,>ra|ihe;il .Tfor-

l,< Kle iiplilt te<.k |. Olivi
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on one side iind slute on the othi'i-. The interealato.l lixles occur in slate,
with soiuetiiHcs thin htds of (juartzitc, which are also intermittent, tliat is,
• thin out ' and ' t!il<o up " again."

Here hf recognizes that the quartz ussnmes the shape of flat discs
or lenses, following each other en .rUeim, ami he is on the track of
the truth in iiapiitinf,' their form to the replacement of soluble
KediJiienlitry material. It is strange that he did not take the next
inenui Htep, and inquire whether the regular layer-like forms of
quartz were imH itlso a replica— in pvt at least—of rock replaced by
silica.

"^he neognitton of onartz m fiwnres crossiiiK the stratification,
and iherefoiv lau-r than the enclosing roci, is shown in another
paper rea<l hefore the Society of Arts, in Itfay, 1H70. On that
occasion h< said :

' I consider that all tfe*. evidence hitherto
accumulated in Nova S<-..iia i.ikIs to show lUt the gold was
oiiginally deposited from oceanic waters, and diffused throughout
their sediments, especially in Leds of quartz. Much of it was no
doubt subseijuently conciuuaUd in intercalated Wis of (juartz, and
in some instances m fissure veins." Thus he falls back on Werner's
theory of the pn cipitatioii of the metals from oceanic waters, and
ho assumes that the quartz is of sedimentary origin also. If the gold
and the quartz wei-e both iif sedimentary origin, we should find the
^'old, by reason of its gravity, concentrated at the bottom of the
quartz sediment, that is, on the foot wall. Hind discards tbi idea of
thermal action due to igneous ii i uption ; he wiote long liefoie

hydrotbermal activity in forming metallic ores was a recognized
theory and at a time when plutonic action was only vaguely
surmised. Even this agency he lej/icts, for he says :

" 'TUi'TD is no
evidence to show that intrusive rocks, or veins, or <likes bo^l tuiw
share in the introduction of the gold ; indeed. J have not yet seen
any rocks in Nova Heolia near the gold districts, which, uiKm close
exami.iation and -^tudy, can be regarded as intrusive rocks, (iold is

found and worked in U-ds of quartz of contemporaneous age with
the interstratified slates and qiiartzites, throughout a vertical
thickness of OOOO ft, These beds are worked in one district or
another throughout that thickness of straU, on anticlinal oi
synclinal folds." He is not aware of the diorite at Tiiiigier, ami he
has failed to note that the granite exhibits its intrusive character in
many I<k iiltiies.

In hi8 description of Waverley, he is off the dangerous domain of
tht-ory, and doe-- himself more ci(di( He says; "The so-called
barrel quartz at Waverley is a fair representation of a corrugated
lo<le, occurring on the crown of an /iHticline. In nearly all the gold
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districts the .*ii«. form of quartz \mh ui#v Im- m-.^u. ,i»d in -imil«r
lebfive positions. Tbo comiKatni structure is not confined u» the
n.iait/. but spreads fw, like mt<i the overlvinir rooks, and appear* u>
I*', in part, the result of unequal pressure durino the folding of tb^
stmta

'

W'AHIMiTON W . S.MVTH.

At the nieetin.L' of the Swietv of Arts, ,„ Lon.k.n, Lefore which
this paper was read, the chairman was Sir Wurinirtr.n \V. ^mytti.
He was the only person present who cared to criticize Hind's theorv
and h.. did It, us we Mbould expect, in an effective manner. Snuth
asked :

•• If Ihc tiuM liMs l>,.,,i .k-posH..,l .unKinponuH-ou^lv uitl, the Mi.art/ In
llH .o,.w.,t<-.. wh> H.MS nol all tlu- «„1„ ,|,posit...i ,„ tin- U.ttom ot tin-
-.tiiMcnt. lu reason „l its j.,,.,ito,- Hpccitir ,avit\-.' Hut in ai,<,i 'ur p,ot
"t tlu- paper it apprnr. ,1 that the Rold i,u, unlv in str. aks. an,i that ,t

>..i.um1 to 1... u.'.Mu.iulat.d n.ar certain cn^s^n,-. „f tlios, l.^.l. I.v ath.M-
Ml. - of ,|u.-.it/, wl,„.h looked more like true veins. M pnsvi.u H'ei, f,,re

I., .o-ild not help .,u„. he th„us).t tlur,. ua> :, .ood .leal mon- .„ l,,'
ma.lr out. H, l,a<l on foniur oc. Lsions visited i.nain loniiitics. tho.u.l,
not in Nma Scot,;., wlu,,- it was .sai.t that minerals oceunod throuL'liout'a
stratitir.l ,„ass. h„t h.' ha.l usuall.v foun,! such a statement to bo the
1. >^nlt of a dffirient observation. In u eertain part o! she strfttitie,i-l(,okin.'
mass there had be, n a dissemination of ndneral matter, but ver^
lre.p;entlv this apparen.lv stratified mass was nothing else but a mass of
stratified materia!, ground and rubbed to«ethe,. and existiuj, between two«als resembhoK those o! a .e.uhu vein; or. a,.ain. the mineral matt.,iMd be,,, n.ost .ieei.le,IK mterealated .,i ,-, ,„ nod ion.. subse.,uem to th..
-n.nial U>timlU,Vn{ the beds. He eoul.l „ot help thinkmj, that tb,s
uoiddnrove tofa. (I,e nal e,pla„„,ion of the oeeiureuee of the ,.old in ^
HI 'Hi putt of these K„\a Seoiia ,b posiN.

Thus Smyth pJa.id hi.s wit.k genmnj expeiKiue a^a,i„st Hind
neal hu^wied^e. 7he le^en,,,;, tn " HtreftJcH " require, explanation,
that heinfr the word us.,J i„ N.na He.,(ia ;or the richer portions of
tie quartz, that ts, ore-shoots. It is a misieadwiu term, for the
' -treak is not a lim oi (hna-I of rich otc hut a l)a,nd that ma\ 1.
in..nv feet wide, piichinfr at a s(,o,,fr an-le, a- determined hy' the
' '"11 u> wliieh re/erene.' has been ma.ie, ami h^ fee.jVrs or cross-
lit, that .In not conform to the he.iding of the conntrv roek ami

lliecefore penetuue t/i, «a!) of the normal antidiiml sheets, of
.iiiartz. Indouhtedly Hm>((, uu iii.ht ij, p/jjj ip. })i- fjma.s „„ tj,j..
-i^i.ifieant fio>L a faei that M.^pested soohvionslv that i/,<MJe,wjilo/y
of tlieuold (iiiild, not he dm- to sLdimeritati.,11.
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Alfred K. C. Sklwyn.

In the followiiif; ytar. 1K71, Alfred K. C. hplwvii, fanious a.s an
Australian f,'fol%'it<t. published hi.s • Notos and Observations on
the Gold Fields of Quelle and Nova Scotia." He eipi-esaed
disagreement with Hunt and Hind, and (pioted with approval the
generalizations of Liebcr (OeoIoRical Survey of South Carolina.
1*<56). Selwyn repudiates the idea of conteniporaneitv as between
the qiMrtz and the sedimentary rocks. He says :

" All veins arc yoiinf;rr thmi the oountr.\ : and hence it is. without any
reason that many writers regard those only as veins which dip ,)r rtrike
unc()fif.,rinBbly with tlic country locks. for it is evidently quitf immatcriai
witat ^rnliar rclHti\e position in occnpied by the two as eoncerns the
orfiBn i«- the pencriil characters of the \cins. Crevices, niav he formed in
any .hrt»^ion, «nd it is h„l reasonahlc to suppose that the planes of
Mtratifir,.tHiii. being posseswe.) of less •ohcsion. will at IcaHt aw readily
preser,- ih.mselves f„r the fomiation of cracks orfraclnrcs as tlioxe planes
wlucli trav^rs, the more compact and hss fragile portions of the rock."

In other word?, the origin of an ore deposit cannot be inferred
from its ,Aape, because the shape i> .lependent njx)n structural
condrfionp -^ the country-rock. The ore in seins occupies fractures
tlia? follow ,ines of least resistance, and those lines may !*
identical with the stratification. Selwyn continues : " In order
to substantiate fheir origin by contenipoianeous deposition at the
surface, it would likewise require to be explained in a more satis-
factorj' manner than has yet l)een done, why they are always found
in close connection with anticlinal axes, and never at the outcrops
of the main synclin..! folds, ui associated with strata which h ve
not been subjected either t,, inefamorpbie agencies, or to folding or
fiiiilting." To which 1 nia\ add that if the <p«rtz bad been
depr)sitcd in a .sheet-like layer, sandwiched betw^-n silt and sand,
at the bottom of the ocenn, or even in the Hat discs characteristic
of wdimentation, it would now be found wherever the quart /ite and
sliife t.iileiop. Nor would we expect to find it pariicuhuiy at the
crest of the folds, for the pressure incidental to folding would have
benf the twds in places where the least quartz offered the least
o|.po-.ition to plication, and not the places where tht bind layer of
^iiar!;. was thitke.i Hut yon would rather hear what else Selw^n
fi.H to my ; he continues thus ;

V' "I'/ !,','.>''
'I'Oii'-ter of tlie quartz, the compaialiNelv limii,,!

(Imtsme-. (I.toii^l, v.hicii ti„ hyrn have been traced, their nunc or le«s
liiilUiiim fr.rfii. (he evidences of motion in the .iiclosing rocks, the coii-
MiisJ mmiHim, Bilji f,ntie|ina! axes, and tlic .ibBcnce ..f coriVspondinK
l\mH FHveiB iliioHBii gr.Hl tl.itkiu.s.s of stmi;, v.hich do n„t pre^-nt



40 urcKAnD
: the domes of nova scotia.

tvidences of such diKtnrbniKc und .orrngation. arc circnnista.iccs. all of
which are strongl.v oppose! to the th.orv of conte.npornneous deposits and
as strongly in favour ol tho opposite conclusion.'

Vs regards the granite of the Nova Scotian j<old-inininK re<'ion.
Selwyn observes :

" It is stviotl V of an i.idiKi'nous clianictri', and noitlicr an old gnmitoid
gncissic scrips of Lnnrentian age, nor an intrusive mass. Dr. Dawson
has shown (' Acadian (Jeolog.v.' 186H) tiiat in ditlcrent parts of its course
It comes successively into contact with F.owcr Silurian, Upper Silurian, and
Devonian rocks, and the manner in which these sedimentary strata are
afTectcd at the lin.s of contact scarcely leaves room to doubt the posterior
origir of the granite.

. . . The relations of the granite and gn.>is«c
rocksm Nov.i Scotia to the surrounding auriferous strata, are perfectly auiilo-
gous to what IS obsen ed in this respect in the Australian gold districts, most
of which are in close proximity to similar granitic centres. In one instance
an auriferous quart/ vein, which had been worked close up to the boundary
of a large granitic area, was found to pass gradually, bv the addition ot
teUlsparand mica, into granite, losing its auriferous character an.! becomin--
a vem of ordinary grev granite exactly resembling the rock of the nei^h"
bouring granite mass, into which it eventually merged. It wi^lV
interesting to trace out the manner in which the quarts beds in Nova
Scotia terminate in their strike toward the granite masses.''

The comparison with Bendigo and liallarat is jnst, as [ can
testify. The argument can be made stronger bv reasoning that the
branch or apophysis of granite that iienetnited the .jtiartzite and
slate lost Its mica and felspar, gaining in quart/, until it became
like an ordinary quartz vein, acquiring an " atiriferoiis chanicter,"
and becoming a vein of quart/ "exactly resembling" the neigh-
bouring anticlinal formations " into which it eventnallv merged."
The differentiation from a dike of granite containing qiuut/, mica,
and felspar to a simple quartz vein, recalls the modern theory
advanced by J. E. Spurr that some veins of silica or ' alaskite'
represent the last pliase of miigmatic segregation. Selwyn's ques-
tion as regards the behaviour of the quartz veins when reaching the
granite in their strike has Ijeen answered by mining oijerations that
have followed such v.-ins from the slate and quartzite into the granite.
The quartz penetrates the granite and has been foun.l gold-bLaring,
although not rich. The veins maintain their identity, but not for
long, after entering the granite : and there is evidence to sugge.<?t
that the quartz is an extreme phase of the silicification to which
in places, the granite itself has been subject.
Coming to the barrel structure, Selwyn says :

•The facts which I ha\e observed lead to the conclusion that the
corrugation of the quart/, is intimately connected witli. and .lepondeni on
the operations of the forces which have produced the slaty deava-e th«

rf.. "i jjVP.i-.i i-i.. H ..
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same forces have likewise, in all pr<,b«bilit.v. cimsM ilm optniiif; between
the beds in whiel) the ijuart/ Iiak been deposited ; iind also tlic >{««*'
parallel east and west synclinal and Rntielinal foldings of the strata. In
ivcrv oorrugated vein which I liave examined, the axes of the corrugations
or biiiiels always coincide with the strike of the ciei.vage. If the walls are
of sandstone (whim, thev are rarel.v corrugated, and seldom sliow any
cl( iivage planes

; though their surfaces, cspeciall.N if in immediate contact
uith the <iuartz, fnquently show ridges or parallel undulations, which
strike with the clt-avage and seem to have impressed corresponding swells
or undulations oi- the .juartz. Where cleavage and bedding coincide in

strike and dip, no corrugations occur, nor are they obsened In layers
which are tii<los((l betw cen walls of hard whin. All those veins, which are
shni-ply corrugated and contorted, lie within the limits of beds of highly
cleaved soft slates of from three to five feet wide, between beds either of
whin and a hard compact slaty rock, which constitute the walls of the
Mins, but in no in«tance exhibit corrugations corresponding with those of
the vein, and are commonly p( rfectly smooth and even throughout."

Here Selwy,) is on the edge of a discovery that would have gone
f.'ir to explain the origin of the ' barrel ' structure. Whether ho
expressed himself badly or whether he really iipprecinted that the
' coM-ugations ' follow the line of inUrs,;ti<iii between the planes of
flof.vage and the planes of the vein-walls is not clear, lie certainly
af/orded n hint to succeiding observers, i)wt no sign is given that
tliey appreciated it.

I' '.SHY S. Pooi.K.

In 1H7«, H. S. P(jole uported that

:

"The distinctive features oi the gold leads of Xo\a Scotiii arp their
general confonnabilily with the slate and ijuartzite beds and their rcgu-
Unity, suggesting that they are beds rather than veins. Hut there are
diiiracierh that point to tJieu- being true veins in spite of these features,
and they are the following : the roughness of the planes of cont.ict betw«eii'
<iuartz, slate and quart/ite : the irrcgularit\ of their mineral contents ; the
termination of the leads; the eflects of contemporary dislocations; and
the influence of stringers and oH-shoots on the ricimess of the lea<Js,
characters that simpl.\ or colleouvely it would be <litticuli to account for,'

associated witli u stratified deposit."

Mr. Poole is, 1 Ijelieve, still happily living. I hojw he may long
Im' spared, for he injected a notable amount of good sense and keen
observation into his writings on the subject. Obviously his distinc
tion l)etvveen ' beds ' and ' \eias ' is well put and coucluHJve.

In the following ye^.r ^ou March 12, IHTU) tBe same observer i-8»u

a paper before the (ieological ri(x.'iei> .rt Loudon, and agsin
combated the old ideas of Hunt and Hind ; for he said " The tfc«ory
tfa«t the 'lead*." us the Iwles are locally ealie*!, ar*- contemporary
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IhmI. with t\H- slat.s a.i.l quarti^iU's has not since Wvn .n-nerally
am.|)t,.,l

;

nor has it gained ground with tho further knowli-dRO
derived from workinfr. nor Ik-oh adopted by any of the .ninorn.
anions whom me men experienced in other i,'old-pioducin>;countri..>."
I he only persons contrib.uinK to the discussion on this cKcasion
were J Arthur I'hillips, who "confirmed the views of the author
as to the leads of Nova Hcotia l)eing true mineral veins." and
Wur.nKton W Smyth, who state.l that "he thought the author of
t 1. paper had ren.lered a most useful service to geolo^v in com
pletelv upset.. n« the the<.ry (based on imperfect observation) of th«
iH'dd.d ,>r,«in of the leads." Thus a falbuious idea was jjiven its
'MMet.is: in later descriptions and discussions the notion that the
lodes were ...te.stratitie.I sedimentary deposits is c.mspicuous by its
alisence. •'

In referring to the Waverley deposit, !>oole says:
• Jn tiu. oMTlNinK «tiHtiii,i the position of tl.e pliration in the quart/ in

.....rkMl moreiN I., „ n.ud.nu. un.lulafon. Tl.o qnuit/ l„uin« vfclde.l in
t .- «r.a(,.st doKi-..- totho lateral pressure would indieat,. that, a't the tina.
o< th. .pheavHi. ,t «as th.n nui mor.. plastie .on.lition tlm„ the eontnini,..-ks. ,n,.I tlu. more when it i. ohsuved that th. rolls contain aP«.larmoments of slai... a„.| .,,,, .,„ shoot- and ton,M>,.s of .,uartx up into .h.nup.rjaeent stiatuin."

k w ..

The notion that the extraordinary serpentine folds characteri/.m-
the harrel .structure mtist have beon rendeie.i possible bv a plastie
c.n.l.tion. assumed by the .juaitz by reason of excessive pressure h
n-r un.leservnjr of lespect

; it affonls one of the explanations most
HNoured by other -eoloKists who came to Nova Scotia Ion-' aft.r
'""I'

:
l^Mt a IS rendered iinteiiuble by the evidence submitted bv me

'" t»"' »n-st half of this paper. The "ottshoots and tonnie's of
'l'""t/, penet.atin- "the superjacent stratum" require ... to
suppose that the. quart/ was not only suf«cientlv pbistie to ,..,uit
deformation without cnisbin^r. but al.so to imaj;.ne that fb. -.I.r.twas ,n a molten or Huid state. 11 that condition bad been attained
nwinjr to excessive pressure an.l temperature i!, n the slate ami
.||'"rt;<ite also, k,th of which are more su.sceptihle to the same
pliVMcal elian.,.e. would show it. They would nor liu.. .emaiue.I so
hanl as to In. tiaver.se.l by c.'acks into which the liq.,efie<l ,.r vi-<ou^
silicfi could be injeetdl.

l'-l)Wl.N till.ri.N.

After l-,K,le came Kdwin Gilp.n, the I'rovincial lns,H.ct<.r of ^!,neswho contributed ,i pap..r on ' The (Johl Fields of No^a Se„t".:i to'.- North of |..nd..i,d Institute of Miiiinir and MechM.ucal Ker,, rs

~ f r
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. II,. (Inw HtUTition to the cuu.pamtive Hinailness of the
l(Kles. ' The worktd v».ins viiiy in thickn.sH from ^ in. to G ft
The usual width hfiiifr from 4 to H m.. and a 20.in. vein in tonsideml
a laiffc oni." Iff spoke of •' beautiful specimens of gold "

to bo
" securfd by treating nodnlcN of pyrites with acid, which presents
the inf'tal m curiously interlaced plate« and Hlms, when by a pi-eviou^
exammation no ^'old could he detected." Thus hv stron- acid .s
ohtain.xl swiftly a reaction such as ensu.s in naturo'slowlv when th-
oxidation of pyntes yields a soluble sulphate, which is removed by
weatbennK, leaving the gold in honeycombe<i pockets. Gilpin also
gives a .section across the lielt I.Kle at Montague, illustrating how
the 'pay streak' or enriched portion of the q-<artx lode is found ,.t
the intersection with a cross-vein.

loHN \VlLMA.\l Dawson.

Next we come to an authority of the hist rank. .John William
Dawson, the chief of the Geological Survev of Canada. As earlv
as 1H7H he stated that " the gold deposits seem richer in the vicir-ty
of the granite," and at the .same time he re-affiimed his view that
" the granite intrusions and gold veins are roughly contemporaneous.

'

i" ,]:. '
"'"'^*' ''•"^' •>" ha<l iH-en ki.ighted. nnd was known ,ts^w ^\llllam Dawson, he published 'The Geology r>f Nova Seotia

New JJrunswick, and I'rince E.lward Islun.l.' In that hook he'
refers to the deposit of gold-bearing conglomerate at (lay's rive,
an occurrence important as affording evidence concerning tbe age of
the gold dejwsits. He says :

•• It was. .Useribfd in The Cnindmn Natirralisl for 1864. \n M, «• FHart, un.l Dr. Uouvyum,> hus fn-.oiire,) me with r.ianuscrii;t' notes of uvisa to the pWe in l«66. K,„,n the.s.. sources I ...xtruct the following
informut.ou: The locality is at the jiuation of the Lower CarhoniferouK
oonKlouu.rato with the slate an,l ,,«ait/ite, forming the extremitv of the
n.lge Mparatmjj the valie.vs of the Stewiacke and Musquodoboit rivorH.The slates belong lo the Sihman gold-beartng formation, a.ul contain smallbu n.l, aunferous quartz veins. The eon«lomerate is forn.e.l of the .iebris
o, these older ro.-ks. and gold occurs in it exactly us in modern auriloroim
gravels, b, n.K totm.l in the lower part of the conKlo.„en,te, and also in the
hollows an.l crevices of th.^ un.lerlung slate. Th,. fact i. iuierestiu.. as
8 .owing tnat the gold ,eins existed in their present state ,a the beginm,,.
of tlH

( arlH.n,fe.-ot,s p,.,iod. and that the causes which produce.) the

p oce«« the Inft or boulder cay which overlies the conglomerate is nt thi.H
ji.aee «(<«) sliKntlv ,un-iterous."

Th..
. su.ifgestive f'vidence. A< Dawson savs. -. placer deposit

V a, foiniel in the CarlK^Riterons by the concentration of the debris
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«ro<U.,| fnnn th.- «oI.l ..ins for.ne.l u, the Silurian ptrio.!, .in.l in a
lonjf s..l,s..,uen .m the l arbonifor.n.s

, nn.l. har«k-ne.l to con-
Iflonifrat,

,
Uran.e .leRnMl.^d an.l (liKtiibuted in the .Jrift of th..

(Uac.al p«n.Hl, and this in turn ,s ^^n.\wd into th.. nv,.,-.|.^.ls of
to-day Dawson calls the prevailinK formation Si. nan/ A
t(.ni.,ation aK-. it was the fashion to impute SUurian a^ lo ifol.l-
xamifi- slateH of unknown ReoloRiml «nt..|uity ; this t.naency i to
«• .lebuH to th.. ..xa.nple of Sn ii. .ierick Murchison. who venture.l
the ra«h prophecy that ^'old wa.s confinwl to rwks of Silurian aue
\\ e )n.iy also .lemur to Dm wson 's .i.ssunipt.on that k'cans*. ^oLI .leri vhI
fron. ihequ.utz vems is foun.l in a C irlnjniferous conglomerat... (hat
therefoi-.. " the roI.! vems exist,.,! i„ th.ir ,,r,^„t .u,t. at th,. iM^ifinnin-
of the CarlK.n,l..rous p. rio,l." Th,> is an Hssun.ption ech.n..! l.v
Inter ol.serv.rs, l,ut it may well Ix" .,nestione.l. All that the facts
pr,.ve js that the ^^ol.l in the su|)erficial parts of th., v.ins wa- in a
con.l.tion similar to that >n which it is found to.lav in the ouiuops,
Kut the outcrop .,f a i^eolojr.cal t.xlay is not the outcrop of a
J,'.oloj;,cal yestenlay

; th.. processes of nature do not ivst in idleness-
solution and pi-ecipitation, re-solution an.l re-precipitation are ton-
mually at work, li is not safe to assume that l,ecause .'..I.I is

foun.l now at two or three hundre.l feet below the Mirfac.. hit it
existe.l there in its pivseiu state bc-fore sevenil thousan.l h^i of over-
lym- rock was removed by erosion an.l ,lenu.lation. That false
assumption vitiates many .,f the theories ,:f a much later date

l)aws«n .,uotes from notes u.ade by hnn on a visit t.. Waverlev in
loon, lie says

:

h er„n.pl,..l ,.rown o. .,n auti.liMul i,.n,l .„• an-h-an ..xplariatiou ahva.lv

Ml'"'-
''

,"fr!^
^-liiu.an, ,n„] .,., on., side the vin c-o-d,! be ,s...u

.. .wn.« the be.lH ,.on ..ward on th. si.le of th,s an-!,. Th. arnu.«eu.en
".h'at..s gr..at lat...al pres^un-; and. which .s of .«„,. i.nport,.,,, .. prov"
u.n,.h.s.ve y that th.. ..uart. v..i„. are ..ont.mporaneon. with tlu- fuldi,,.!of he ..o,.k. sm,.e th..v hav.. p.-f,. J, f..llow...l its folds without fr.....tnro:
1 hat the a.mfer.,us .p.art/ vrins an. not be.ls is ovi.k-nt from .h.. n.mnern wh,..h they send off hran^hos into the n..ighbon.-iu,. rock, as well 1f.on, th.nr own .-rvHtalline struct.n-,. and th,. chanu-t.r of th. iu.h.dd.d

r;;'.r r J '^^ ""'^«"''»-"> '-'• -ins. but not v..i„. fornad byfra..lnre of h.- ..o.Uai.nnK' '"cks wlun in a hard a.d in. tainorphoscd .taterhej. have b, .n forme.l and till.d in the verv .u-t of the contortion analtennB of ,hc strata, an.) an thus of the nature of soRrcKation veins

i'nd \
:';"" '" "": ^^"'••^ •'^"''"""« ••-' ^ --'• •>,.„» witLnt f,,, :,

;

* d V, I, but hUle cr. HhiuK. li,. barrel qua.,. ,s n...st in.nueti^e a. anIh.st,, ,on ol t,ns peculmr mode of for.nation, which .,„..: have occm.!m the d.Hturbance an.l metanuirphism of 8,din.enr>
"•r.. ue have another a-asonable theory, .v .odmientarv o.i.nn

'^^dfc'W&t' ^
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for thi! qiiurtz is not eiiUrtaiiii'd. Iiiit I hi foklinff of thf quartz nmst
hiiv» U'tn continiporancoiis with the regional plication that made
the sa«l(IUsi and domen. The addition of wjfreKBtion as a factor in
tlie formation of th.ne curious lodes aids the theorj- undoubtedly,
ImU it is not convincing in the light of later evidence! Dawson says*
that "the quartz veins have [KTlectly followed the folds (in the
rock) without fracture." This is not a fact. Thej do not follow
the heddinp-plunes |)erfectly, liut transgress those lines of stnicture
iiio-'t palpably. Returning to the question of origin, he adds

:

N.I Kinl(it,'iHi ulio iMniiiiies thosr veins can. I think, doiilit th^-ir
•'HKM.us .>ii«in: but .littViiiil ..pinion- niii.x Im' eiiti itaiiird us t<. the
puMix- iiumIc of iiitiodiution ol thf nictiillic inineralH. The factH ulrciKly
stut.il

. . . apptiir to nif to pio\e coiu lusivel.\ ihiit the veins win,
(irnicd ut the time of the diHturhnncv mid iilteiiilion of th( containing beds,
MM.l in roiiKciucncc of the incclninicMl and chcinical changes tlien in
pi()j;.csH. In this case the gold and other metallic iniiieruN wen probubly
(•..ntiiiiieil ni a state of solution in alkaline sniphurets in the silica-bearing
Im ate.l ui.t. |v which penetniKcl the whole of the beds, ..n.l fiom which, as
fi..n. a speiifie. these silicioiis and m.'tallic luatteis Iimn. been pressed out
rn tin folding :ind .onlortion ot the beds."

' Sulphiirets " is used for sulphides. This old teini still lingeis
in California. At one time it was employed to designatj' the sooty
products of decomposition resulting in the early sulphati/ation of
liiisemetal sulphides. However, that is by the way. The foregoing
piiriiirraph of Dawson is hut supplementary to the one prece<lin<r!
anil ilaborates the theory on which I have already uiiimadverted.

W. |{. Thomas.

Tn 1H»H, \\. H. Thomas, in 'Notes on rnicticiil Mining.' made
s( me leni.irks in regard to the in-rsi.stence of rich ore. He said :

When (.lie looks around at the man\ gold disliicl-i and see- a bti;>c
I'l tuber ol minis that were once successful closed down, the first <niesti<)ii
I'll* presents it-elf is: M'liat is the reason wli.\ .iperalions have beej.
Mi-p.n.Ud'.' The usual local repiv ^•ciicimIIx consisting of: Could not
c.pe with till' water, reckless ninnagenicnt ; had a barnn streak for a few
ti. r, .ind just before dosing ilowii. rich (|ii;irt/ was disiovei.d right at the
lio'iiiii of the lieepest shaft ; never should have sioppc.l.ctc. It is, in fact.
". •r}\ inipossjl.lo. ai'conliii},' to local oi.iiiioii, to fin.l i mine that has been
r. ally closed down Ihrouyh barnnness, I h.ive f,.iiii.l. win n iimkiii'; the
II '|uirv, that the approxiniatr .1. pilis of abaiuloneil Nox.-i Scotin mines i»

from -iOOtoitOO ft."

Ttiis statement can l>e readily corroborated by mining engineers
who have investigated iibiiiidoned mines in other regions besides

N( va Scotia. In discussion. .lolm K. Hardmati stated that he had

'A
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cut the t..p of the • i:ay-streH,k • in tbe Standard Co.'s mine atO dhani, at 520 ft. on the incline, or a vertical depth of »40 ft. TheWen.ngton and Rose .nines also are instanced as examples ofprohta ,le ore to a depth of 800 to .S50 feet. This testinumv onlyends to conhrn, Thomas's generalization. The po.nt is that the
t>est ore ,l,d not reach far Ix^low the surface of to<iay, although
optnmst.e theorists would ask us to believe that the gold as nowfound existed in the same quantity and in the same ore at a time
Avhen the present surface rocks were covered by several thousand
feet, since ero.led, and they therefore expect us to infer that the
rich ore may persist to an equal depth below the surface of today.

B. C. Wii.sox.

Jn 1894 ]}. C Wilson read a paper before the Mining Society of
.Nov-a hcotia. He described the Waverley deposit as follows

:

hill 1 I ? ;r""'
''""! '*"""" '*"^'"« 8"'*' ^^'^^ f»"'-l "" 'he top of the

ill, and lurtlH-r sear,.), .-cxeHk.d th. outcrop of a sheet of q„am K,„'

ot .ock. Mu.l contuuu.,1 workings disclosed what might aptlv bourmed a hiauket o. quart, overlying the hill, aud graduull v .lippiu. outl^

not o the lull, an.) several small owuers soon made uunu.rous openings on
.
eaeh appan.ntly u.tent on foru.ing open reservoirs for th. Lu'ueiK.l, and. diseountn.g the future for iuuucdiate results, soon got it in sic,

:::'r;.::r;:;:::;•"""
---' '^ -—•"'•« the or: at one z::

Eventually, in 1H92, an adit «>8o ft. long was driven from the

h J' '?''
''"^' "" '^' ''"^^ «^ '^^ ''"ti'^'i"^ at a depth (onthe pitch) of 200 to 250 feet below the old surface workings. ilsonproceeds to say

:

^

-At the outcrop tl ^ lode was erimpe.l or folded together upon itself and

lU to IZ in. thick but foldcl together u filled a space of 20 to 30 in ai.dwith asso-mted slate occupied a working belt of about 48 in bctw cn theupper and lower enclosing walls of hard metamorphic ok;.,'denuded o the over), ing rock presented the appearance o^ 1. obarrels, and hcuce the name • barrel lode '

v.as applied."
I'he same observer makes an interesting reference to the effectsof glacation as evinced in Nova Scotia. He says :

•• When, in the surface workings, the soil was removej from the rockv..l,.mg the .juart. at or near the outcrop, the stri. or glach 1 foopintt«ere such as to rejoice the heart of an enthusiastic geologist audT
"

nmny are .yet visible on portions of the undisturbe.r rock. o„ s^uhere the auriferous vem protruded through its metamorphic c.ne'instnp of quart, probably 2. ft. long by 8 or \o ft. wi.le ha itu e:;!:;:?;;;

I
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glacial seourinK, llie incqimlities worn .!„«„, ami the .luurtz polis|,ed like
a piece of ivory, and ero.led enases, lialf-n.iinch <leep, cut into the retain-
ing rock on either side, were continued straight on across this polished
<]uartz, showing the continuous stri;e or track of nature's great planine
mill." "IS

W. H. Pre.«t.

In April, 1899, the prevailing idea of the persistence of gold in
the lodes, independent of the surface of a recent geological period,
and as being due to causes operating long liefore erosion had
removed a great 'hickness of overlying rock, is voiced by W. H. Prest.
He says

:

•' The original surface was inanv thousands of feet above our present
shallow mines. But owing to the slow and ceaseless operation of denuding
agencies, deep mining on a truly magnificent scale has been carried on
Stope after stope. and level after level were quarried by frosts and milled
by icefields, but the gold and tailings were deposited in the broad Atlantic •

10,000 ft. was thus mined Tvom the gold-bearing rocks before the present
( anbou mines were exposed, and the present Moose Kivcr mines were not
reiiched until 17,000 :;. more were roiiioved in the same way. Alth(.u"h
such an immense distance separates the respective geological horizons"of
these two mines, they are only five miles apart geographically. Now. are
we to believe that any attempt, could it be made, to deepen' the Caribou
mines to the same geological level as the neighbouring mines of Moose
llivnr, will forever blot out the rich veins that have yielded so magnificeiitiv
in the past? Are wc to believe that the particular level reached b'v
denudation in the present era of the earth's historv limits the deptli at
winch paying mines are to be found } And also that the veins and spots
thus exposed by nature at such various depths, and almost where thev
begin, and that neither above nor below them has there . ver been or is
there, any veins of value ? This can only be maintained in connection
with the theory that our present mines were originally but coiiiparativelv
small spots in the centre of immense bodies of otherwise barren rock.-, and
wholly unconnected with any source of hydrothermal action from below.
To even the most superficial amateur in the study of practical geoloev
this position will seem untenable."

This is a popular idea in Nova Scotia, and elsewhere. Unfortu-
nately it is a fact that the orebodies found by man do constitute
" sinall spots in the centre of immense bodies of otherwise barren
rocks "

;
it may be that if the exterior of the earth could be penetrated

by the radio-active vision of a magician we should see how few of
these spots we had detected, but as to the relative smallness of them
we should assuredly gain further proof. But those who recognize
the sporadic distribution and the comparative insignificance of the
miner's treasure- troves do mt assume that they are " wholly un-
connected with any source of hydrothermal action from below."

'A
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The fallacy is to aHsiimc that bi-cause the actioii to which ore
deposition is due is deep-seated therefore the ore must reach to a.
great depth. Because a river Hows from a source 2000 miles
distant we do not assume that the pehhle in the estuarv has been
tarried 2000 miles

;
it may have come from as far, but nioie probably

It was torn from a bank less than 100 miles up-river. The languajre
used by Mr. Prest is as expansive as his imagination ; the mines to
which he refers have not " yielded magnificentlv in the past." They
were profitable little mines, but they <lid not uncover large orebodies ; on
the contrary, as compared to the masses of ore exploited in the Home-
stake, Alaska-Treadwell, Mount Morgan, and other famous mines,
the gold-bearing quartz extracted in Nova Scotia represents little
patches, mere Hy-specks in the great thickness of pre-Cambrian rocks
If 10,000 and 17,000 ft. respectively have been eroded at Caribou
and Moose River, and if the little quart/ veins to be seen at the
surface of the present geological period are the stumps of veins that
once reached two and three miles, respectively, to the surface of a
former period, then, of course, these same little veins mav persist a
f<w miles deeper and mining in Nova Scotia i- in its infancy. But
If we dig for a couple of hundred feet into the ground and find that
most of these little veins die out or l)ecome barren, we shall have
serious doubts about the advisability of sinking a shaft 5000 ft. deep
to exploit orebodies of imagined iiersistence. However, it is scarcely
worth while to beat a dead dog ; the subject will recur when further
quotations have been presented.

E. R. FARIliAtll.T.

In March, IHO'J, a comprehensive paper on ' The (iold Measures of
Nova Scotia and Deep Mining ' was read before the Mining Society
of Nova Scotia by Mr. E. R. Faribault, an officer of the Canadian
Geological Survey. This distinguished cartographer said, in part
" The metamorphic rocks of the Atlantic coast form a continuous
belt, from one end of the Province to the other, a distance of 2G0
miles, varying in width from 10 to 75 miles. . . . They cover about
half the superficies of the Province, exclusive of Cape Breton island,
an.l their oxten. may be n.iij,'hly estimated at 8500 square miles.
Of this area, probably 8500 square miles are occupied bv granite
masses, barren of gold, leaving an area of about 5000 square miles
of gold measures."

In. lentally, 1 demur to the term " gold measures," which
-iiggests the continuity and uniformity of a coal seam, qualities by
no means characteristic of the manner in which gold is found in
nature.
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From his own accurate and comprehensive surveys, Mr. Faribault
has ascertained that in the eastern portion of the Province the
thickness of the gold-bearing series of rocks is five miles, the upper
slate group being two miles thick and the lower quartzite division
three miles. He says that " some of the sharpest and highest folds
have been truncated (by erosion) to a depth, as far as we know, of
over eight miles, exposing at the surface a section of gold-measures of
over fivi' miles in thickness." The extrusion of the granite "occur -ed
after the folding of the gold-measures and the deposition of „ue
quartz veins; for the granite dykes and veins have been observed to
always cut the interstratified quartz veins wherever they come in
contact with them. The granite has thus no relation to the
auriferous character of the veins and need not again be referred to."

This important point cannot be so summarily dismissed ; apart
from detailed evidence, which I shaH be glad to profler, it is not safe
to conclude that the later age of the granite intrusion cojnpels us to
reject it as a factor in ore deposition. Quite the contrary. Ore
deposits are not made at one fell swoop and then lot carefully alone
by all the geologic agencies that may in long succeeding periods
come that way. If we allow that a gold-bearing quartz vem was
formed at the time when the granite intruded we may uifer that the
Igneous irruption was accompanied by structural changes and by
the circulation of thermal waters, both of a kind likely to
modify the character of the pre-existing vein, especially as regards
distribution of the gold. The ore found by man represents a long
series of solutions and precipitations, diffusions and concentrations,
brought about by chemical and physical conditions that varied
frequently during that ! ,ng time in which Nature has been at work.
From the Devonian age of the granite to the human period so much
time has passed as to stagger the imagination of a student with a
test-tube in his hand. Nature is rarely content to let alone. Her
processes are ever at work in a laboratory where the chemicals and
apparatus have a potency that is rendered effective because the
operator can draw a blank cheque on Time.

Mr. Faribault makes sundry comparisons between the lodes of
No\ a Scotia and those of Bendigo. Such comparisons are instruc-
tive, if made without prejudice ; if distorted by misconception, they
serve but to darken investigation. He says : " The Nova Scotia
section of 35 miles gives 11 anticlinals, or' an average distance of
three miles betwaen each anticline, and a maximum distance of nearly
five miles

;
while in the B-indigo gold district it ranges from 300 to

1300 feet. So that in Nova Scotia the amplitude of the folds is

nearly 20 times greater than in Bendigo." This fact is mentioned

=> fe*«te:
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as "a matter of eat encouragement " to those mining in Nova
Scotia, as if the amplitiifle of a fold were in direct ratio to its rich-
ness in gold. IJy the same reasoning the huge fractures constituting
regional faults would be more likely to contain valuable metallic
on Ihiin the small fissu-es in which the miner occasionally finds a
reward for his persistent search. Mr. Faribault proceeds to say

:

" In Bendigo, where the folds are, on an average, twenty times
smaller than in Nova Scotia, the legs of quartz are said to very
seldom extend to greater depth than 100 ft. below the cap cf the
saddle-reef

;
which would correspond proportionately to 2000 ft. in

Nova Scotia." In the Shenandoah mine at Bendigo, it is true, an
east leg was stoped continuously for a length of 660 ft. and to a
depth of 180 ft., from above the 4'J6-ft. level to the 665ft. level.
That is the maximum recorded. Mr. Faribault's figure is quoted
correctly from my own description of Bendigo. Yet, even in theory,
the hei-ht of a fold is not dependent on its amplitude, for steep
folds are usually sharp. If the object of geological survey be the
discovery of amplo folds and big anticlines, then it is worth while
to institute such comparisons between Bendigo and Nova Scotia,
but as the more immediate object is to facilitate the search for thj
precious melal, such discussions- are as profitless as the ruminations
of a scholiast. If an individual saddle-lode persists in depth to
about 100 ft. at Bendigo, and proportionately, on the basis of a
geological theory, the same kind of lode should persist to 2000 ft.

in Nova Scotia, we may ask : Where is the latter to be found ? The
object of mining is to exploit p'-ofitable ore and therefore to follow
such ore as long as it persists. In Nova Scotia no mine has been
operated profitably to 2000 ft., or anything like that depth. It is
futile to assert that the leg of a saddle should last to 2000 it. in
Nova Scotia. It does not, unfo unately.

In 1903, the Government of Nova Scotia published a pamphlet on
' Deep Gold Mining,' by Mr. Far=bault

; this was in connection
with an Act of Parliament intended to encourage further exploration
by granting money in aid of shaft-sinking. The author's recom-
mendations have been allowed to carry great weight, for the reason
that he has accomplished a large amount of most useful work in
the surveying and mapping of the goldfields of the Province.
Unfortunately the stratigraphieal geologist is not often well qualified
to advise on lode mini.ig, and in this case a stratigraphical geologist
of great ability has been incapacitated for such a task by being
unacquainted with the realities of gold mining in other regions.
Mr. Faribault writes as one intimately acquainted with the mines of
Nova Scotia, but unfamiliar with the many and varied aspects of

^.tf^St/kJ^ioki ' ^-.-i^aBL-3
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ore deposition elsewhere. He rides his hobby hard, and his steed

appears neither to shy at the facts of experience nor to be affrighted

by the sweeping statements of the rider. In this Government
pamphlet he summarizes his views thus :

" The knowledge now gained by a detailed survey of the principal gold
districts of N'ova Scotia proves conclusively: Ttiat the veins whic- coin-

cide with the stratification and outcrop at the surface are the remnants of
north or south legs of superimposed ' saddle-veins ' occurring on anticlinal

folds, tlie apices of which have been trm.cated by extensi-.e denudation.
That these saddle-veins are underlaid by a succession of other super-

imposed saddle-veins, which do not outcrop at the surface, but occur
deeper down on the axis-plane of the anticlinal folds.

That all the mining done for the last 40 years has been confined to the
saddle-veins outcropping i>t the surface, and the richest and most workable
portio 18 of these are now '.nostly exhausted. It is therefore desirable

that the succession of underlying saddle-veins should be developed in

depth, as it affords an extensive tielii for deep gold mining.
From the analogy of the gold-bearing saddle-reefs of Bendigo,

Australia, occuniiig in a similar manner and profitably operated to depths
reaching 4000 ft., it may be inferred that the Nova Scotia underlying
saddle-veins will be found as large in size and as ri^h in gold as those
cropping at the surface.

It is ditiicult. however, to induce capitalists to invest money in such
extensive mining developments in Nova Scotia, unless similar undertakings
have already proved successful in actual practice. It is, therefore, very
gratifying to know that the recommendations of the Geological Survey have
already been put into practice at the Doliver Mountain. Richardson,
Blue Nose, and Duflferin mint s ; and although the developments are as yet,

limited, the results obtained are most satisfactory and conclusive, and
testify to the accuracy and value of the work done by the Survey. They
prove that auriferous saddle-veins may be found to recur underneath one
another to even greater depth, and in much closer succession than in

Australia, and what has been accomplished at these mines can also be
done in many other districts in the Province where the conditions are

favourable."

It would be difScult to place in more compact form so many
general statements the truth of which required proof at present not

available. During the seven years that have elapsed since these

confident forecasts were made, the four mines that wore supposed " to

testify to the accuracy " of such a geological diagnosis of N Dva Scotia

have failed, three of them miserably. " The developments " were
"conclusive," indeed, but in a manner far different from what was
expected on the basis of theories predicating a succession of profit-

able saddle formations, for even an exploration limited in depth to

three or four hundred feet sufficed to indicate that " the auriferous

daddle-veins " do not " recur underneath one another to even greater
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I

depth than in Australia." that is. if < auriferous ' bear any relation
to the economics of mining.

He^lav-
'"'*"'' "'^'''"' '" ^"'^^ ^°^^^ ^^ preferable for deep mining.

"It is acknowlclKr,! by the host authorities that the .k.vcl.,p„u.nt of the

Sort* nl' 1 r '7''" ""
'r"

"'""'"• •'>' '•'^' P--t-- of thepro«pector m neglecting for veurs the problem of large supplies of low.gra.leore m favour of .sola...! rich veins. It is believed that the districts pre«entn,g the largest workable saddle-veins offer the best prolc^^^
perananent and deep mining, and should receive the prefc-ren^e The

tlTrlZ'' " "" ^"^'"""" ''"'"'^''^^ ^'^ ''P"^'^'^" - ^'- i-«-t

Of course, the prospector seeks for ore that is profitable, and, like asensible man, he neglects the opportunity to solve a geo ogicalproWem. An '< .solated rich vein " may yield bigger dividends than
a large .supply of low-grade ore." In all talk of this kind there isa amen able confus, u between quartz and ore. The n.iner wants

S;°M ", ? u u-i'P"'
'"'"^'^ '" ^"^-^^^''^ ''''' «"»'< t« •exploit

profitable lodes, the ab.hty to yield a profit being dependent on theUo actors of sjz.e and nchness. Many large bodies of quartz, atB nd.go and Ballarat, for example, have not been exploited k>cause,
after trial, they were found not to contain the proportion of gold
required for a profitable min ing operation. This i.lea of size when
d.vorced rom a definite knowledge of richness, has ken the cause ofmuch fooh.sh work in Nova Scotia, as in other countries. It may bea stimulant to flamboyant fimuice, but is not a basis for .sound
business The '' hest authorities " who advocated the grandiose
exploita^on of large bodies , . - poor in gold, knew less ofmining than the simple pre. ,o kept his eye on pay-ore
extracting it by aid of a w .. or a whim; while ?he bigcompanies led by pseudo-scientii.o advisers, erected expensive millsand sank deep .shafts i„ the expectation of finding large bodies of ore
the existence of which was only an unsubstantiated surmi.se

All rules for the development of a mine based merely on geological
structure, without such knowledge as comes from carefulsampling
and assaying .ue worse than futile. It has been said, bj theCanadian geologist whom we have been quoting, that "underground
developments on vertical folds will thus require to be less extensiveand will cost much less than inclined folds, and thev should
generally receive the preference for deep mining." The experience
of mining, which antedates the science of geology, has demonstrated
that deep mining is remunerative only where profitable ore has beenproved to persist sufficiently to warrant further exploration by
vertical workings. The purpose of mining is not to elucidatl
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theories but to make money. If the geologist will show the miner

afford to do HO for the purpose of ascertaining academic facts.Old MunnK is Ostmctly utilit.irian and makes friends with youngGeo o^y only when the latt..r shows sympathy with the pur^e o1h.s .abour. That sympathy AnuTican and Canad.an geobgistshave tendered to a marked decree, and if in Kurope geology ^sti

wonder that the econon^ic .levelopment of the science remains
relatively insignificant.

•T. Edmund Woodman.

Another recent student of the subject is Mr. .J. Edmund Woodman

On Ma> 18, imUie presented a pnper on the Moose River district,and on .larch 18, 1905. another on the 'Distribution of BeddedLeads in relation to Mining Policy.' Both of these were readb fore the Nova Scot,a Institute of Science. He proposed thename
of Meguma for the gold.l.earing series, and divided it into alower quart^itic division called the ' Goidenville.' and an upper or

papers Mr. Woodman uses the term ' crenulation '

to label thebarrel structure. He shows that the crenulation is not alUy
paraUel to the stratification. Even undoubted cross-veins 3
Ld^d t «f'f"-.

'Although less frequently than those of thebedded type. In the second paper he states that in the Nova Scotian

on bS' of h'" 'r
''

r""^:'"'
'^°*"""^^ ''-^'«' -d exactly

one-half of them show domes that have been tested by mining

tnlZ',T r' ?'i°"
*° ^ross-folds. may have several domes,but five IS the largest known number on the same anticline. Hestates that only "one or two cases cf gold-bearing bedded veins areso far known to exist in the trough of a syncline ; and from themechanics of the mountain-building and attendant vein phenomena,

It IS no to be expected that such deposits will occur along the

r?r ."''',
T.

""'^ '''''"'•" "•^"'^^ "'' ^' probably safe to
neglect these folds entirely in exploring for new deposits." Heemphasizes the association of gold-bearing quartz with the slate,and asserts that " no prospector wastes his time on countr;
definitely known to be all whin." His use of the term ' whin ' tZ
quartzite is regrettable, especially as he refers to the fact that thisword " was originally employed by Hutton. in Scotland, to designate
certain sheets of trap, and in Cornwall still has a similar meaning "
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But thi? lapse neo<l not detract from the undoubted iilno of his

observations. For instance, he makes the important note that the

moat violent folding takes place where the largest proportion of

slate exists. There also the pold-lK'aring qiiar'z veins are most
plentiful. " If one p)es out from the centre ol a dome, he will

proceed from a part in which outcrops and undergiound cross-cuts

show a definite alternation of slate and quartzite bedi, rather

suddenly into a refjfion in which little, if any, slate is to be found.

This is a typical condition."

^Vhen, however, Mr. Woodman begins to apply his accurate

geological observation to the furtherance of n.ining, he also (like

Mr. Faribault) misses the one economic essential, namely, that

mining operations must tend to Im' profitable, first, last, and all the

time. He pn ents some " facts " in encourage the mi'ier

:

•• First, while tiieie is iiti undonlitnl (lownwiird limit to the zone of leads

whieli could be cut hy ii cilinf! s\uik on the apc\ of u (Kuiie, we liave no
evideuce tliiit in iiHv f,'iveii disliii-t it is within the rimne of nioderutely

dei'p luiniu','. or thiit miiii.v viilniil)]e saddles miiy not he eut bv such a
shiift. Tl\e experiiiieiit hiis iiexcr been seriouslv tried. Seeoiul, while a
\erv definite surface lateral extent is known for eaeh true dome, there is

many ii district in which there are enou',')i paving belts to keep one or

a vei \ few lar^e plants for nioie vears than anv of us will see. Third,
while there is a detiniti douuwaiil limit to each kf,' of a saddle, at which
the vein "'"s out. it has vet to be shown ttuit anyone has >-eaclied that

limit in a chaniclcristie case."

Here, as in the case of Mr. Faribault, the scientist who applies

geology to mining ought to be assisted by a sampler and assiiyer.

No new deep .'-haft is nece.-isary to prove that the profitably gold-

bearing -eins of Nova 8cotia do not persist. Shallow mining to

three or four hundred feet vertically has sufficed to ascertain that

fact. The " experiment," as recommended by Mr. Faribault, was
tried at the Dlue Nose mine, at Goldenville, and it failed utterly.

I venture to deny that " there is many a district in which there are

enough paying belts to keep one or a very fisv large plants for more
years than any of us will see." Yes, breaking stone for roads, but

not \vinning gold profitably for tlio shareholders who.se money was
subscribed for the erection of the large plant. It indicates obtuse-

ness to unpleasant realities to assert that " it ha^J jet to be shown
that anyone has reached the downward limit to tl. 'eg of a saddle,"

if Mr. Wood! lan is referring to a leg or quartz vein that is profitably

gold-bearing. Certainly those of us who are engineers ,vould not

urge the miner to follow the leg of a .saddle for the sake of white

quartz. Perhaps 1 speak roughly, but I do so in the interest of

ascertainable knowledge. Spencer said that Huxley's idea of a tragedy
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w,i« a k-autifnl theory killed by an uply fact. AHsur.dly factn, ndy
from one iK)int of view, have massacn.l these theories of visionary
b.olo(,nsts. who jonfuso the making of holes in the ground with
mininfr. and the pirsisfmco of qiuut/ with the continuity of uold-
btaring on;.

Conclusion.

The foroffoinf? citations from writorn who examined the same
ref,Mon at succesHive intervals d.iring fifty years is interesting as
illustratmff tlie growth of geologic tb.M.ght. They serve to remind
us how young the science is, and how infantile is that branch of t

applied to the search for valuable ores. Errors in petrography
were natural before the microscope was intro<luced, and mistakes
in chemistry were not surprising before laboratories became easily
accessible, but it is apparent that the worst errors are not caused
by the lack of apparatus or other artificial aids, but by careless
observation an.l reckless generalization. Keen eyes and a logical
mind enabled several of the older investigators to arrive at remark-
ably correct inferences, while the multiplicity of instruments has
not availed to prt-vent some of their successors from gross blunders.
The general trend has been to .liscard catastrophic ideas and to
apply the principles first enunciated by Lyell in 1830. The history
of geologic thought as regards the Nova Scotian goldfields, as else-
where, indicates a growing disposition to judge the unknown by the
known, an.l the past by the present, with due allow-nre for varying
conditir.i.s. (leology has become less visionary, wh le appealing no
less to the conscructive imagination. Kt vl, ,lg, do, no: kill
theory, it serves but to discipline. If geoK y has so ten fni ^
guide the miner in his groping uudei- .nd, it ha U-en use
the science was ailow.d to drift too far from the safr uicho, , e of
fact. All gold-bearing quartz is not ore, and every hou ^9"

the
ground is not a mine.

.1

"-^- lljtia I'oiues of tills i>a,ief nut,, be uhuiined, at a it,„„iml .h,,.

at the Officer of the Institution, Sali^b.iry House, London, K.C.
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