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APPENDIX A.
COURSES OF GLACIAL STRIZA.

The following table of glacial strize in the region of IMudson Bay and Lake
Superior and westward shows the directions of the currents of the ice-sheet within
the basin of Lake Agassiz and upon the country where it lay as the barrier or dam
of this lake. The notes are derived chiefly from the reports of the geological and
natural history surveys of Canada and of Minnesota, and are all reduced to refer
to the true or astronomic meridians. Unless they are otherwise credited, the obser-
vationg in British America are by Dr. Robert Bell, and in Minnesota and North
Dakota by the present writer.

The lobation of the ice-sheet in this basin, its diverse and prolonged courses of
transportation of drift, which depended on the glacial currents producing the stricwe,
and the interseetion, in some localities, of two or more sets of striation, have been
considered on pages 129-131. Besides the cifations on these subjects there given,
reference may be made to my recent papers on remarkably deflected striation in
Somerville, Mass.,! and in the vicinity of Two Harbors, Duluth, and Carlton, Minn.?

Hudson Strait and Bay.
Hudson Strait:

Port Burwell, 10 miles sonthwest from Cape Chudleigh ... oooao oL . 8. 859 .
Ashes Inlet, on the north side of the strait,about.. ... . . ... oo ... 8.65° E.
Cape Prince of Wales, on the south side, opposite to the last ............... .. . to N. 70° E.
South pavtof Nottingham Talanl. oo oot oot o iiiicii it 8. 800 1.

Digges Island, off Cape 73 TN 1 T e ST R S S R o
Ottawa Islands, in the northeast part of Hudson Bay.......
East coast of Hudson Bay:

Northern part, suceessively, proceeding southward..... ... ... ... ... NE., N., and NW.

From Cape Dufferin southward to Hopewell Head and the most northern of the Nas-

tapoka Islands, in latitude 58° to 57° N., near the middle of the east side of Hudson

Bay, numerous loealities ... ... e e YA S e e A £ S. 707, 60°, and 35° W.
[1t is probable that the first two of these courses record the direction of the

ice-flow during the time of maximum depth and area of the ice-Sheet, or during

a somewhat later stage; and that the last belongs to the fime of final melting of

the ice.]
Thence southward to the entrance of Richmond Gulf, numerous localities, mostly

R B L s e e e S s etn = S e e S o BUSS oot = hin SR W s T2 S S. 65°-75° W.and N.75° W.
But in two localities, probably a later glaciation. ... .T.. ... . .. ... ... S. 35°45° W,
Cairn Mountain Island, Richmond Culf, several localities, mostly ... ..... ........ N.60°-70° W,
But in one place varying from thas o - . oo ccicacciii it ne i aa e s S.45° W,

I Proc, Boston Soc. Nat. Hist., Vol. XX VI, pp. 33-42, March 15, 1893,
2(3eol. and Nat. Hist. Survey of Minnesota, Twenty-second Annual Report, for 1893, pp. 31-43, with
map of the glacial geology (stri:, retreatal moraines, ete.) of northern Minuesota.
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634 THE GLACIAL LAKE AGASSIZ.

East coast of Hudson Bay—Continued.
From Richmond Gulf and Little Whale River southward to Esquimaux Harbor, many

T R L e ot N.80° W.to W,
Thence to Red Head, 75° W.
8o S T30 T ) Ao el e R e o P e i SR 0T
Kol e . . e e o e Ve WS o e o Bl AT g T3 £ - {l) W.
Thence sonthward to 40 miles south of Big l\nm many localities.. ........ S, 40°-607 .uld 70 W.
1 But on the southwest extremity of Long Island, near Cape Jones, stri:e bear in every
» AITECHION FLOMC. <« se b ree v o ma s e n v B o Wi 8. 70° W., around by SW. and 8., to S.40° E.
The two prevailing direetions are about - .. . ... ..o ... S4BY W, .uul 5. 16° E.
The former seems probably the older, but pmh‘\pq (l(sﬁ(-cted to the south from the
direction of the glacial current when the ice-sheet was thickest; and the latter,
with further deflection southeastward, may belong to the closing stages of the
Gilacial period, An island off the sonthwest point of Long Island has three sets
of .glneind) BII. = o L S e i S i S TS 1 5.60° W., S.40° W., and 8. 20° E.
I'rom 40 miles south of Big River southward along the east coast of the south half of
James By, My TO0RTERIOR: - o oot o Do coaan b R s A R e i e s 8. 300-55° W.
But in one locality, about 3 miles northwest of the Paint Hills, three sets of glacial
strim occur, bearing.... .. S0 el e YN e AT N.75° W., 8.55° W,,and 8. 307 W,

The first probably records approximately the course of glaciation here when the ice
attained its greatest area, belonging thus to a striation which was chiefly effaced
by a later glacial movement to the sonthwest during the departure of the ice-sheet.

q

Again, at tlie Paint [Hills two sets of glacial stri:m are found, bearing.. 8.75°% W.and 8. 35° W.
And on Governors Island, at the mouth of Eastmain River, the conrseis. ............ 8.75° W,

In the country east of Hudson Bay, extending from Richmond Gulf southward and
drained by the Clearwater, Great Whale, and Big rivers, forty-nine localities (A. I,

|71 2 R B e o IS i e i A S e it 8,509 W, toN. 60. W.
Excepting two places which have intersecting strie, namely—
ISRy (R S o L T LN | e S SR S N.80° W.and N.35° W.
FOE TG BBOONL o s st i thre s e aia e e e L G o TS o e R & i N. 68° W. and N.50° W.
jut in a majority (thirty-six) of the localities in Mr. Low’s list the bearings range
DEtWEOI - ere ceemscnenenncnn i N | DI N el Gy e 2 e S.60° W, and W,
Marble Island, northwest part of Hudson Bay ... « oo oooion o i i 8. 159-25° L.,
West coast of Hudson Bay :
Bastatdeof themntth of Chnyehnll RiReps s . e sl s s m e o s s n 5w R e 8.5° E.
Troand i half milen Bast ROmMBHe IR cocs oo ootz ih mie s cas bouat aitint e sannag sausnaas: e BUS, Wo
Five miles east from the mouth of C luurlull Iuvu .................................... S.15° E.

Region of the Churchill and Nelson rivers, Lake Winnipeg, and southwest to the Assiniboine.

Churchill River:

A R T A e e - . . ST B o e L L s e o B R 5B R S 8. 30¢-40° W,

Founr miles below the mouth of the Little Churchill River. .. ... ... .... S.20° W. and S.80° W.

Six and 11 miles above the mouth of the Little Churehill River-.... .. ... ........ S 10°-15° W,

Little Churchill River:

Three localities. 4, 13, and 18 miles below Waskaiowaka Lake, respective 1\ ...........

S.40° W, 8. 80° W., and N. 85° W.

Outlet of Lower Recluse Lake, various directions from. ...... .. ... .. ... S. 15° W. to 8.50° W,

A e et A e S s S A b e S B M e e i A SR RS S WA s A e e W.

Eagle Rapid, 2 miles in a straight line below the last, two sets, both distinet... 8.20° W, and W.

[The courses to the west, or nearly so, probably mark the motion of this part
of the ice-sheet during the time of its greatest depth and extent, while the
southerly courses show its deflected motion duuuw the final melting. ]

Along the Nelson River:

Third Limestone Rapid, 100 miles by the course of the river above its month....... 8. 'm*' 500 E.
Broad Rapid, 5 miles long, 11 to 16 miles above the last, mostly ... ... ... ... ... »() W.
"W,

> W.




COURSES OF GLACIAL STRIA.

Along the Nelson River—Continued.
Upper Gull Rapid, and theunce to the middle portion of Split Lalke, numerous local-

IHIBE. o onie ok e SR R T e g B RS TR SR CaT SR e S R A e e N. 859-75° W.
Southwestern part of Split Lake, two localities.. ... .. i oo iaiaan. 5. 859 W,
Chain of Rocks Rapid, 3 miles above Split Lake, one set, probably the older...... ... S.85° W,

e Ol e o e el na e i S Mg aes o e S SRR e R S S T e 8109 E.
On Grass River, tributary to the Nelson River from the west, a few miles above Split
Liake, pumerons 16689068 o csocscumasiansaasiasranmuii st s s ahh de BeRe T as S. 85 \\ tu W.
3ut in one place, at the ontlet of Witchai (Stinking) Lake. ... . . ... ... ... AV
Between Split Lake and Sipi-wesk Lake, numerous localities, mainly W.
L s T e T ey e e W.
Sipi-wesk Lake, outlet and northeastern part, mostly ... .. .coo e ..., 8. 709-757 W,
AlRo; in numercns lochlities . o s soiosiusmassmest sat e sann wan smdesmasiaas) BedBO-BE W,
Sipi-wesk Lake, average course throughout the sonthwe sh ru half ol 1110 Lllu ---- B5,589-60° W,
L T L e e e R A e S S e e O e e N.85° W.
Southwest extremity of Sipi-wesk Lake ... oot .iomiioiinioiccicanmeiemacenianaas 5,657 W,
¥rom Sipi-wesk Lake to the outlet of I’ipestone Lake, six localities. ... ... __. . HdY-654 W,
Pipestone and Big Reed Lakes and vieinity, five localities ... ... ... ... S 2
Along the usual boat route from Hudson Bay, by Hayes and Hill rivers, to Lake Winnipeg :
Six wiles below The Rock, Hill River. .. ... PP S e e e e e g e S. 129E.
The Bock. Bl R wer s et a o oot to e wiale R 7 e s S s s aaloils s o Sorm B o ae v Mmssl s S. 10° E.
Dr. Bell reports also at this locality another and older set of strice. ... ... ... ... N, 79° W.
Borwicl’s Iall, and 1 mile above White Mud Fall, ITill River, both within a few miles

southwest from The Rock, respectively. ... . ... ... ... ... ... 8.18° W, and 8. 28° W,
AT T T By v oo B e B D SR S e U e N, 359-60° W,
From Knee Lake to Pine Lake, seven localities ... . ... oo oiaaoiiiaaoaos S.45°-60- W.
From Pine Lake and Molsons Lake to Great Playgreen Lake, many loealities. ... S, 356°-60° W,

Around Gods Lake, southeast of the foregoing route, 140 to 180 iniles east-northeast from the
north end of Lake Winnipeg, many localities (Cochrane).. S.to 8. 529 W., mostly S. 15°-409 W,
b A B e e S.80° W,

Between Jackson Bay, on Oxford Lake, and the southern part of Gods Lake, seven localities
T T e i o/t g o e o a E il Wy m s 8 2 S m o o 2 e R GRLET ¥ WD S, 28°40° W,
Around Island Lake, about 40 miles south of Gods Lake, many localities (Cochrane). .. 8.10°-36° W.

Jetween Hudson Bay and Lake Winnipeg, along the Severn, I'awn, Poplar, and Berens
rivers, on almost all exposed surfaces (A.P.Low), generally... ... ... ... ........ SW.

[The variations are only a few degrees from this on either side. ]
Mouth of Lake Winnipeg and its vicinity, several localities ...... . ... .o coi.oo 5. 40°-45° W.
East shore of Lake Winnipeg:
Spider Islands, on the adjacent mainland, and at the Shoal Islands, about 30 and 45

miles south from the north end of thelake ... .ccaceeemmaenoaoeiaaneaaoo. 8. 300-40° W,
Poplar Point, 4 miles southeast of Poplar Point, and opposite to Georges Island, a fc-w

miles farther southeast. ..o ooan oo cnnaenesiasees Sapsessan Duolo-002 Wi
Tour localities near the mounth of Berens Iuvcr, hd,li\vay nom the nor th tn the south mnl

7 S A .BT7°-60° W,
Near the mouth of Berens River (Panton) .. ... ccon i cneeannn S\V. and SSW.
East side of Berens or Swampy Island (Panton). .o ccoe oo e oeaaaan SW.

Of this island Mr. J. B. Tyrrell writes: “The general direction of striationis ........ S.52° W.
“While another set of strizz was found to oceur under a mass of pebbles and

hoWlAers; DeaTIE - - ccas cccin oot clre smaime o s Si e sass smas o st s s nmana s S 18978,
Rabbit Pont, mear Ghe Ot omW . . oo o cocio e o snns cmap e Sy s et S A m eSS e S, 489 W,
Black Bear Island, also near the Narrows (Panton).... ... ... o .o .o . .. SSW.

Intersected by other glacial stri®, bearing .- - .. ccoaen coaoan ciiiiaaoas coniiaaaanoen SSI.

[ The latter, agreeing nearly in diréction with strim observed on Swampy Island,
on the Winnipeg River above Lac du Bonnet, around the south end of Lake Winni-
pegosis, on lakes Manitoba and St. Martin, at Stonewall, Stony Mountain, and
Little Stony Mountain, near Winnipeg, and on the Assiniboine River, appear to
helong to the basal portion of the divergent glacial current which umtmued south
and southeast in the Minnesota and Dakota lobes of the ice-sheet. |
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636 THE GLACIAL LAKE AGASSIZ.
East shore of Lake Winnipeg—Continuned.
Between The Narrows and the mouth of Winnipeg River, numerous localities...... S.400-45° W,
Winnipeg River, above Lac¢ du Bonnet to the Whitemouth River (Tyrrell), approxi-
Y e e ot T e =ty o e o stete 2o e Foers it = = Ay e e e SSE. and SW.

The following, to Lake St. Martin, inclusive, are from a paper by Mz, J. B, Tyrrell,
of the Geological and Natural History Survey of Canada, entitled ¢ Pleistocene of
the Winnipeg basin,” Am. Geologist, Vol. VIILI, pp. 19-28, July, 1891:

Lake Winnipeg:
Northwest shore, ¢ from William River to the mouth of the Saskatchewan,” average.... 8.20W.

West shore, at mouths of St. Martin and Fisher rivers, probably about............ ... S,
Cedar Lake:

BARERIED 2w oo m e b e e s i~ aora AT e B ST I L 3 A S S RN S ey S 2wk 3 A SR S.18° W,

Waest side, near mounth of the Saskatehewan. ... ... .ccccevereenicesivcecnnscconanss - 5,309 W,
Lalke Winnipegosis: .

NortheasTarTE BREIO o ot s S S bt d sl avs e d s e 5T S me e e Se mee Sen e i s el F S 8. 23°'W.

A little farthor dowa the eust ANOPE . citivi: (ccnmammmssarnconasksroasscmrassbmncsdnrs S.9°W,

A T RO OIS S o et oot cma am s mnwa e s PR S R S A RS R S S e e A e S e S 8. 20-13° E.

IDBEWBOTL IVHTE 5omt v v e e e s S S S S B S SRS e N Ry e o Wi et S S S S, 420-58° W,
Roll IR RINAY « . < yxn s maimastiass b o £3 WS s 8.9 o R eaoris & i o eS8 P S SR e B S i 8. 68°-7T8° W.
B ARGREO - s ai oy S R me e R s e A A s v e S S MRS TEa A SRR B e S s & e S S. 48°9-53° W.
Lake Manitoba:

N OT LD WEBTIAIIN - s s it st wis sy s e m S o e A de s AREE S S & e S SN MM S e aw E miea Southward.

Easnehore; near 860D RO PO var o o - o3 vibey s phaasg Sos wag ne s e sne smsies sawsss N, 8°-13° B.
ke Bt Maxbin praniSaaqlandB oo i s o s e o rae ke D S A S e 8.33° E.
Stovewall, inmany placea (Panton, Upham). . . .cceceasssiacnnsamssrsamssasnmassosannn 8.200-25° E,
Stony Mottai  ER AN o I PREDL) S o e rrs s s R G e s S e n s e S v S s M.
Little Stofe Monntain (T pMnEE o i encssmias caayis dans aysi rrssisave ris i s a st s a s a s e e poss
Assiniboine River:

Section 36, township 8, range 11, in three places (Upham)..._ .. ... . ..o ... 8. 49-8° W.

T O B L B e e e e s ree i v Sle s s s T S h A s LG S.10° E,

Seetion 23, township O xange 10 (Tyrrell) oot iciocssaisiom damhiive snnenn sasmnarans 8.38°E.

Athabasca River and Lake, Wollaston and Reindeer lakes, and southward to Cumberland House.

Mountain Portage, Athabasca River, 7 miles above the mouth of Clearwater River._....... 8.54° .

Or more probably .. e ol s o s S A e 2o A B e mie s DN Wik
Fort Chipewyan, near the nmnth of L ‘11\0 \f}lhl])d‘i(.l, ahn 1 mllt‘ west and 8 uul- 8 southwest
Loy gl e ok LG e e i L R e ey - e -

The following observations, to Cumberland House, are by Mr, A. 8. Cochrane, and
are communicated by Dr. Robert Bell:

North shore of Lake Athabasca:

Ten miles north from the Burntwood Islands. ... .. coae oot i i ceenaann S.81° W,
Twenty milearweshof BlackBay. . 0 oo i in i tidig mrvas s mmee an b cemmiaet 8. 61° W.
Halfway from the west to the east end of the lake. ... .. ... oo i i aool. ... S.43° W,

Twenty miles west of the Hudson Bay Company’s post at Fond dun Lac ... 8,214, 27° and 31° W,
Hndson Bay Company’s post, Fond du Lae, 50 miles west from the east end of the lake. 8.53° W.
On the western outlet of Wollaston (Hatchet) Lake, 15 miles east from its mouth at the

east end of Athabasca Lake .....c.oooooioocnuacnonan e e e S S. 859 W,
Junction of Porcupine River with the western ontlet of Wollaston Lalke, 50 miles east of

g s R e e e N i iy e B, 5. 759 W.
North shore of Wollaston Lake, halfway between its western and eastern outlets. ......_... 8.27° W,

Jackfish Lake, about halfway between Wollaston and Reindeer lakes, by way of Hatchet
BRI R T o s e e Trrr o in T at o s v aes Ao e e i yas S.17° W.
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North end of Reindeer Lake:

Average of numMerons ODBEEVAIONS ccceei cineoncocnnsann cannimmnnnsanseriabavssiamsewers S.31°9 W,

Mouth of Hatchet Lake River....... P Y ST A T M) S o e S e SRt S.17° W,
East shore of Reindeer Lake:

P B Y s e e e va/a ddlow = ntae ke e o Einlsi sie s im o e = ait i g o m o DL LS S 8. 24°'W.

Halfway from the north to the south end of thelake. ... .. oo oooiiiiwianni . S.18° W,
South end of Reindeer Lake, and on its outlef ...... o s e Sk s it Y o e ey MR S. 189 W,
Churchill River:

Near I'rog Portage, 110 miles north-northwest of Cumberland House................... 5,409 W,

At a small lake 10 miles east from the mounth of Isle & la Crosse Lake .........._ ....... 5. 18° W,
On the canoe route:

Seventy miles north of Cumberland HOUSE .. .cceceeecuinirncnsancnnssecnoaanas 8.16% and 26° W,

Fifty-five miles north of Cumberland HOUBO ---c.ccreieonraaencconniiancns seecansnsnns S.26° W.

[As on the lower part of Churchill River, before noted, the more westerly
conrses of this list are believed to indicate the glacial motion when the ice had its
maximum depth, or nearly that, continuing probably through the greater part of
the period of glaciation; and the southward currents seem referable to deflection
during the recession of the boundary of the ice-sheet, most of the earlier westward
strim being thereby effaced.]

From Hudson Bay to Lake Superior and the Lake of the Woods.

On the route of Dr. Bell from James Bay to Lake Huron, commonly............. S.5° K. to 8.5° W
0 Gl e e e e R S R R e e S e S.25° E.
Between James Bay and the east end of Lake Superior:
From Long Portage of the Missinaibi River to Mattagami Lake, both belonging to the

Moot Raver 8ystem, OBy - oo o es s e e e S bt e e SSW,
Wasquagami Portage, Missinaibi River, twosets . ... .............o..... 8.15° W, and 8. 60° L.

[The last is donbtless a local deflection, belonging to the time when the ice-
sheet was being melted away.]

Missinaibi River, east of Brunswick Lake.. .. cueecmcansinosissssasssasas sassassans S.156° E.
AT N L A R e e e e S ool o hral simmutmia a5 Wivis miavn s m'oe KB 8. 30°-65° W.
Lake Manitowick, on Michipicotien RIVer ... .. cicccomviiiniiciie smcine sosavaciosonnans 5. 300 W,

Long Portage of the Michipicoten River, 6 miles east of its mouth........ .. .. ....... 8.40°W,
North shore of Lake Superior:

Falls of St. Mary, and thence 20 miles north (Agassiz) ........ ... ool oiiiaiiiios SSE.
Twenty-five miles north of the Falls of S§t. Mary, and thence to the northeast angle of
the lake, 75 miles east of St. Ignace Island, many localities (Agassiz). .. .. ... ... S,
Fifty miles east of St. Ignace Island (Aga8EIZ) .- -esamozoe cman concome ciis wasane Zonyin SSW.
St. Ignace Island, and the same 25 miles east (Agassiz) ...oueeeeemmeninnmenonoannnans. S.
Southwestside of Nipigon Bay: (AZBESIZY - oit-siin siasmatnmsnnroprnie crsnmn s mme = SSW.
Islandain Thandsr Bay (AEaaEIN) . oo’ ronss s ressmaress Jisviie s Ynslsssvsaisis beasaays SW.
Between Thunder Bay and Pigeon River (Agassiz) ...cc. cecmesvoecnennrameceoancannns 8.
Isle Royale, Lake Superior, numerous localities (Desor) . ... ... ... ... ... . ... 8. 20°-75° W,
Along the Pie River, tributary to Lake Superior . - - cccociccercmcanramocncocmnaas S.200-30° W.
Kenogami or Long Lake, at the head of the Kenogami River, tributary to Albany River,
g T T e e e e e (e Fo ik S Bl A P Pt S.t0 S.25° W,

[“The grooving is as well marked on the tops of the highest hills as in the
lake valleys.”]

In the country northwest of Kenogami or Long Lake, several localities...... .......... S. 30°-40° W,
Along the Kenogamt RIver, MOBILY . o~ qticsia cacmin cvcnnacnscsinsizmnnsemansnnsasinons 8. 30°9-50° W,
BUt AT VINRFAD = ohor f oo f o s s R A e S e a4 S s SR R e e S.and 8. 60 W.

LT T T e e e S P RO L P e O S 8. 309-45° W,
B I G T e e S.159 W. and S. 60° W.

Albany River, between Lake 8t. Joseph and Maminiska Lake, three localities.. 8.202,25° and 40° W,
Ly I B T e i o L T T p Aot s e e el A P e S omiie AT — S. 652 W,
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P AN O e . S o e I e Gl s e S s e ninar 5 ek oo e e b el e e S.76° W.

Eabamehbake, Tvo TocAlIBIAS. o - o oo ac e s inann cbam na s i a ek Re e wa s ST ST R SR 5. T5° and 80° 'W.
Inlet:of Bhurgeon ' Lake, Bowlder BIVET: cu. scot cdeastiosserpiss dasosns s rnnises ey sonsgiyeawes 8.70° W,

Attawapishkat River:
Respectively 3, 13, 22, and 23 miles below the junction of the two channels from the

lake: GF HHO SRS DA oo s a s oo s fawaie s an ea ST oS s sa s S. 60°, 42°, 220 and 159 W
Lowest exposure of Archean rocks ... ................ S e s s s ik e A e & to 8. 10° L.
On limestone about 75 miles from the southern mouth of the river.. ... .. ... _.._._.. 8. 189 W.
On limestone 9 miles below the last, two sets of striw, the older ... .. ... ... ___. S. 89-12° W,

e L T o e L (o 8. 60°-70~ E.
On limestone at the head of Lowasky Island, about 44 miles from the sonthern mouth

O e R TR e e s v vl fea s = R e Bt S i b i a0 R S A R e e 8.2° W,
Southern channel, or Lowasky River, 4 miles below the last, the older strism ......._... S.35° W.

And newer strime varying in course from the foregoing to ... .. ... ... . ... ... 8. 807 W.

Around Lake Nipigon two sets of glacial strim are common, and are often found crossing
each other on the same rock surface. The southward set, which is the older,
AT TG st e L e e S U e s e e AR S S A R SR A RS S.18° E. to 8.25° W,
And the westward and newer set varies from S o e e eI © 1510 S R T
Along and near Kaministiquia River... ... . ... .. .cccooooaa ... ... S.10 SW,, averaging SSW.

Dog Lake, mean of several localities (Hoctor) ............................................. 8.10° W,
Lac des Milles Lacs, mean of several localities (Hector). ... cooooeon i imane i aane. 8.5 E
Sturgeon Lake, 50 miles southeast of Lonely Lake, commonly. ... . .. ... ... ... 5. 209-30° W,

But in one locality
Minnietakie Lake and vicinity, west of Sturgeon Lake, several locaiities...... .. ... . 209-556° W.
LGB Y O e e ol L g i IR D R L N e S S e S RS e 3.10° W.
Islands in the middle of Abrams Chute - -..ce. oo veecee coonacionnonaracccencaccmnane cuns .40° W,

Lonely Lake (Lae Seul):
Ahresdoomiitied. .o 2.l i c R st e A SRR AR T R S.70° W., 8.85° W,, and N, 80° W.

Three other localities, respectively 10, 13, and 16 miles east of the Iudson Bay Com-

PRI IAIIONT, = eaed e D e e e e e e s 5,609 W., 8,25 W., and 8. 559 W.
aktextramity of tho et ottt vs i tn s s TR R A B AR R e Y e s ey S. 4 1.:"‘ W.
Root River, tributary to the east end of Lonely Lake, two localities. .............. S.50° and 45° W.
English River, below Lonely Lake, five localities. ... ... ... ... ... ... .. S. 809-60° W,
F:0 e oy Ly B AL SRR i L B R SIS e S S T T S e G s S S. 80° W.

Winnipag River; severallooaliiies (Bell) o sonty . criemem o sve mae et em s s Busn s s aEs 8. 209559 W.

Dr. A. C. Lawson reports the following many observations of glacial striw in the
region about Rainy Lake, on c¢anoe routes north of this lake, on the shores and
islands of the lake itself, and on Rainy River:

Kishkntena route, from Sabaskong Bay of the Lake of the Woods to the Northwest Bay of

gl B MR TR T U O SR R R R e e I SR e S.339-58° W,
Pipestone Lake route, extending north from the Northwest Bay ot Rainy Lake, nineteen

localities. ..... W e e YT I T N e S I S G P e ey G L, WL S. 200-49° W,
Kiarskons route, several miles east of the last, six localities. ..............___.. ... _. S. 28°-53° W.
Manitou ronte, extending north from Manitou Sound, the most northern portion of lxa.my

ke, tWelve TOERITTION] BIRG cras cas vt oo son wam s arie mm e irmidle o o il im & iR e R 8.2
Littie Canoe River route, a tew miles east of the last, five localities- ... .. ... ... ... _. 8.6
Big Canoe route, a few miles farther east, five localities. ... ... ... .. . .. .. ... ... 8. 23°.
Redgut Bay of Rainy Lake, and the Turtle River route, extending thence northeastward,

g e A e LT e e e e N 8. 23--63° W,
Seine River route and Bad Vermilion Lake, fifteen localities. .... ... ... ... ... .. S. 36°-63° W,

Rainy Lake:
East Arm, from its easf-southeast extremity to Bralé Narrows, twenty-four localities. . S, 289-73° W,
East Arm, from Briilé Narrows and the Seine River to the mouth of the lake, forty
LB B e s e L e e v oie v ey syl i e i v's e s o s YT a e TS A e S. 28°-61° W,
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Rainy Lake—Continuned.
North Arm, thirty-seven J1ocalitien ... ... cosccasareosnvess sncrnvenoneaakis soos smnwmse - S. 18°-53° W.
Northwest Bay, elaven J00alit108. «cascccvensnnsiande sartinmenzarmeusonn saseasazaenas BrOIoT Wi

Island 4 miles above the Maniton Rapids. .cceae coeecaoncmmece enroem e cene oora 8.38° W.

One mile below the Long Sault, and at the first and second rapids of Pine River, three
localities, BliKe ... cccccsoncevavasrvssevoeve P e R T T T O e S.249 W,

Otnie mile above the moatlr oF BapDId RIVer: . ccevrtacns srnsnsmrn msohksnr ~smennnosinnsonn S.38° W.

Around the Lake of the Woods, observations in about 180 localities by Dr. A. C. Lawsor
and assistants, and in about 60 localities reported by Dr, G. M. Dawson, ‘“the great

majority,” i. 6. 82 per cenb, are ... cocecii o et i 8. 35°-55° W.
But 13 per cent Bre....-..c-oevcconcaiidoaciicnesvansiis saasateaveaasaas ahas Save 5.10°-34° W.
And 5 per cent are ... cc. oo i i cedcieaesecseecceeeceaaceasaas 8. 56°-83° W.

Only four localities showed courses more westerly than 8.65° W.; one of these is on the
southeast side of Big Island, where strime bearing. .. ... oo oo il il 8.76° W,
Interserh oRherE DRREIIE .. o f oo oL cabRre e ea s o s e Wi ey R e s W S S.37° W.

On the west side of Bigsby Island, which, like the preceding, lies near the middle of Sand
Hill Lake (the southern and largest part of the Lake of the Woods), double sets of
strize were observed in two places, respectively ...................... N.80° W.and 8, 20~ W.

A s o ia e s et O s S e e e e e (e S 16 & = Wi e bt e o N.83°W.and S.33° W,

And on a joint projecting from the south shore in the southwestern part of this Sand Hill
TR0, BT TBIORE L vou & =00 fow = 5 54 01 e e B A e 1 G A BT A2 KR B 108 e e e S. 70° and 65° W.
V58 AR (0] i SR Rl e e e B e e R 8. 35° and 33° W.; also, S.10° E.

[Probably the bearings 8. 10° E. to 8.20° or 30° W. belong to the time of the
maximum depth and area of the ice-sheet; the prevailing southwesfern courses, to
later glaciation; and the more westerly deflections, to the time of final melting
of the ice.]

Minnesota.

North shore of Lake Superior sonthwesterly from Pigeon Point, numerous localities (Nor-

wood and Whittlesey) . 250-45° W,
Dulnth (N H - WREh eI ) et o s s s s cin e missennan beenes sob s embiesvatsvait Waseea sy su Kene WSW.
Otter Track, Sucker (or Carp), and Long lakes, in northeastern Minnesota, south of
HiA AT IRISRa (WIROBOLL) e s s s m e isenacsimaisednnsmssisenssr iy S owaryastiyh s s we ek SW.
Vermilion Lake, two places (Winchell), about ..o cociae comaanciccciaanccecacccsucnccunans 8.20°0 W,
Angaganothernlane CWIEReRL Y o e 3t se @t pona e Tr o nHe S SN Setm B S = o n R B 8. 40° W,
Vermilion Lake (WhitfleSey ) - -coeeceeemamoancoeie i menecccecsccemcncaracnaamcnns S.15% W,
Pike River, tributaryto Vermilion Lake, two places (Winchell)...... . ....c.o.... 8.10° and 20° W.
In township 59, range 14, abont 20 miles south-southeast of Vermilion Lake (Winchell), esti-
1Y L e e L e e S I O = S P e e S.30° W,

The following, to Knife Lake, inclusive, are observations by Prof. N, I1. Winchell,
noted in his Fifteenth Annual Report, Minnesota, for 1886, pp. 385, 386:

Vermilion Lake:

Twenty 10Calities .. cccueemmmevoacoecmcn o i enenane ceeeanaa T S.179-940 W,

Three other localities. ... o cm occicumn e crmce e e crneeen S.28° W, 8.10° W., and S.
Bireh Lake . . oo o e e e e e e ceoiecaaiaaaoo S.12°9 W.and 8. 22 W,
Section 30, LownshID 63, TANYS B - - cocorcorromemrn s arcapenre rrcoss snosac e csmmmcesaane S.89 L.
Section 33, township 63, TANEE 9. e e mecaomnn coicriaome o oo mme cnat s bance et s 8,120 W.
Qection 27, township 63, 180Z6 10 . oo oo e oo e ie it temcen sen et et i aeaanae S.15° W,
Basawood Liake, NOTLheast Capt ... ccuccoaraacanenocacmmessonn smansrononsn monmoanmar vasis 8.15° W.
Tma Lake, north 8hoTe . <o oo i e e i e el S.36° W.and 8.23° W,
TRIBNAD THOMIARS JIRED oL e as = aimn s s e WE B oS M e R s ol bl e S ol > S n e o8 w3 e e w s DAL ¢
Section 11, fownship 64, TANEe T - oo c oo nn o e e e e e i 8.30° W.
Knife Lake.-cccecoamre cacmmrmamee cocacnsmncns caes O ey e R g e S - 8. 48° W,
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The two following are from Prof. N. II. Winchell, in his Sixteenth Annual Report,
for 1887, p. 114:

East end of Delta Lake, west of Ogishke Muncie LaKke.cceee cccceecccocncococn conancaoaaa. B2 » 'W.
Island:in/ Paendo-Messar Tiale -t i cnisiviasas s cimpa daa s ol b wash $o a5 s R s S E b s mnn e amale 55 IU-‘ W.

Mr. Horace V. Winehell, in the report last cifed, pp. 395-478, notes the following
glacial striwe, to Trout Lake, inclusive, corrected by him for magnetic variation:

Little Fork of Rainy River, ive 160RLIREE cor: ool acencrgr srmnicenanesmn s ssen s s s as 8. 10°42° W.
Rainy River, 3% miles bolow Fort Franees. - . cccccci s cocmtitininecnsssansrnenssmnss
Reiny 1ake, nine JooRHTI08 -1« cos stk otice s Sida i s e v m S x my o o o e e 2 4 a0 mr, s 4 e 8. 3
North fall on outlet from Namekan Lake to Rainy Lake

Bowstring River (Big Fork of Rainy River):

Probably in township 63, range 26, intersecting strim, mainly .. ... .... ... 8.10° W. and 8. 30° E.
A short distance above the last, very distinet glaciation. ... ... .. . .. .. o ... ... S. 60° 1.
Deer River, at dam about a half mile above its junction with the Big Fork, probably in town-
AR B g e e e D S e S ale b s S Se Tt R S e e e B 8. 80° E. to due E.
Big Fork:
About 3 miles above the mouth of Deer River...... ... .. ... . i icannnna-. Due L.
In or near section 35, township 150, rANEO 2D . - .o covrercccnoccounceson casmnnsmoasa smnnns 5. 5620 F.

[The southeastward and eastward striation on the Bowstring River or Big Fork
belongs to the east part of the glacial current that moved to the south and south-
east from the region of Lakes Winnipeg and Manitoba, carrying plentiful bowlders
and gravel of limestone from those lakes and the lower part of the Red River Valley
southeast to this stream and to the month of Rainy Lake.]

Lower Falls of Prairie River, section 34, township 56, range 25. .. .. ... _....... .. 5 S.
Elbow Lake, township 64, range 18, two localities... ... .. ... ............ 8.26° \\ uul 8,289 W.
Pelican Lake, mostly in townships 64 and 65, range 20, four localities.. ... ... .. ... 8.24°9-36° W,
Net Lake, in the Bois Fort Indian Reservation ... ... .coeoeceeccoconiocnncoocaesaocos 8.20°-24° W,
Trout Lake, north of Vermilion Lake, two localities... ... ... .. ... . ___. S.16° W. and 8. 36° W.

In the Seventeenth Annual Report, Minnesota, for 1888, pp. 86-118, Mr, H. V.
Winchell gives additional notes of glaciation as follows, to Disappointment Lake,
inclusive:

Beection:82, fownahip 60; TaNEE 18, ADOUE - - cac cocais sdsvisnasars sussaass sore sammns memansscnn SSW.
Summit.of the Giant’s Range at Hinsfdale..cc.cccoo e comaariamcccnracccccremcannsoonin S. 220 \\’
Section 35, township 61, range 12, south of Bireh Lake, about
Section 36, township 62, range 8, south of Lake Isabelle. . ... ... ... ... .. ... ...._......
Section 15, township 59, range 6, sonthwest of Crooked Lake
Section 10, township 64, range 8, north of Ensign Lake.........._. -
Section 27, township 64, range 8, northeast end of Disappointment L l,lu

Sand Point Lake and Sturgeon or Namekan Lake (Whittlesey).. ... .. ........_.. SW. to 8. ).,'\ Ww.
Bainy dublca W HItHBREY ) 2 2t o it b e e e re s s e e et S, 46°-60° W., and WSW.
Big Fork of Rainy River, about 82 miles from its mouth (Whittlesey)... ... ... ...... _.... S, 80° E.

[This seems to be near the locality noted by H. V. Winchell about 3 miles
above the mouth of Deer River.]

The Twenty-second Annual Report, Minnesota, for 1893, on pages 35—40, makes
extensive additions to the foregoing lists of glacial strite in the northeastern part of
that State, including very abundant and exceptionally deflected courses at Duluth
and elsewhere about the west end of Lake Superior. In this report (page 42) it is
suggested that some of the courses noted on the Bowstring River or Big Fork may
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really have been westward, rather than castward, due to deflection during the late
stage of the glacial recession when the expanding Lake Agassiz caused the ice in
northwestern Minnesota to be melted away earlier than on the land area about the
sources of the Big Fork and easterly, so that the previous glacial currents of that
area might become reversed from eastward to westward courses.

The following striwe are in central and southern Minnesota:

Hinckley, Pine County . .ccoueeoacaecacaaisaioeiciiioieiceiooaearansecsnsecaccacc.- S, and 8, 5° W.
Watab, Benton County. coeceoan meace e e iiccciceecen cerars crnncsaccn e s s es 8. 15° W.
Sauk Rapids, Benton County, numerous places. .. ..o oo ool 8. 459559 W,
But in one place S, 159 W,

Sauk Center, Stearns County, 40 miles west of the last. .. ... ... .. ... ... .. __. S, 400 B
Minneapolis; 86Verall PlACEB. .o i scisr-ronass/srsancsosans pann-dassmas soames sanrns ansnns S, 5°-28° Ii.
One to 7 miles southeast from Big Stone Lake, numerous places. ... ... ... ... ... ___. ..., SE.
Granite Falle, several Plagea. c o vieaioncs cdoain srcaii soniocinaiiisane sodome mvanidaabonnis S. 45°-50° L,
L2 e e s L e e S O S e S. 60° E.
In the valley of the Minnesota River, 2 miles below Birch Cooley. ... ..o ... ... .. S, 600 B,
One and-a half miles west 6f Forti RIdgely. . - --coiiinzcascinsiin aoas cnntoncs rasresnn nrme 8. 60° E.
R O e T B T LI o e o i a0 ) e B e e R e e T . S. 25° E.
Jonden, ab ol of Foas, WeHR & 0. cocari siivcansasonswonnsrin davsasnra shvebasmas = osasdvs S,
Posen, Yellow Medicine County............... B aie AW a e et Srons R A8 st w Bt S S. 50V I,
Eecho, Yellow Medicing Commby - --ceccaccacn-anmicnsacsancrrsassn sasmensanrcanacy sasnan S. 509-55" E.
Township 111; range 38, Redwood County .-.c-eceeaacemoiiiacisecaconmsnassamarsaronns 8. 509-60~ K,
Stately, Brown County.......... R o Mt~ v, S e b S SRR TR mn o v G SR e 2t S. 509-55° E,
Germantown, Cottonwood County. ..couecoomiimaonn i i s S. 300 E., S. 50° E., and 70° E.
Amboy, Gotfonwooll County, MOBILY seac s iissoircsacamrvessrssnssnbshonassvms vransens S. 35°-50° E.
Jut also rarely deflected B0 .carcccocrn oo mccnr s m e cecccamn e emanmt et S, 70° I,

[In one place all these courses intersect on the same surface. ]
Delton, Cottonwood County, numerous localities, mostly.... ... ... ... ... ... ... 8. 159-40° E.
Algo, T one place; Bl 0OERBE IXO oo o ctan s s nacsns monassrarere sass sasn dsnsiasss 8. to 8. 80° K.
[These intersect on the same surface. ]

Belmi: © ooy oDt O S et e Je e oo e e mne hi m vlaa Wi a s e mes b s (o i iecm e S.1809-229 B,
YOV 0y e g (1 ML eiia ke o e e R P S. 30°-32° E.
Dile Colton W0l C ORIt re cosa sacesahs srsass tinssed 5o erssmaisasie sesmasnEensnasess e S. 20°9-34Y B,
Adrian, Watonwan County .....ceceeecesaace cocomasssens et e S B Bl S el oA R S. 209-30° E.

The only glacial strize recorded in North Dakota are on outcrops of a bluish-gray
sandstone, occupying the place of the Ifox Hills sandstone, on the Willow River, in
the southwest quarter of section 35, township 161, range 73, about 6 miles south Irom
Dunseith and the southern base of Turtle Mountain. Distinet glacial furrows and
strie, here observed in eight or ten places, bear mostly due west, but in two places
8.85°9 W. and 8.759 W. These strie belong to the closing stage of glaciation here,
being directed normally toward the Fergus Falls and Leaf Ilills moraines and the
glacial Lake Souris, whose eastern shore coincided nearly with this part of the course
of Willow River. During the maximum extension of the ice-sheet its current at this
locality doubtless passed nearly due south.

Almost universally throughout North Dakota, eastern Montana, and a large area
stretehing thence northwestward to the Athabasca and Peace rivers, the bed-rocks
41
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are shales of the Fort Pierre and Laramie formations, so soft and easily eroded
wherever exposed to weathering that glacial marks are not preserved. The sand-
stone of Willow River, however, outerops also in the same distriet on Turkey and Ox
creeks, but does not there retain striated surfaces. Tarther west, apparently this
stratum of sandstone occurs in the blufts ot the Souris River, near its most southern
bend, and in hills within the area of the loop formed by this river, where other glacial
strize may probably be found.




-
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APPENDIX B.

NOTES OF ABORIGINAL EARTHWORKS WITHIN AND NEAR THE AREA
OF LAKE AGASSIZ.

Arecheologists will be interested in the following brief notes of the localities of
mounds in this district, to which reference has been made in Chapter XI, page 612,

Many mounds, probably not less than fifty in all, varying trom 2 to 15 feet in
height, are situated on the blufts of both sides of Lake Traverse, Browns Valley, and
Big Stone Lake.

Three isolated mounds, each about 5 feet high, were noted on the right bank of
the Red River, in Wilkin County, Minn., one being about 12 miles east of Brecken-
ridge, another about 4 miles north of that town, and a third in Mc¢Cauleyville.

Close south of the Red River, near the mouth of Ottertail Lake, is a group of
sixteen mounds, varying from 1 to 10 feet in height; and others, single or in groups,
are found at many places in Ottertail Couty.

In Clay County, Minn., a small mound was noted near Muskoda, and another
near the South Branch of the Wild Rice River.

(More detailed statements concerning these and the foregoing localities are given
in the Geology of Minmesota, Vol. I, p. 631, and Vol. I, pp. 533, 558-561, and 671.)

Mounds and artificial embankments are situated on and near the beaches of Lake
Agassiz in many places. Iu the greater part ot these instances the earthworks have
been alveady described, or at least mentioned, in this volume (pp. 234, 313, 347, 349, 354,
390,412, 413, 431). Among all these localities the most notable is close north of the
TForest River, about 6 miles northwest of Inkster (p. 349). According to a survey
of this group of mounds by Mr. T. H. Lewis, they number about forty, ranging from
14 feet to 13 feet in height, some of them being connected by low embankments.

In the south part of Crookston an aboriginal mound about 6 feet high and 100
feet in diameter lies on the south bluff of the Red Lake River, close east of M.
Erskine’s brickyard. ’

On the prairie, close west of the mouth of Red Lake and north of the Red Lake
River, is a large mound about 15 feet high.

Jeside the Roseau Lake trail, between 2 and 4 miles eastward from its erossing of
the South Brauch of Two Rivers, five oblong mounds or embankments, each about 3
feet high, are reported by Mr. Charles Hallock. These are on the crest of a beach
ridge, probably the Tintah beach.

Two monnds, respectively 5 and 3 feet high, are sitnated about half way between
Fort Pembina and the town of Pembina, being some three-fourths of a mile north of
the fort and an eighth of a mile west of the Red River.

643
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In the vieinity of Devils Lake, Sweetwater Lake, and Stump Lake are many
mounds, mostly 3 to 6 feet high, very rarely rising to 10 feet, occurring singly, as on
the toi)s of the hills near Fort Totten, and in groups of several, or sometimes forty or
more, as at the southeast end of Devils Lake. Other lone mounds and series of mounds
are seen here and there along the bluffs of the Sheyenne and James rivers.

The largest mound known in Minnesota is 45 feet high, being the central one of a
group of three (the two others only 8 or 10 feet high) on the sonth side of the Rainy
River, close east of the mouth of the Bowstring River or Big Fork. This mound, par-
tially excavated under the direction of Prof. George Bryce, was found to contain
many skeletons, and also skulls without other parts of the skeleton, as if they had
been collected on a battlefield. There were also found very interesting stone and
copper implements, ornaments made from seashells and others of fresh-water shells,
broken pottery, and a complete pottery cup having a diameter of 3 inches. Professor
Bryce states that twenty-one mounds are discovered along the whole course of the
Rainy River, one (peculiar in containing a structure of charred logs some 10 feet
square and 6 to 3 feet high) being at the mouth of Rainy Lake and several at the Long
Sault. On the Red River, in Manitoba, he reports one mound as formerly existing at
Winnipeg, and several still to be seen near the rapids about 16 miles below that city.
(Historical and Seientific Society of Manitoba, Transaction 18, 1885.)

On the Souris River and its tributaries, the North and South Antler creeks, Pro-
fessor Bryce surveyed twenty-one mounds within an area of 4 miles square, ranging
from 4 to 7 feet in height. " One of these mounds, containing a single skeleton, had
with it nearly all the types of stone implements, copper and seashell ornaments, and
pottery, which had been found in the large mound on the Rainy River, about 325
miles distant to the east, besides two pipes of red pipestone; but in each case no evi-
dence of any intercourse with Iuropeans was found. (Historical and Scientific Society
of Manitoba, Transaction 24, 1886.)

During my survey of the shore-lines of Lake Agassiz in Manitoba and examina-
tion of the adjoining country on the southwest, I observed mounds in many localities,
of which the following are the most noteworthy :

In the northwestern edge ot the village of Arden the crest of the Campbell beach
bears a round mound 4 feet high and 75 feet in diameter, with an émbankment 2 feet
high and 30 feet wide extending from it 50 feet northward. A mile south of Arden,
on this broad beach, a few rods east of its crest and about 1 foot lower, is an embank-
ment 20 to 25 feet wide, about 200 feet long from north to south, parallel with the beach
crest, and 14 to 2 feet high. Along its northern two-thirds this earthwork is straight,
but its southern third curves somewhat eastward and this end sinks gradually to the
general surface.

The formerly famous Calf Mountain, which was visited by Palliser’s expedition

and appeared prominent on most of the early maps of Manitoba, is an aboriginal mound,
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probably built over a slight natural mound of the glacial drift. This earthwork,
rising ouly about 15 feet above the adjoining surface, is near the north line of the
northeast quarter of section 32, township 2, range 7 west. Its top is about 40 feet above
Darlingford railway station and 1,600 feet above the sea. From it the land descends
fast eastward to Thornhill and Morden, overlooking farther east the vast valley plain
of the Red River. The earthwork consists of till, inclosing frequent bowlders up to 1
foot in diameter, with a considerable admixture of gravel, which was probably brought
from the shores of a beautiful lakelet a few hundred feet distant to the north. The
diameter of the prineipal mound, which is dome-shaped, is 95 feet, with a height of
15 feet. Thence an embankment about 2 feet high extends 10 rods sounthwest, and
its tarther portion, turning with a right angle, continues about 4 rods to the south-
east. Excavation in the mound has brought to light human bones and many buftalo
skulls, often much decayed and fragmentary. The name Calf Mountain, probably a
translation from an aboriginal name, refers to this united sepulture of the remains of
man and the buftalo.

Several round monnds, 2 to 4 feet high, are situated on the blufts of Mowbray
and Snowflake creeks. Two of these, near the southeast corner of seetion 9, township
1, range 9 west, were found to contain in each four or five skeletons.

On the top of Star Mound (p. 99) an artificial mound, built of till, with bowlders
up to a foot in diameter, has a height of about 4 feet and diameter of 50 feet, with
slight embankments extending beyond its circumference about 20 feet to the north
and south. Similarly, the top of Pilot Mound (p. 99) has an earthwork about 2 feet
high and 50 feet in diameter. The crests of a few of the Tiger Hills are also erowned
with small mounds, some of which have been excavated and are found to have been
built for purposes of burial.

On the southeast bluff of the Cypress River, close east of the mouth of Tiger
Creek, are three mounds, of which the most northeastern and largest is 6 feet high.
These are on land about 25 feet above the general level of the surrounding country
and 1,260 feet above the sea. -

Besides the foregoing, which I have examined, my assistant, Mr. Robert IH.
Young, noted & mound about 4 feet high and 60 feet in diameter on the crest of the
southeastern end of a beach-like esker in the sontheast quarter of section 30, town-
ship 12, range 1 east, near the Grosse Isle (p. 187).

A very large mound, said to be about 10 feet high, is reported on land of Mr.
William Rhind beside the White Mud River, about a mile west from Westbourne.
On its surface, or not far below it, stone pipes, pottery, and human skulls and other
bones have been found; but at the time of this information no deep excavation had

been made.
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