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THE

CANADIAN NATURALIST

AND

@uarterly Howwnal of Feience.

ON THE SURFACE GEOLOGY OF NEW BRUNSWICK.
By G. F. Marraew, F.G.S,

The present paper on the second group of surface depoits, is
in continuation of one published in the Canadian Naturalist,
New Series, Vol. 6, No. 1. and devoted to a deseription of the
Drift striee and Boulder clay in the Southern countics of New
Brunswick. Since the former article was written. other fucts
having an important bearing on the geology of the Glacial
period have oeen observed, to which [ would refer, before
entering upon the main subject of this one.

I. Gracian Erocin

A careful examination of the direction of the strire recorded
in the table given in my previons article. shows clearly the
influence of the coutour of the land. even in minute particalars,
upon the course of the glacial strize. I have had an opportauity.
during the pust summer, of verifying this feature in the action
of the striating foree; and have observed that the later strie
conform mare closely to the minate inequalities of the sarface
than do the more ancient markings. It is also a general
rule that the older courses of glucial lines are much heavier
than the later, though wuot so distinet nor so sharply cut.
The greater promincuce of the later striwe is due to the oblit.
eration to u greater or less degree of the older set. for the
latter are often to be scen ouly on eertain protected slopes of
the ledges. In addition to the secondary or distinet set of
strim,—in which is included the great majority of those
recorded in the following table—there is not infrequently a
Vou. V1L EE No. 8.
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third group of lines, lighter and more irregular than the last,
and still more obviously affeeted by the contour of the surfaces
‘over which they ave spread.  Such variations might naturally
be looked for as likely to result from progressive diminution in
the thickniss of the ice ¢.p. as the maximum of density and
voiume gr daally receded to the North,

As aninstance of these vari tions, the strize under No. 39 of the
following t.ble may becited. This ledge has been uncovered in
taking gravel for ro1d-making,and the glucial markings ave fresh
and sharply cut.  The oldest record on the ledge shows that the
ice once moved dircetly, through Beaver Harbour, jn a course
nearly due South, scoring horizontal.y the slopes of the ridges by
which it is bounded on cither side. 'This southerly direction is
that of the strice on the highest ridges in the Southern counties.
The course of the next set.of lines shews a tendency in the ice to
slide obliquely downwurd into the harbor; and finally it appears
to have moved dircetly down off the hill into the basin in front.
The bearings on this ledge exhibit a change in the course of the
moving ice, {rom first to last, of fully a quarter of a cirele. Similar
influences may be traced in the strize of Bocabee Bay, and in the
converging lines which enter the upper basin of L'Iitang River.

Perhaps the most remarkable locality for these markings is
one observed by Prof. L. W. Bailey, last summer, on the west side
of Chamcook Mountain, wear Saint Andrews (No. 12). This
eminence (637 feet bigh) has on its western side a buttress or
lower Wll, which overlooks the Sainte Croix valley. The rock
is steep and high, and toward its basc there is a deep recess cut
in the face of the cliff, and extending for some distance along
its foot. The ledge which covers the recess overhangs about
stxty degrees! and upon its under-surface are strong, regular,
and distinet strie, parallel to the dircction of the cliff. Below
this overhanging rack there is a talus of loose blacks of felsite,
extending to the base of the hill—abont seventy feet Jower—
where the ground becomes nearly flat, and descends gradually to
the Sainte Croix River. For a space of four miles to the west,
and an indefinite distance to the south, there are no clevations
or ridges which could have brought pressure upon the under-
surface of this overhanging rock to groove it ; and it was protected
from the assaults of iccbergs by an extension of the Chameook
range of hills for three miles to the north-west.  Here, therefove,
if anywhere, the glacier has Jeft a witness of its former presence
in New Brunswick,
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SecoNp TABLE or Striz IN SourierN NEW BRUNSWICK.

[These notes are armanged according to the Jongitude of the
places mentioned, from West to iast; and, as in the former table,
the courses are corrected to the true meridian, I am indebted to
Prof. L. W. Bailey for those marked with an asterisk (¢) : and Mr. R,
W. Ells has added those indicated by an obelisk (t).]

Na. DESCRIPTION OF THE Lu(',\n'r\'. Exposure. | Course.

1| Prince \\ illiam, on k. & N. A R, l\,3nnlv

S.W.of x\IcAd.un Junction. .......... S.o(tlat)y  PSo45° 16
2] Saint David's, Oak Bay, K, side of, opposite
8. end of Rogers’ Island. ......vovnts w. S, 43 K,

3 \Lmnus-%lttum S, end of ridge running
N.W. flom N. end of ()lOIllOLtO L.}
Latest striee 8. 600 X, and S, 402 15 8.W, S0200 k.
41 « Harvey Scttlement, road to Lester's
Mill, Latest stvie 8. 43¢ E, and S.

s [ 8. 200

L PR E. s 100k

5l « Haiveyt ‘sottlomcnt Chapel in,  Latest o ’
striae 8. 450 E. ( c\\) .............. S (flat) |8, 200 K.

G| « Cork Settlement Ridge, onc mile N,
ol Cork Station, valley in front trend-

ing . Latest “strie S L2070 B, (few). | B 5. 307 E.

S

v}« Cork Station (foot of Cor K Sett, Ridge)] 5. W, S.20° B,
$ | Dumbarton, Wicher Ridge, South slope ..} 5.3, 8,600 I,

91 Saing (,101\, Bradford’s Cove on St. Croix
R. Lateststrie S.100 K. .. ..., N. (flaty | S. 407 1,

10] ¢ Southward on same shore. Latest
strie 8,300 ool flat 5,100 K.

11| ¢ Shore of St. Croix R., oppoesite Doucet
Island. Latest strive S, 200 K ... ... ftat S50 .

*12] « Chamcook Mt., W. end of, on a c¢liff
overhanging ahout 60° ..... .. ... W S.100 K,

121 Chamcook Lake, E. shore of, on I, side
of a ledge that overhangs 207 Striw,
converge from N.W. on overhanging
fCe ., o i e e B, 8500 K,
141 « Chamcook IL., near outlet. Hl"h hill
oa E. and N.E.: flat and open to
3 southward. Older strine S, 45" E...| W,
* 15 | Pembroke (Maine), W. branch of river. \‘.,\\'.(ﬂut)
16| Saint Andrews, Chamcook Cove, E. sn(h

25° B,
50+ K,

Older strice 8. 50 B. ..o .., SV, S.100 I,
17 | Eastport (Maine), Broad Cove, roche mou-
tonné ledge, descending to..... .. N.
On N.E. slopc strize S. 607 ,on N LW
SIOPe oo i et et S.55° I,
18 | Saint Patrick, Bocabee B.).y head of. Oldest
strite 8. 400 X latest 8. 100 I, ... SW. () | S, 200 k.
19] « Near the last (pm)cctxn" ledge to N ﬂat N. 70 E.

20| ¢ Bocabee Bay, end of a low pomt on I
side of. [First stviwe S. 400 F.; last
T L TP IW.NLW, S. 200 k&
(last stria on N.side of same ledge,S. )
21] ¢« Bocabee L., N. side of. Last strie 5
f: 10 O TR SO A\ S. 250 I,
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No. Descrirtion or THE LOCALITY. Iixposure. Course.
22 | Saint Patrick, Duncan Road, 1§ mile N.
from Lurner's Mill................| NE. S. 250 .
23| « Digdeguash Valley, near N. end of] ’
Duncan road. Last striae N, 700 E. lf E. $.300 E.
24| « Digdeguash Basin, in deep narrow val-
ley (course 8.) W. of mill at. .. S. 300 1.
* 25 | West Isles, Pendleton’s Isl'd, N. L. end of| S.W. S. 650 I,
26 | Saint (vcolgc Hill betw'n Pml\uhog‘ln and
Magaguadavic Rivers, N. slope of ... W. 3. 60° E.
27| « Magaguadavic Harbour, Creck 8. of,..| N.W. 8. 850 E,
28| « Xork of Back-Bay Road, near I, end
of LaTéteridge. ...........o ... N.W. 8. 500 K.
29| « LaTéte Harbour, head of Back Bay
S, side of a swale near road. Last
strie S.75°E....... ool iiial L, N.W. 8. 250 E.
30| « L’Etang R., N.W. ride of basin at head
of. Laterstrie 8.800E............ N.E. S. 600 E.
31| « L’Etang R., S.W. side of same basin.
Later striee ) O P JWNW. |8.600 E,
32 | Pennfield, I'Etang R., K. sidg of same basin| S. S 15° B,
33| « LLtung R, on ndgm S.E. of rsame basin| N.W. S. 50 E.
34| « « $ slope of this (\I E.—8.W.)
) STe P+ .. 8. S. 5o E.
35| « « next ridge gomq south.
Later striee 3. 200 K. .......... .ol N.W. 8 250 E,
36| « L'Etang R., on K. side of Narrows,
(hl;,h hill on W, side of the river)..| N. S, 600 E.
37| « Black's Harb,, N, of clay flat on r'd from| 5. (flat) [$. 600 E.
38| « Beaver Haxb head of, at tide level,
high ridge toS. Olderstrie . 390 E| N. S. 600 E.
39] « Beaver Harb. same ridge, S.E. slope of.
on a roche moutonné ledse, 4x10:30 ft,
Oldest strie 8. 106 W.; last striwe S
800 . chiefstri 8. 30¢ ., curvig tof (8.E.) S. 460 E.
Un N, side of ledge are a few last
stri S 200 kool
40 | Blissville, Fredericton June,, E.&N.AR.R.
on ridge one mile S, of......0 . L N.N.W. S, G0 E.
41| ¢ Forks of Fredericton and Clones roads.| N N.E, S. 250 K,
42 | Petersville, Fredericton road, E. side of
SORY FIdge. . e i i it e N.E. S.200 E
43| ¢ Parish Church, Headline Hill-—\'nlh-ys
toNW, W andS.. ...t S8.35°E
t 44| « Olmville Plateau ..oooovnnoenn ooneen S. 600 E
45 | Gagetown, Clones, Wilson road. Oldt,st
strice. 8. 350 K, Chief striee, 8. 450 B
CUrVINEZ IO Lt vieive cevnee canaes 'CAD) S.40° B
46 | Hampstead, 15, of Blue Mt. on slope to
Long Lake ... oo iiviiiiinnanaas N.E. S.35° E.
47 | Lancaster, South Bay Station E.& N.AR.R.
Oldest strie, S5.100 W.; last S.15° K] N.E. S. e K.
t 48 | Northficld, Neweastle R., above Yeoman's
Bridge. ..o ool I N. 8. 15°W.
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Abyss in the Bay of Fundy—TFinding that the drift striz
along the coast of the Bay of Fundy, in the western part of
Charlotte county, did not conform to the course of the rocky
ridges, but crossed them at right angles, X was led to examine
the contour lines of the bottom of the Bay. Elsewhere, along
the New Brunswick shore, the water deepens gradually ; but
south-east of the islands which shelter and shut off Passama-
guoddy Bay, and extending thence along the castern side of
Grand Manan to Briar Island in Nova Scotiz, there is a remark-
able gulf, in all parts of which the sounding line goes down
more than a hundred fathoms. A tongue of deep water extends
from it toward La Téte Pvssage, and other tongues point up the
Bay of Fundy. The deeper part of the gulf (enclosed by the
100 fathom contour line) is much wider near the Nova Scotian
shore, where also the descent to deep water is very abrupt—
especially at the North-west Ledge off Briar Island, where the
bottom sinks down to the depth of 100 fathows, at the distance
of a mile and a-half from the shore.

This deep cavity has evidently exercised a controlling iufu-
ence on the glacier which passed over Passamaquoddy Bay and
L’Etang Harbour; for the strize shew a decided convergence
toward it from the land'to the W., N.W! and N. of it. This
movement was analogous to that referred to in my previous
article on Surface Geology, as exhibited by the strize of Nos. 46,
and 47, as compared with 45, 48, 49, 50 and 52 in St. John
county.

[I have assumed that the abyss in the Bay of Fundy existed
in the Glacial epoch; for without adducing proof that the level
of the adjoining land has not been greatly changed since that
period, there are strong reasons for supposing that this depres-
sion was formed in the Triassic period. It is well known that
the whole northern coast of Nova Scotia, as far.east as Cape
Blomidon, is bordered by » range of volcanie hills of that period;
and it has been suspected that the trap rocks of Grand Manan
arc of the same age. This surmise wag confirmed during the
exploration of that island undertaken by Prof. Bailey, a few
years ago, for the Geological Survey of Canaqa.  Grand Manan
is the only part of New Bruuswick where any considerable mass
of T'riassic trap has been found, and the deep submarine trench
along its eastern shorc would appear to have resulted from the
simultaneous action of voleanic forces in New Brunswick and
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Nova Scotia, causing the collapse of the carth’s erust in the
intermediate space. Tor the same reason, probably, deep water
surrounds Isle Haute, an isolated peak of Triassic trap in the
Bay of Fundy, toward its upper end: and it is noteworthy that
wherever in this puart of the Bay, Triassic trap appears upon
two opposite shores, holes and troughs exist in the intervening
space in the bottom of the Bay. I may add that the regular
trend across the bay of the contour lines of 50, 40, 30 and 25
fathoms, toward that purt of the Nova Scotian coast where the
trap mountains attain their greatest development, is not without
significance in this conncction.]
II. Syrrensian Erocn.

Under this head I propose to deseribe a greup of beds which
rests immediately on the Boulder elay: in the flat country of
the interior, they are largely composed of sand, but in the val-
leys among the Southern hills, and between the ridges of slate
in the northern part of Charlotte county, much coarse material
is mingled with the sand, and in narrow and confined valleys
the deposit is upt to consist chicfly of gravel and to contain great
numbers of blocks of stone, and boulders more or less rounded
and deprived of strize. Kither these beds are not well developed
in other parts of Canada und along the Atlantic seaboard, or their
position and origin has been misunderstood. Prof. C.H. Hitcheock
includes similar beds with the Leda-clay in his division of the
Drift which he calls the Beach and Sea-bottom period, but in
this country the known beaches are associated with a later group
(Saxicava sand) and his Sca-bottom beds scem to correspond to
the Leda-Clay.  The gravelly group is not recognized by Dr.
Dawson apart from the Leda-clay, probably beeause it forms
but an inconspicuous portion of the Modified Drift in the Saint
Lawrence valley. I think, however. that it is recognizable in
some of his sections, as for instance that of the Glen brick works,
Montreal, Nos. S. 9, 10 and 11 of the Scetion.™  Also in speak-
ing of the stratified sand and gravel of Nova Scotia, which he
considers to be *“newer than the Boulder-clay, and also newer
than the stratified marine clays,” he deseribes strata very like
our Syrtensian beds.

Dr. A, S, Packard gives scetions of some Post-pliocene depo-

* Notes on the Post-Pliocene Goology of Canada, Montreal, 1872,

, 1 Opodil pp. 39 & 10,



No.8.] MATTHEW—GEOLOGY OF NEW BRUNSWICK. 439

sits on the coast of Maine * from which—as for instance that of
Gardiner (page 244)—it appears that gravel beds like those of
the surface deposits in New Brunswick lie at the base of the
Modified Drift in that state. In his description of the Lastern
Coast of Labrador there are passages whicit foreibly eall to mind
the probable condition of our own province when these Syrten-
sian beds were forming. Speaking of the present condition of
this desolate shore he says:—¢ It is an important fact that the
‘ present contour of the coast from the sea level to a height of
““ about, 500 fect, also extends to at least 50 fathoms, or 300
““ feet below the surface of the water.  Such we found to be the
“fact in dredging for a distance of nearly 600 miles along the
“coust. . . . . . Again, dredging was carried on off
“ Henley Harbour (\fon thern eutrance to the Strait of Bellisle)
*ton a pebbly bottom 300 feet below the surface which formed
*“ the continuation of the same beaches which rose some 200
* feet above the sea level. . . . . . . At the settlement
**in Chateau Bay is a remarkably steep beach which ascends
“ halfway up the side of the hill which is about 500 fect high.
It is composed of very large boulders closely packed in layers,
“without any gravel to fill up the interstices, and slopes to the
- level of the water at an angle of at least ~10°, being the steep-
est beach I saw on the coast. . . . . e
“This beach, when below the level of the sea, was evidently ex-
“posed to the action of the powerful Labrador current which
“piled these huge water-worn recks in a compact mass which
“served Lo resist the waves, while the coarse gravel and sand
““were borue rapidly away further out to sea on to lower levels.”

This thorough sorting out of all the mud and fine sediment
by the action of the Arctic current on the coast of Labrador, is
but a continnance further north of the powerful agencies once at
work in our own provivee. I have said that over much of the open
plain in the iuterior of New Brunswick the beds which rest im-
mediately upon the Boulder clay are sandy, and they ave there for
the most part concealed by beds of Leda-clay : but on proceeding
southward and entering the Southern hills, where the valleys are
deep and narrow, the cutting power of the curren* was broughs
into active play, and gravel ridges and slopes became quite com-
mon, and are often a marked feature in the landseape.

* On the Glacial Phenomena of Labrador and Maine, Memoirs of
Boston Society of Natural History, Vol. 1, Part 3.
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_ According to their relation to the neighboring eminences, and
to the straits and gorges between them, these (now elevated)
shoals take varying forms—forms of which there are four prin-
cipal types, viz—1st. The Weather Shoal. This has been casb
down before a hill, or on onc or both sides of the entrance to some
gorge: it has usually a rounded form sioping gently downward to
the plain in front, and often having a hollow behind it, separating
it from the solid rock of the hillside. Gravel kuolls of this na-
ture may be seen at the falls of the Piskahegan River, Charlotte
county, and at the gorae leading from the valley in the 8. W.
corner of Sussex parish in Kings county to that of the Hammond
River,

2d. The LeeShoul. This has gathered behind hills or the
outlets from gorges. Ridges of this kind are quite numerous.

3d. The Centre-Shoal. 'This is an accumulation of gravelly
niaterials formed in the open space beyond a gorge or upon the
top and slopes of racky viduzes, ecither covered with or partly
denuded of Boulder-clay. « Giant (raves” and Whale-buacks
are of this group: the former being for the most pars gravel
throughout their whole depth, and comparatively small; the
latter having usually a substratum of Boulder-clay.

dth. Horsebaclk, Boarshack or Kscar.  This type of gravel bank
usually exteuds along the top of rounded slate ridzes, forming a
crest often many miles in length, or it forms a connecting bank
between neighboring rocky hills.  These long and vniform ridges
appear to have been formed ut the contact of two branches of
the polar current, moving side by side but with different velo-
cities, thus giving, especially in the shallower water at the top of
the ridge where their edges meet, the effect of an eddy.  There
is an endless variety of intermediate forms counnccting the four

“types of gravel ridges, but they are all evidently due to the
varied action of the current, now stopped hy an opposing hill,
and anon rushing swiftly through some gorge and scouring it
out to the rocky bottom ; or again, at a sudden bend of the val-
ley, rising out of it to course across the adjoining submerged
ridges.

To show at a glance the most characteristic of the gravel-
ridges the following table—in which all the bearings are cor-
rected to the truc meridizn-—is added.. When two beavings are
given the first is that of the northern end of a ridge. One ridge
observed by Prof. [, W, Bailey is marked with au asterisk, wud

“those reen hy Mr. K. W, Ells by an obelisk.



No. S.] MATTHEW—CGEOHDAY OF NEW DBRUNSWICK. 441

TABLE or GrAVEL RGeS IN SoUTHERN NEW BRUNSWICK.

Teneth
Nuo| Descrrtion oF 1tk Locaniry., Kind of Ridee. 'in miles| Direetion,

Prince William, 1 mile 8.W. jCrescent-shap’d
from McAdam Junetiony at} lee shoals and
I, end of a granite vidge, .| whalebacks. | = = |8, 5001,

2 Suili‘tl J";.""‘\\.‘( T;ti'('l;fl)ifllji.it\l‘l" 1lorseback, Vyad |8 000 L.

s1de of, extend’y fro . ¢ 1 Y1 Yoo K ¢ S

Silll.\'q:lil'h to Kean's ...... (two courses)) f RIS

* 3 Saint Jumes, I8 of Canous 1L,

on high land at upper end

of Lynufickd Road........ Horseback, - = {8,400 L.

On road to Qak Hill, separ-

ating Cranberry L. fiom the]  Whaleback ]

sources of Moannes stream, and f

@ ridge in two parts separat-]  Iorseback, { t

ed by o hollow running 8.,

s« Ou Road to Basswood Ridge,|A sharp whale- }13{ S. 4501,

—_—

5. 600 K,
5,450k,

o

3 miles south of the last. .. back. 5. 259 15,
6| Saint Patrick, valley of the|Giant's graves,
Digdeguash R,y & series of]  whaleback,

gravel knolls aod ridges. . .| weather shoal.

21 IS, 4ue ks,

7% Clarence  Ridge, mostly
Boulder elay...... ... .1 Whaleback, 23 18,350 k.
“ Maorrison l-xd;,,«, S.of the last do. 11 |8 400K,

H

of # X lower and flatter ridge
S.W. of last, and mostly i
Boulder clay . .....oovnu... do. !
10| « W.of Bocabiee L., ﬂ.tttop];«.(l Gravel ridge.
11 | Saint George, valley of Maga- {

(1S, 40 W,

bhut less continuous ridges| Whaleback and: 14
28 bue W

N.and 8, of these) . ....| weather shoal, |
t 13} ¢« Clarentou, S.\W, (mmr, l,
of MeDougall Loooo. ...} Horsebhack. 14 | S. 80k,
i4 | Penntield; below Cripp’s mill— -
stream on ' to Black's Har.| Giant’s grave, | = ~ | W,
i1a] ¢ From S, ead of Clar I,

guadavice, between Pomeroy| Succession of i1 d about.
Bridge and Piskahegan R...| gravel ridges. i IS, 400 E.
12{ %« L. I-utopm, S, of (p.u‘ullul
1
J

along Wside of Popologan 8| 1orsehack, 2S00 B,
6|« S.E. face of Pennheld Ridge] 2 S, 600 W,
: S, do. do d(: tiravel platean. { !:E S, ;;” w
17 | Lancaster, Musguash R, W of,
on Poster'd to Leprean, a tlat] Gravel ridge. iR W
18 1@ S of Musquash Marsh (19, ot
Jast) oeivn ciiiin it Whalcback. 15 5. 0500\,
tul « Musquash Harb., W, ol lln )
Narrows ..o oo, do, 1} |3 6oV,
201« Prsarinco, tidge unlm,, at
Negro Heado ..., .. thittened| Gravel ridge, | = = X, 6uo W,

21 1« Manawagonish, long't reach Flattened

of the raised beach on the L1k s, svo W,
Posteromd to Musquash ..., horscback. |72 b
22 | Simonds, Mt. Prospect, top of,]  Whaleback. b : '\'{.l"‘ ”
23 | Hammond, crossing Ham'd R. I ('),
Vo le

vallevebove Tobonn villvew b TTorsed ack,
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General set of Polar current over New Brunswick and Maine.

In the region to which this table relates there are three tracts
each characterized by certain peeuliarites in the gravel ridges.
In the middle tract——which includes the Qromocto Valley and
Nerepis Valley—the ridges are short and irregular, owing to the
conrse of the current which here ran obliquely to the direction
of the hill ranges ; and no ridges are recorded in ¢*  table, because
they have not so evident a bearing on the general course of the
current as the ridges in the other two districts have. In the
latter the gravel ridges are much longer and more conspicuous,
and approximate in direction to the course of the rocky ridges:
but while in the western tract they are directed to the S. ., in
the castern they point to the 8. W. They differ also in the
kind of ridge which prevails ; for while horsebacks are numerous
in the western district, broader aind rounder ridges, whalebucks,
¢te.. are common in the castern, and in the middle tract the
zravel banks consist almost exclusively of lee and weather shouls.

It will be scen that the western area corresponds quite nearly
to the  first fract ”* of glacial strie (see page 11 of my former
article) and in it the strize agree in direction with the Syrten-
sian ridges: but in the castern district near the coast there is 2
striking difference between the course of the strize and the gravel
ridges, the two ruoning nearly at right angles to each other.
From this it wmay be inferred that the hills of Southern New
Brunswick which during a preceding period formed no scrious
ohstacle to the onward progress of the Glacial ice, had risen
sufliciently during the Syrtensian cpoch to act as a barrier which
turned aside to the right and left the principal volume of the
polar currcut.  As a result the winor currents traversing the
gaps in these hills in Queen’s and King’s counties united with
the grand enrrent in the Bay of Fundy, and ran along the south-
ern side of the granite hills which extend from Bald Mt. on the
St. John River to Red Rock Mt. on the Magaguadavic. This
would vive to the sea of the Syrtensian period a depth along
this coast of from 700 to 1000 feet greater than it has at present.
While this may have been the depth in southern New Brunswick,
when the prineipal gravel ridges were in process of formation, indi-
cations that the sea bottom underwent important oscillations else-
where are not wanting. At the lower end of Linke Eutopia, near St.

Gearge. in Charlott county, ave N.E.—S. W. aravel ridges extend-
4
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ing across a somewhat sunken tract, which has been sheltered from
the rush of occan waters down the Maga'davie valley by the gran-
ite hills enclosing the upper end of the lake. On cach side of
this knot of hills, but especially to the cast, gravel slopes and
flats have been carried out by the polar current runniog through
the Maga’davic valley, in such a wayas to indicate that the S.W.
set of the current in the Bay of Fundy was overpowered in this
neighborhood by the S. X. current coming through the hills to
the North. A similar change in the direction of the current
would seem to have taken place at Saint John, for while the
course of the later gravel ridges west of that city (at South Bay)
is S. 25° W. the older ouncs point S. 50° W.

T'his foreing of the current across the Southern Hills of New
Brunswick in the latter part of the Syrtensian epoch may have
been duce to the rise of a submarine barrier at the head of the
Bay of Fundy, then a broad strait, diminishing the power of the
current running through that passage.  Or it may have been ocea-
sioued by clevation of the sea-bottom of that period along some
meridian west of the Penobscot River in Maine.  From Prof. C.
H. Hitchcoek’s report on the Geology of Maine it appears that
aN. to 8. course marks the gravel ridges in the valley of that river
and in the southern part of Aroosteok county. Tn the lower
part of the Penobscut valley the ridges tend slightly to the west.
couforming to the course of the valley; and I infer from the di-
rection of the roads and streams in Washiugton county, that the
courses of such ridges there approximate to the S. E. course of
similar gravel banks and ridges on owr own side of the border.
There was thus a convergeuce of the waters of the Polar current
(as marked by the Syrtensian ridges) from the centre and west-
crn part of New Brunswick toward the mouth of the Bay of
Fundy 5 and apparently & fan-like spreading of the same waters
over the high wilderness tract extending through Haucock county,
Maine, to Mt. Desert. Tt may therefore he inferred that as far
West as the Penobscot valley this current was turned oui of its
natural S, W. course and compelled to go S. or S. E.

From other data, collected by Prof. Hitchcock v Mauine, it
would appear that this barrier was still further west—beyond the
valley of the Kennebee River.  Tor it will be observed that the
axes of the lake basins and harbours in the maritime tract
between these two rivers (the Penobseot aud Kenunebee) and as
far as Pordand, have @ divection not far from 20 deprees weast



444 THE CANADIAN NATURALIST. [Vol. vii.

of south. Tu this they correspond to the gravel ridges of the
lower part of the Penobscot valley. Now these fiord-like har-
bours and the lake basins cannot have been made by glaciers;

for in the report quoted® there is a record of twenty or more
courses of glacial strize, in Penobseot, Waldo, Knox, Lincoln,
Kennebee, Sagadahoe and Cumberland counties, which run, on
the average, 8. 30° 5. They therefore crossed these harbours
and lakes at right angles. But if it be admitted that these
hollows were produced, as were-similar troughs on the New
Brunswick coast, by the scouring action of the polar current,
there is reason to suppose that even as far west as Portland this
current was compelled to seck a passage tropic-ward, in a less
westerly direction than it would have done, had no barrier been
interposed. This obstacle to its flow was probably the White
Mountains and conuected ridges to the northward of that group

of hills. d
Typical Localitics of Syrtensian IRidges in Southern New
Brunswick.

To shew the varied influcnce of the current in the south-
western part of New Brunswick, I add here a brief description
of some easily accessible localitics near the coast.

Digdeguash River—On the northern side of the range of hills
through which this stream winds its way before entering the
sen, there is a valley about two wiles wide and seven long,
across which ruos, 1n an cblique line, a series of gravel mounds
and ridges.  They begin in a bank of gravel of the Lee-shoal
type, cast down behind the western entrance of the busin on its
porthern side, near Falls Brook. To this bank sueceed a num-
ber of mounds of the form known as “glant's graves,” one of
which is now used as a grave-yard for the chureh in St. Patrick’s
parish.  These mounds extend along the flat bottom of the valley,
in the direction of 2 laxge gravel ridge of a rhombic form lying
in the middlc of the valley. At the mound belsw that on which
the towbstunes are seen, and at the large rhombic mound, there
are gravel pits m which the Leda-clay beds which fill the bottom
of the valley may be scen, rising up on the lower slopes of the
gravel ridges.  On the flat top of the rhombic mound are two
depressions, lined with a clayey soil : of these the more casterly

* Sixth Report on Agriculture, &c., of Maine, p. 260; and Second
Report on Nutural Ihistory and Geology of Maine, p. 378.
s
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and smaller one has a pervious bottom, and the soil 1s only a
heavy loam ; but in the other the Leda-clay covering is suffi-
ciently thick and fine to hold a small pond of water. This laree
mound is, in its turn, connected by other sharp, oval mounds of
the “grave’ type, with a long gravel ridge extending from the
river bank up against the shoulder of a granite hill on the south
side of the valley : this ridge consists of twe parts imperfectly
divided, that part near the river approximating to the whale-
back form, and the portion next the hill being a weather-shoal,
with the inner end turned down along the funk of the granite
hill. .

Taken as a whole, thiz series of knolls and ridees may be
regarded as a horse-back built up between currents of different
velocities—with this peculiarity, that while at the upper end of
the basin the western current was the stronger, at the lower
part the eastern current, havieg a freer outlet, by two gorges
through the hills, became accelerated, and drew a part of the
western current across the horse-back, cutting it into a number
of detached mounds.

The course of this line of gravel kuolls across the valley
shews that the ocean current which formed them, pursued its
southward path almost irrespective of the hills which separate
this basin from Passamaquoddy Bay: aud as these eminences
are as much as 400 feet above the sea, it is clear that the cur-
rent itself must have covered them to the depth of several
hundred feet more ; and thus its surface would have heen quite
T00 feet higher than the present sea-level.

Lake Eutopia.—This sheet of water, which discharges by
Maga’davie River, i3 separated from L’ Etang River by a gravel
ridge only. The ridge is a compound one, consisting, in its
western part, of a weather shoal, resting against a slate ridge,
and in its eastern part of a whale-back or central shoal—the
two being separated by a shallow depression, due to a light cur-
rent, which drew across the ridge from the side on which the
lake lies. At this locality there are clear indications that the
force originating the Drift strize was quite independent of that
which threw up the Syrtensian ridges. The centre-shaal begins
back of Reardou’s Corner, with a course S. 45° W_, and termi-
nates with a point directed S. 55° W., while the conuected
weather-shoal runs S. 50° W, against the slate ridge. In a
hollow south of the weather-shoal, on the voad along the west
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side of I'Etang River are the strixe (No, 30 of the table), run-
ping 8. 60° K. and 8. 80° E.: the course of the strize and
ridges therefore diverge at this place as much as 120 degrees.

Carleton and Lancaster.— The entire independence of the
force which produced the strize, and that to which the gravel
ridges owe their origin, is also to be inferved from the relation
of the strize and ridges west of' the ity of Saint John, Carleton
Heights, with the hills along the Narrows and Falls of the
Saint John River, formed a lee, behind which several gravel
ridges, more or. less conneeted with each other, have been piled
up. West of the Heights back of Carleton, a lec-shoal. much
worked over by the sea, extends S. 25° W, and is slightly
averlapped by a small weather-shoal jutting out from a lower
hill beyond. Sandy flats back of Sund Cove separate this hill
from another weather-shoal, which rises gradually to cover the
rounded ridge terminating ut Sheldon Point.  The western end
of this ridge shews a well-defined lee-shoal cut across obliquely
by the sea, and exhibiting one of the most instructive sections
of the surface deposits to be seen pear Saint John. Toward
Sheldon point the Boulder ¢lay may be scen resting on striated
ledges of Huronian rock ; and succeeding the clay westward, are
beds of boulders and gravel, shewing by their overlapping layers
the action of a westward moviug current. The swelling outline
of the bank is scen to be due to the thickening of the layers on
the axis of the old shoal, and the whole is covered by beds of
Leda-clay with characteristic fossils.

These various gravel banks are parts of a series extending
along the seashore west of St. Johu Harbour, and are sepurated
from a more continuous and higher ridge to the North; by a
valley filled with Leda-clay and salt-marsh accumulations.  The
upper part of this higher ridge which has been cut down o a
nearly uniform level by the action of the sca, exhibits along its
castward face a distinct raised beach extending for many miles to
the westward of Saint John. At two points where the ridge has
been cut into in making excavations, the changes which it has
undergone may be casily perceived.  Originally there was a
series of rounded ridges, not unlike those of the southern serics
along the shore as they now appear, but containing proportion-
ately & much larger share of detrital matter, due to a greater re-
tardation of the current caused by the group of gucissic hills
north of Suint John and about the .Narrows of the river, than
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that caused by Carleton Heights. In the hollows between the
swelling knolls of this series of ridges, Leda-clay was subse-
quently deposited, which, although in a few places abounding
with boulders and at exposed pointssandy, is recognizable by the
red color of the mud it contains; and of which in sheltered places
it is entirely composed. Ridges and points of pure olive grey
Syrtensian gravel project upward into the red deposit, and some-
times through it, where subsequent wave action has worn down
both set of beds to a uniform level, and covered them with a sea
beach several feet thick, made up of the ruins of both deposits.
The size and continuity of this range of gravel knolls, now worked
down to a pearly uniform level, has served to proteet a third
series still further north from the action of the sea. This last
row of knolls is connected with the ridge on which the raised
beach runs by a crossridge at the Fredericton road, but elsewhere
is separated from it by a deecp marshy hollow, which may have
been connected with South Bay before this third serics of gravel
knolls wag deposited. In this series there are ridges shewing
two courses, one S. 25° W. the other S. 50° W_; the latter are
nearly enveloped by the former and are therefore the older.  The
ridges of the middle row—that upon which the beach runs—also
incline greatly to the westward. With regard to cither of these
courses it may be observed that here, as well as at other points
along the coast as far as Pennfield and Saint George, there is a
wide divergence between the direction of the gravel ridges and
of the glacial strize *

Petersville. The gravel and clay cuttings along the line of the
E. & N. A. Railway in this parish cxpose clearly the relation
between the various parts of the Post-pliocene beds, and throw
much light upon the conditions under which the gravel ridges
were built up.

There are two gaps in the range of hills which cross this
parish—the one, Douglas Valley, which is narrow and at its
highest point 200 feet above the sea: the other, Nerepis valley,
much broader throughout most of its length, and croded at its
summit to within 300 feet of the same level. Douglas Valley
forks in its upper part, but the wider and deeper branch has no
opening to the North, being separated from the wide rolling plain

* Compare with strie of Nos. 32. 33. 37. 38. 39 of Table in first
article on the subject.
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of Central New Brunswick by hills 600 feet in height. Yet
although the western branch at it junction with the eastern is
100 feet higher, the current passing through it in the Syrtensian
epoch, was not strong enough to cast the debris which it bore
along into the jower valley, but the gravel and sand was piled up
at ite mouth and along the flanks of the hills to the south. The
current coming over the hills to the north and sweeping through
the closed valley was the more powerful of the two, and kept
posseseion of the main chanvel after the two united in the lower
part of Douglas Valley.

This combined current swept a clean and deep passage throngh
this part of Douglas valley, but was in turn arrested at the valley's
mouth by a more powerful one coursing through the Nerepis
Valley. Here the arrested current deposited its burthen of gravel
and boulders in a triangular, flat-topped bank at Welsford station.
The flat area on the top of the bank is diversified with hillocks
and holes : it slopes gently to the uorth, the direction from which
its materials came ; but much more steeply on the side facing the
Nerepis Valley, which is here scooped out to the sea-level.  This
hollowed part of the Nerepis valley extends downward for nearly
three miles from the mouth of Douglas Valley, where a sudden
hend and constriction agam arrested the current and caused the
accumulation of another mass of gravel 150 or 200 feet deep.
through which the Nerepis River at a later period cut a channel
to within a few feet of tide-level.

On reviewing the relation of the gravel deposits in these
valleys to the configuration of the land, observing especially the
way in which the banks are built up in and around the gorges
by ocean waters which, to produce these results, wust have
passed over barriers of 400 to 600 feet in height, the conclusion
can searcely be avoided that this was the work of a deep. pow-
erful and clustic current.

Forpadion of Ledee Busins by the Aretic (Cwreent.

Sinee the Polar Current has thrown up these mounds and
banks of gravel, it cannot be doubted that it forwed correspond-
ing depressions.  Just northward of the gravel bank at Weils-
ford Station, there is a lukelet (Harcourt Lake) exemplifying
in miniature lindreds of sheets ol fresh water, scattered over
the faee ol the country, which have been produced by this
agency.  These lake hasinz have been “puddled ™ by natnre

7
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for in all the valleys of this region, there arc deposits, varying
from 20 to 50 feet in thickness, of Leda-clay, supplying an im-
pervious lining to the hollows left by the arctic current. Such
clay beds may be seen at Harcourt Lake, rising up on the slope
of the gravel mound near by. By a similar covering of the
lower slopes of the gravel banks at South Bay, the Saint John
River is upheld, and compelled to discharge its waters through
the narrow and tortuous passage termipating in Saint John
Harbour. So also the Maga’davie River, but for a similar bar-
rier, would have found its way to the sea, through Lake Utopia
and the I’ Etang River; for the ridge at the head of this river,
described on a foregoing page, shews a clay coating at the foot
of the slope on cach side. Spruce Lake, near (7 miles west of)
St. John, is turned eastward by a bank so low that a few feet
of elevation would cause its waters to flow into Musquash Har-
bour : and the chain of lakes in Loch Y.omond Valley, 10 miles
east of Saint John. would be drained dry, but for the barrier
presented by gravel banks and clay beds at its western end.
Finally, the large marshy tract of barren, bog and lake, extend.
ing from Cranberry Lake to the basin of the north-west branch
of Digdeguash River, is closed at one end by the gravel ridge,
No. 4 of the table, and at the other by gravel banks at the
mouth of the north-west Digdeguash.

These few instances are referred to, because the places are
easily accessible; but I may add that where I have examined
the rims of lake basins in southern New Brunswick, I have
found very few examples of lakes having rims wholly of rock.
In the majority of cases, the shape and position of the lake
basins is more readily explicable by the theory of current
erosion than by any other: as regards the rocky hollows in
which they lie, the lakes, like the fiord-harbours to which I have
referred 1n a previous article, appear to be pre-glacial ; but as
regards the superficial deposits, post-glacial. It would be
tedious to specify ivstances in support of the latter conclusion;
but a study of the region to which these remarks relate, with
the aid of a good map, will confirm it.

Tidal Erosion in the Bay of Fundy.

In order that a comparison may be made of the effect of tidal
wear in the Bay of Fundy, with the phenomens. of the Syrtensian
Vou. VIL PR No. 8,



450 THE CANADIAN NATURALIST. [Vol. vil.

period, I give, in the following pages, the result of an examina-
tion of the soundings in various parts of that bay, as shewn in
the Admiralty chart.  Jor althouzh an ocean current constantly
setting in one direction cannot be expected to produce exactly
the same result, in transporting superficial accumulations, as the
tides which flow alternately up and down the Bay, the agree-
ment is sufficiently close to itlustrate the subjeet under considera-
tion.

In the Bay of Fundy, the run of tide varies from 2 or 3 knots
at its mouth to 7 or 8 knots (!) in the Parrsboro passage near
its head. The chain of islands which separate Passamaquoddy
Bay from the larger bay, presents. on a small scale, a barrier
similar to that which, during the Syrtensian period, separated
the ocean waters north and south of the Highlands in Southern
New Brunswick. Passumaquoddy Bay has two principal outlets,
viz., Quoddy River (salt) and La Téte passage. The rush of
the ’nde through thesc passed causes a roaring sound which may
be heard for many miles; and the whirlpools are strong enough
to upset boats and carcen large vessels.  Both chaunels are full
of decp holes. ledges and pointed rocks. At Quoddy River, the
tide passes over barriers having only 15 fathoms at low water;
yet within there ix 50 fathoms in the narrowest and straightest
part, and 30 fathoms where it merges into the shallower waters
of Passamaquoddy Bay: in the contour of the 20 and 15 fathom
lines, tidal erosion may be traced quite across the Bay, on the
Robbinson shore, along which runs the channel that connects
Quoddy River with the estnary of Sainte Croix River.

Opposite the La Téte pussage, tidal wear on the bottom of
Passamaquoddy Bay is even more conspicuous. One would
naturally expect to find in this bay the chaunel of such an im-
portant river as the Maga’davic, the largest entering the sea
between the St. John River and the United States border; yet
no trace of it can be detected beyond the 5 fathom line; on the
other hand, the tidal trough which begins inside Passamaquoddy
Buay, with a depth of 40 fathoms, may be traced up the centre
of the Bay, through the 36, 20, 15 and 10 fathom contour lines.
Jven the small middle passage between MeMaster’s and Pen-
dleton’s Islands has produced a hollow of 24 futhoms’ depth,
connecting with that in front of La Téte passage.

Opposite each of the main inlets into P.nssam.nquoddy Bay,
beyond the deep water, but immediately in front of these openings,
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there is a shoal corresponding to the “centre-shoal” deseribed
on a previous page, as produced by the ocean current of a former
period. And along the straight reach of the northern shore of
Deer Island, a channel has been made by the tide, such as the
Arctic current produced in Syrtensian times, at many points in
the southern counties, where a similar obstacle opposed its on-
ward course.

At Saint John, like results have been produced by the flux
and reflux of the tide in the narrow passage by which that river
debouches into the Bay of Fundy. Although there is only sixz
fathoms ut low water on the reef which causes the rapid (“Falls”)
at the mouth of the river, such is the force of the current that
trenches of 25 fathoms decp below the ¢ Falls” and 33 fathoms
deep above it, have been produced.

In the open parts of the Bay of Fundy, especially in its
upper half, there are ridges and hollows scemingly produced by
tidal erogion. Thus in the centre of the bay, between Quaco,
New Brunswick, and Margaretville, Nova Scotia, there is a de-
pression outlined by the 40-fathom contour line, nioe miles long
and three wide: it lies just between the points of two ridges
(outlined by the 30-fathom line) which extend out from either
shore. Up in Chignecto Passage also, off Cape Iinragé, there
is a trough scooped out by the tide, which is outlined by the
30, 25, and 20 fathom contour lines. And furher up the same
arm, another, lying in the Cumberland channel, between Peck’s
Point and Boss Point ; this trough is bounded by the 10-fathom
line, and through it the tide runs at the rate of four knots an
hour.

But it is in the eastern arm of the Bay of Fuudy—Minas
Channel and Basin—that the scouring action of the tide is most
conspicuous. The curve of this arm to the east has thrown the
weight of the current on the eastern shore; and there, under
Cape D'Or, lies a trough outlined by the 50, 40 and 30 fathom
lines, scooped out to a depth equal to that of the deepest part
of the bay between St. John, N. B., and Digby, N. 8.: yet in
the intervening space between St. John and Cape Dlor, the |
soundings shoul to 25 fathoms.

Passing Cape D’or and going further up, the bottom again
rises to 25 fathoms, but soon siuks into another trough 40
fathoms deep. This extends to Cape Split, where a sharp
barrier reef, rising to within 25 fathoms of the surface, again
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intercepts the tide. Surmounting this reef, the current again
plunges down into a trench 50 fathoms deep, and rushes along
through the Parrsboro Passage at the great velocity of 7 or 8
knots where the water is deepest ; but slackening to 5 or 6 knots,
where, in the more open part of the passage, the soundings rise
to 30 fathoms. Here the contour lines, those of 30, 25 and 20
fathoms, take a bilobate outline, corresponding to the two arms
of Minas Basin; and at 10 fathoms’ depth, this line is tri-
lobed, showing the erosive influence of the tide even in the
middle of the basin : these three indentations answer to the Corn-
wallis, Avon, and Shubenacadie Rivers, as will be seen if the
shallower contour lines be traced. A similar result of tidal’
erosion may be detected in Passamaquoddy Bay, where two
tongues of deep water reach up from the basin in front of La
Téte passage, on the contour line of 10 fathoms, to Hardwood
and Hospital Islands. i
Conclusions.

Before summing up the results thus far obtained, through
observations made on the surface deposits of New Brunswick, it
may not be out of place to call attention to the wide difference
in composition, cte., between the beds, to the deseription of
which this article has been chiefly given, and the Boulder clay.

The latter exhibits no such indications of the powerful and
destructive action of ocean currents, as are everywhere im-
pressed on the Syrtensian beds. It does not lie in stratified
beds, like the latter, nor is the clay sorted out, but it still
remains cvenly distributed through the mass, in company with
fragments of stone that show no marks of free attrition against
each other. Itcould not have been exposed to atmospheric action
during its accumulation, for, as Dr. Dawson has remarked of
this deposit in the St. Lawrence valley, and as may also be seen
here, pyritous minerals in the stones of the Drift clay are quite
unoxidized, and the stones themselves show no evidence of aerial
wear. These considerations preclude us from regarding it on
the one hand as a deposit made in places open to the force and
sifting action of sea water in rapid motion; and on the other,
they are not favorable to the view that these clays were left
exposed, on the surface of the continent, to the winds and rains,
by the ‘retreat of the glaciers. There remains, however, one
explanation of their origin which, it seems to me, meets satis-
factorily the conditions of this deposit, viz., that it was pushed
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into the sea at the submerged foot of the glacier, beneath which
it was formed.

The history of the surfuce deposits in Acadia, so far as I
have traced it, might, upon these grounds, be briefly stated as
follows :-—

1. The Serice mark the formation of a glacial zone across the
continent, facing an open sea to the south.

2. In conncction with the production of strize there followed
the accumulation of ice on the southern side of this zone, causing
a depression of the carth’s crust, and producing the slope required
to give motion to the glacier covering the Acadian plain,* causing
also the submarine glacier-foot necessary to account for the
nature of the Boulder Clay.

3. Recession of the glaciers to the North, consequent upon
the continwous sinking of the land at their southern border.
This change would result in the widening of the submerged
tract, and the admission upon it of the arctic current from the
north-cast; and would give rise to the formation of the Syrtensian
beds out of the Boulder clay, the finer material of which, in
traets cxposed to the wear of the current, would be carried off
to greater depths and more sheltered areas in the ocean.

There is one subject which should be touched upon before
bringing these remarks to a close, namely, the time-value of the
Syrtensian beds: how will this epoch compare, for duration,
with that of the Boulder clay? The gravel and sandy strata
of the former group do not present such a thick and uniform
coating of detrital matter as the latter, for, although they some-
times rise into ridges of 150 feet high, this thickness is excep-
tional, and there are large arcas where the deposit does not
measure more than a score of feet in depth, and many spots
which are entirely bare.

But, although the Boulder clay is, on the average, much
thicker, there are some considerations which depreciate its value
a6 a time-indicator.  Previous to its formation, the castern part
of the continent appears to have been for long uges above the
oceun, and the solid rocks. under the influence of a warm and
probably humid climate, had been decomposed to great depths.
In parts of Virginia and North Carolina which have not been
bencath the glacier, the gneissic ledges are now softened to a

* Sec p. 7 of former article on Surface Geology of New Brunswick
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depth of thirty or fifty feet; and a similar condition of the
gneissic ledges in Brazil has been noticed by Profs. Agassiz and
Hartt, so it may well be admitted that great moving masses of
ice, like the glaciers, would have no difficult task in breaking
up and pushing into the sea these softened rocks, made loose
and tender by the percolating rains of untold centuries. Another
cause of the rapid growth of the Boulder clay was that the
period during which it was deposited was one of subsidence.
Whatever mud was poured into the ocean, at the glacier’s foot,
quickly sank to the bottom in the deep and quiet waters.

In the next period the conditions were changed, und strong
currents invaded the submerged area. Iun the preceding cpoch,
glaciers had ground down the rocks to the hard and compact
heart of the ledges, so that, except in the alrendy ex’sting
Boulder cluy, there was no source from which the roving cur-
rents of the epoch could draw for the formation of a new group
of beds. Of this old glacial deposit they availed themselves;
but, while building up beds out of its coarser materinls, they
swept off and buried in the depths of the ocean the fine sind
and clay. The Syrtensian period was one of elevation, and was
therefore one of destruction of deposits, rather than of recon-
struction and growth, so that the length of time which elupsed
may have been much more than the thickness of its beds indicate.

This clevation of the land after the withdrawal of the glaciers,
is a phenomenon which occurred in other lands, as well as this.
Sir C. Lyell, in his Antiquity of Man (page 243, Philadelphia
edition, 1863), adduces proof of the graduul and steady upheaval
of the land in Scotland since the ice period. And Professor
T. Kjerulf, in his treatisc on the Strie, Glacial formation and
Terraces of Norway (Christiana, 1871), also shews that the
hyperborean marine fauna was replaced by more southern forms,
as the Norwegian land arose above the sea, after the retreat of
the glaciers.

It will thus be seen that the theory which I have advanced
to cxplained the conditions of the Post-pliocene deposits of Aca-
dia, is not without support from the glacial phenomena of other
lands.
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NOTES ON SOME OF THE GALENA OR SULPHURET
OF LEAD DEPOSTIS CONNECTED WITH THE
LAURENTIAN ROCKS OF ONTARIO.

By Iesny G. Vesvor, F. G, 5.

Galena or sulphuret of lead is so often found associated with
the erystalline limestones of the Laurentian, that an idea seems
to prevail that, like the magnetic oxide of iron, it may specially
characterize one or more of these bands.  But recent investiga-
tions, while furnishing conclusive evidence that such is the ecase
respecting the latter mineral, appear to show clearly the contrary
concerning the former.  The origin of these two mineral deposits
is very different. The magnetic oxide of iron is now proved to exist
for the greater part in the form of beds, or interstratified masses,
in certain hurizons of the gneiss and limestone series; and in a
recent Report of the Geological Survey, I have shown that, in
Frontenac und Lanark Counties, not less than three horizons of
iron ore may be identificd, which bear fixed relutions to three
seperate bands of limestone.  The galena, however, does not
occur in the form of sedimentary deposits, but always in true
fissure veins, which traverse great arcus in the Luaurentian rocks.
Consequently the occurrence of this ore iu veins in any of the
bunds of limestone is merely accidental, or. in other words, is
simply owing to these bunds in parts of their distribution being
crossed by what may correctly be designated as zones of dis-
turbance. It is the objeet of the present paper to show that
these zones are accompanied by great parallel breaks or fissures
and displacements of the strata, which traverse the country in
straight lines for great distances.

The galena deposits of Lansdowne, Storrington, Loughboro’,
and Bedford have heen long known, and many localities in these
townships where the ore hus been mined, have been mentioned
in the Reports of the Geological Survey.  In one of these Re-
ports, for the year 1838, Sir W. K. Logan, in referring to the
galena lodes of Lansdowne and Bedford, suggests the probability
of their forming a part of the sume group as the lead-bearing
lodes of Rossie, in St. Lawrence County, N. Y. Iu this con-
jecture he was supported by Mr. Thomas Macfarlane, who sub-
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sequently examined these lodes, and published a short paper on
the Geology of Rossic. (Can. Nat. and Geol., new series, vol. 2.,
p- 267 ct seq.) Beyond these notices, uothing has been pub-
lished on this interesting and important subject. My own explora
tions, however, now enable me to state with a still greater degree
of certainty, that all the galena lodes belong to a great belt or
zone of paralle]l fissures, which extends not only from Ressie in
New York to Bedford, but also to a great but unknown distance
beyond, in a general north-westerly direction. These ludes are
not of Laurentian age, as they extend up into the Potsdam and
Culciferous racks; or perhaps it would be more correet to state
that they extend. at any rate, from the Calciferous, through the
Potsdam, into the upturned edges of the Laurentian strata. For
we have abundunt cvidence to prove that these latter rocks had
assumed their present folded condition long before the deposition
of the former, und consequently at a still greater period prior to
the force or furces which have caused so extended a fissuring of
strata. It is not so clear, however, whether this force acted from
below upwards, or from the Culeiferous downwards into the
Laurentian strata. Nor is it yet determined which rock is the
true source of the ores which now fill the fissures. What
evidence we have on these points, however, is Instructive. We
find, for instance, that the lodes are, in some way or other,
connected with the junction or line of contact between the Sila-
rian and Laurentian formations. This contact may be represented,
according to Mr. Alexander Murray, * by drawing a straight line
from about the middle part of Loughboro’ Luke ucross the heads
of Knowlton and Beaver Lakes, to Round Lake in Belmont, a
small sheet of water a little beyond Belmont Lake, and then
another from Round Lake to the northern extremity of Balsam
Lake......... There will, however, be several deviations from the
regularity of the straizht lines, occasioned by undulatiens in the
more ancient rocks, bringing them occasionally to the surfuce on
the south, while & pumber of outlying patchies of the more recent
formations are spread over portions of the country to the north.”
The junction of these two formations will be more clearly under-
stood by consulting the Jarge colored geoloxical maps published
by the Geological Survey of Canada, on which the Silwino is
represented by the dark blue color.  Along this whole line, and
extending vorthward from it for twenty to forty miles through
. the Laurcntian strata, there vceur cquidistant and parallel fis-
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sures, or great cracks, which probubly extend downwards to great
depths.  The course of these fissures is marked by the occur-
rence of doleritic and feldspathic dykes, mineral-bearing veins,
or where these do not veeur, by the abrapt fuulting of the strata
at numerous points along a number of straizht and parallel lines.
With these are connceted all of the galena veins of Rossie,
Lansdowne, Storringtou, Loughboro’ and Bedfurd, as well as
those in Madoe, Marmors, Tudor and Luke in Ilastings County,
and Belmont, Methuen, and very probably also Galway in Peter-
boro’ County. Thus the westward extent of this great belt of
fissures from Bedford cannot be less than 100 miles, aud from
Rossie 150 wilex.  In this distauce they traverse a suecession of
strata of very varied characters, cutting alike the gneisses, schists,
diorites und crystalline limestones, and at Ringwood, N. Y.,
the Potedam sandstones.  Of these rocks, the erystalline lime-
“stones appear to cxert the most favorable influence on the lodes,
ae it is in these they attain their greatest proportions and yield
the most ore, while in the alternating gneisses and diorites, par-
ticularly where these are of a firm tuxture, they not only narrow,
but in many instances are filled with different minerals, such as
blende, copper pyrites, mispickel, and more ravely gold, silver,
and bismuth. It is this enlargement and improvement of the
lodes in the limestones that has given rise to the idea alieady
referred to, uwamely, thut the galena characterizes certain of
these bands. The change of mineral contents in lodes of the
same age is an interesting and important feature in this con-
nection, but it is one that reguires much further investigation.

The direction of most of the gulena veins in Lansdowne,
Loughboro® and Bedford, is u little north of west and south of
eugt, but varies from N. 85° W. to N. 15° W. In this same
direction run all the lines of fuulting and most of the intrusive
dykes; but these last run rather by shert zig zags than in direet,
lines. It is un extremely difficult matter to follow out and map
apy onc of these lines continuously through the contorted Lau-
rentian country, but such an attewmpt was made, and in_two
speeial instances suceceded beyond my expeetations.

While tracing a number of the faults in Loughboro’ and
Bedford, onc was met with towards the centre of the latter
township, which, from its being farther removed from [the
overlying mass of the Siluriap, furnished morc marked features
by which it could be followed. This was traced by abrupt dis-
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placements of the strata, from the vicinity of Westport Village,
on the Rideau, in North Crosby. through Wolf' Lake, in Bed-
ford, to Bagle and Long Lakes, in Hinchinbrooke ; thence
through Horse Shoe Lake, on the Salmon River, in Kennebec.
to and through Kaldar, Elzevir, Tudor and Lake townships, 1o
all a distanee of 32 wmiles. Thix line of dislocation is accom-
panied, in Bedlord, Tudor and T.ake, by numerous parallel
galena lodes; in Kaladar and Lake, by lodes earrying the sul-
phurcet of copper. and in one instanee, in the last named town-
ship. by a lode contitning the sulphuret of bismuth in crystalline
masses of considerable size. The cupriferous lodes are invariably
bounded by diorites, green slates, and’ ehloritie schists, or dolo-
mites;, while both the galena and the bismuth are associated
with limestones. Tt is also noticeable that in the localities where
the lodes trav rs¢ the green slates and ehloritic schists, the
copper ore is not confined to the lodes themselves, but extends
from them aloug the planes of bedding of both slates and schists,
forming bedded cuprifirous zones, which can be trac- 1 for some
distance on the strike of the rocks. These zones, however, do
not appear to be of’ cconomic importance, nor is the copper ore
in the mnin lodes in suflicient quantity to be worthy of special
covsideration,

To the south of this first great dislocation, and about ten
miles distant from it a second and similar important break was
made out, and traced for some distazce in a parallel course,
northward of cast. towards and through Frontenae County. This
runs from the sonth-castern corner of Methuen township in Pe-
terbore” Couniy, where its position is marked by Parker’s Galena
mwine. through Marmora, Madoee and Elzevir in Hastings County ;
thenee through the villawe of Troy or Bridgewater to a position
on the Salmon River iu Shefiield. about nine or ten miles to the
southward of where the first deseribed faule crosses the same
river in Kennebee, In this position, the correctness of this line
of fault is verified by a fact recorded by Mr. Alexander Murray
in his Geologieal Report for 1852-53, in which he states as
follows: *Nix miles further down (the Salmon River) it
(2 band of limestoney was seen below the exit of Long Lake.
where it is brought n by a disloeation indicated by @ coarse
grained quartzo-feldspatbic dyke, transverse wo the stratification :
the mica slate abutted against the dyke on the north-cast, and
the limestone on the south-west.”
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Beyond the Salmon River, in an eastward direction, this line
of dislocation was not clearly made out, but un estension of it,
in all probability, was observed to affect the strata in the
northern part of the township of Loughboro®, where it is again
accompanied by galena lodes.  The total distance from Methuen
to Loughboro’ is about 60 miles.

Besides galena and copper pyrites, gold, silver and mispickel
oceur in the veins accompanying this dislocation. In Madoe
and Elzevir both the once celebrated Richardson Mine and the
Barrie Mine are in close proximity to it, and it is probable that
the great segregated masses of auriferous mispickel to the west
of the * Huckleberry Rocks™ in Marmora are due to the same
ageney.  This point, however, requires more detailed investiga-
tion.  There is little doubt existing in my own wind, that many
of the auriferous lodes of Madoc and Marmora are due to the
faults, and particularly so where these traverse the dolomites,
slates and schists of the Hastings series of rocks. The age, there-
fore, of these gold deposits is probably the same as that of the
galena lodes, namely, as recent, at any rate, as the Calciferous.
The souree, however, from which the precious metals have been
derived cannot yet be satisfuctorily determined. I should also
notice, in this conuection, the aceurrence at the Richardson Mine,
Madac, of a bluck e:rbonaccous matter or bituminous substance.
This was first disconered by Dr. J. Perrigo and mysclf, during
the year 1866, and was subscquently deseribed by Dr. Hunt, in
one of his Reports, as Authracite. This substance is un-
doubtedly a true part of the lode, and wus deposited along with
the gold; it is, however, of rare accurrence. Respeeting the
depth to which these lodes are ore-bearing. little can be said
with certainty at present, as there are no shafis or openings
deeper than 100 or 125 feet on any of them, by which this peint
might iv a measure be tested; but from what evidence I have
been enabled to gather, I agree with Sir W. L. Logan, iv a state-
ment made by him respecting the Rumsay Galena lode, that
* whatever quantity of ore the lode may carry with it, there is
Jittle doubt of' its great depth. a depth to which indeed no cer-
tain limit can be pliced.” This statement equally applies to
most of the galena lodes examined by me in Frontenac, Hastings
and Peterboro’ Counties.  As to the quantity and constaney of
the mineral in these, & word or two may be said.  So far. we
have abundance of proof' that the galena does not cxtend far
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into the Lawrentiun strata, although the lodes themselves
undoubtedly extend downwards to great distances. In their
greater depths, they would appear cither to change in mineral
contents or become barren ; ulthough this is another of the points
which requires further investigation.

Perhaps the larcest deposic of galena yet opened up is that
on the third lot of the sixth concession of Ramsuy.  It, however,
has not been worked fur 2 number of years, and is now filled with
water and debris.  This lode does not belong to the same belt or
group of fissures as those of Landsdowne, Loughboro’ and Bedford,
but it isundoubtedly of the same age. It intersects first the Cal-
ciferous, next the Potsdam, and tinally the Laurentian strata in
the same townskip; but the ore gradually lessens and finally
disuppears in the older rocks.  The bearing of the lode is from
N. 45° W. to N. 509 W. and its undedie is, as it invariably is in
all the lodes and dykes of the same age, to the northward at a steep
angle. It has been shafted to a depth of cight futhoms, and
somewhat upwards of thirty toos of galena, averaging 80 p. e. of
lead, extracted and sold.  This fuct has already been meutioned in
one of the Reports of the Geological Survey, but T again allude to
it in connection with what has just buen stated respecting the
diminishing of the orein the downward course of the lode.

The Ramsay lode is wccompanied by a displacement of the
strata as is the ciwv with those of Bedford aud Loughhoro';
which fact is particulurly wentioned by Sir William Logan, in a
foot note to the Geological Report, for 1838, page 51, where after
referring to the galena deposits of Wisconsin and Missouri, he
says: ¢ The Rumsay ore on the contrary ocewrs in a true vein,
filling a crack conncete d with a dislocation, und on a late visit to
the mine, I had au apportunity of observing a elear evidence of
this in one of the walls of the lede (both of which are well defined)
in the parallel greoves eccasioned by the grinding of the terminal
edges of the strata on the opposite sides of the crack when the
displacement happenced.”  And further on again io this same
Report, in referring to the age of the Rumxay lode, Sir
William says: * In addition tothe Culeiterous sandrock the lode
will interscet the Potedum saudstone wud the Laurentian areas
beneath, and in this resjpeet rescmble the Rosste lodes. Liittle
hesitation cun be fuit in proncuncing it to be a lode of the seme
age as these, and the interesting fuct Is now for the first time
shewn, that not only these ludes, but probably all the yet known
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lead veins of the Laurentian rocks, are newer than at least the
Calciferous formation, and possibly than some of the formations
above it, thus extending considerably the area in which such
veins may by looked for.” T nced only add that my own obser-
vations fully support the view thus taken by Sir William res-
pecting both the character and age of these veins, and that
although I have considerably added to the lineal extent of this
great group of lodes and collcetcd many further facts relative to
their conditions in the Laurentian strata, I can throw but little
additional light on their true origin.

As to the future prospects of the Ramsay lode, I may state
that little is to be expected cither in depth, or in drifting ia a
vorth-westward direction, and for two simple but potent reasons.
The Calciferous and Potsdam strata, which the lode intersects,
are comparatively thin outlying deposits towards the termination
of the great mass of the Silurian, which extends for miles to the
north-eastward and south-castward.  Conscquently at a depth
not exceeding 100 feet, a shaft would probably enter the Lau-
rentian gneisses or limestones. probably the former, when the vein
might be expected to beeome unpofitable. The same would
happen in drifting on the lode in a north-westward direction, at
a very short distance. The only other course then left would be
its exploration in a south-castward direction, if this be praeti-
cable, when there is no reason why the lode should not contain
asmuch if not more ore than in the spot where it was first mined.
There is perhaps, however, a possibility that higher membhers of
the Calciferous, or immediately suceeeding formations of more
recent age, may cap over and conceal the lode in this direetion.
I cannot state decidedly that the ore in this and similar lodes
would at once diminish upon entering the Laurentian, but simply
that what evidence has been gathered from the condition of the
lodes intersceting such stratain other localities in the same town-
ghip, would point in this direction. On the other hand, the
galena lodes of Rossie in 8t. Lawrence County, N. Y., in the
Laurentian, have, to some extent at least, heen profitably wrought,
and many of the same through Lansdowne, Loughbore’ and
Bedford in similar strata, appear to be of greater or less
promise. Still the fact remains that in the latter localities the
lodes are no longer worked, while a number of them have been
abandoned as decidedly unprofitable. The Loughboro’ mine,
near Indian Lake in Loughboro’ township, is situated, perhaps,
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ou one of the best tested lndes in this group, and it furnishes us
with an example of how the galena may be largely replaced by
blende as we deseend into the Laurentian strata.  Tn Bedford
though galena was found in large masses at the surface of a
pumber of the lodes, it beyond a doubt diminished in depth.
Again, in the great series of lead-bearing veins in Tudor, Lake
and Methuen in Hastings and Peterboro’ Countics, astonishingly
large and pure masses of ore were found in many instances imme-
diately at the surface of the lodes, but rapidly diminished in
every instance in deseending. The shaft of Messrs. Hill &
Kershaw in the township first named was in my opinion one of the
best tests made in thix section of courtry. It was sunk on a
beautifully defined lode, cutting the grey limestone or cale schist
of the Hastings series, to the depth of 130 feet, but long before
reaching this depth the ore had ceased to occur in remunerative
quantity, although the vein continued to descend as well defined
a8 ut the surface. {

In conclusion then I can only express the opinion that these
Galena lodes in the Laurentian system are merely the remnant
of lodes which had their greatest development in the rocks of the
Potsdam and Calciferous, both of which formations have been
extensively removed by denudation.
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GEOLOGICAL SKETCHES OF THE NEIGHBORHOOD
OF HAMILTON.
By J. W. Spexcer, Bac. App. Sc.

The country in the vicinity of Iamilton, Ontario, affords a
very interesting field to the geologist. Within a limited dis-
tance there arc excelleut exposures of the upper members of the
Medina, as well as of the Clinton, aud the lower part of the
Niagara formations. These reward the persevering collector
with a goodly number of fossils, besides several mineral species.
The superficial geology of the region in question is likewise well
worthy of study.

The most prominent feature of the Western Peninsula is the
Niagara Escarpment (popularly called at Hamilton “the Moun-
tain "), which, crossing into Canada at Niagara Ialls, skirts the
western end of Lake Ontavio, aud extends northward to the
Mapitoulin [slands. The escarpment rises several hundred feet
above Lake Ontario, sometimes forming abrupt cliffs, and at
others having a more gradual ascent. At Hamilton it is abous
two miles from the lake, or rather from Burlington Bay, and
396 feet above the bay, or 628 feet above the sea. West of the
city it recedes cight or nine miles from the bay, the north side
of which it, however, again approaches, forming the valley in
which Duundas is situated.

The object of this paper is to give a few facts concerning the
strata composing this escarpment in the neighborhood of Hamil-
ton, together with notes on the superficial geology, mineralogy, &e.

Trne MEepina FoRrMATION.

This formation has only its upper members exposed at Hamil-
ton, although at Qakville, on the north side of the lake, the
lower beds are seen, being underlaid by the Hudson River
roc u¢ whole thickuess is estimated by the Geological
Survey at 614 feet, of which only about 100 feet of the upper
part are secn at Hamilton, and still less at Dundas.  The whole
formation covsists essentially of shales with some sandstones.
Near the summit is the “ Gray Band,” a fine-grained and irregu-
larly deposited sandstoue, with a thickness at Hamilton varying
between seven and fourteen feet. Above this there are eight
feet of impure, slightly calcareous sandstones, in thin beds with
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shaly partings, and weathering in some cases to a bright red.
The gray band, which is extensively quarried, forms an excellent
building material, and has also been used for making grindstones.

The shales are partieularly poor in fossils, nothing but a few
obscure fucoids having been found in them. In the sandstones,
however, a few fossils can be obtained. but it is exceedingly dif-
ficult to secparate them, on account of the hardness of the rocks.
Among those which I have found, may be mentioned Arthro-
phycus Harlani, Paleophycus. and Lycophycus, and of animal
remains, Lingula cuneata, which is not rare, Modiolopsis ortho-
nota, Murchisonia notoidea (?), and an obscure coral resembling
a Zaphrentis. In some places rain marks are common.

Tae Crixtox FORMATION.

The Clioton formation is exposed along the side of the escarp-
ment, and having the Niagaraioverlying it, there are but few
places where it forms the surface rock of the country. As it ap-
proaches from the east, it increases in thickness, and at Dundas
is much more largzely developed. It has a thickuness of 78 feet
at this place, cousisting of thin beds of caleareo.arenaceous
rocks, and some impure limestones, alternating with shales of
various tfextures and tints. During the deposition of these
strata there was a constant change in the character of the sedi-
ments, as it seldom happened that more than a few inches of
the same kind of material were deposited consecutively. The
gea was shallow, as is shown by ripple marking. and by quite a
variety of worm tracts, as well as by the markings of rain drops.
The conditions suitable to life, moreover, were more favorable
than in the preceding epoch. Of the fossils obtained here, all
or nearly all are likewise found in the Niagara above, and from
the material collected at Hamilton it is impossible to separate
poleeontologically the deposits of the Clinton epoch from those
of the Niagara. The Clinten, in its upward extension, has been
limited by a hard delomitic bed, whick forms the base of the
Niagara formation, and is sometimes knowan as the “ Pentamerus
Band.”

The most curious fossils of this epoch are two or three species
of Lin ula, which are of a bright blue colour. They were first
discove ed in 1868, by Licut. C. C. Grant, in the dark brown
calcareo-arenaceous beds near the top of the Clinton at the
J“Bluff” (a cliff about 2 mile east of the city reservoir), and
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were associated with numerous specimens of Modivlopsis. They
appeared for o time to be confined to the one locality mentioned,
but recently I have found them near the eity.  Though bright
blue when first taken out, they soon become quite dull.

Sceveral fine varicties of Buthotrephis gracilis, and one or two
other plant remains are found in the Clinton,

As almost all the animal remains of” this formation are found
in the Niagara, only a fow species, that are less comon above,
or loeally not met with there, will be enuwerated, viz.—Steno-
pora fibrosa, Ilt'll'll/)lil'll./'I'(l‘([l:[l‘.\', 'f)‘rm'1[“["'l"’,/;l[’"[”1‘1; Cluthero-
pora frondosa, Pliludictya crassa, Orthis lyne, 0. Davidsond,
0. clegantula, dthyris naviformis, Rhynchonella neylecta, R.

s Y ‘ s X
ruguse, doicnle emucerata, mmerons Nodiolopses, Cyrtodonta,
Tentaculites distuns, cte. The Lingule above mentioned belong
principally to L. oblonge, L. oblata and L. cnneata,  Col. Grant
has found one or two specimens ol Recepticulites, and a few
netted graptoites in the Clinton.
Tur Niagara FormarTion.

This constitutes the upper portion of the escarpment, and ex-
tends over a considerable area, frequently cropping out through
the drift. OFf the rocks deposited during the Niagara cpoch
only 63 feet in thickness remain at Hamilton, while at Dundas
the formation reaches double this thickness, . .

The following is a section of the Niagara Formation at Ham-
ilton, in ascending order :

1. Hard gray magnesian limestone, weathering yel- Fio Ins,

towish, and holding Pentamerus oblongus, and in

the Tower part containing Lingulz, which a few

feel below in the Clinton are coloured blue. ... 1 6
. Pluish, argillaceows and arenaceous shales, with

some bands of arenaccous, argillaceous; or mag-

nesian lHmestones. ... .. ) | 6
3. Hard magnesian limestone with 'r(-od:-s of calcile,

barite, sn-lcmtv gypsum, celestite, pryrite, ct(' 5 1]

. Thin beds of limvslonv, in some cases argillaceous,
separated by layers of dark bituminous shales,
some of which contain graptolites. ... ... .. 9 0
Compact magnesian limestone, known locally as
the « Blue Building Beds.” Some of the beds
weather into pits on the surface, and are separa-
ted by shaly partings.  Fossils in considerable
quantities are found in these beds, especially
‘Prilobites ..., e eeieee e 14 (Y
6. Gray magnesiazn  limestone, exceedingly chuty
and containing numerous remains of sponges, and
reticulated graptolites in places, besides a Targe
number of other fossils...ooovie i iaiiiiis 12 0

GG 63 1t. 0

i3

E-
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Although the entire thickness upward from the Pentamerus
band is ouly 63 feet near the head of Wellington Street, it
increases to the west, and near Dundas it attains to 127 fect.
Eastward of Hawilton it diminishes cousiderably.  The beds
are usually irregular in thickness, the thicker bands often in a
very short distance splitting up into thin layers, and rendering
it impossible to identify the exactly corresponding beds, even
over @ limited area.  Yet, by means of the Pentamerus bed it is
not usually difficult to separate the base of the Niagara from the
uuderlying Clinton.  The next most noticeable bed is the third
member, which is a hard dolomite, and although continuous,
varying in thickness from three to six feet.  This is extensively
quarried, and forms an execllent building material.  Some of
the argillaccous limestones would doubtless make good hydraulic
cement. .

Fossils are not so abundant as they are farther cast, where the
upper beds, which are wanting at Hamilton, are developed.
The two most important groups of fossils which have been
recently discovered at Hamilton are sponges and reticulated
graptolites; the former being found in the cherty parts of the
top member ol the series, while the latter are found in this as
well as in the members below.  The cherty beds affording the
sponges thin out both to the cast and west of Hamilton.  Two
years ago also, Col. Grant,—who discovered the graptolites three
or four years since, and the spouges in 18T4—obtained the
bodies of certain crinoids, the presence ol which had previously
been recoguized only by the stems or columns.

Besides several plants, some of which are not determinable,
the principal fossils that can be obtained at or near Hamilton
are :

Receptaculites, Aulocopine Graadi, and other sponges not yet
determined; Favosites Gothlundica, Stenopora jibrosa, Zaprhen-
tis Stokest, Diphyplyllum ; Dictyonema gracilis, D. rectiformis,
and a number of other graptolites not yet deseribed ; Stepheano-
crinius angulatus, Caryocrinus ornatus, Kucalyptocrinus decorus ;
three species of starfishes; Fenestella elegans, F. prisca, Clado-
pora cervicornis, Phanopora constellata ; Leptewd transoersalls,
L. subplena, Strophomenc rhomboidulis, S. profunda, S. Philo-
melu, S. Leda, Lingule oblonga, 1. oblutie, and several other
species ; LDiscina formose, D. tenwilamellate, Ortlas cleguntula,

2 0. poreata, O. flabellulum, Bhynchonella neglect, Pentumerus ob-
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longues, Stricklilic Canadcnsis,Spirifor radinta, S, Niagarensis, .
Atrype reticularis, A. plicatelle, A, obtusiplicata, A. nitida,
A nodostrieta ; dvienla emaecrata, A, subpluna ;. Platyostoma
Niagarensis, Platyceras angulttus; Orthoceras Broutes, O. un-
dulatum, O. virgatum ; Conularia Niagarensts, and two unde-
termincd specivs, one of which ix eight inches long, and of which
only two specimens have been obtained ; Calymene Blumenba-
chit, Dalmetnites limulurus, Copanpus insignis, Lichas unde-
termined, Asciduaspis undetermined, Bumastes Barriensis, dc.
Besides these, there are a number of others which have not been
determined, and many more quite obseure. I have obtained
two or three specimens of Wtrypa reticudris which are interest-
ing, as shoning perfeetly the silicified spiral supports for the arms.

Surerrician, GEOLOGY.

Between the Niagava fscarpment at Hamilton and Burlington
Bay, the Medina shales are eovered with drift deposits.  The
surface rizes gradually to the foot of the Bscarpment. which is
125 feet above the lake.  ''he next hundred feet of the ascent
(vertical) of the slope is at & somewhat high angle, and the
material is largely made up of the débris of the adjacent rocks,
often concealing the whole of the Medina, and in some places
part of the Clinton also.

The valley to the west of ITamilton, in which Dundas is
situaterd, is about cight miles long, and five or six miles wide at
its castern extremity. It has heen excavated by an ancient river,
and in form is V-shaped, the apex being to the west. Much
of it is filled with irregular hillocks and broken ridges, which
are often separafed from each other by deep ravines or by allu-
vial flats of considerable width. The ridges are composed of
blue and brown clays, sands or gravels, some of which are largely
made up of the déhris of the Hudson River formation, with
boulders of Laurentian gncisses; and also some remaing of the
rocks of the immediate vicinity  The eastern portion of the
Dundas valley is occupied by an extensive marsh, which is sep-
arated from Burlington Bay by the ¢ Burlington Ieights,”
which arc 107 feet above the lake, and consist of & narrow sprit
which is made up of sand and coarse and fine gravel—being part
of a former shore-line.  This ends abruptly at the north-western
part of the marsh, and between the Heights and the escarpment
to the north, there is a deep ravine, through which the streams
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from the Dundus valley flowed into Burlington Bay till after the
cutting of the Desjarding Canal.  About six miles cast of this
ridge, Burlington Bay is separated from Lake Ontarvio by a low
beach about half’ a mile wide, consisting of' sund and pebbles—
this being the present lake-shore.

In several placeg, streams have made large deep gorges, through
the escarpment, some of which are more than hall’ a mile long
and even 150 to 300 feet deep.  The largest of these is known
as Spencer’s Ravine,

In the history of the superficial geology of this region there
are three distinet epochs :—during the first, the original exeava-
tion of the Dundas valley, which has an area of uearly forty
squarc miles, took place; the second epoch is that of the deposi-
tion of the Erie Clay and the partial filling of the valley ; and
the third is that of the re-excavation of the valley, and the for-
mation of the lacustrine beaches'and terraces.

1. The original cecavation of the valley of Dundas appears
to have been effected by means of the denuding action of a rviver
flowing from the west, forming a deep goree, which widened
regularly as it approached the moutly, the purt below the escarp-
ment being eight or nine miles in length, while at the mouth
the width was about six miles,—the whole somewhat resembling
the Niagara River between the Falls and Lewiston.  The sides
uad generally a straight course, broken occasionally by a sccond-
ary excavation in the solid rocks. The esearpment seems to have
had a higher elevation than at present, as the crosive cffeets of
the river had swept away the Medina formation to a depth
of more than 60 feet below the present level of the lake.

2. The purtiad filling of the Valley by Irie elay was not much
under 200 feet in thickness, i it was uniformly deposited. as it
has a depth of 80 feet at Dundas, and on some of’ the higher
surroundings it occurs more than 100 feet above the present
lake-level, according to Prof. Bell.  This clay frequently con-
tains boulders, partly of Laurentian age, and partly Palieozoie.
It also overlies the Medina shales at Hamilton, and at Buling-
ton Tleights is about 60 feet deep. all above, to the level of the
lake, having been xwept wway.  The houlders have striated the
surface rocks of the Ningarva formation quite deeply in some
places, the dircetion of these not heing constant ; just south of
Hamilton they are S. 55° W.  This cpoeh was one of subsi-
d/encc.
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3. The ve-cxcavation of the Dundas valley, and the recession

of the lake were uradual, as the old shore lines are meot with at
several different heizhts,  The materisl of which these old water
marging are eomposed ix ghe féheix of the [Tudwon River Forma-
tion, which occurs on the north side of the lake, together with
some boulders and pebbles of Trnrentian age. as well as some
material from the Niagara formwion; the pebbles of the last
“being more or less angular, while those of the Hudson River
formation are generally oval, and contain numerous fossils,
among the more common of which ave: Stenopora fibrosa; Lia-
gulee, Leptana sericea, Strophomena deltoidea, 8. nitens, Orthis
lynz. O. occidentalisy, Rhynchonelle yeewrvivostra, Aérypa Heads;
Modiolopsis modiolieris and several undeseribed species, Cyrto-
donta Hindi?, Ctenodonta, Cleidophorus ? - Aviedda demissa,
Ambonyclin radinta; Cyrtolites ornatus, Murchisonin gractlis;
Orthoceras crebriseptum, cte.

During the epoch of the subsidence of the waters of Ontarios
the streams emptying by means of the Dundag valley re-
exeavated the valley, and in the deeper parts carried away all
the deposits of the Iorie elay, exeept the lower portion below the
lake level.  The highest ridge showing the old water margin is
just north of Dundax, and has an clevation of more than 300 feet
above the present Jake level; this consequently conceals the
lower members of the escarpment to within a 100 feet of the
summit. Gravels and sands occur also on some of the ridges
south of the town, at a height of over 100 feet, and coincide in
clevation with Burlington Heights.  Again the same shore line
is exposed in the western part of Ilamilton, extending to Hud-
son Street, where it is no longer scen on the surface; but some
distance cast 1t can again be traced, following the same contour
lines as those of Burlington Heights, which, as has been stated,
are 107 feet above the lake. Tt consists of alternate strata of
sand and of coarse and fine gravel, in some places being cemented
into hard rock by infiltrated carbonate of lime. Among these
shore deposits there is very little of' the débris of the Niagara
formation.

The high and narrow ridge which constitutes the “Heights”
was probably caused hy the currents of' the river flowing from
the Dundas valley meeting the waves of the lake beating in the
opposite direetion ; and consequently the coarser materials carried
down by the river were deposited along with the boulders,
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gravels, and sands, from the lake, in the more guiet waters,
where the opposite eurrents of' the river and liive met.

The ridge of Burlineton Heights is uot 2 moraine caused by
the deposition of houlders and pebhles earvied down the valley
by elaciers and field ice 1 but the material was hrought from the
Hudson River deposits on the north side of the lake westward
by the waves, or assisted by the action of field-ice drifting on the
waters of the lake.

In the exeavation through this ridee, during the construetion
of the Desjurdins canal, the :antlers ol a wapiti (Corras Cunaden-
sts) and the jaw of a beaver (Castor fiber) were obtained at a
height of 77 feet above the lake, while seven feet below, several
bones of the mammoth ( Ewelephos Jueksoni) were found.

Farther eastward is the Burlington Beach, the present lake
shore, separating the bay of that name from Lake Ontario.  This
consists of a =and-bar, hall’ a mile wid¢, extending across the
bay, with an apening for the discharge of the waters into the
lake, by means of the Burlington canal, which is the enlarge-
ment of @ former outlet.  The pebbles of the gravel are not
usually large, and consist mosily of oval Hudson River [rag-
ments, together with small ones of’ Laurentian age.

The streams flowing down tributary ravines, which in several
places are deeply cut into the Niagara escarpment, have swept
away any of the deposits of’ Erie elay which may have filled them
at a former time. The erosive action did not cease when it had
formed the beds of the streams; but is constantly wearing away
the soft Medina and Clinton shales; and wlowing the harder
dolomites of the Niagara to fall, so that the beds of the streams
are strewn with masses of vock, the largest of which would prob-
ably weigh as much as fifiy tons. In some of the gorges calea-
reous tufas are being formed, and in places mosses. leaves, and
fragments of wood are being caleified.  Rome of the tufa beds
have attained a thickness of no less than from one :nd « half s
two feet.

From the different water-margins which exist o much above
the present lake shore, it is evident that there hax been a gradual
recession of the waters, due either to a subsidenee of the lake
from 2 deepening of its outlet, or to an elevation of the land.
The evidence obtained goes to <how that it is due chiefly to the
latter cause.  During the deposition of the Brie clay, the land
must have subsided about 400 feet, and the subserpuent re-cleva-
tion appears to have been about 300 feet.
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MINERALS.

A few minerals can he obtained in the neighborhood of Hamil-
ton.  They are not rare species, but still are not without interest.
Tn the thick five-foot magnesian lmestone band of the Niagara
formation, there ave geodes lined with ealeite (dog-tooth spar),
barite, eelestite, selenite, granular gypsum and pyrite; and often
the cavities are filled with highly saline waters.  Besides these,
quartz erystals, chalecedony, galena, blende and sulphur have been
found.

Near the junction of the ravines from Webster’s and Spencer’s
Falls, there is a locality where an eflloreseence of the following
composition is found :

Magnesinm sulphate ..o oo ool 61.450
Caleinm earbonate ool oo oo, 19.532
Ferrons carbonate oo iiiviieiiiannen. 12.850
Caleium silieate. oo ooiioiaaan e 2,741
DT L T AP 3.427

100.000

Tt is evidently the result of the decomposition of pyrites in
presence of dolomite.

Mineral waters—hoth saline and sulphuretied waters—oceur
in numerous loealitics. O the latter class may be mentioned
several springs near the Albion Mills, five miles east of Hawmilton,
which give off Jarge volumes of gus.
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CAPPURE oF AN ENorMovs ('vorLe-RisH OFF Borriy Ts-
Lann. oN riE (foasr or ConxevARA--On Monday last the
crew of' a curragh ¥ consisting of three men, met with a strange
adventure north-west of' Boflin Istand, Connemara. The capture
of'a cuttle fish sounds little of an exploit.  Ordinarily the fish is
of small size, a few incher in cirenmivrence, with projecting arms,
stadded with suckers, by which it retains its prey — the body
containing a dark fluid. which it cwits on being startled, and,
blackening the swrrounding water, 5o eludes its enemy. Very
different indeed from this ordinary type was the ereature in ques-
tion.  Having shot their spillets (o long Tines) in the morning,
the erew of the ewrragh observed to seaward a great floating mass
surrounded by gulls; they pulled out, believing it to be a wreek,
but, to their great astonishments fownd it to be a cuttle-fish, of'
enormous proporiions, and lying perfeetly still, as i hasking on
the surface of the water.  What rarely enough oceurs, there was
no gaff or spare rope, and a knife was the only weapon aboard.
The euttle ismueh prized ashait for coarse fish, and, their wonder
somewhat over, the crew resolved to xeeure at least a portion of the
prize.  Considering the great size of the monster, and knowing
the crushing and lolding powers of the arms, open hostility could
not be resorted to, and the fishermen shaped their tacties different-
ly. Paddling up with caution, a single wrm was suddenly seized
and lopped off.  The euttle, hitherto atvest, heeame dangerously
active now, and set out to sea at {ull speed in a cloud of spray,
rushing through the water at a tremendous rate. The canoe
immediately gave chase, and was up again with the enemy  after
three-quarters of a mile.  Hanging on rear of the fish, a single
arm was attacked in turn, while it took all the skill of the men
to keep out of the deadly clutch of the suckers.  The battle thus
continued for two hours, and while direet conflict was avoided,
the animal was gradually being deprived of its offensive weapons.
Five miles out on the open Atlantie, in their iTail eanvas eraft,
the bowman still slashed away, holding on boldly by the stranger,
and steadily cutting down his powers. By this time the prize
was partially subdued, and the curragh closed in fairly with the

* These boats are a large kind of coracle made with wooden ribs,
and covered with tarred canvas,
F
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monster. The polished sides of the canoe afforded slender means
of grasp, and such as remained of the ten great arms slashed
round through air and water in most dangerous but unavailing
fashion. The trunk of the fish lay alongside, fully as long as the
canoe, while, in its extremity, the mutilated animal emitted suc-
cessive jets of fluid which davkened the sea for fathoms round.
The head at last was severed {rom the body, which was wuman-
agable from its great weight, and sank like lead to the botlom
of the sea. The remaining portions were stowed away and ear-
ried ashore, to the utter amazement of the islanders. Lo quote
from ¢ The Sea and its Living Wonders,” T find it stated that—
“ Near Van Dieman'’s Land, Peron saw a sepia as big as a tun
rolling about in the waters; its cuormous arms had the appear-
ance of snakes. Kach of these organs was at least seven feet
long, and measured seven or eight inches round the base.  These
well-authenticated proportions are truly formidable, aud fully
justify the dread abhorrence Polynesian divers entertain of these
snake-armed monsters of the decp. Banks and Solander, in
Cook’s first voyage, found the dead earcase of o gizantic cuttle-
fish floating at Cape Horn. It was surrounded by aquatie birds
feeding on the remains. From the parts of this speeimen pre-
served in the Hunterian Collection, and which have always
strongly excited the attention of naturalists, it must have mea-
sured at least six feet from end of tail to end of tentacles.” If
the specimens alluded to above are correetly deseribed as ¢ gigan-
tic” and ¢ formidable,” well may the capture made at Boflin be
regarded as wonderful; and it is owing to the merest chance
that the writer became aware of the circumstanee, and possessed
himself of such evidence as puts the truth of the matter beyoud
all doubt. Of the portions of the moilusk taken ashore two of
the-great arms are intact, and measure cight feet cach in length
and fifteen inches round the base. The two tentacles attuin a
length of thirty feet. The mandibles are about four inches across,
hooked just like the beak of an cnormous parrot, with a very cur-
ious tongue. The head, devoid of all appendages, weighed about
six stone, and the eyes were about fifteen inches in dinmeter.
Doubtless this account may sound cxaggerated, but I hold such
portions of the fish as are fully sufficicnt to establish its cnor-
mous size, and verify the dimensions above given.— Thomas
O Connor, Sergeant, Royal Irish Constabulary ; Boflin Island,
Connemare, April 28, 1875.—From Lhe Zooloyist, Juue, 1875.
Vor. VII. By No. 8,
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Freaks oF PHE DANUBE.—The disappearance of the Danube
between Morhingen and Immindingen, on the frontier of the
Duchies of Baden and Wurtemburg, is a curious natural pheno-
menon.  For at least half-a-century it has bheen noticed that
some portion of the water of the river flowed into eavities in the
caleareous rocks—Jura limestone—to re-appear again newr the
town of Aach in the Hobgau; now the whole body of water dis-
appears in the vast cavities which have been formed.—Atheneum.

Bxriner Wonnar.—Among some fossils recently deseribed
by Prof. M‘Coy, of Melbourne, is an cxtinet wombat, from the
gold-drifts of Victoria. 'This fossil, called Shascolomys plivcenus
is of much interest, as having cnabled Prof. M‘Coy to show that
the auriferous deposits whenee it was derived, instead of being
merely “alluvial,”” should be referred to the more ancient Plio-
cene period, thus corresponding in age with the gold-drifts of
the Urals,.—JIbid.

Rat versus Ocrorys.—The aquarium of the Zoological Sta-
tion at Naples was, last autumn, attacked by a great number of
rats, which not only did considerable mischief to the wood work
but even caught and devoured a number of the animals kept in the
tanks. In an attack on an octopus, however, one of these depre-
dators gou by far the worst of the battle, as next morning nothing
remained of the four-footed gourmund but the bones and a part
of the skin. Though this achicvement cinmot be compared to
the esploits related by M. Vietor Hugo, it is interesting as show-
ing that even in captivity a healthy cuttle-fish is well able to
take care of itself.—/bid.

BoraNicaL LiteRaATURE.—The literature of botany, like all
other branches of seience, is becoming so extensive that the Ger-
mans have seen the necessity of publishing an anuual record of
its progress. Accordingly. . Botunischer Jalresbericht is now
in course of publication, the first volume, which contains a ve-
port of all important papers issued during 1873, having been
recently completed. The work is cdited by Dr. Leopold Just,
Professor in the Polytechnic at Carlsruhe, who is assisted by a
large staff of contributors.—Jbid.
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