
}linllesota River northeast and 1 orth, paTtI 

CHAPTER III. 

GEOLO<JIC FOR~IATIONS UNDERLYIN THE DRIFT. 

Archean, Lower and Upper Silurian, Devonian, and Cretaceous forma­t 
j 

tion~ succeed each other from ea,st to west as the bed-rocks of the area of 

Lak b'assiz (PI. XIV). 'Phey,vill be briefly described h re in this I'd 1', 

which i s that of their age and superposition, beginning with the oldest and 

lowest. Throughout larg-e portions of this region, includinO' the whole 

di.... tri t drained lJi the Red River in ~IillIlesota, the underlying rock ' are 

covered by the o-lacial drift, and affortln outcrops; but their character and 

approxim£ te boundaries OIl these tracts are inferred \vi th lnuch probability 

frout the nearest outcrops, froln topographic features, fron1 the bowlders 

and ther material of the drift, and ti.-0111 sections shown by d ep wells 
which pa-'8 through the drift to the rocks beneath. 

Inter euing in stratigraphic order between the Archean and Silurian 

s .. t:.m are laro" area ' of the Alo' nkian and C~unhrian T,·tem·, '1 £,pp d 
on PI. XIV for the country about the we. t part of Lak S Iperior; but the 

Igo kin.n and Can1brian l' ck. pro ably have no outcrops on the La e 

Ag'a 'iz area. 

.A..R CHE FORl\IATIONS. 

n the ea ' side f the ._outh part of Lake Ao'a/S. iz a 1t of l' heau 

rocks tends f1'ol11 th 

w 't of LaIr ~llperior b 
n rth I'n Minn ta, \ her .., it wi 1 Ds into the m ain n1' , 

orth America. Th' breat Archean area sQ.-etches fi.-om Labr dol' and 

the i( w r t. L vyrence tiouthwe ' t( Ge rgian En of LaIc lIur 11, w t 

t Lak . S Iperior d \Vinniperr, an 1 tll ' 11 11 rth 'e._ t rtll to the 

I' tie a. I ts ., oJ ·t I'll bor r ,ra::; covel'e by L ak ga . iz frOID thei 

Lak f t vV 1 ' to the north r d fLake \Vinnipeg. 
ti5 
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The 'lost southwestern outcrops of Archean £ rrnatl 11S ln ~Iillll cot;; 

are 1 _ t 20 1ul1es southwest _f the ~'Iinne ot< RiYer in d m d 
y llow ~1edicine eounties, where 81113.11 ~solatecl exposures of )'ranite gnei._ , 

all hists oceur. Th deeply eroded vall y of th ~ ~1inllesota Hiy 1", 

channeled by the River 'Van'en, utflo"\ying fi'oIH L( k Ag · '" 'iz, 1." thr u::,'1 

tIle drift sheet to the hed-rocks, which from Bio' Stone Lake to Littl Rock 

Cre k, 4 miles belcnv Fort Ridgely, are Archean gneisse~, arying fr Jill c 

granitoid to a schistose structur . In the next 13 mil .' n 

than the Cretaceous are found. Then C0111es the last Archean outcrop, a 

oar. :' Tanite, opposite to the t uth ,ast part f N w Uhn , su' 'e ~ll east­

ward by Algonkian conglO1l1erat and quartzit. 01: rvatioll:' f th , tTike 
and dip of th Archean 1'0 oks -"Xl ' cl ill thi~ yalley sl 0 y that the e _ it 1 

lines of their folds run mainly f1'01n south'\vest to northe~lst. 
, 1 

Central nIinnesota he" frequent 1:1.rehean outcrops ill Stearns, ] enton, 

and :M.orriBon e ' unties, including the valuable quarri "'s of St. Cloud, f_ ':t lk 
Hapids, and 'Yatab. The greater part of this area, is hornblendic granite, 

and exhibits no larninated or gneissic. structure. It has l nsiderabl ~arietr 

of texture as to its coarselleSt; of grain and readiness to be quarried and 

wrouo·ht into any required £ 1'1 . 1\lostly it~ Crolor is light-?T::1Y, hut upon 

S0 1n8 extensiye tracts it has a re 1 tint siruilar to that uf the celebrated 

granite of Aberdeen, in Scotland. III other portions of this di,trict, nlica­

ceons granite, gneiss, and 1niea-sehist are the COIl1Jllon rocks, sornetinles 
associated with hornblendic granite. Their strik , is usually to th:. 11,- rth­

east or east-northeast. At Little Falls and Pike Rapids, on the ~Iississippi, 

anI for several Iniles to the south, west, and north, as n180 in northern 1\)dd 
County, and along the falls of the St. Louis above FOlid du Lac, and thEmc 

11 rtheastwarcl, is a group of rocks quite difFerent fr0111 the for Ju'oiu o', its 

range of variation being frcllll highly cleavable clay-slate~ and f)'om l.uiea­
sehitit, inelosing Jllilllr crystals of staurolite and SOl11eti1nes garnet and ir( 

pyrites, to very compact, tough, and llla sive diorite. Conlp~lJ'ing the:e 

rocks 'with the divisions of the Archean recognized in Canada and elsewlrer , 

th , granit ;;; and O'nei. appec; r to reI Teti .nt th , Laurentian, '\vhile th 

slat , staurolitic schist and diorite are prohabl T K ee'\vatin. 

http:81113.11
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THE ARCHE REA . 

VICINITY f THE LAKE OF TH}~ WOODS, I I 3Y L ~E, A;"j) N RT H WARD. 

Belt~ of granite, g'nei.' -', schists, quartzites, and slate~ b81u11 1 'in~' to the 

Arehean group, alternate with oue an th 1', trelll .ng to th ea~t or llnl'th -"ast,J 

~uont?; the international boundary fr)1 u: the Lak, of t11 ',,:rood.' tu L( l~e 

Superior. In tho region a.hout the Lake of th '\Voods th .:.y lut\" be 

described very fully by Dr. A. LaWti(Hl. 1 TIw gTOUP is there (livi. ilJ-1. 

into two 13Y8t81ll8, the older being the Laurentian granitoid gll -'i~ .~ J.' , and~ 
I the n8\Ver a cries of ::;ehi;,t~, qll<1l,tziteti, and slates, n<lIned b~~ Law. n t 

I\::eewatin seriBs. III later puiJlieati( ns by Dr. Law:-5on ('I tll :> g 01011'\' of 

ttw Hniny Lake re o'ion,2 hi. d ~eriptions "ho",y that sllbso<lu nt to th --\ 

deposition of a 1l1easured thickn -:. ~~ of :.. miles of l11ica -schists anI gnu lu litie 

gneisses, naIHed lJ)~ hilH the Coutchiehing serie~, well de\"elup -,a al ()ut 

R.ainy Lake, nnd of the l(u(:Jwatill series north of BaillY Lake anI al l ut 

the Lake of the 'Voods, the "'hoI ~ .Lc\.rchean gronp in this district, cOlnpl'isiu o ' 

a vast thickne8s of sedinlentarr and \oleani 1'0 k , and perhaps belo\'ir 

these includillg a paJ't of the first-fonued ernst of the globe, was subject d 

to l11etanlOrphisnl frean the heat. of the. earth's interior, whereby the lowe~t 

beds observed, to 'which the nmllG Laurentian is re8t1'ietet1 by Lnw ' 1,"\ ' re 

so fused that portiolls of thenl were extravasated throuo'h th ·· overlying 

Coutchichillg and K.eewatin beds. Such division rmnains yet to b \v rked 

out for nearly 3011 of the .Archean area east and liu,th of Lrtk J "rinnipeO' 

but is report:.d and lllapped by Dr. Robert Bell in the eonutr T borderingr the lIayes and Nelson river,_. 

BOUNDARY OF THB ARCHEAN TOWARD THE 'VEST. 

Though the western houndary of the Archean area in l\Iilmes( ta is 

mainly enver 1 h.l- drift and by rerllnanhi of Cretace us b ids 1 eneath the 

drift, it is sOlllewhat definitelr kll nyn for a distance of 1GO llliles fi"nll N \Y 

Ubll west, northwest, allclnorth, t( the. uth end of Lake Agassiz. Cross­

ina' the Nlinne,_ota River fi'0l1l the north at N e\v Uln1, it l'U.1 . \y :-)terlya out 

40 I1liles, and thellee llorthw ~terlr am'oss Redwood, Yellow }\Iecli 'ine, and 
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68 THE GLACIAL LAKE AG SSIZ. 

Lac qui Parle counties abnost parallel with the NIinnesota River, but gTad­

nallyapproaching neaJ.'er to it and curving north to the lnouth of Big Stone 

Lak e. Thence, beneath a veneer of the Cretaceous shales and overlying 

glacial (h-ift, it passes north-northeasterly to the west pa1"t of Grant County, 

where a well at Herman, 189 feet deep, encountered Archean rocks at a 

depth of 132 feet_ This well first ,Yent tlu-ough 124 feet of till, and then 

through 7 or R feet of fine-grained, buff Jnagnesian liln stone. The remain­

ing 57 feet were quartz se granite, with red feldspar, white mieaceou~ 

quartzite, and llliea-schist of several variet.ies.1 

Farther to the north, through Minnesota, this boundary is more con­

jectural beeanse of the ahnost entire absence of exposures of the bed-rocks. 

Entering the area of Lake Agassiz east of Reel Lake, it t.urns to the north­

west and traverses a region wholly drift-covered, passing not far west of 

tIl ~ Lake ()f the Woods. 

North of the international bOluldary this limit of the Archean area 

ext nds ( little west. of north to the south end of Lake 'Yinnipeg, a fevv 

mile east of the nlouth of the Red River, and then' , . ntinui g hl th 

sa direction, it follow -' the east shore of Lake '¥innip eg along its whole 

extent to the ill uth of the lake. The farther course of this line, accord­

in:::- t the observations of Sir John Richardson and later explorations by 
Dr. ell and others, of t.he Geolo;:,'ical Survey of Canada" is west-northwest 

fr ill the mouth of Lal{e 'iVinnipeg and the w , ;-. t side of (-h-eat PIa r :::-Teen 

Lake t th south side of Beaver Lake and Lae In. Rouge, a distance f 
27.- rile and thence it eurv ~ gradually to the northwest, crossing th 

Ohur ·hill at the north extrernity of Isle a la Crosse Lc ~ 

L01VE R SILURIAN FOR1UATIONS, 

I tUlle mg U'OlU outh to north along the R cl illv r Vall T, the 
first }' ek exposur s fonnd are Low I' Silurian strata, chiefly 11lagnesian 

lillie one ', which outcrop in ~fanitoba at rnllnerous localiti 12 to · 0 

il ~ n rth-n r th a t of 'iVinnip ( I', and similar outer ps, probably il I art 

f UI al to 2 



THE LOWER SILURIAN AREA, 

the river. Farther north Lower Silurian rocks are exposed on Illany of the 

islands of Lake \iVinnipeg and along its western shore, but no exposures of 

the underlying Cambrian heds, which are penetrated by the artesian well 

at ~Tafton, N. Dale, have been found in this region. Against the ,vesteI'll 

border of the . folded and eroded Archean rocks the Lower Silurian f01']na­

tions repose with nearly horizontal stratification. Their general dip, yar -­

ing froln a fe·w feet to 10 feet or 1110re per n1ile, is westward, at right angl 

with the axis of Lake Winnipeg and the line of junction of the Archean 

and Paleozoic rocks. 

Descriptions of the outcrops of Silurian and Devonian 8t1'at", in ~1ani­

toba .will prepare us to . nsider afterwards the sections of arte. ian ,, ~ll 

farther south, \vhich give evidence that Silurian fonnations inlmediately 

underlie the drift upon a large portion of tlw Red River \ Talley, on ( th 

si 1es of the international b undar)'" and of the river, where no r ck ex} 0 ­

sures exist. 

Out rops on L(~ke Winnip :>g.-Near Grindstone Point, on the w st 8i 1 

of Lake· vVinnipeg, 60 miles north fron1 the south end of the lak , Hinel 

observed a section of 18 feet of leyel linlestone overlying 20 feet of sand­

stone, and refers it, upon the evidence of its fo" 'ils, to the Ohazy e1 eh,l 

Beels of lin1e8ton8, shale, and sandstone are also described by I-lincl on Deer 

Island, about lniles south of Grindstone Point, being apparentl,; the saill 

strata (. at that 1 cality; and Panton reI rt8 an extensi e out TOp of linl ­

"t ne on the west part of Big Island, a fmy miles east il.'01l1 Deer Ii:llan 1, 

and other exposures of the "arne on Punk Island, 3 or 4 Jniles to the ort I . 

Bh ·k Bear Island, fl. few 111ile8 northwest frOID t1e Narrows at Dnb B ad, 

and Bm'ens or SWalnpy Island, a,bol1t. 40 Jniles farther north, also conh in 
low ontcrops of lilnestone, which Panton, who refer's then1 t the '( n 

f Tn-lation with the £ regoing, found sparingly fossiliferous on the forn r 

but richly so on the latter of these island;'.:! 

lReport of th SSiniUOill aIHI 8aR]m tche wan Explorill'1' Expedition , 18:->9, p . 8G. beds 
seem e(lnivalent with t h e well-defined limestone stratum, ab ut 30 feet thicl-, richly fossil iferou , 

b i ·h bas been commonl a1led t,he Trenton limestolle in southeastern Minnesot , hut whi h is 
recentI r eferred by Ml'. E. . i h to the Chaz " r perba.p . the Black River fOflllutjon· eol. and 
Nat . Hi t. Sun-ey of Minn" Fourteenth An.uual Report, for 188;", p. 57). 

:. Notes on the geology of some islands in Lake ·Wil1uipelJ' " hy J. Ho.'~e8 P anton. Tr<"Dsa t iona 
of the Histori ··al and .~ ientific Society f fal1.it?ba, .Talluars 2 , 18 
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The basal ..and ton of these sections is the 10 ,est fC)l1nation exp .. 1 

'11 thi ' ha in a OY the Ai'ch an rocks. It is l' b'arded b " nil'. J. B. Tyrrell, 

of the \: lUldiar j eologi al Surv 01 ' wh has re ntly ,X<lnlln d the lal 
f l\Iauitoba, as of tit ~ame (0'0 ith the haz T liU18, t me nf N \v 

York <; 1 the 8t. Peter . and..tone of th Upper Missis:-ippi. H reports 
it· hi·1m: ~ t b a ut 1( ( feet, ',n f ' w ite uartzo sand:)n, 

with 'eneraily well-rol ud d grc; 18, rUlllllD dcn n n ' the bottonl, into a 

ca11ea the Tr nt 1t fornwti( 11 h -r ,Vhit aves 

oth tho Tre ton nel Galena fonnati nsc; 

scrib ,1 1 1 rr yrrell a~" iJl~i" tino' at the 

1ottonl f c 1110ttl d buff and oT c y elolOIl1i ic linlestone, fonnd at ig and 

1 y i -1an Is, ::.t ., aud 1'n 1 ably 'll~o t Ea ~·t Selkirk, a 0' e whi·h are 
ther horizontal and yenly bedded lirnestones and dolO1nite~, mnounting in 

all t . ( £ w hundred feet, and alllt ore or less rich in fossils."2 
N ."t in a.-· · neling order, those authors idelltify the l-IUd~Oll River 

f 1m , ti n, the highe~t 111 illl 8 1' of the Lov; er Sihuian ~ Tstenl, "represented 

by 1 .' than 100 feet of fossiliferous shale8 and doI01nites," at Stony l\loun­

tain, at jlarks Point and Harbor, on the west shore of Lake Winnipeg, and, 

10 rniles south of the la-t-nalnec11ocality, on the Little Saskatchewan River 
fr0111 1 to 3 Juiles above its IlloUth. 

East 'I kirk.-Dolcnnitie lilne8to11e, having a light-buff or crealn color, 

delicately and very irregularly streak d and mottled with light y llowish 

brown, is quarried in three localities near East Selkirk, on the Red River, 

ab ut 20 luiles north-northea. t of vVinniI ,g. It has beon Blut.:h disturbed 

b T o'lacial agencies, and lllost of the quarrying is of large detached blocks, 
which hav been reuloved slightly fr0111 their original· position and are 

mnhedded in the drift. In one of the excavations a thickne:; of 10 l' 12 

feet of the stone is seen in place, having' a horizontal stratification, at an 

elevation approxinlately 730 to 74 feet above the sea. It contains abull­

! "1' ree deep -wells in ~IallitolJa." TI'lll1E. Roy. Soc. Can:Hla, Vol. IX, ee. 4, 1891, p. 91. Sum­
mary Repor t of the J eological . urvey of Canada for 18m, p. 18. 

~ J . . Tyrrell, as befor itell. J. P. 'Whitea\res, "The Orthoeerati<l:e of the Trenton limeston 
of the "Winnipeg Hasin.' Trans. Roy. S c. Cana dtL, 01. IX, ee. 4,1891, pp. 77-90. 
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fossils, froll1 "hich ~Ir. 'Vhitea T s d ci Ie its to e that f the 
" , 1 (. linl -'t n of the west, q liYHl llt to the Uti a __ hal ::;."1 

L Iccr FOTt Gayry.-About ;') Iniles southw fro111 the e UcuTi 

similar liule t ne is xposed on the west bank of the Red Hi rer at Lower 

F rt .:xc IT r , . rrullOItly 'al 1 t e ' • it n f rt, ' an 1 al 11;-,' e li. t n of a 
v ~ 

half Jnile to the south. It ri es 15 to 20 f t ahov th l'iv 1', its top in 0' 

( b t1 e a. 'rhis ub; ntain:::; ] (1 f ...ils, (~...,~___T 

' l€~, a rdin ' t Panton th, t c 'e n It fOlUld at 1 a 't 

l lkirk o cur at St ll)T l[oulltain . T he smn forme tion ha ' another 

I w ~ I 11 the . Reel Ri\T 1', a ut --! miles f-<trtL r ' nth. Fr 1 the 

£ 'mer f tll the fort, , n collect d f . ils whi·l he 

f the U I er ~fagnesian or Galena lime­

nsin and I iVa. 2 

tony JJ!i01tnt(t'in.-'rwelve Illiles north-northwest of'Vinnipeg, and an 

equal distanee west of Lower Fort Garry, is the hill call cl Stony l\-fOUll­

t , in, W 11 1 ' -'ri d by Pant 11 ( f:; "like an island of lilll tstone rais d above 

the surface of the surrounding prairie SOllle C feet. *" * * It i · s veral 

lnil P in eirenmference a,nd resernbles in outline the shape of a horseshoe. 

The west and north side,-' are quite steep, and along' the w'carpll1ents the 

exposed edges of the strata are easily observed, while the east gradually 

810I e~ to the prairie level." The highest b is at the quarrie~ on the west 

,.ide of Stony J10untain are hard, brownish-gray, c10101nitie lirne~tone, a out 

40 feet thick (fr01H 825 to 785 feet, approxinlately, above the sea), showing 
onl T few and obscure fo' sils, chiefly corals; llext is a reddish-gray lhne­

t ne, with clayey partings, about 10 feet, very fossiliferous, containing 

Juan T braehiopod shell~; and beneath these beds a. well at the penitentiary 

penetrated 60 feet of partially cherty shales, varying in color f1'0111 yellow 

to red. 

L 'ittle Stony J.vIountcdn.-Eight Iuiles south of Stony 1Uountain and 5 

11liles we" t-nortlrweHt of '¥innipeg', an outerop of lin1est ne, known as 

Little Stony Jlountain, has been quarried for liine-burning. The surface 

here l'i s 30 or 40 feet in a half luile, fronl east to west, to the limekiln and 

l Descriptiye Sketch of tbe Pby ical Geograpby and Geo]ogy of the Dominion f Canada, b y A. 
R. C. Selwyn a nd G.11. Daw on,l 84-, p. 37. 

t Report 0 a Geologi a lSurv ey of WIsconsin, Iowa, and }linnesota, 1852, p.18!. 
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quarrIes, which are about 800 feet above the sea, and thence it holds 

nearly this height ·westward. The liInestone, shown to a depth of ab ut 

10 feet, is apparently the same as that forming the upper part of Stony 

~Ionntain. It lies in beds Inostly 1 to 2 feet thick, horizontal, 01' in part 

dipping 1 to 2 degrees to the south-south~Test. 
Stonewall.-At Stonewall, 5 nliles northwest of Stony lViountain, a hard 

and cherty liInestone has been extensively quarried, exposing a vertical 

section of 17 feet. The upper layers of this rock to a thickne~s of 7 or 

feet are ·white and fossiliferous, but it gradually changes below to a red 

stratunl ·which has no fo ,ils. 

FraIn his study of the fossils collected 111 these outcrops on the Red 

River and westward, Mr. Panton conelucles that their ascending strati­

graphic order is the SaIne as their g'eographic order froIn east to , est, and 

writes of the series as follows: 

The Selkirk rock has a most comprehensive group of fossils, there being repre­
entatives of several beds, but taking them as a whole the Treuton fossils are best 

represented. The rock" at Lowe!' Fort Garry seem to indicate a transition bed 
between those of East Se,lkirk and the lower layer at Stony l\'loulltaill. They contain 
forms common to both. The fossils of the lower layers at Stony 1VIouutain beal' a 
marked resemblallce to those fOUlld in the Hudson Rivet' group elsewhere, wltile 

the higher dolomitic beels and tho8e of Stonewall probably border on the Niagara 

format ion. l 

UPPER SILURIAN AND DEVONIAN FOR~IATIONS. 

'Vest of these Lower Silurian strata, rocks of Devonian age, 1l10Stly 

pale-gray or buff lnagnesian liUlestones, oc.eur on Lakes ~lanitoba nnu 

Winnipeo'osis, as reported in 1S( by Dr. G. ALDa'wson; "and it is 

probable," he wrote, "that the intervening fOl'lllutions ,vill be found to be 

"tensively developed in the Lake Winnip g region as it is IIIore fully 
examined." 2 

Subsequent exploration of this regioIl by lVil'. J. B. Tyrrell has resulte ­

In the disco, ery of Upper Silurian strata, containing fossils characteristic 

I " 0 1 a,nin o's from outcrops of ,'ilnrian st m tu in the Red River . alle," Trllnsactions of the 
Hi: tori al nd S i ·'llWlc Socict of Manitoba, November 27, 1 84. 

cript iv Sk t ch of th Phy ieal Geography and Geolog , of Canada, p. 37. 
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of the Niagara £ rnlation, on the lower part of the Saskatehewan River 

and on the east side of Lakes l\.fanitoba and 'V"innipegosi". In the gorge , of the Grand Rapids of the Saskatehewan this fonnation, aecording to 

Tyrrell, "eollsists in Hg lower portion of. about 60 feet of buff, yellow, and 

white linlestone, breeeiated at. the bottolIl and ripvl -,-lnarked to·ward the I 

top. Some bands are highly fossiliferous. * * * The upper portion 

of the fonnation eonsists of a eonsiderable thiekness of a eOlnpaet or porous 
dolOlnite, often containing many inlpressions of salt erysta]s. * * '* 
The hio'hest beds at Stonewall rnay belong to this terran =>." 1 

verlying the typical Niagara dolomites, 1\11'. Tyrrell finds, near the 
11ortheaster11 angle of Lake lVlanitoba, "a fevv feet of thick-bedded stroma­

top roid Inagn ::;ian limestone holding Pycnostylus Gu ZiJhenS'ls," which h 

thinks to be probably referable to the Guelph formation, next above the 

Ni oara in the Upper Sihuian series. 

The succeeding strata of this district, in ascending rder, shown to 10 

soft shales in the seetions of 'wells at Rosenfeld and l\1orden, have not been 

found in outcrops. These beds doubtless represent higher forlnations of 

Upper Silurian age and the base of t.he Devonian syst.eIn, which latt~r 

seeU1S to he identified by fossils of the IHorc1en section. 
Devonian strata are report.ed by Tyrrell on the western shores and 

i~lanc1s of Lake ~lanitoba and Lake vVinnip ,0' sis, helllb~ e~p -'cially ·well 
exhibited in the islands of Dawson Bay and of Swan Lak which lies a. 
few miles south of this hay. Above an exposure of a few fe --'t of red 
shales, the Devonian series in th - outer I cornprises 200 feet or nlore of 
fo. iliferous rnagnesiall limestone, an overlying thickness of 5 to 70 £ et. 

of ealeareous shales, ,vho~e horizon iSluarked by luany brin sprino.s, and 
higher beels of richly fossiliferous lilllestone. 2 

All the Pal , zoic £ nnations in ih ' lake region of lYIanitoba, froll1 the 

St.' Peter ,.andstone to the highe t Devonian bed~ Xpl. ··d, nre stated hy 

1\11'. Tyrrell to be "practically conforrnable and ahllost undisturbed thTouo'h-

I "Three Deep 'VeU in Manito a." Tran . Roy . • _ c. Canada, Yol. IX, e. 4,1891, p. 91. 
~ J . 13. Tyrrell, paper hefore cited; also, ; eol. allt Nat . lHst. Surv cr of Canada, Annm""l Heport, 

llew series, Vol. IV, for 1888-H9, pp. 21, 22A. J. P. ·Wbitcay 8, "Descriptions of somo 11C\-.;" or )11' vi­
ously unrecurded sp ' ci of fo ils from t.he D Vonian 1'0 k s of Manitoba,' Trans. Ro,v. Soc. anada, 
Vol. VnI, s c. 4, pp. 93-110, witb seven plates. 

http:report.ed
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out." At P iilt "Vilkills, on the wcs;t side of Da\, n Bay, the D[ ~ _tc 

fonning the base of the ~ retaceons series which un 1 ,rli the 

1 .'urfaee of th , horiz 1 ta.lly 

\.10ll0· th . ~-1 a . k, h ·h n Silurian. und D l y nian strata, m~ iuly .I 

. , r , ·h fro111 La.ke 'Vinnipeo' t ) Fort, a L: I'll ab01: t 1~ Inil 1 1 w1 

til \ j uncti 11 f the south en 1 north branch 'of this riY r. Thence t the 

,t l\ r ~ t and north, ( bel of th e .~ r ' e1o~, ill largo 1 art aln cst horiz -ntally 

lcirt~ the W ,,'t t-;id ' of tIl Archean art-a t the Arctic S n. 

TI N R F AnTE 'TA N 'VE L :L .... I .L PALEOZOIC STRATA . 

F nr ep b Iri 6'S for art . ian wat l' r«:'Yeal tl Hler and thickness of 

th '" vern1 ill nl ers of the Paleoz ie OTOUP fonning the floor of tIl R d 

Riv . alley ben ath the h'ift in the vi'inity f the international b 1 dary. 

Th . ~ lIs, in their order fr01n east to west, are situated at I-I1.unboldt in 

~lilln "ota, raft on in North Dakota, anel Rosent lel and ~Iordell in ~lani­
t a. N ,te~ of th ir ,_. ~ ,·tions are p1'es>llted in the llowing pages, and 

tl i1' .:tratigraphic relationship is shown in PI. XV. 

The well at ~I reIen penetrates only to the base of the D vonidn or 

t 1 )f the UIreI.' ::3ilurinll. The Hosenfeld well, entering the beel-rock at 

a horizon near that where the ~Io1'den well left off o'ives apparently a 

t: mplete section f the Upper and Lower ilurian ries, passing at its 

b _ tOl11 through the Lower nIagne 'ian fonnation, which is the base of the 

latter, lyill~J' next below the St. Peter sandstone. Another section of the 
Lower Silurian fonnati DS, £1'01n the Galena and Trenton t the Lo,,, l' 

~fagDesinn, is supplied by the well at H-illnboldt; and the Grafton section, 
beside~ dnplit:ating that of Hnnlbolclt, I asses nearly 300 feet bey nd in 

probably Upper Carnbrian strata, referable to the Jordan, 8t. Lawrence, 
and Dresbach formations of the 8t. Croix serie '. 

WELL AT HU~IBOLDT, MINN. 

HU111boldt is a station of the Great Northern Railway, about 7 Iniles 

. ntheast of St. Vincent, at the fann _f .~Ir. . H. '\ alentine, on which this 

well is situat d. It is on the flat plain of the Red River Valley, G Iniles 



THE B .i\IBOLDT n ,TESIAN 'YELL. 75 

;: ~t f th ri,· l' ancl 5 I il ;' south of the internation 1 boundary. rrh 

1 "' ation of t11 surface is 792 fe t a ve the sea, ein a few f ,1. a ' 0 

the 1 . o'hest flood ~tag' of the Red River. On acc nnt of the saltness fits 

1', en <-1nal y:::;is of which i ' given ill qhc pt l' X, the well is not used. 

Pr If. N. H. vVinchell has. reported thi.. . ·tion/ shown by "1 pIe:::; f].'( m 
tl I'll g, t lU1ITl1Ury of Thich is as follo 

tj tion of an art sian 'll'ell, Humboldt, JIinn. 
F t . 

oil and very fine s<wdy da ! t ratified .. . .. ... - . . .. . - . - - . .. . .. . _ . _.. ..... . .. _ 16 

nI i' t 1 and darker, more imp rvious cla.y, apparently a down,'vard cont.inuat ion of 
11 foregoino', but probably illeludiilg}1e blesnfl bowlder, at least spar­

in-~l ,ill its lower portion, being' tlJere bow lder- lay or till ..... •• .•... .. _.. 1 4 

eo ly lue till, containing salt, wa.ter in small qnantity a t IG5 feet below the 
"urface . _..... -" ., ... .. . . . .. ... ... .. . ......... ' " ... . . ... . ....... .. .. 30 

Drift gT'lvel and ,_and, mainl a gray sand, but containing pebbles np to an inch 

ill diameter, III tly of limestone; supplying an abundant artesian flow of 
. It ,vater. . . . . . . . . . . . . . . . . . . . . . . .. ........ . .. . . ............. . .. . ..... 10 

ream-colored magnesian limestone, of grain and texture like the Lower l\Iagne­
ian ill southeastern )Iinllesota [and equally like t.he Galena or Upper Mag· 

n i. nand Trellton formation in Mallitoba], showing near its base some 
intel'mixtture of gTains of white quartz ............... -.... - .... _.. _.. . . _ 295 

Sandstone, composed of rOllllded quartz grains, reddish in its upper part for 25 
feet, white in its central part, from both of which the artesian flow of salt 

water increased, and faintly reddish in its lowest 10 feet . . . . . . . . . . . . .. ... 71 
:'<hales, varying in color from red and brown to gray and green, with occasional 

iliceons layers tllat vary from white salld to slightly calcareous, grayish 
quartzite - ................ - ............... - .................... __ .. _. . . 02 

·neiss or granite, composed of opaqne gray quartz, flesh· colored ol'tlloclase, also 
a white feldspar and black mica, "evidently one of the Laurentian granites 
as seen at the Lake of tlle ,,\Yoods," into which the boring'. extended. . . . . . . 6 

T'otal ................. . ... ..... . ............................... _. 6,!'! 


Drift deposits here reach a depth of 180 feet, below which are 458 feet 

of strata referable to the Trenton, Chazy, and Calciferous series of the 
Lower Silurian systern. 

1 eol. anuNat. Hist. Survey of Minn ta, Thirteenth Annual Report, for 1884, pp. 41-46. 
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N ext beneath the drift is a thick fonnation of 111agnesian lin1estone, 

shown by cOIl1pari~wn with the other -wells to be the Galena and Trenton 

strata, classed together as one forlllation under the second of these n~:Llnes 

by"Thiteaves and Tyrrell, -which outcrol~s at a distance of 75 to 8f) lniles 

northward, in the vicinity of Lower Fort Garry and East Selkirk, l\Iaui­

toba. Its top and bottonl at I-Iulnbt)ldt, howeyer, are respectively 61~ aIlll 1 

31 7 feet above the sea, the entire forn1ation here being thus beneath th l 

level of Lake 'Vinnipeg. In southeastern IHinn ~ ta, :-, uthwestern vVis­


e nsin, and adjoining portions of Iowa and Illinois, the Galena and under­


lying Trenton limestones together Tange fr0111 200 to 300 feet or ]n re in 


thickness. 


The sandstone next below, having a thickness of 71 feet, is evidently 

the equivalent of the St. Peter sandstone, referable to the Chazy epoch, 

which in southeastern ~linnesota lU1derlies the Trenton lil11est0l1e, and 

rang ,., ill thickness there from about 75 feet to 164 feet. Its contiuuation 

in ,Visconsin, as deseribed by ChaIllberlin and Irving, average' probably 

betvveen 80 and 100 feet thick, varying froll1 a InaximUll1 of 212 feet down 

t ~ a fraction of 1 foot. In this and adjoining States, according to Irying, 

it is continuous "over a region whose dianleters are 500 and 400 nliles. 1 

Beneath this the H lUll ldt -well penetrated 92 feet of shales, partly 

arenaceous and calcareous, which eorrespond to the Len-vel' ~1agne:::;ian or 

Shakopee limestone of southe~ stern ~Iinn ..lota, ranging frOID 9G feet in 

thiekne::k at Shakopee to 200 feet in Houston County, -while in ,Viseonsin 

it is frorH 65 to 250 feet thiek. The reports of the o'eological sun~eys of 

these States n::O'C:1rd this fOl'lllation as of Upper Canlhrian age, but vYalcott, 

in his n10re recent review of the Canlbrian,2 assigns the Lo\ver ~Iagne ian 

lirnestone wholly or lnainly to the has~ of the Lower Silurian systern. Its 

eastern equivalent is the Calciferous sandrock of New York. 

rrhe entire Call1brian a,nd Algonkian s. , t8111. are wanting in this sec­

tron, and the Lower Silurian strata rest directly Oll the Archean crystal­
line rocks. 
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WELL AT GRAFTON, N. DAK. 

The city of Grafton is also on the Red River Valley plain, being situ­

ated 12 nliles west of the river and 40 luiles south of the international 

boundary, at an elevation of 825 feet. above the sea. Its distance froln 

IIumholdt is about 38 Illiles to the south-southwest. The following' reccrd 

of the boring here "\-vas made by the engineer in charge during the prog­

1'e. ~ of the work, and ,vas supplied to Ine hy the Inayor, Mr. J. TOlubs, at 

the tinle of my visit to Gn-tfton in the survey of the shore-lines of Lake 

Agassiz. I t has been publishecl by the Dakota conln1issioner of ilnlui­

gration.1 

Section of an {(/rtesiwn 'Well, G'rafto'll., N. Dak. 
Fe t. 


Black loam _... ____________ .. __ . ____ . _____ . - _. __ . __ - - - - - .. - . - - . _ - ....... - . . . 3 


White clay .... _. . .. _........... _.. _.... _ . _. _ . , ...... ___ ........ .... _. .... _. 25 


Blue clay .... _.............. _........ . _ ............ - ...... ... - .... _. . . . . . . . . 250 


Hardpan ... _...... _.... .... " _.. .. ....... _........ _.. . .. __ . . ... . . . . .. .. . .. . 20 


Limestone _. _... _..... _.......... ... ... .... .. - ..... . . - - .. . .. . .. .. . - .. . . - _. . . 137 


Quicksalld ... _. _ .. -.. ..... .. .... _.......... _... - ...... - ......... . _. . - - - . . .. .:.J 


White, coars~ saud. _...... .. ... _....... .......... ... . , ... ' .... - . . . ... . . . . .. . 45 


Slate ....... __ ............ . _ ....... . .......... " ... - . ......... ........... . 


Sandstone, yielding a copious flow of brackish water ........ - . _ ... ... _.. _.. . " 25 


Red. shale ... _............ _.. _. ... ... ....... . .... . .. .. - . - .... - . . - ... - .. . - . - - 60 


Blue shale. _...... _... _...... .... ... ... ... ...... . ..... ... - .. . ...... .. - . - . . . 16 


Pillk shale....... ... .......... ... ....... . ... . ... . .. . .. .... ..... . .. . .. ... ... 11 


Gray gravel_ . __..... _.......... ...... ............................. . ' " . _ . - - -!9 


Retl shale .. ..... __............... _... _. . . . .. . ....... __ . _. . . . . . . . . . . . . . . . . . -!6 


80ap tone [clayey shale] . . _ .. ... ....... _................... _. . . . . . . . . . . . . . . .. 1 


Sandstone, yielding a small flow of very salt water __ ...... . _ . ... _. . .. .. _- . _ .. - 5 

Granite __ _. _.. __ . ____ . _ . . __ . _.. _.... _. ___ .. __ .. __ .. __.. . - . ...... - .. - .. - - . . . 12 


Total ... _... ___ . ___ ... _. __ .. ___ .. _. . _. ___ . _ . ... __ .... _.. _.. __ .. _. 91 

laeial drift, doubtle' Illostly till, with a thin covering f lacu. trin 

and alluvial cIa T, reaches to the depth of 2 8 fe t. 

The limestone next eneountered, with a thi · r 

i' II f the thick fOl'luation of lirneston 

e 's of l ' 7 £ 
of 
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Tl' nton age, found n xt beneath the drift in tl Hum lc1t well, its upper 

part here having been lost by 3rosion. 

Th St. Peter sandstone oceupi ~ a thiekness 0 93 feet. 

Red, blue, and piIu{ ·-lulles, repr ' IUtiUg' the Low r nlagnesian fUrIna­

tion, ensue, 'with a thielrness of 7 feet. . 

The next ~tratlun, 49 feet thick, is probably th equi alent of tIl 

Jordan sandstone, the highest division in the St. Croix seri of the PI ,1' 

atnbrian. Its thickness in southeastern lVIinnesota ranges fronl 40 to 1113 

feet, and in vVisconsin, where it is known as the l\Iaclison Hallc1stolle, it is 

froI11 30 to 60 feet thick 

'"fhe succeeding shales, havinb a thickn ss of 234 feet, appear to rep­

resent the St. Lawrellee fOrfnation, the .;; 'ond in the Sf.. Croix series, which 

in 'outheastern l\iinnesota varies frolll 12 to 213 feet in tlieknes.' . 

Ben .lath the shales, the thin bed of water-bearing sandstone, lying 011 

the granite, l11ay be a trace of the Dresbach sandstone, a third division of 

the ~ t. Croix, \vhich has a thickness of 50 to 80 feet or 1110re in southeastern 

l\iinnesota. The brine rising frol11 this heel was analr~ed by Prot. I-Iellry 

l\i(ontgomery, of the Univeroityof North Dakota, and was found to 1 
more saline tban sea \vater. 

Samples of the borings in the lo·west 12 feet were subnlitted to Prof. 

N. S. Shaler, who pronouneed then1 to be granite or g'neiss, being the 

Archean beel of the oeean in whieh the overlying Paleozoic strata were 

del>osited. 

The water used froln this ,veIl is taken from the St. Peter sandstone, 
the lower part of the bore having been filled. The diaIneter of tIle pipe i ..· 
6 inches, and the flovv, aceording to three 111eaSUrernents ill 1886 and 1887, 

during the first year after the cOInpletioll of the well, was 800 gallons per 

l11inute. 

WELL AT ROSEXFELD, MAXI'I'OBA. 

Rosenfeld is situated 14 Iniles north of the international boundary and 
11 luiles Y\'est of the Red RiYer, being 30 luil , ~ n rtlrw st of IIlllnboldt, 

and about 54 Iniles distant in a direction ~lightly west of north rOln 

G-rafton. Like HUlnb ldt and Grafton, it is on the flat plain of the Red 
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River 'Valley, and the elevation is the sanle as at I-Illlnboldt, within 1 toot, 

the railway at Rosenfeld, 3 feet above the surface at the ,Yell, being 7!» 

feet above tl sea. A sumnlHry of the section of this ",veIl, according- to 

records and salnples of the boring' supplied by :NIl'. " . E. Swan, who chi lled 
it,l is as follows: 

Section of an ((.rte8ian lI.:ell, .Rosenfeld, nlanitoua. 
·t . 

Blacl( soil ....... . .. ... - . - ... - - .. , . - . - - . .. ... .. . - _... .. ... ...... . - - - _ - 4 

Fine silt or clay, alluvia] and lacu" trine in its upper portion, but below probably 
includin a considerable thickness of bowlder-clay or till - - . __ _. __ . . . . . . 111o 

Sand and gravel ..... - . -" ..... - - - _. - - .. - - ..... . - - - .......... - _..... " . ... _. _ 10 

Bowlder-clay ("hardpan") .. . .. - - ...... - - _. .. . . - . . -' . .. - ... - - ....... .. .. . _. 12 

Bowlders ... . .. -'. - . - - .. - - - - ..... - ... - - . - - - - - . - - - - - - - - - - - . - .. - - - - -.- - . . . . . . 6 
Gl'a shale.. . __ . . . . . . . .. .. .. - - - __ - - .. - ..... - - . - - - . - - - - ... _. _ ... .. . _.. _ . 62 

ream-colored or buff limestone. ___ . _ . _ ........ - . - . - . - .. __ . ..... __ .... _. .. . 15 

Red shale ............... __ . _ ...... . ......... _. _ . .. . _ ......... ___ . __ .. __.. 5 

Gray shale _____ . __ . - ........ ____ . ...... - .. . . .... _. . . . . - .. . .. _. . _ ... _. _ . 10 

Cream-colored limestone, beneath whieh was encountered a small artesiau flow 

of salt water ............... -................. ___ . ... . _____ ... __ . . __ . _ 30 

Fine gray sandstone or sandy shale _.. - ...... " - - - - .. .. . .. ... . - . _ . _ . _ .. __ . . 40 

Chalky limestone, varying in color from white to pale greenish and reddish gray. 30 

Red shale, containing much subangula,r quartz, in grains which are very irreg­
ular in size, some being quite coarse ... . ____ . _ - .. - - - . _ - . _ . . __. .... _. . . 160 

Cream-colored magllesian limestone, beneath whieh came an additional a rtesian 

flow of salt water. _..... - .. - - - - - - - - . . - - . .. . ......... .. .. . . - ...... _. _ . 305 

Red shale, with much quartz in RubaIlg"ular grains _.. , _ ...... _. _ .... ....... _ 75 

Soft sandstone, consistiug of rounded and polished quartz grains, white, but 

reddish in the drilling'S from its upper portion, apparently because of 

admixture of the overlying' shale; yieldiug a large artesian flow of salt 

water, the supply of which was increased to four times its previous quan­
tity . . _ . - ... _- .. - __ . . ....... - __ ........ - ......... - . - ...... - ... . _ . . . . . {")o 

Dark-red shale, with greenish-gray iuterlaminations. _- ... - . ...... " . . .. __ .. _. 1':0 

Reddish and greenish shale - - - _.. .. - ..... - ... - - ... . . - .... - ..... - - . _. _ .. . . 2:) 

I Published by Prof. N. H. 'Vinchell in the Fourteenth A n nal Report of t he e 1. anll Nat . Hi· t. 
nrvcy of Minnesota, for 1 .'5, p. 15; and h~~ Dr. G. M. Da"," S UIl, "011 certain boring15 ' n Manit b 

an t le Northwest Territory," Tn t,ns . Roy . So . Canarla, Vol. IY, sec. 4, 1886, Pl'. 85- 91. Dr. Dawsoll 
supplements the brief recnrd kept hy Mr. • : wau witlI Illan . descriptiye notes ii'om his e. aUlinatioll 
he samples; and his illcn tifica tion of the lower formation s, which this well has in COUllUon , itl1 t he 

Humb ld t and Grafton wells, is h r ·' followell. The ·trata ahu \-e the Galen" limest one were reii:"rred 
b y aws n wholly. to t h e Hndson River cpo h; but comparison ,,-jth the Morden well indicat es t.hat 
t L :y probably include not oll l~ Hudson Rh'er beds, b ut also the Niagara and other U pper SiJ uri an 
formations, Hearl or quite to the base of the Devonian. 
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Feet. 
Blui h and gray shale........ . .. ........ ... ..... ... .. . . __ . . . . . . . . . ..... _ _ 20 

Red shaie or clay, inclosing' much quartz sand .. .. ...... _. ... _... _.. _. . _ . . . . 15 

Granite or gneiss, chiefly composed of quartz and l'eci i'eldspar in rather small 
crystals ......... .. . _ ...... __ ... _.... _. _ .. ____ .. _...... .. _.. ...... _. . 2 

'rotal .. .. ... . ..... _............ _..... ... _.... , .. . _ .... ..... . .. ' 1, O~~7 


Alluvial and lacustrine silts and drift deposits reach a depth of 143 

feet, the top of the bed-rock being 60 feet below the level of Lake Winnipeg. 

Examining the succession of strata penetrated belo'w, we confidently recog­

nize the thick linle::;tone formation which extends between the depths of 495 

and 0 feet as the sanle that is found with nearly as great thickness in the 
Hluubolclt well. It is referable, a~ Dr. Dawson concludes, to the Galena 
liInest ne, pa ~sing below into the Trenton. In the distance of 30 Illiles 
fi'Olll IIunlboldt this liluestone sinks s0111ewhat lnore than 300 feet, aver­

agino- beb een 10 anc111 feet per mile. ;o111parison with the Grafton 'well, 
in which the base of this fonnation lies '73 feet higher than at Hl1111boldt, 
indicates an approxinlately 'west-northwest 'direction for the lnaxinulm dip 

of the strata here, so that probably th sink at about the same rate, nearlyT 

11 feet per mile, in the distance of 24 miles fron H nfeld west to l\'[orden, 
as £1'0111 Hlllnboldt northwest to Rosenfeld. Such inclination frOlu the top 

of the section under the drift at Rosenfeld would coincide verT nearly (as 
8hov' n in Pl. X V) with the bottom of the 1\Iorden vV 11, f1'0111 which II'. 

Tyrr c:;ll reports fossils belonging' to the lower part, probably the base, of 

the D vonian eries. 

Fronl the::;e considerations, it appear~ that the 192 feet of l::ihal " liIn ~­

''1 n8:O;, and sandstone shown by this section next below the drift lllUl::it 

repre nt the whole Upper Silurian series of this district, and that the 

lower 100 feet of this thickness are probably the Gllelph and N iagara 

£0' .atiolls. The low . t of these lilllestones, 30 fe ;ot thick, seenl::; to 1e the 

equivalent of the lirnestono f Stone\ all and the top of Ston T ~ifount[ In. 

The Lower Silurian series includes the next 160 feet of rod shal -, 

b 1 . g in ' to th H nelsoll HiYer fornlation; the 30;J feet of alena u d 

Tronton Ii ·tone·, the underlvino, I' -,I-hale and 8t. P et -1' -and/toll ,
.1 

t 0 tll 1'125 fe t thi k; and, finally, 11 , £. t )f sh~ll h, ( t yillo~ th pIa' 

of the Lower l\faglle~ian linlestono. 
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\.yELL AT )IORDEN, )IANITOBA. 

~lorden is clue west of Rosenfeld at a distance of 24 Iniles, 1 yingo on 

the border of the broad plain "\vhich extends fronl the Rod River to the 

Pembina :Mountaill. Its elevation is 978 feet above the sea. A well, 

reported by Tyrrell, was drilled here to the depth of 600 feet, during' the 

winter and spring of 188D-90, with the hope of obtaining artesian water. 

It~ section was alluvial sand and fine gravel, 15 feet; till, 16 feet; gray 

Cretaceous shales, referred to the base of the Fort Pien'e forrnation and 

the next iower :N iohrara and Fort Benton forn1ations, 289 feet; the 

white TJakota sandstone, 92 feet; and red and gray shales, -with porous 

liInestone, representing, as shown by their fossils, probably the base of the 

Devonian system, 188 feet. 1.1 he westward dip of the strata in the Hum­

boldt and R( s :>nfel<1 wells carl'ies thern beneath the bOtt0111 of the ~10rden 

well. No artesian flow wa" obtained at l\-forden, Lut from the top of the 

Dakota sandstone st.rongly saline water rose to "\vithin G feet of the surface. 

CRE'I'ACEOUS l!'OR~IATIONS. 

Cretaceous bed~- lie on the west border of the Archean rocks in ~1in­

n ta; and farther north, along the west side of the lower part of the Hed 

River Valley and of Lakes ·~Ianitoba and Winnipegosis, they rest upon the 

Lower and Upper Riluriall and Devonian strata that £ 1'111 the flo r of this 

road, flat valley, beneath its glacial, lacustrine, and fluvial depo"'it . 

Thence northwestward to the 1\1 ckenzie -and the ocean Cretaceous beds 

border and overlie the west part of the Silurian and De llian belt. W st 

of Lake Agassiz the Cretaceous area 11as a width of 600 to 700 mil :'8, 

inelu liug the entire region of the elevated plains, auc~ tel'lllinating' at the 

east base of t.he R cky ~lountains. 

1Jfari1 series of the Pi)(Y Jc7Jfis, ouri.-In the region of the Upper nlii:;­

souri River, forrnatiolls belongil1o. to the 111iclclle and lat l' portions of the 

retaceous period tire well develop d. leek and Hayden there identifi 

fi 7 e IllGlubers of this syst ,ill, in (-t0sceucling order as follows: 1 1.1he F x 

H ills forJnatioll gray ferruginou~, auu y , llowi~h ~m1l1 , toll~, and ar lna­

1870, p. 87. 
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. ous . hal ,~, 500 feet; the F I't j rl'e formati n, lark- ray and blui h 

s al and pla'1' · L: y, 7 ) feet; the Niobl'aTa fonnation, 1 a -gray 

a careous I arl, pa sing down into light-yellowish <: whitish linle 't ne, 

2 f t ; the F ~ rt B nt n formati n, d~ rk- Tay lamin(ted f' al ·s and cla" p , 

s metimes altelllatin . n ~ar the upper part 'with seam and layers of soft 

gray and lio'ht-colored liu16stone, 00 £ t , and the Dakota form£ ,ti il, 

Y 11 wi 1 , reddish, and oc ~ , · i naIly ,yhit sandstone, with, at place' alte ,­

nat' ons f yarious- 1 red shales and bed~ and S Hl11S of inlrnu'e r uite, 4 

f t. L aves of dic ty ledonous trees, illcluclin . IllHny O'enera -till existin " 

ar fund in the Dak ta f nnation ' also < few species of fresh-water l' 

braclrish-:water and] arine shells. The fonnatio shere enUlllerc t -> i above 

this ar luarin <:::s sho" b plentiful f ils throuo' ut t1T 

~Iore rec nt cla, ification~ b K_ino' 'Vhit, lIld lc1rido':' unite t e 
o In rs of thi - -eries next a the D· k ta, naJning th 1 t o' th r 

th Colorado forrnatio . and in like luanner the succeeding two ~till higher 

aJ'e unit 1 and naIll 1 tll niont<- 11< , orm'ltioll.1 F l' the 1)lU'1 , of the 

pr sent cl apter, ho\ Ner, it will he lllOre convenient to use the old r cle::sio'­

nations . 

.In the South Sa,1.'at hA an bas'hl.-Korth of the int rllati nal b uuda-r; , 

the cleveloplllent of thes(~ portions of the Cretaee0118 syst61l1 in the reg'ion 

of the Bo, and B lly rivers, '\,vhieh unite to fon the South Saskatehe van, 
j , reported by Dr. e rge ~I. I):: ,'\ s n as follow : The Fox Hills sandston , 

in sorne parts of the district well defined as a 111assive yellowish sGludstone, 

hut inconstant, 80 feet; the Fort Pierre fOl'lnction, n Itral-gray or bro-wIl­

i.Jr to nearly black I: hal ,lnarine, 750 feet; the Belly lliver t _l'lnatioll, an 

xtensive fr sh-\yater anrl brackish--w,:tt ' :series, e n i--ting' of 'andy aro'il­
an<l , d, tones, the ul per porti 11 ,bara·t '-'rio . eall y pale in tint, the 

10 ' gen rally darker and yellowish or brownish, probably of the sal 

ag ,,,ith the I i brar,- . formation 91 it; an _ I weI' ark shale,' 0 bserv d 

n th UI per I art of 1:ill~ Riv r, r o'ar 1 d a repre ntili ' the Fort nton 

1 er f tIl fe ,t. The lowest or ak ta 
V ( II hI 
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foul 1 in the Ben Ri , l' an t f the Fort ierre 
£)l'nlation. "The Belly RiYer s ri s," Dc\ . _ " Tit ,', " cpp ar t 1'1' -

spond precis ly to thL t ul ying c ' 

P "ace liv r, and there c1esignat cl the PUllY b'an 

th is ten e of a prol no d inter al in tIt ~ 'wes 

which tLe sea ,vas n10re r le,~. xclud 1 fr 

ocellI ieel f l' long perioils by lagoons or fre~h- ;vat 'lake.' 1 , 

..Al i1 tlL lJIIa1l'itol;a . ~carp1n ll t.-Th 

l\1anitoba escarpnlent and unJerl.,'illg' it · 

an des rib c1 by nIl'. J, B. Tyrr :>11, 

• iruihu ' stratj O' 'a} hi 'luI pO 'iti 11 
. ::.ri . . T h. 

r, 

'* '* '* 
Th III l'IDO' on the 

lIe divi 1 the Fort Pierre forlnc . 11 into tw p<lrts, nmning the TIl per p 'U 

(: out 5 feet in thickn ;:: t he; da h s -:.rie '. T hi; djvi~i n " il,'I.' 

alnlost entirely of gr :.nish-gra lay shale, , hi h, ''iThe11 t c 1 d in pl~ ,ce, is 

s ft enough to be clsily ut with c kui , but n dryino; b nit hard 

and brittle; It occupi all the t p _f tIt I 11 billa c n el Ilidi c), ill nuL ,ins, 

but farther north no exposures of this series " . 1'e s n, th c u ntr T 

throuohout b illg very thi 1· ('. vel' d it 1 -ift. K £ ' -ils ot any kind- T 

were found ill this ten·an . ' 

1R'e h, . 
of the en' lian eological Sun~ J 2 

The lowei' part of the Fort Pierre sl, 1es, llan e i the nIi!lwood series, 

aI , 111ainly about 500 f· t thicl-, and att< i 'uo <. Inaximum of 6lJ4 feet in 

the 'well bored at Deloraine, "consists of soft, dark-gl'a cla 7" ,hal ,with 

no 1ules of ironstone in w~ch Hlany species of typical Pierre fossils h~M~e 

b n found. The terrane is " ell ex d at ~Iillw 1, 1 ( miles a1x ve F ort 

Ellice, on the }\.ssilliboine River, and it Inay also be se n in the g rg eut 

by the 0 h1'o and ,Vih;on ri 1'8 on the orth .Ja --tern face of the liclino' 

1\1 untain, in the o'oro'e of N rth Pine RiY-'r in the Du 'k ntfOUnt, in, and 



84 THE GLACIAL L iKE AGASSIZ. 

ment, and at ~lorden and Deloraine,l varies ill thickne ~ from 128 to 545 

feet. It c01l1prises gray, principally calcareous shales, with "a band of 

light-gray chalk, 01' lilottled-gray ehalk Inarl, about 200 feet ill thickne~~, 

outcropping along the foot of the Porcupine, Duck, and Riding mountains, 

but lying below 'what is generally known as the Pmnbina escarpment on 

the eastern face of the Pelnbiua ~fountain. * * * The Niobrara is 

generally harder and more resistant than the terranes either above 01' belovv 

it, and it often fonns little abrupt cliffs in the luidst of an otherwise gently 

sloping country. It is, however, by the constant presence of great num­

bers of foralninifera that this terrane can be identified with the greatest ease 

either ·i.n natural exposures or in the lHud or slnall fraglnents of rock taken 

froln the wells bored with a percussion drill. These drillings, as a rule, 

appear very uninviting to the geologist, but in the present case, when they 

are carefully ,vashecl hoe £1'0111 the ill1palpable clay that fOITns a large part 

of their bulk, and exarnillecl under the lflicroscope, they are found to deter­

Inine the Niobrara horizon with ahnost as much accuracy as if good hand 

specimens of the rock had been obtained."2 

In these boring::; the Fort Benton fonllation IS represented by a 

stratum of gray shales, from 105 to 178 feet thick, underlain by the 

Dakota sandstone, which had a thickne of only 1~) feet on the Vennillion 

Ri er, and, with interbedded shales, " ras found to be 92 feet thick at 

~forden, r sting in both these ,veIls on Devonian strata. Elsewhero in this 

eli ... tri t, outcrops of the Dakota sandstone, and " 'Us penetrating it, sho\v 
that its t1l1 lGlC~S ra.n(Y --,' f1'0111 DO tC) 1;)0 feet. 

Tit brackish- and fresh-water Laramie fonnation.-The lnarine Creta­

ceon strata of the Upper ~Ii , uri country are overlain by the highest 

nl m r of this y terll, the Laralnie fOl'lnation, ,yhich ,vas deposited in 

hrae i h and fresh water. rrhis series covers a broad belt in North Dakota 

and ~Iontana, and stretch ,s outhwanl to ~lexico and northwestward into 

Assinil j , and Alb :.rht. It is also well developed, but with interrupti ns, 

along tll l\Iackenzie to the Arctic S :.a. T11e pal-' )ntologic character 

f the Larmnie b :.ds caud it tn l)e lung held jn dispute ~;vhethe1' tIl y 
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should he das. eel with the Cretaeeous or the Eoeene, SInce they contain 

reptilian fossils of Cretaceous types, lnollnsk -, allied partly with the Creta­

ceous and partly with the Eocene, and a flora, resen1bling that of the 

~1iocene ill Europe. FrOlll the pl'esel1c~ of beds of lignite coal, the 11allle 

Lignitic was forll1erl y often applied to tIlls formation. 

In the ~1issouri and Saska.tchewan region the Laralnie series eOllsists 

lnainly of sandy shales and sallc1d,ones. The siluilar strata in the vicinity 

of the Bow and Belly rivers, referred to the Leu'alnie by D::nvson, have a 

thickne.. ~ of 5,750 feet, and are wholly fresh-water dep sits except Hear 

their base. On the l)fissouri River this series reaches fi'onl near Bislnal'ck 

westward by Fort Union and across the Yello\,\rstone to the JIilk and 

}1u. ::; ,}shell rivers. At Sin1s, on the Northern Pacific Railroad, about 4 

miles west of Bis1l1arck, it contains a layer of lignite 8 feet thick, w'hieh is 

extensively lnined. N rthward the Lararnie seri ,8 oe ~upi :-:\ the upp l' por­

tion of the basin of the Souris or lVlouse HiveI', and for111s the ~lissouri 

Coteau to the Canadian Pacific Hailway and the South Saskatchewan, and 

probably will be found continuous northw(~st along this coteau to the North 

Saskatchewan. Near the base of 'T'urtle ~iountain, which beneath its thiek 

covering of drift is an extensive outI yillg area, of Laranlie Htra,ta, also on 

the Souris, and on the Bow and Red I)eer rivers, head streaIllS of the 

South Saskatchewan, the lower part of this fOl'lnation bears workable 

earns of lignite, apparently on nearly the sarne horizon with the uline at 

Shu', in the central part of North Da.kota. 

The western plains (l lacustrine and land area since the early part of the 

Laram,ie cpoch.-~fioeene C'ongloll1erate, sandstone, and sandy e1ay:-;, I)f 

fluvial and lacustrine deposition, are found lying un the LaraIuie and other 

Cretaceous fOl'luation~ in the Hanel Hills, northeast of Red Deer RiVOl', and 

in the Cypres: Ifills, between the South Saskatchewan and ~Iilk riYcrs. 

They are ren1nallts of strata that probahly once thinly overspread consid­

eJ'able p rtions of the upper askatehe\van region. Five hundred lTIilesf 

outheast frolll the 1110re southern of these 10 alities an oxtensive area of 

hesh-water Tertiary deposits, of ~Iioeene and Plioeene ag ' , begins on 

'Vhite River, in the s uthwestern part of South Dakota, allcll'eaches s uth­

,yard through Nehraska to western I(ansas. No 111arine Tertiary fornmtinllS 
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are lrn , n in this int l'i()1' portil)ll of the continent. ~-' ince the early ::;tao' s 

of th Ln,nullie epoeh, the l)e(l of th Cretace U:o; ueean n nv funning the 

r ,t - ~lt of 1h' .' that ~treteh ~ west f1'Ulll th 1a1- ~ distriet of )1anitoba, 

tIt Hod Ri ver -Yall r <LIllI c sterll N b~'H~kn Hnd K_allsa~, to the Rocky 

nI n nte i has n - h -'11 ~ul n r g' :>,1 heneclth tIt H 'cl. 

F LA 

T h a 	 llo' Btrata, at the ~()uth c' 11 a :sive ridg'e and at 

n the 'v ·"t I'll rd l' of the Yall -'r in whiehtl 
l'\u 'es~i T rti ill' the t au d :> t\ Prairies, 

P Inhil e lUc1iug, and Du k n1011lltai.ll~ and tlle Porcupine an -1 Pasquia 

titly () thick <l Ill COl tiuuou,' a. 'overll O ' of g·laeial drift that 

nly t w expo sureH of the U 1 derlying strata are seen, ehiefly where :,han­
n 1, have be n eroded hy stI' >~ 111:;. rrhroughont th ir extent of 800 luil :> 

th:. ri 1 . > (n(l :':' cnrpnlent <. ppear to 'c)}lsist Inainl ' of the Fort Pierre for­

Dl::, .tiol1, presentillg a thieknes:; of several hunch' d feet of dark shales, Inostly 

soft and ~OJllewhat sandy. l Tnder the Fort Pierre beds arc silnilar shale . 
• i 

elullg-ing' to the Niohral'a and Fort Beuton fOl'lnations, succeeded beluw hy 
the Dakota sandstone. The overlying drift varies eOlnnlonly frOll1 10 or 20 

feet t.u T110re than 1no feet in lepth. 

onthwe.-der-n ~vIinne8ot(f, and the Cotenn (les Prair'ies.-Ontcl'ops of the 

Cretaceou~ strata Oll the i teau des Prairies, alld ill niinll ':" ta east of thi 

highland, are rare and usually of slllall extent, both ill area and in the 

vertical thicklles:; exposed; but these becl~ are als oecasionally penetrated 

by wells neal' the east base of the coteau, and at the Inission school, 1 ~ 

nliles north-nortlnvest of the Sisseton Agency, on the eastern i-dope f the 

t , au and about 1,500 feet above the sea, a well boring- passed through 

the drift a11(1 entered soft shale or cla,r, probably the lower part of the Fort 

Pierr formation, at the depth of 138 feet. The outcrops mentioned ea.st 

f the Coteau des Prairies appear to belong 11lOStly to the lower clivi~il ns 

of the Upper :Mi. lUI senes. They include sandstones of tho Dakota 

fOl'luation on the Oottollwoocl River, f1'0111 its lnouth to a distaHce of 30 

mile~ west, yielding nun el'OU~ npecie~ f fo..::;il leav .. '; 1eds of shale, \ ith 

thin . alllS of lignite and lignitic day, occurring in the bluffs of the ~Enne-

http:n1011lltai.ll
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ota RivLr ab _ ut 15 anll 30] i 1e~ llorthwe' of e\v In1, re£ 1'1' J 1 P r f. 

N. 11. 'Vine.hell to the Fort Bel ton fOl'lnation; sh lilar c1 po: it;"· abont 70 

n i1 ~ farther lUH·th, _11 the Sank IliY .r in St a.rn~ Couut\,' i lentiti d a~ this 

fOl'llwtion 1 y nIeek; tu1d ..hal ", with 1a,yers of 11 r eti n ar l itn ~t()n , ill 

·tIt ~Iilln :=; t f , Tall ~y, at tIt '" 1l1OU h of th .. - i ) t t mwood, clo:::le to 1 ew Ulrn , 

wI i h Pn essor 'Vinehell l' f I'S provi~i mall T to tIl 

:t 1HlstcHlO . !ltainlll:' im.pi' si us IIf 1 ( Ye.· I) -. ~Ul' 0 h l' m fl the ~. In i .' 

trll o (f the sh,l" with lilIleston awl the leaf- earing .' 1 d~ton at tl e 

1 uuth n thi' 1'i ,e1'; . that pc .'.'ib l r . 11 tll ..'e I, .' 0 11 the \ )ttol' 0 d (utI 

l\lirn es/)ta rivel'~ rna 7' belong' to one f()l'JllC1 ion, which t st theu b > the 

D 'lkota, a . 1,l)ruin . to Le:-:;qu r ~ 1 ~ ~ detenninations of i t · ft ·,'1 leav ". 

T here is evidence, how vel', that the cean extende(1 east n earl acl' 

I\liUll 81. ta ill lat r ~tag ::\ of the Cr ~tacc()us p ..riod, for Creh ous fossils 

and shale have heen founfl in the ~'lacial drift, apparently not far remo 1 

fr ill their orlo'weLl cls, at Li ra Springs, Iowa, 1 '., than 5 Inile~ south 

fi'OlIl the ~outh lille of Filltno1'e County, )Iinn., ineluding ,'hade·:" teeth 

closely like Otodus appendiculatus .A..g., bones, teeth, and '- 'al ~ of teleost 

fish R, Ammon.ites (two species), 0:-:> t-re(t , Inoceramus, etc., regarrled by Dr. 

C. rL ,\Vhite as Upper Cretaceous, "as late as any yet reco6'nized in any 

pc. ,t of North A.rnerien." 1 A hundred a.ud seventy-five 1l1ileH llortlnve::;t 

frorn this locality a perfect tooth of Otodu,s ((ppendiculatu~ Ag. has 1 :'>n 

found on a sand bar near the luouth of rrwo Rivers, tributary to the 

1\fiRsissippi, in JIorrisolL llnty, )Iilln. Other sharks' teeth and fragments,"'j 

belonging' to differellt species, have also been founel in hat vicinity and 

011 the .. nth branch of 1-\vo .Hivers, in St.earns County, at ct, distanee of 

about 8 111ile8 to the southwest. These indieate that. rnarine Cretaeeous 

l~, prnbal)ly f the san18 age with the fossils at Linle Springs, uuderlie 

the drift sOlnewhere ill central )Iinnesota; though it is possible that they 

have beell wholly erocled, their fOljsib being now eontained in the drift. }\t 

the luouth of rI\vo niver~, fresh-water sbal :>8, probably of sinlilar Iniddle 

Cretaeeous age with the lig'uite-bearillg' beds of the Sa.uk alld ~Iinllesota 

l'h 1'8, are expo""ed to th ~ height ' f a few £, "' t ah n the Ie 1 of the 
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lVIississippi, containing MargaTitanct and Unio, with a thin seam of lignite 

and ligl1itic clay. All the Cretaceous deposits of western ~Iillnesota, except 

ill the high Coteau des Prairies, now exist only as a sOlnewhat thin and 

often discontinuous sheet, ranging in thick.ness up to nlaxilna of probabl~r 

nowhere UlOre than 100 to 300 or 500 feet, on the Archean, Algonkian, and 

Silurian rocks. They are doubtless rmunants of the base of a considerable 

thickne,-,- of strata, perhaps originally including the entire Cretaceous eries 

of the Northwest, froIl1 the Dakota to the Laranlie. 

A section of the drift and Cretaeeou~ beds forrning the eastern foot­

slope of the Coteau des P~'airies is reported by Prof. N. I-I. 'Vinchell frean a 

,veIl at Tracy, about 60 luiles west of New Ulrn, 619 feet above the lVIin­

nesota HiveI' at that place, and 1,403 feet above the sea-level. Till extends 

frOlu the surface to the depth of 120 feet; next is fine gravel, largely of 

lirnestone, 5 feet, including also fine sand and soil-like Inatter, believed by 

P rofe. SOl' vVinchell to be "a remnant of the old soil ,vhich acclunulated on 

the Cretaceous rocks during the rrertiary age;" under this is fine blue 

ch y , 20 feet; then a second bed of gravel, 20 feet, containing pebbles of 

buff IiI e tone and of gray and dark or reddish quartzite, also of gray 

congl nne rate or coa,r88 sandstone, ranging in size fr0111. all inch in diallleter 

to sand grains, with llluch slag and traces of lignite, fr01TI which characters, 

according to Professor 'Vinchell, this bed "can be supposed to have 

aeclllIlulated on the Cretace us after the withdrawal of the Cretaceons 

ocean, the lag' coming fr0111 the cOll1bustion of the lignites contained in 

the strata." FrOl1l the bottorn of this gravel, at the depth of 166 feet, 

Creta -'eous beds of clay, shale, and sandstone reach 525 feet, having a 

prevailingly dark color for 446 feet, but 1110Stly white for the lower 79 feet. 

In descending order, they are fine blue clay, 12 feet; fine greenish-bIn 

sandstone, 20 feet; dark-gray shale, 213 feet; again, fine greenish-blue 

and, 60 feet; blue clay or shale, 43 feet; quartzitic white sandstone, with 

concretionary pyrite, 32 feet; fine gray sandstone, 5 feet; again, blne eJay 

or hale, 30 fe,t; a second layer of quartzitie and pyritons white sandstone, 

"l feet; dark, unctuous, fine clay, 24 feet; ",vhite kaolinic clay, becOlllillg 

reddish, th ~n bluish an 1 gritty, 8 feet; white and gray quartz sand, partly 

eetnented by pyrite and nuxed in its lower part ,vith kaolinic clay, 18 fee'!; 

! 

j 
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white kaolin, clouded with blue clay, and containing SOlne gTit, 25 feet; 

and white qnartzitie sandstone, 28 feet., containing kaolinic Inaterial in its 

lower part, "apparently resulting' fro111 the decay of grains of feldspar 

after deposition in the sandstone." 1 

The thickne~s of 446 feet of principally dark beels, lying' between 

1,238 and 792 feet above the sea, probably corresponds to the Fort Benton 

shales and Dakota sanchtone, containing' lignite and ilnpressions of leaves, 
on the CottcHT'ivood and ~Iinnesota rh ers, -where their elevation is approxi­

Inately 800 to 1,000 feet abo, e the sea. Under these the thickness of 79 

feet of rnostly white kaolinic clay or shale and ~andstone, constituting' the 
base of the Dakota forl1uttion here, appears to be the sanle with the deposits 

of white anel greenish clay, often sanely and gritty, -which lie in water­
worn hollows of the Canlbriall strata along the lo-wer part of the ~1innesota 

River. These earliest Cretaceons sedin1ents were evidently deriv d frOln 

erosion of decOlnposed surfaees of the adjoining A.l'chean gneiss and granite. 
Not all of this deeayec1 and kaolinizec1 roek ,vas \yorn away then nor by 

the later erosion of the G-lacial period; for at luany plaees in the ~1innesota 
Valle}, along the distanee of nearly 50 lniles betwt,en G-ranite Falls and 

Fort Ridgely, it fonus the l1pper 10 to 20 or 30 feet of the Arehean 

outerops. At 713 feet above the sea-level the Cretaeeons deposits of Tracy 
rest on reddish granite of Arehean age, into which this ,veIl wa,s drilled 34 

feet, to a total depth of 724 feet. 

In the village of Browns Valley, ,--'itua.ted between Lakes Trayerse and 

Big Stone, in the channel of which Lake Agassiz outflo\ved southward, a 

well has been sunk to the depth of 4G~) feet, extending f1'0111 9'75 to 510 

feet, ap}Jroxilnately, above the sea-level. The general surface on eaeh 
side f this valley 01' ehanllel is about 1,100 feet above the sea~ 125 feet nf 

glacial drift having been eroded above the site of the well. After passing 

through all undetel'l11inert thiekness of alluvial and drift deposits, tl i. well 

penetrates dark-blilish, hard day or shale to the depth of 3flO feet; a blaek 

layer of lignitic shale, 2 feet; gravel and sand, alternating -with layers of 

blue day, 58 feet; qual'tzitie sandstone, 1) feet, fro 111 above and beneath 

w·hieh artesian -flows of water are obtained; gTeenish, lnic:-v'eous, and kanlinic 

l Geol. 111111 Nat. T-fist. Survey of )finn s )ta. Fourteenth Annual H.eport, for 1885, pp. 351-353. 
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ushale or (,lay , 20 feet; ana white and gl'a) 'allll ~~ shale or . ud -tOl ,2 feet, 

iu ",hi h the w 11 :..;topped, llot reaching' the ..c\.J'ch ' all rock ,1 Th se strata 

ahove the HOl1l'Ce of the arte:ian water are prolw bl.'~ eqniv'~ lent tn the lark 

Is of the Trae} well, while the 1 \V l' strata COlT 'poud to t.he whi and 
aoli nie lower b ds there, 

i l l aring the elevati ns ( f the tup of the kc: olinie deposit In tl ~e 

,,(:ll~, there is seen to he a slig'ht elil) of the strate tow~ I'd th rth- ( 1'th-

W ~t, amollntjng to al ut 240 feet ill t ll distanc of 112 Inil .. fronl Trc: 

to 13row118 Valle T, Another e _Dl pal'i" 1 i .. afford:.1 )y a well neal' Sle py 

E ,;T wI' r,h i~ J;j ll1ile:'3 east of Traer aBd 1,034 feet above the sea, p 11 

iI'" tin o ' 182 fe t of drift; then 7~-' f t. of white and )T[l V Cretace us d ay 

ntai '~lO' Olle thin 8traillln of browuish-red clay t( 'ether COIT ;>8 lin 

apparently to the low ~t 79 feet. of the Creta 'e IS b 'ds in the Tra y r l~, 

and lying, like those heds, on ~~rchean n .el a:ranite,~ rrhe~ 1 servati HI , ' 

indicate n slight, stward dip, aIllOullting to a Lout 60 feet, in the Cr ,ta­

eeou: stratn het'Yeell Sleepy Eye and rrracy. The resultant illelination 

satisfy ing' 1 til the~ ~ sets of observations is a, dip of about 3 feet per Inile 

to the northwest, being thus directed away frolll the ridc)' -' of Algonkian 

qnartzite, 1,300 to 1,700 feet above the sea, \vhich outcrops ill northerll 

Cottonwood Count.y, OIl the east flank (If the Coteau des Prairies, and in 

Pipestone and Hock t0uuties, (Ill it::; ,yest ~ide. 

Ahove t.he strata thus fm' de:;eribed, a lIard, gra? , sOIl1ewhat. calcareous 

and concretionary sandstone, probably repre~ellting the Niobrara, fornlation, 

is ~eell in a few low outcrops near \lta ·Vista, in the northeast corner of 

Lincoln County, and within 7 111iles eastward, baving an elevation approxi­

nlah~l .; 1,171) to 1,150 feet above the sea. These outcrops are 30 to 3:') 

111i1es nortlnvu;;t fro111 Tracy, and occnp} ne~U'ly the sante stratigraphic 

horizoll with the gravel beel, between 145 and 165 feet in deptl), in the well 

at that place. The only oro'a11i ~ renmins ch:~t tell in this .~andstone are 

particles of lignite and traces of wood. 

Clay or shale, containing fossil~ characteristi of the Fort Pierre and 

Fox Hills fonnatiollF;, the upper rneInbers of the Inadue Creta ns ~erj ", 

has heen eneount .r::>d in Inunerous instances by wells ill the same region, 

1 .eo!. a.na Nat. Rist. SIll've of Minnesot Fourteenth Annual Report, p . 14. 
qbid., p. lil, 
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, 
t 

within 7 il ~ . orth and 20 luil :.- 8cmtheast frOlIl Alta Vista, alOI 0' the f 

of the 8t ep ea::;terll (ls~ellt of the ~otean des Prairies, at elevatioll~ fr( 1 

1,150 to 1,250 feet alJo \'e the ;' 'fl. Perha.ps " n , of these wells 1m 
r a ' ·h ~d Cretaceo 1:-; :-;tra.ta ill place; but uther~ e ridelltlv have been whullv 

• u .1 

in tIt , -laciHl urift, containing- di:.-rnpted al d transported as.,' ~ of iret< ­

. '0118 shale with f( . . ils. 'I'll ~ freflu ellcy of the~ fossils in the drift illcli~ates 

that pper Cretaceou . n'larine strata orig'wally overed ll1nch of this Jistri . 

11 suvplied a lar' part of the drift, and that th-'y probabl und die thr 

drift ill the ~otean d . Prairi , ~. The list of fo ;:,;::;ils thus found in ' lu lc 
Ba ulit ~ ( atus ; y, Pla; ntl 'eras (A mmonit ) p h nt(( kay, l)oth tll ,,' 

rer n~,:-: ..I1 ted hr abUlldant ::;peciJllen~, -'hiefly fragll1ents; Scaphites ni olldii 
)lol't 11 , o::u llla c({ur'llata )I. &; H., and all Inoc';1"a}}(u,,, ,yhich 111ay he I. 
p(uble'l1latir:u.· Schlot.1 Twellty-five uliles dititant tu the soutlnvest and west 

the crest of the Coteau des Prairie-:; attains a heio'lit of 1,9[)O til 2,000 f· .. t 
alloy ' the Bea, rising- 800 feet abo, e the, outcrops and wells here noted. 

TIli:::; l11fls:si\Te highland, beneath its rnantle of drift, which probably Ynrie~ 

fronl 50 to 2:)0 feet in thickne~s, (loubtl :.:· consists lnainly 01' wholly of the 

F 1't Pierre and Niobrara cL y~ and shales, dipping yery slightly to the 
T ,,'e.t and llorthwe~t. hecause of the soft character of th.., 'e heds, the: are 

not expo;-'.>d in any projecting' knob or ridge; and their resemblallce in 
lnaterial nurl colnr to the bowlder-clay or till, ,vhieh is derived bl large part 

fr0111 them, nutkes their exposures 1 8S liable to be noticed if they are 

anywhere cut into by ravines. 

ilang the Sheyenne Rirer.-The Fort Pierre shale::; have plentiful 

exposures ill the bluffs of tLe 8h y nne River, fronl where it flows by tl e 

Oreta.ceous hills ,\ est and south of Devils and Sturnp lakes, covered partly 

with lnoraillic drift, as described in the next chapter, to the rnost southern 

bend of this river, where it enters the area of Lake Agassiz. \. sheet of 

till, varying fro111 10 to 50 feet or more in thickness, sometin1es with over­

lying beds of gravel ancl sand, f nn " the upper part. of the Sheyenue blnfft' , 

and th ir 10\ er portion consists of the dark-gray, easily disintegrating, 

sandy shales of t.his fonnation to height~ varying fl'ol)} 50 to 17;") feet abov 

, 
the river. There ar . 11 any excellellt ::;eetions of both the shale.' and th 

I GeoI. and Nat. Rist.. SllTye~- of "\rinllP;;;ob. Fillnl Report, Yo1. 1,1 4, }I. 600. 
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drift, where the slope has been so lately undennined that the shale forlns 

continuous cliffs from a few hundred feet to a quarter or half of a Inile in 

length. 
Fossil~ are infrequent, but would doubtless be detected in Inany places 

- . 
by careful sea.rch. On the 'western ~lope of a hill, partially bared of drift 
alld consisting of this shale, neal' the west line of section 33, township 139 

north, range 58 west, 8 lniles south of Valley City and about 1~ Iniles -w st 
of the Sheyenne, I found InocenwlUS sCtgcnsis Owen, fragrnents of other 
lmnelli ranchs, and Baculitcs OVlltU8 Say. These were on nearly the a.ver­

age level of the surrounding country, at a height of about 175 feet above 
the riYt~r, or 1,350 feet aboye the sea. 

In the vicinity of the southern bend of the Sheyenne are seanty 
exposures of Cretaceons heds which -'ontain lignite ana may belong to 

the Fort Benton fornHlJion. r-rhe lowest outcrop, situated just "within the 

higllest shore-line of Lake Aga~siz, is in the southeast quarter of section 

3'", township 135, range 54, about 20 rods -west of Eeh~ard Bowden's 

house. Here the east or right. bank of the Sheyenne shows the following- ­
section, in descendilig order: Soil and gTny clay, with slight interrnixture 

of gravel, 2 to 3 feet; very coarse iron-rusty gravel, fr0111 1 inch to 1 foot 

thi 'l~ , containing cobbles of lirnestolie, granite, and a partly decayed gneiss, 

of all sizes up to 6 and 12 inches in dianleter; gray till7 very cOlnpact, 1 to 
1 -~· feet; fine grayel emd sand, about t; feet, containing in S01110 portion8 

very plentiful flakes and fi:agnlents of lignite from an eighth of an inch tC) 

2 or 3 inches long; alid hard, dark-bhu~h Cretace us shale, seen only 

to the depth of a few feet and hidden below hy the talus, eontaining near 

its top a layer of lignite a bout 3 inches thick, at the height of 25 or 30 
feet n bove the riYer, and approxilnately 1,C)GO feet above tlte sea. Springs 
issue frOID the river bank, a, few rods farther southea~t, at the top of this 

shal. :Mr. Bowden reports another outcrop of a. thill ::;eaID of Hgnite, per· 

haps belonging to the Sallle layer, SOlDe 8 n1iles dish-lnt frcnn this toward 

the south-southw :;t, oecurring in a ravine tributary to the Sheyenne, a out 

a Inile west of its 1I1Ost southern benet Fronl the second to the first of 
these loca1iti "s the river falls 2( feet, and these outcrop' of lignite differ 

little in their elevation above the sea-level. 



!
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9')PLATEAU OF PRMBINA .MOUNTAIN. · .:.> 

In the escarpnwnt and lJlateaM of Pembina J.lfount(tin.-Sections cut by 

the head sO'ealns of the Goose and Turtle ri ers, in the highland betv\reen 
the Reel River Valley and Devils Lake, awl t] te sinlilar erosion of the 
Penlbina )\:iounta.in by the branches of Park River and by the 'I'ougue, 

Little P€ll1bina, and Perllbin<L rivers, show that, beneath the drift, this long 

escarplnent and the plateau ·whieh it bounels consist of dark, saudy shale, 

horizontal or nearly so in stratification, and nearly unifol'ln in character for 

a great thickness. Gra el of this shale abounds in the channels of the 

strealllS for rIlnny Iniles east of the escarpnlent, and i~ found ~paringly in 
the drift southward to the Coteau des Prairies. It i~ COlDI110nly called 

"slate" by the people of this region; but 110 portions observed po:ss .1 ' :-; 

the hardness and texture deserving this llalne, and no slaty cleavage is 

exhibited. 
The highest outcrops of this forIl1ation s en by IDe, close to the we::;t 

shores of Lake Agassiz, are on the plateau that extends wesb-yard frorn the 

top of the Pen1bina )\Iountain, where this is channeled by the North Branch 

of Park Itiver in the \ icillity of )\lilton. Alollg a distance of 5 Iniles frolTt 

northwest to southeast. through the north part of township 159 north, ran ' . 
57 ",vest, this strCfUll Cl1t~ 75 t( 12:') feet into the shale, its top being 1,500 

to 1,5:30 feet above the sea. It is overlain by only 5 to 25 feet of till, 

hieh continuos equally thin, as shown by ·watercourses and wells pene­
trating to the shale, for 15 to 30 rniles ,vestVirarel aud northwestward, and, 
e r -'epting' two or three Tllorainie belts, upon all the country southwest to 
Devils Lake. The surface about )\Ii1ton is rnoderately undulating' and 
rollino., with the crests of its higher portions ,5 to 40 feet above the 

d pr::'s'ioBs. FrOID this plat(~au an irregular descent, a1l101111ting to about 
100 feet per l11ile, occupies the east part of this towl1-ship and the edge of 
that next. east, falling' in 3 Illiles to the upper shore-line of Lake Agas"iz, 

which here is approxiluately 1,~OO feet above the soa. 

The d pest part of the b'orge of the North Branch of Park River is in 

sections 4, 9, and 10, township 159, range 57, where it is 125 to 150 f t 
deep and n'on'l a quarter to a IwIf of a Inile "ride, with llUlnerous fine 

-1 "ure8 of the shale fron'1 the base to th - top of the bluffs, x 'pt. til ~ thin 

capping- of drift. In these places the 8trea111, flowing at the base of the 
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bluff, l' rno es the talus which els where e nceal8 its 1 "vel' portion, and the 

s tion riti >, ~with '·liff-lik ::;te 8111E'IS~ at au auo'Ie of 0 to 7:- 0 . "ceptiuu' 

oceaHional thin beels, the whole thickness of the fonnation her exp:.; d is 

hard gray 'hale, HI )l'O or I ".'· san ely, eli,-i,l 1 iut 1:. r '"'r~ frOl au eighth of 

an inch to 2 )l' 3 inch thick, and 111uch 'jnint Cl c1 0 that it cl'lnnbl s intn 

8111:1.11 ffa '1l1811ts n the \T atherecl surfa ·e. H,arelya bed a few inch thick, 

Imvill(T the o'eneral dull-gray color, b hard r an II ,s: j i11t d,owing to it .. 

cell1elltatioll by carbonate of liIll . and occasif nallv the ordillan shale it; 
~ J J 

l1aekeu ~·d by the cl position of iron ru:-;t awl of 111. llg 'U ~ oxi Ie c:,' fihn ' 
in the joilltage searns, the thieklless uf the portion thus eolored being usually 

only a f w ill he8, hut in one place, half way up the 1 Ul'th hlnH, 3 or 4 t et. 

1. TPSUIU was obs~rved only in rnillut crystals in thill fissures coinciding 

with the planes of stratification, and in the fortn of satin spar, filling the 

Ul lcl fr( In which s . Inc shell, cOlnnlonlr Ina }'am itS , has been dis:-,nl Ve 

a' ay. Fossils are very infrequent, hut by careful search BaCHlitcs ovatlfs 

~ \1. ' etnel 8~al hite nOd081l8 Owen were f( un l , J ( ell repres 'nt ~·(l by a 'iug1 

..pecial :Hl; also nun1.erous InoceraiJ/us ca~ts, nlostl ~ J. S({fJUlSis Owen, b -_' ides 

casts and fnl O'lllents of other hllnellibranchs, not ." t idelltitiell; and th > 

t :.o ,th of fis11e:::;, apparentlr Pac7tyrhi.2odus latiJJlcntwn ·np ctlld LaJJwCt 'JJ//wl!/f.J l 

~)pe, or a slnaJlor species.! The teeth ucellr sOlue\yhat plentifl111} in a 

re arkahh" hard layer, G inches tu a fout thick, abuut 50 feet aboye the 
..I . / 

stream. 'iVith th81n this hard lay r contain:; :.;oftor llllnps, of sOI1lewhat 

ilT g'nlar fornl, £l'01n one-third tn three-qnartel'S of an inch in dimneter, 

of lio·ht-oT<1Y eolor inside, with a e:reenish exterior, which are l)robahI)­
b b J u • 

coprolites. rrhe other Ii )ssils \\ .ro found in th shale fragn nt8 fnrmino' 

th talu~, and their place ill the 8eetion 'was not aseerta,ined. AlthoughC> 

L,w, the,/, ~upplr d 'l'i8i,-e 8yidence t]lat thi~ is the Fort Pierre fOl'lnatiun. 

The lowest xl'0sul'e of this shale observed along the eourse of the 
P Inhil ( l\Ioulltain ill North I)akota is ?1 Iniles north )f tll pre -'"diuO', n 

p 

nortl e t corner 0 
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estinlat la utl,.O etab rvethe .. -a. neadlsic1 , witlti l anril tIl 

plateau of the Pelubilla ~Mountain, wltieh the riYe . cut~ through, 1'i.. , 400 to 

4f feet higher. \. bluff 150 £ t hih'h a: nc1 .. teeply ii'oul th fish trap 

on the southwest side, an at the tin1 .) of n1~" first Yi ~ it, in August, 1 ' 85 WL 

n wly exposed by ~lide~, 1 ing ~hll ' 11 to he fissih\ el<rk-gray ,'hale t. t.11:.l 

h io-ht of 100 feet, capped by gIn, ,ial drift. The shale of thi:-:; I ,yer part of 
tl IT wt Pierre fOl'lnation i .. I lnl' san dy, Rofter, ana darker thClll tl lat of it 

HI per part, ~een 011 tbe N ortll Branch of Park Ili,er, awl it furthel' dif ' D; 

notie ably in lUlTing f w joillts. It i~ llOriznlltall~ lalninate 1, anel, ",lltre 

it has been sOlllewlat dried on the ,~ urfaee of the bluff, is ea~i1r Fi ~iXlrat c1 
in 1- '. Jrs fr n a quarteT f all ind1 t 1 inch tlli ·l ; hut at ~l .lepth ( f onI.,"­
2 or £ .t ·within it;.; 1na lS, where it is J11oi8t, no lalnillatioll is discernibl . 

I n tIti - shale crystals u . i~ 1 ,nite 2 or 3 i ll ·11·~ long are fi'eqncnt, and tll 

em minernl oe urs in its ereyices Hnd s (: n18. No lip:nlto is fOlllHl here 

nor in any of the otll l' outcrops of thj~ formati III along th " " L Ie ext Jlt 

of t11e P IT binn, ~Moulltaill tn the :;()utlt Hwl nortll. 

~1y second vi it to thi:; locality nUts nwde iu Augnst, 1 

f . i1s, thongh nOll ,,'ere f( nl t )e y ar befnre. Only th upp r 20 feet of 

the shale was vi8i11e in place at thi:; later tillIe, as the lo,yer part, previously 

expo, ed al , t to th -> level of th riY(~r, wa~ coneealed by t1 e talus f fallen 

hale and drift. A portion of the shale bed~ ~ to 3 feet thick, about 10 ~ et 

beluw their top in tlu~ l-\ection and 90 f t aL,y tIle ri . ,1', n t (1' ,Jinetl.· ~ 

e ntrasted in eolor or texture with t.he beds aboye ancl helow, was found 

to hav an odor l'e~e]nbling tIt .. t of petroleum, and to eOlltain sl'arillgly, 

on tIt . planes of bec1c1in~; , inlpretisions of "caphite -. llicolleti i )1Olton , of 

:vhieh abuut a d zon speciu1ens w"r collected, and oe a:-;iollal cal; anrl 

fra(J'lllents of I'll Cl'1~ l JUtS and Ost'rea 8peeies, nne beilln ' 1'1'obabl ~ bWC('J"((}}7 U 

sal} Isis Owen. FrUIn a 1 a~s of shale in the taItu; nUln 'l'('1l~ . ~y ,luid n.h 

·d s, a d a vertelJraI b "Hl "' 1~ inehes in dimneter, lj=~h nO'ing' to SOlU 

s la hian fish, were ohtain d. If tho f0111 atioll iR Ie ·el in its Rtratifi ' ti nL 

£'1' m ,~ mth to I rth, H.' :-P ] 11::; to he the l'a~ thi ~ outernp 11' .. -'llt. f } porti o 

of it ppro in1at ly ~ on tn 30 ·t luwer then the 1 uttor -fit:; eXI (I 'UI' ~ 

n the N rth Bran ·h of Park Hi reI'. 
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About three-quarters of a luile ea -t froll the fish trap, this snale is 

exposed to a height of 75 feet above the Penlbina River in a bluff on its 

northeast side. Its highest outcrop exalnined by nle in this vicinity i 
Heart ~1ound, 1 a peculiar hillock with very steep sides and smoothly 

rounded top, situated on a broad, uneven ·terrace of PeIllbina lVIountain, 

near the center of section 6, township 163, range 57, 3~- Iniles north of the 

fi8h trap and 2 lniles south of the international boundary. The base and 

top of this hillock are, respectively, about 1,3(-)0 and 1,390 feet above the 

sea. SOlne have erroneously supposed it an artificial 1110uncl. Glacial 

drift, containing granitic bo-wlders up to 4 or 5 feet in dianleter, thinly 

covers its northeast side; but the other sides and the crest of this knob 

consist of shale sirnilar to that on the N ortll Branch of Park River, show­

ing that it is an outlier of the Fort Pierre beds that fonn higher land, c1rift­

covered, about a Tuile westward. Heart ~Iound has been left thus isolat cl 
by the erosion of these beds froll1 the 'slurounding area. 

rrhe thickne:-;: of the Fort Pierre fonl1ation ill the northeast part of 

North Dal ota, according' to these observationH, is at least 300 or 400 feet; , 

but it doubtless considerably m:ceeds this, for there is no indication that 

th ':' expo;'ures ntarl its upper and lower lirnits. vVells in Langdon, 17 

luiles north west of l\filton and 1,G 1 0 feet above the sea, after passing' 

through only 12 to 15 f et of till, enter this shale. vVith the underlying> 

Niobrara and Fort Benton fOrInations, which in this part of the State cliffeI' 

little in lithologic eharacters fr01n the Fort Pierre, a thick n:;' -, of 1,403 f-' ~~t 

of clark-gray shales was penetrated by the Devils Lake artesian ,vell 

b f re reaching the top of the l>akota sandstone, which there is 3~) f t 

ahoye t.he sea-level. In Fort Pierre ontcrops on the North Branch of 

Turtle River, 1~ luiles north of Niagara and about 1,37:") fe~t above the ",ea., 

B aculite o'Vatu8 Say was found in abundance. The eroded eastern edge of 

the Fort Pierre shale for1118 the long, high esearplnent of the "Second" 

POlnbilla :Monntain, as the eroded border of the POlubina delta at vValhalla 

forrrlH the aIrnost equally notable, though 111uch shorter, "First ~Iountain." 

I Commonly calle!l b ElIglish-speakillg" immigrants i< the Indian ~I01111d , " but morc proT,crl, T 

nam d < S aIlL) v' ,in acconlanee with t il usage of the Freneh voyagers and residontH, who, PI' )lJab ly 
t ranslating the auoribinal name., call thi mound and th small area of prairie aruund it LL Bai un 

ronl'. 
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Bt t till or howlder-clay, containing frequent granitic bowlders up to 5 or 

nletirnes 8 . > ,t in diarneter, thinly eovers the shale, so that good expos­, 

ures of it are rarely seen, excepting in the bluffs c,ut by strealllS. 
In 'we tern .J.Vlanitoba ({nd A LL in'iboirl,:-Dr. G.. eorge 11. Dawson gives the 

following slunmary of observations of the Cretaceous fornlation in the 

district ordering the west side of Lake \gassiz north of the international 

boundary, as obtained in the Geolo6 'ical Survey of Canada: 

The character and thickn ss of the different members of' the Cretaceous in the 

:Manitoba. region have not been worked out in detail, owing to the extent of the drift 

covering and scarcity of sections. * * * In the flat country of the Red River 

Valley no exposures of the Cretaceous rocks are found, and it is below the alluvium 
of this region that the older subdivisions probably occnr. Tile western margin of 

the valley is formed by the escarpment of the second. prairie steppe, and here, in the 

s -called Pembina lVlonntain, and in its continuatioll to tbe northwestward, the 

Cretaceous beels arc first met with. About 25 miles n rth of the forty-ninth parallel, 
where the Boyne River cuts through the Pembina escarpment, beds clearly referable 
to the Niobraq}, gruup are known to occur, and preeL IS r e. emble, both lithologically 

and in their included fossil~, those of the corresponding :Nebrash:a division. 'fhe j' 'k 

is generally a, cream-eolored limestone chiefly composed uf shells of Inoce'1'a:JJl,1.lS and 

Ostrut congcsict, but in plaees a white chalky mater ial, whi ·1t nllder the microscope is 

resolved into a mass of foraminiferal shells, eoccoliths, and allied minute organisms. 

This exp 'ure, though probably small in extent, ellabIes t1le ontcrop of the Niobrara 

to be defined at a point nearly 400 miles beyond the farthest llorthern locaHtv known 
previous to its discovery. Still farther north, along t.he outcrop of t.he Or tn ,on:s, 

at S,van HiveI' and Thunder Hill, west of Lake Winnipegosis, limestones awl marls 

containing fossils like those of the last-mentioned locality, and evidently of Niobrara 

ag are 3,o'aiu fOUlltl, alld other outcrops of th e, and pos.:ibly of older beds, lllay 

PI' bably be dilScoverecl iu thi ' vicinity. 

WitIl these exceptions, llOwe v ,1', the Cretaceous rocks known to ocenr between 

tIle ned Hi'\T('.r Valley and the Lignite group of the ~ouris regio,n belong e. lusively to 
the P ierre group of the Cretaceous, while the Fox Hill group, wbich should intervene 

etweell this and the lignite-bearing series, has not in this district been recognized, 

and is, not improbably, but feebly develop tl. The Pi rr r -, ks "" * * c nsist of 

dark-c lor d g 'ayi sh, bluish, or blackish hales, generally homogeneous in har acter 

through grea t hi 'kne se" and 'cldolll cont aiuin o' f( s ils of any kind, tl.1Ough freqneutly 

• G l' eel with selellite C1',7 tals amI holdillg nodular la" ers of p or lim "' tolle. Exp "'­
ure. of tb :.. e beds are found ill the Pembina escarpmellt on th Pembina HiveI' and 

its tributari , and on the A SlSilliboille, where the thick drift deposit It v been cu 
through. The clays or shales are generally quite characteriEZtic hi appearance, and 

MON xxv--7 
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here heyar f und it mav be taken for grant d th .t the ligni t -bearing formation 
ha either be n rem d by denudation or h a fl' m the fir. t n wanting, Thou h 

snally in np aran ui , horizontal, these beds must have slight w terly dip, 
hi h carri , tll m b eath the Lio'nite group 0 the mris Hiver,l 

~inc this w ' s written, il1r. J. B. T) l'l'eil has e a nined the Fort PierI' , 

<l Low l' Creta eon t l' ations in thi::; listri t ~ ah'ead y cited, 

and ha d tel" 1 th ir thick sse., ehi :fiy ll1acl kn wn y deep w 11 
b rino", ks the Niobrara. fOl'lnation ha.ve also n 

examin d n lwyn, of the Geological Survey f 
t1 e southeast 01' right hank of the Assinihoine, iI section 36, 

n rth ra] '~11 we~t, al ut 4 Ini! ea~t fronl the ] _ uth f t1 , 

or strucl, ' 't a 'trOI 0 ' od r of petrol uln.,,2 
F ron1 nly wn notes of this locality I ]nay add that th _, ]11 st nspi 'u­

ou '"' tretUI , in which quarrying ha heen done, is a light-yellowish, t: 

hard, sandy lirnestone, exposed fronl the low-water line of the river to a 

heio'ht of a1 ut 8 £ et. It i~ horiz ntally ~tratifi >d in h reI's fr0111 an inch 
t a f( t in thickness. Fossil shells, chiefly Ostre(t co'ngesta Conrad, 0 -, 'ur 

frequently through ut its 'whole thickn :-'.' , being IDO t abundant 3 or 4 

£ et b 10 its top, ,,,,here they ::;Olnetimes fonll nine-tenths of the r k. 
With these are occa::;ional speciulells of Belem/n/it'lla 1nan-itobensis, a species 
r ntly d ,_crib:ld by ~fr. Whiteaves.3 This stratunl along the gTeater part 
f its extent is overlain by tin 20 fe t 01' n1 1'e in thickn , ,which in turn 

i' overt in b} the delta cl 1 )sit::; of gravel and sand that the Assiniboin 

here hrought into the 'v t side of Lak Aga iz. But at the nth end f 
it posnr, wh r tl liJnest ne sinks beneath the river, it is seen to be 
c nforUl" hly overlain al no' a c1ista of , llle ~5 1'( ds Y '-' )ft, dark ,··hal , 

r be hI t 1 a f tll Fort Pierre for1l1c: ' on, portions of 'which eOI tajn 
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vel' bundant cast of Ino ra nus l'roblematicus c1 t. cal f fi he 
ar aJ..( found in both the lilll -.. t n an{l shal .1 

The Tiger H ill, ext n. ing W..o t ar fr m t Il lih e d f th 

bin I{ nntain, eon~i~t uf the Fort Pierr~ 1 al ", ero ell ill lnassive T( u eel 

eIe" c tions and overIai by rift f1' ill ' few fec t t 5 f t r m n' in thi 

n ~,lnuch of ,;vhieh has the rough coni ur and abundant wId r~ har­

acteristie of tenllinal n raine. Th n uthwc ..r 1 to 

b unda1'Y the hale is frequently encounter 1 t luod Tat 

t h a1 

W l1s; and her ( nd there ren mds 

which show that much erosioll has tak n pIa e 

I n f the :'o\UIT uueling )1ain -. untr. Pilot 1\fou 

ship 3, range 11 , about a third _ a ll1iI ill 

ste II)' '>0 feet a ve the 

£ t abo e the ( , thus con Lt · 
£ rmati n, thinly , reel with drift. Star 

1110derately sloping elevation, situate in._ 

ship 1, range 10, ab ut 1 TI1.iles outh a't of P ilot 

character. The base of this hill e tends t1 

to l' 8t and a third of a nlile or more frorH nortl to s nth; and it rio 

with a very reO'ular oval fornl to a 'l11all plain 30 to 40 1'0 long from 

east to west and half as wide at its top, ,vhich is 100 feet abov the adj ju­

in country and about I,G50 eet a1 ave sea;".leve1. 

At the Niobrara outcrop on the Assiniboin the base of the 1 "rt Pi 1'1'e 

£ ,rma.tion is about 95 fe ot above the sea; OIl the' V errnillioll River it i 

stated by Tyrrell to be at 1,205 feet; and 0 the Swan River it 's pI' d -ly 

not higher than 1,200 or 1,300 feet. Above these elevations the Fort PierI' J 

shales form the upper portion ( Ri li o' and Duck mounic: i ::; nd of the. 
Pore Ipine and Pasquia hills, reachino' to the dep h of even~l 1nl1 ell' c1 £ t 

beneath the glacial drift along the ntil'e c u1' of thi::s gr a.t ... . 1'1 Hi nt. 

'rhe an 1 a1'te. ian w 11 in Cl (1 t l' tain 

further ,-. lmd rlyinD' the drift on th R 

lorality, and £1' m the arne for ma ' n on h B rn and in tll , distric I f the Riding < d Duok moun­
ains and northward was ubIDitte by lJim to D r. . A. ' hite, WllO ~'efers th ill to . congea1a Oonrad. 
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Riv I' Valley plain south and southwest of the Silurian area. Tracts of the 

Dakota sandstone probably supply. the brackish wat r which is found by 

maIlY wells in this valley, siluilar to the water derived frcHl1 this sandstone 
by deep artesian wells at rro\ver City and. Devils Lake, along the JaIn s 
River, and on higher land Iil South Dakota west of the J anles Valley. 

FORl\IER EXTENT OF CRETACEOUS BEDS EAST1VARD ON 'l'HE AREA 
OF LAKE AGASSIZ. 

East froln the foot of the highlands of PeInbina, Riding, and Duck 
mountains and the hills farther north, Cretaceous strata have not been 
found, so· ±~tr as I have learned, in ~fanitoba, nor in the region north and 

northeast f1'0111 Lake vVinnipeg to Hudson Bay. It seeIns quite e1'tain, 
howev l', that Cretaceous beds continuous frolll this escarplnent originally 

extended east a considerable distance, probably so far as to cover the area 

now occupied by Lake Winnipeg. As Hillel and Dawson have pointed out, 

it wa~ by the erosion of their eastern portion that this steep line of high­
lands was fornled; 1 and it Inay be expected that thin rmnnants of theIll 

will Y t be found in central and eastern ~Ianitoba. 
The eastward continuation of the Cretace us formations in southern 

and cen ral ~finne~ota, indie ted by IlUlnerous outcrops, has 'been noticed in 
the preceding pages, Furt.her evi 1enc ;:. of their forI l' extent is afford -d 

in th orth part of this State by illr. II race V. vVinchell's discovery of 

Cretaceous shales in place 011 the Lit.tle Fork of Rainy River, 2 and by the 
fre uent occur1'e11 e of lignite in the ill-if upon the country nth of the 
Lake f the Woods and between Rainy Lake and Vermilion Lake. Possi­

bl this lignite 11 ay be of interglacial age, like beels that al~e found between 
del its of tin ill southeasterll Diinnesota, in the basin of the ~foose River, 
tl'ib It ry to Jam s Bay, and in other pla.ces; but Prof. N. H. Win h -ll 
thi {s that rnore probahly its origin is fr TIl l1 o'nite-beal'ing- Cretaceous 
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strata such as outcrop on the Sauk and NIinnesota rivers. oncerning th . 

eastern lirnits of Cretaceous beds in this State he writes: 

A line drawn from the west end of Hunters I sland, on the Canadian boundary 

line, southward to Minlleapolis, and thenee .southeastwardly through Roehester to 

the Iowa State line, would, in general, separate that part of the State in which the 
re taeeous is llot known to exist from that ill whieh it d·oes. It is not intended to 

convey the idea that the whole State west of this line is spread over with the Creta­
coou. , b ~ause there are many places where the' drift lies directly on the Silurian or 

earli r roeks, but throughout this part of the State the Cretaceous exists at lea, t in 

patches, and perlmps Ollce existed eOlltinllollsly.l 

~OURCES OF THE CRETA,CEOUS DEPOSIT~. 

Deposits of Cretaceons day are found in v{aterworn hollows of th e 

Lo, er ~1a()'nesian or Shakopee lirnestone f l'1ning the. ,vans of the channel 

or valley of the ~linnesota River at nunlerous places in Blue Earth, Le 

Sueur, and Nicollet eounti ,s. It is thus known that before the Cretaeeous 

period, when western ~lillnesota and t1le region of the Upper ~1issolll'i were 

depre, sed and covered by the sea, a deep channel had been cut by S Ine 

river in the Lower Silurian and Cambrian strata of the :Nlillnesota Valley ; 

hut the sl11all width of this channel indicates that the streall1 then flo'\vino' 

here, probably westward, was not larger than the present ~1inlle ta Riv ~ ,r 

This and 111allY other strea111S f sill1ilar size, flowing into the Cretaeeous 

oce.: n as it ,_pr E! ac1 to the east ov r the fonner laud surface of Iowa, lVIinne­

sota, and ~Ianitoba, eontributec1 part of the detritus whieh Inade its ya:st 

Ina '~ of sedilTI ,nt-·, probablyavel'agin o. a quarter of a Inile in d Ipth v l' 

lllost of its area. These beds could b e supplied only by extensive an 1 
deep denudation upon the land area~ b oth west and eas of the Cretaceou -' 

Inedi terrauea.n sea. 

The very OTeat clisturbanc s of the region on th west in the levation 

f the Cordilleran .:Mountain rant::; -, s, sin -' e the j retaceous peri el, mak it 
iUlpossible to trace there the course of the laro' I' tributaries to this eG" 

0 1 the east half of the c ntinent the prineipal drainat:,' sy sterr , cal'ryinb 

its vast freight of detritus ,vest t.o the Cretaceous ocean, is probably Inark d 

I ulle.tins of the Mumesot , Academy of r atural S ieuces, Vol. I, p. 3.48. ;reology of Miuuc­
ot I Final Hep ort, YoIs. I aull II. 
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hain f gr at lakes fr Ontario to Supe -ior, th t nd of which 

t the rdeT f he sub ero'eel belt. At that tim al d 
ra, rut h f this a·t rn land ar a al P r 

: y ral hunch d f , t above it t; PI' s nt 1 y =-], 

. 1 ich w pi 1 r th 

al . 

int 

rder f the " n­
the 

ri In I '

str an1 t( 

oba

er 

bly 

de t1 
cub il 

era 
en-Ie r 1 than now. So 10 0 '­ ntinued hio'h el ,va­

tiner at the b -' ;;o.innir f th Glacial period, nabled 

fjor Is of ~Iaine N wfoundland, and Labrac1"or, the 

11f a 1 0. tuar of the St. Lawrence, the deep channel of the igU81 L y, 
and tl broad ; traits ucl bays divi ing the lands of the Arctic archipelago 

n 1 paratino' then1 from Greenland. 

DENUD.A..TION OF THE VRETACEOUS AREA. 

EROION OF THE PLAI~S 'ro A BASELEVEL. 

Rains, rills and rivulets, creeks and rivers have been slowly but on­

tantly wearing away the Cretaceons formations since their elevation above 
the sea and the drainage of the immense Laralnie lake, which for a long' 

I ri d coyered luuch of their area. 'Vhen the e 111arine and lacustrine 

deposits were first rai ' it to be dry land, they had a lTlOnotonously flat sur­

f: ; and they probably extended east, as , e have " en, over the entire 

basin of the Red Riv ,1' f the North and of the great lakes of l\ianitoba, 

fro which the now reach to the Rocky l\i:ountains. The greater part of 

the present ~retace us area, though eroded far belo'w its original surface, 

i' flat undulating, or only liloderately rolling, and c llt:~~tutes a broad 

e.L pan~e of plains" ith very slow a, ,, eent " . tward. But here and there 
is 1lated area of much higher hilly land, as the Turtle ~10untaill, consi. t 

remnc nts of horizontal Cretaceous strata which elsewhere have suffered 
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enudation over all the surrounding country. s ha.v en 

fonned y the erosion of thi va. t ~ l' a t a unit l' el, exc pting 
onl th .. i. lated hilly tra t.: uf , -mpan tively . I all \ rhieh. rve to 

8hcHV that on the ,a tern part of the rlain~, il North Dc; kotc: an i 80uth­

w ·t I'll Mallitolxl, a thickness of t 1 5S t1 an .- 00 t 1, HlU f , )f t ] e 

L ar( I ie, Fox Hilh" HI 1 P 1't Pi ,1'1' forme ti n - hat b ell 'ar n aWe: y. 
Al'uun tl Highwood an Craz ill Ullt ins, -in n tral (; 'c n1­

ing to Prof. VV. NL Davis 1 n<1 1)1'. J. :E. '\ Iff, - tb > t 1'1' r OS1 n 
of th plains in horizontally b ,deled ir ta e lU.· f rrnatio 0 

to ,000 f t. 

'Vhen the depth and great xtent of thi,' dm udati n ( 'e e fir '1Ted with 
th s of tIl :> ' lb~equent e1' ··i n whieh fOrlue 1 the Red River Van y and 
the lo·wland adjoining the ~fallitoba. lakc~ hy the T lliuval of tll fornler 

eastern part of the retaceons plains to the liInit of the O'reat ea,rpln nt 

vY '- t of Lake Agaf'siz, the early b. ~ eleveling l:;eellS probably to have 

occupied the Eocene and ~1iocene periods, with nearly all of the Plioeelle, 

Olnprising nine-tenths 01' n longer portion of the whole T ertiary era. Its 

duration apparently coincided, as to both beginning and end, with th 

Tertiary or 1 ervill e cy de of partial baseleveling which Davi.· andi 

vVooel have studied ill P ellnsy l vania flnc1northcrll New .Jersey and believe 
sto have affeeted a large area of the ot.her Eastern States. The tenninatioll 

of the denudation fOl'lning the plains of the Cretaceous aJ'ea" and their uplift 

t undergo the erosion of the Red HiveI' , Talley and of the present Assini­

boine and Saskatchewan valleys, were probably also contenlporaneous with 

the great epeirogenic" 111ove111e11t which in California, accordiI . to '~Ir. J. S. 
Diller, ended a 10llg cycle of baseleveling that had extended through the 

whole of Creta.ceous and T ertiary t.inlc, and raised a part of that hal:; ­

leveled district at the 1 t:,giuuing of the Quaternary era to fonn the lofty 

1 Mining Industries of the United St ates, 'l'ent,h C eUI;.n s, Vol. X V, pp. 710, 737, 745. 

~ Notes 011 the P etrograph y of the 'razy l\lonnta lll and ot her loea.lit,ies in MOlltana, T erritory, 


p. 16. Bull. Geol. . oe. Am., Vol. III, I 8.}:!, pr. 445-,152. 
3Nationa.l Geogra.phic Magazin , Vol. I, 1889, pp. 183-253; Vol. 11, 1890, p p. 81-110. Proeeedings, 

Eo ton Societ of Natural I-Ii>lt ol'Y, Yol. XXIV 1 8., pp. 365-423. 
I term proposed by GilLert, equivalen t w ith eontinent-rnaking . " The pi-oce s of mount ain 

form tion is orogeny; th PI' cess of c n t inen t, formation i ep i1'Og ny. , • ' . (; ' 01.. uryey, i onograph 
I, Lak Bonneville, 1890,. 1) . 340. 
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Sierra N evada.1 Again, the same record of long-c ntinued ha.seleyeling, 

foUowed by uplift and a new eycle of rapid valley erosion, is found by 
Powell and Dutton in the plateaus and Grand Cany n f the Colorado.::! 

The denuda.tion above these plateaus, wheI~ cOlnpared with the studies thus 
n ted in other reg-ions and with the total erosion f the canyon, seet 8 to 

have required not only the Eocene and l\1iocene periods but also IilO t of 

the Plio ene; for the ratio of the denn lati . n to the can) on-cutting lllust 

be nearly or quite as great as that between the duration of the cntir 

T ertiary era Ind the cOlnparat.ively short time since its close. Inst.ead of 
referring the division of t.hese parts of the histor} f th ~;ralld -; nyon 

district to the beginning of the Pliocene as was done provisionally by 
utto , it 111u T therefore marl the fine 1 stn ' of the Pliocene and th 

illauO'uratioll of the Glacial period, with hig'h elevation of all the northern 

part of thi' ,ontinent and of the glaciat ,d nortlnvesterll p rtion of Eurl p S 

LA1'ER ER SION OF THE TRO H OF LAKE AGASSIZ. 

At the tillle of uplifting of the plain:s near the end _f the PlioeeI e 
Tiod, this great basel ,eleel region appears to have stretch d frOlll the 

Rocky l\loulltains to tIle Archean hills on the eastern border of Lnkl~ 

A~'a ::i .. iz, and to have iucluded ~lso tll e~ panse of fin. or only Il1odel'ately 

undulating country whir-It slowly falls fr0111 Lake vViuIlipeg and the uI per 

art of th Nelson River toward IIud~on Bar. The Tertiary drainage of 

this distl'i -·t, fr0111 the present ~OlU' s of the ~ laskatchewall, Heel, aud Rainy 

ri y l 'S t I-ludsoll Bay and Strait, .probably fOl'lnecl a great riyer flowit g 
tItr U~)l the } pala ·hian-Laurentide n untaill belt in the deep c: 11 y 
whieIt i .. HOW subn1 ll'o'ed to fOrIll this ~trait, aud enlptying into the .A.tlanti 
b tween L( 1 n dol' ana ; p Fare\ .11. rrhe depr ~ i n of the 10\ ,}, pc: rt 

f thi. bcsin he Ie to tln tilue of the ul-

L o 



r 


EHOSION OF 'fITE TI O"GGH OF LA KE AGASSIZ, 105 

tiary ba - eyeling aut this ~u ~idence a , ridely xten e 1 epeirogenic upli ) 

f N rtll AI eri a inter 'en d . T o this period of late Plioeel1e and early 

QU'ltel'llU 'Y levatioll b ng the ero "ioll of the eanyow; of the Colorad 

[ ll e i ' tril utar' '"" of the '( n. T n ' n the slopes of tllO Sierra N 8ya 1 and 

nlU 'h river ehallueling of the plaills east of the Rocky nIoulltains. 
Tl e . tel11 llH 'gin of t e", plain~, which probally extended, a ' ef)r 

IH t 1, over the 'whole a.rea f L ~ Agassiz" ra;' then subjectecl to r e B 

]n t ly.: it Cret'l. ~e us I' -a t.e up n a width f a 

t' 1 or (:U1U to a depth ,vestward of s veral hlulclr ,d ~ . t. 

PI' yi R1S thi~ new ' y~l f adi · .. 'work '\ y the ,t l' .aIDS, Riding and 

Du k III uutaillS R boy the general level, like Turtle ~IOlll ~ in n d 

other is luted] 'gil areas t~ other ,ve.:t; and the lnaxi111Ull depth f til late 

t - 'am- uttino- )y wI ' eh t1 trou;,']) of the Hed Hiyer \ T an L ~ and Lake 

, ga, ",l iz ·c' fUl'l led is approxiuwtely lueasured by the height of th . m­

billa 1\ Ulltai ll ,8 (rpll ,nt, 'vIt' <:11 ri~e' 300 to 400 feet fi'oul its be I' to its 

'( I' t a] ng'it. G",-tell t of about 80 lniles, The greater part of this er ",i 

, e III .t uttri t t prj bably lOllg' til l of 1 vation preeedil g', and. 

f lll' ly ~)t it;, cl i1l1aX PI' u in ", the ic -sheet of the Glacial p ::.ri 1. 
f r a ~ 'an 1 d' " rned, tIle entire hy lrooTaphic basin of Lake A()'at-i~iz 

nlay have outinued, through all these Yicis~itudes of changes of l->Y Is, 

e ~ epting' wh .n it wW' wholly or partially iee-eovere.1, tn be drainecl in 

the l"mne north all 1 northea t direction as during' the 'I~ertiaTy era awl at 

tl e presellt clay.l 
I II the prog-re . ·~ f d ~nudati In by the Tertiary baseleveling aliLl by 

tl lat .l' ~r lOll of the hollow 'which ,yas to hold Lake 
t11 retaceous strata hase prov d ]1101'0 durable tlWll those 11 t nlJuve 

anr b ,~low, ana eOll, . qucntly have had a Inore hnport~l11 t infln .lll Oll th 

tI c oTaphy. This is es inlly notewurthy in the case of the Fort Pierre 

f, 'mati()}l, hich fon . th upI' l' nllu Inain petrt of the grea e, ' ~arpn ell 

that borders the ,vest sid of L< ke A,ga .~ siz frOlu th Oot .l~ 1 de~ Praid . 

11 nth-north e.-'t to thb Sa. kfttchewan River. Ea:::;t of the Hed HiveI' V all y 
ill. Iinl1P;·wta the 8i 11ilar l)ut lesf' prOluinent ~l0l> ') 1'0111 th ilL t0' 

--­ -­ -­ ----­
f Am ri a , Vol. 1, pp.17-:! , 
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rv'-tlle T lInin de nbtl ;:;t; aI.' - l' n~i~ts of -lretaceous shales I erhaps chi Hv 

tho J.. ~iohrara and Fort Bellton formatiou:-i, bell -ath the ellV 1 pc A' laci 1 
drift. F urther ea~t ml/I southcCli-it, through northern c n el ' 11tral ~!iun ::> ~ota, 

it ' enlS (' )rta,ill that at len ._' t mall \' Creh . ()U~ knobs a t clllills thus fa ' had 

pe,l th) '·:.neral T ertiary an 1 early Plei~to '11 1 11n l atiull, hut n o ~ of 

hem w re lev led durillg tIw I · C> o· ~ nUlI ilngl>d wi it tll > a'la, 'iel i l'ift. ( 

'Vest -301' 1 fn I n the Pel bina and )[allitubn ,,'oar 1118 11 tIl 

n r lly con"tit 1t -'d the 1 'egh ·jn.l surf" en 1 i:-; now tl e fl 
n "\ hi·h tll drift Ii ." until it is :ute c( 1 1 the 1'hi 

ia11 ~ 1lI1uring- b d:-;, Ylli 11 ha ('<1 sed tl e r ,sor ati n 

of .. t 11 lve o ltlying areas, a._' the TUl·tlo "J\[oulltain and probably ther 

f I ills farther north, ~ituateLl nlany Illiles (: st of the prin i1 t.1 
Larmnie outcrop. In the s< Ie way that the :B rt PielTe for~ latil n makes 

the -, arpment" '·t of the valley of tho )[inu8sota :11111 Red rivers and tho 

1[anitoba lal " the Luraullo heds, underlying the drift, rnake the greater 

part of the equally prolonged terrace-liko highland of the Coteau c1u ~Iis­

, _ uri fro111 ::-3 uth Dakota nortlnvesterly tlu'ough North Dakota, Assiniboia, 

and Saskatchewan. Nunlerous outli er~ exist, h \ V r, east of the main 

,ourso of thi~ coteau, in the region cro~sed by th(~ North Saskatchewan 
River, 

'rhe course of the preglacial rivers flowiug' frOll1 the Cretacel ns area 

we.. t uf Lake Agassiz, after the late Pliocene uplifting' of the continent, 

probnhly coincided approxinuttely with the pre"ent avenues f drainao 
tltn lug-bout the region north of the international boundary, in the Assilli­

hoine, Saskatchewan, and Athabasca 1)<18ins. In North and South Dakota, 

tbl~ pr ~ :4 nt channel of the ~[issouri River, as shown by Gen. G·. K. " an'en l 

and 1:r Prof. J. E. Todd, dates only frorn the Glacial peyiod, this great 

stremll baring been turned aside by the ice-sheet to the ,Yest and south 

fi'cnn its preg'lacial course, which IIlay have occupied the van y of the 

Jmnes 01' Dakota RiYer, nearly parallel with tbe l\lissouri of to-day, 01' 

perhaps continued ea·t to the III t :-iouthern bend of the Souris River, 01' 

to th Sheyenne and Red rivers. Professor Toc1(l finds also in the tor '­

raphy of that l' 'g'ion videnco that in PI' laejal tinle tlle great tributaries 

comino' frOTH the west to joiu this part uf the :JIissouri, nUTnely, the ~annon 

T. ' _ . Army, for 186R, pp. 307-314-. 
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Ball River, the Grand and nlorean riv 1'-' , then united, the Cheyern and 

the vVhite River, flowed east to the J ..:UD ~ ., Vc Hey; and he i ' ill lill 1 

, I believe that froll1 that ya,ll the gr at ~trec ITl fonned by these affiue lts 

r a~ .. tl northeast to the H(~d Ri 7 l' of t~le Torth n Hu.d~ou B y .1 l a 
tll J o'}' ater part of t 1e _~ ( G t i II of the trough of La,k ga 'siz c uld b 

luplh;bed b a river of su h 'ize durin ' the I .IL fay ette period f · nti­

nental el J ratioll, foll r Pli . riod I d iuau 'U1'~ ,tinu ' t11 J IG 

olnpare it with the L ay tte 
utln 1'11, c lon o> nn xt nt of 

300 feet 1 p anI avera ing 6o 

'we 

~ 1 air 

Tertiaryanl arly Quaternary l' i n he d ' ul ptur d the grand f ctUT :' 

f h ba ..in of Lake Agassiz, aJld i . whole ext t probably had appl' x­

irnat 1y the BaIne contour imme liatel) before the a' lllnulatioll of tlle ice-

h et as at the present tinlo. The surface of the feldspathic Archean rocks 

was doubtless in 11lany places c1ecOlnpu8ed and 1 aolinized Uti it is now seen 

'where they are uncovered in the :JtIinnesota , raIley, and as such rocks ' are 

frequently changed to a considerable depth in regions that haye not been 

glaciated. On th. and all the other roek fOITllations the ordinary disinte­

grating and eroding' ageneies of rain and frost had been actillg through long 

ages. l\Iuch of the lootl ,1l1aterial thus supplied had been earried by stl'ealllS 

t the sea, but certainly Inuch also remajned and was spread in general 

wit11 considerable evenness over the surface, eollecting to the greatest depth 

in valleys, while on ric1o'es or hilltops it would be thin or entirely washed 

away. Except 'where it had been transported by strearns and eonsequently 

form ,a stratified deposit:;;, the onlyti'agnlents of l' ck held in this Ina ' 

""ould be fron1 underlying' or adjoining' rocks. The surface then probably 

had nl0re s1uall inequalities than no,v, due to the irregular action of the 

pr ce s of weathering and delludation, which are apt to spare here and 

there isolated cliffs, ridges, and hillocks; but 1110St of these luinor featnr " 

.. f the top oTaphy have been obliterated by glacial erosion or buried. under 

the thick nlantle of the drift. 

, 

I Pro ., A. A. A. S., V 1. XXXIII, 1884, pp. 381­ 93, with map. 
~ m. Jatnralist, Vol. XXVIII, pp. 979-., < • • Dec., 1894-. Bulle in, Geol. Soc. of Am r ica, Y 1. V, 1894, 

pp.87-100. 


