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AGE OF THE SANDSTONES AROUND LAKE SUPERIOR fﬁ Jb' —

. ), Mnab & W7
By F. T. Thwaites 4« £ &?ﬁv \.L‘*a —No e,

Introduction. Deciphering the events of the long and complex
history of thi Earth is like trying to read a book whose pages have
come loose. ‘%‘l::-:ls 3 .ficult. to put them in‘order again, ai‘\&i;ome
have been irrecoverably lost. We may or may not be able from out-
side evidence to surmise what was on those missing pages. One of the
old problems where there is little direct evidence is that of the age
of the sandstones of the Lake Superior Basin. Are these more closely
allied in age and origin to the older pre«-Cambrian fonnationsj or to the
prevailingly horizontal sedimentary Paleozoic rocks of the Mississippi

Valley to the south?

— -
2e )

The problem outlined above has been a vexed one for
many years. As remarked by Trowbridge and Atwater (Trowbridge and
Atwater, 1934, p. 29), it makes a difference if a geologist approaches
this problem from the standpoint of the student of the recognized pre-
Cambrian or from the g%mdpoint of someone who is familiar with the
marine strata of the Central Lowland. The rocks concerned are very
little metamorphosed ang‘\fg‘“ey:emble the southerp horizontal formgtiona.
On the other hand they are mfat.ed below with a vast thickness of
iavas and are teo-seme-extent. involved in mountain-making earth movements
like those of the pre-Cambrian. It is necessary to strike a balance
between these two different points of view. To complicate the problem
still further, the entire region is covered with glacial drift so that,

except for the cliffs of Lake Superior, outcrops are few and far between.

Nl ik J\G\Mf W J’W”
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No attempt is made here to review the views of geologists prior to 1912, LL; *{TT’ R
Some of these ﬁad thegr views colored by the ancient "Taconic Controvagﬁ}"r\\g__&d/" *
Prior to 1912, when the report by the writer appeared, the prevailing opinion
was that there is a break between two kinds of sandstone formations in the
A
Lake Superior Basin and that the upper group is either the local phase of
the Upper Cambrian strata to the south or its downward extension, whereas
the lower one is pre-Cambrian. It was to study this problem that the writer
spent the summer of 1910 at a time when he was inexperienced, particularly
in igneous geology, and when studies of sedimentation were just beginning.
v phatogrephs witl
Such aids as color charts end X-ray determinations were then unknown. Sig-
N
nificance of different types of bedding and ripple marks were then not appre-
ciated. However;Jihe gasoline enginewas available, although reliable land
A
transportaticn by automobile was yet in the future. The writer covered all
of the lakeshore exposures with a small power boat and made many landings
NS o ot Gile K
upon them., hﬁ car was used im<1912; The expesures on the streams were
{\
traversed on foot, many days hard work being devoted to some of them, as
Ly AL

well as to a search for-tnwf?ot recorded by earlier geologists. After many
weeks in the field three exposures were discovered on streams tributary to
Lake Superior where there seemé& to be a complete gradation between the two
types of sandstones. This conclusion then placed all the sandstones in the
Upper Keweenawan which was, by the definitions of the U. S. Geological Sur-
vey, regarded as pre-Cambrian (Thwaites, 1912, Van Hise and Leith, 1911,
pp. 415-416). Here the problem rested until it was reopened by G. O. Raasch

T T ped o0

(o Tre
in 1950. The foltowing discussion‘as_a_criticism-egjﬁis fair o
art ‘hd

reappraisal of the scanty evidence was proposed without much field ™
Noeied the

work by iise s~ H—ﬁ,mbjm o f V’h-«eva,f o1 Mroh:j% restvels
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T
e answers could be found for the, age of the sandstones: (a) they

A

are all definitely plfé—Cambrian, (b) they are divided by an unconformity{ £ Ao
: N snfer gonG=

into two marked divisions, the upper Cambrian and the lower Ketgeepawan,[d v heom iarml
d ivides j@pwrh o4 WO A NS00y o the Cambyidr middfe Gy Lowe and Tre
(d) the Keweenawan is not pre-Cambrian but is the downward extensicn of M”

the recognized l{p:,pm: Cambrian of the Mississippi Valley. 'Conclusions
1

must of necessity be based on little direct evidence so that the personal |

o hes con ¢lysion
bias of the geologist will inevitably playja large part in }:\lw result.

Origin of the sandstones. The ﬁfiter concluded in his report of 1912
that all of the Wisconsin sandstones are non-marine and were %ﬂlmg of

a deep and broad mountain wvalley with a scarcity of vegetation ifﬁ& Sy
AFBA i WMWM Uty t,wmc_mﬁ-(,tm“{ Jean
which-_there-was At, times standing water. Reviewed after more than 40 years

A

progress of a rapidly:growing,scie/gce, this conclusion still remains without
oA doun. UenlGamy 16 40
serious challenge., Measurement of dips, the thickr}_esses deduced from them,
stmto W
and the division of the seguence inte distine i\geological formations are all

—

more open to doubt. Dip of the strata c\g&_ha easily observed from its

: o e .
relation to the lake level, but the rﬁ%s measured with a Brunton compass

and hw?},T I-H'.

}n.v'cje ]\/ m'f‘m{
from a moving boat are open to & charge of exaggeration. Thicknesses

.]Qin‘{’ this

arg certain because of initial dip. It is, as was soon recognized, impos-
A N :

sible in the sandstones of Lake Superior to trace amy given stratum for any

considerable distance. The shalef, f::-—ﬁm, are lenticular and pinch
out within a short horizontal distance:: In view of the impossibility of
discovering persist%xt geologic horizons, it may be that the writer's
division into for;nations was ill-advised. We can recognize Flgfinite].y

that the lower part of the sequence contains much more shaie ,\and conglomerate
than do the upper s%, so that the separation into Oronto and Bayfield

Whalian O e T o W
groups appears sound. r\'l'lne distinctive Devils - Island sandstone formation was
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actually traced for over 25 miles with little chance of error. _é“?batgre \Es
i WMW" s

overlooked by readers of this report of 1912 is the presence, of quite

Sialel s i

fe
similagjqocku n Copper Creek far to the weég-(Thwaites, 1912, pp. 42-44).

Is it the same as the Devils Island or not? The Devils Island formation

~<’.
is certainly overlain by the reaVéandstone Che amegon¥7 above which is

its type locality as shown in exposures on the south end of the island.

L b\f\.l’" ‘qu_q.ﬁ < “‘.-_S - \0('
- to disprove this relation qiffaulting, «5 Bassch '¢ﬁ’§4W“L9’

Tht w steoud wuh\/ ORI 4 s & Fhe Devils does not jwu\f “"Eoﬂ‘“""“‘
~dees? Correlation of the Hinckley sandstone with the Devils Island was ovanwapﬁi
Ty M‘V&‘{

suggested by the writer (Thwaites, 1912, p. 58) and has been the conclusion
of later geologists who have visited the type locality of that formation.
It is necessary to recall that no fossils are available to confirm such a

conclusion, which is of necessity based on lithologic resemblance and

The Honckley s frote sa~ vedl.
structure. ;Q\could be correlated with the beds on Copper Creek. Tyler
™~

(Tyler, 1940, p. 1477) has shown by heavy mineral studies that the placing
of the Eileen formafion of the Oronto group below the Amnicon formation,
which is exposed a short distance away on Fish/preek, may be an error.
Thrust faults are there present. If thi;}%:é an error of the writer, it

would reduce the estimated thickness of the Oronto group.

Contemporaneous deformation. The first geologists to study the rela-

tion of the Keweenawan lavas to the mpper—or Bayfield group of sandstones
el Wy foindabrsa 49,
concluded there is an unconformity (Irving, pp. 351-366). The great dis-

—
turbance of thej%ggégionejby faulting was overlooked aﬁﬁzgzﬁélé?‘ghéﬁéu;-
dence-of conglomerate along the fault. It is now 'epa 2&2‘2Lat there could
have been little or ;gg-movement on these faults during Bayfield deposition
because the Bayfield group of sandstones contains very little debris derived

from the flows or intrusions in them (Tyler, 1940, p. 148l). Where did the
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debris go which was eroded from the upthrown sides of these great thrust

s?

7}
(Figure &), That problem cannot be answered from information now available.

o h }ohm(}f"“le W"hlah JI(‘iS- Dﬁf{')ﬂ/ﬂt)""( P“"Z be

The conglomerates were undoubtedly faulted up from Gaente beds-tike-those

This conglomeraie Faeres 15 well Cxposal m Th © an ST Lous Rivey anqy]
of—the northern exposures on Fish Creek near Ashlandﬁ

of-elder-strata—ocecurs. in the Wall Ravine of Michigan. Such upturning is

not present everywhere, and in fact one might be pardoned for incorrectly

either Oriatd
or B:wft‘.’id

(ﬂw—&f, 195%

concluding that the flows are younger than the sandstones from the evidence

Nhre

3&» some exposmrest{ It now seems clear that the extensive thrust faulting

due to compression occurred later than the deposition of the Bayfield group.

It was an earth movement more ﬁ"ﬁm of the pre-Cambrian than anything

which affects the Paleozoic of the Upper Mississippi Valley over such a

wide area.

e TR L S T
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discovered in 1910 which seemi\to demonstrate gradation between the
.
and Bayfield groups. These are on Fish Creek, Middle River, and”'St. Lou
T )9
River’ﬂ. Raasch o}e:g.ooks the last which #a—3n the only section in which

no concealed intervals are recorded. Further more, careful search faile

to disclose any pebbles of Oroﬁfé‘xtcype sediments-

r

is

a [l
; Y‘;'—‘
in the Bayfield , |

o~
H«m" s 'Q\ -éz,

group, although pebbles of igneous anci\“h«e;!:.{”érphic rocks are common through-

B

out its entire outcrop. The same ap fés to hcgvy minerals. The section

on St. Louis River must now be gely concealed ﬁy\Q power dam, which had

not yet been built in 1910
tion published by th
so that Stauff
care

are exposed only in Wisconsin. The conclusion that there is conformity

=

o 8

In passins it is fair to remark that the sec-
2

iter agreed exactly with an older one by Winchell,

(Stauffer, 1927, p. 471) evidently did not read the text

and overlooked the addition to Winchell's column of strata which

Reotlar Pk
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between Bayfield and Oronto rests, wholly on these outcrops. Although it
-

S
could be an error, there i;*noﬁevidence in them to prove it is. H-M"b ” ! Vg}; e ix
joelbles o o fowes” swdste: n the Jacobs vilfd (Hamblm,)ss‘?ﬁ.;t’fé/-é

e Extent of the ield up outside the Lake Superior Basin. Raasch

%wu,k 1550 ) o Rreomsavie

presents a map (Figure 1, p. 138) to—show’a vast extent of the Bayfield
A

group outside of that of the Oronto group which is confined to the basin

of Lake Superior. This map is based on am interpretation
J\)QIMM"’
thickness of the Mt. Simon formation (or member) of Upper Cambrian age.

4
Correlation of the“éeeply—buried red sandstones &3 northern Illinois. some

Rk E’( w185, B, Yahs5Y s
wa by the writer in 1923. Subsequent study of cuttings from very deep

of which are arkosic ("granit.e-wash“) (Templeton, 1951) with the Keweenawan
s m

Y4 -3k wasé
wells (Knappen, 1926) sewq& to disprove that suggestion, although it appears

to have—been revived by Bays (Bays .and others, 1945), Raasch, (Raasch, 1950)

and others so that the new map of Illinois revives Winchell's long un-used

local term of Fond du Lac” for the basal portion of the Cambrian of Illinois.

]

Since these concealed beds seem to grade into the known Upper Cambrian above,

the inference was drawn that the Bayfield group of sandstcnes must also be UNBP/
Cambrian. The name "Fond du Lac" is mest unfortunate for (a) it never had

fanc
any general usage, (b) thei'g,e;; from the type locality at Fond du Lac, Minne-

sota, is long with no conclusive subsurface tracing, and (¢) it could easily

“" be confused with the much better-known city of Fond du Lac, Wisconsin. The

- writer suggests that the name be dropped. The "Red Clastic series" found

in wells in Minnesota along the extension of the Lake Superior syncline is

the only provable extension of the Bayfield | group. Correlation by color : e
{' ‘ oy Ue - Loeadibay
alone is very hazardous Ihere are many red Cambrian sandstones. N

e li

laleddile | i %ﬂz we.—u( :

=)
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te Keweenawan sedimentation. The similarity of sedimentary conditions =
g >
during Keweenawan time to those of the Snake River Plain in Idaho (Figure:&) F‘Z) 3’
is very striking and explains many phenomena which at first sight seem puzzl-/,_C:l—z'
ing. In Idaho the basalts rest upon an older series of rhyolite flows which
locally projectg through them. The Tertiary and Quaternary lavas are con-

fined to a basin in the older igneous and metamorphic rocks (Stearns, 1936).

Vh } ”TH,,nT’ﬁw M‘e&‘/\
Whether this is tectonic or erosional is bes%ﬁé—thetﬁﬁintu On top of the

mountein
basalts the present-dayfgtreams f£rom the mountains are depositing sandy

ved
alluvium. This alluvium overlaps the margin of the flows and ggﬁid contain
pebbles both from the exposed rhyolite knobs and from the much older rocks
of the Northern Rockies. There have been no recent faults to complicate

ﬂ‘m
the picture. This Idaho example shows exactly the condition Gaaégzéergkhe ﬁzfef’

faults) which existed in the Lake Superior region during Keweenawan time.
The fact that the pebbles of the Bayfield group, as well as in most older
conglomerates, are rhyolite instead of basic rock is exactly matched in

these modern deposits. Overlap of the lavas in relatively short distances ”ﬁ\
-1 )

is obviously not the result of erosion following tilting but is an original e
feature. The Bayfield sandstone is in fault contact with the lavas on
Keweenaw: Point, whereas a few miles away at L'Anse it lies on Huronian

slate withcgggggpzﬁerglac1ated contactl If this is the result of glacia-
TResunder codl ot
tion in the nearby Huron Mountains of that time, there-is no distinet till

Thes sagpfetane \ Fyee 3 s, T o icoeln by,

to confirm it< (Murray, 1955) : s
e e st e d GO0 S
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Insertonpage 7

In the gorge of Sturgeon River below the falls in secr.a.on 17, T, 49 Ney R, ° ;
iSan’ e¥posure v

35 W, about a mile and a half southeast of Silver Mountain, A So far as the writer i

! jias A boc: B o
ha g een by "pewbiin [ JFamplin g
can find W has never-been described in print.y It was 'bro[ught to 6—6/)/_!;3 o

his attention by W, K. Bemm.m ahe

n_mﬁ/ visited by the writer in August, 1958, Wmt Bain prevented close examination,

The sandstone is of the Bay:h.eli ‘, ype‘ much like that exposed at Jacobsville on

the shore of Keweenaw Point, According to-e ia%ter—frem—ﬁmblmgf; 26 March, .

&95? j;he sandstone lies on"‘u a2 highly irregular surface cut 1ntq the tra.p rock "“‘""S
>
together with a Zone of weathering sbout 10 feet th:lc:kj"K The local:lty 15 near b7

the concealeri/ %ord.er of the Middle Keweenawan flows which appear-to dip west &&MTW%

s | 1654, Q%"""
%@ W at that pla.ce. * The entire 0% to group of shaly a.rkosi.o gandstone is minaing
% presear >

\( A go that the contact M overlap on the border of the basin i.n which the

T ot cymylated
: flows o‘?ﬁ' As the basin was filled with sediment it is reasonable to conclude that

it whould be unconformsble on all older rocks, iu ‘m}\%

west of

trata at 1e
:My g 22— 129 ) ast as young as Si:lmﬁnw }/wn—"l

(Thwaites, 1943)(. This local

skt Al

st
urbed condition has lowered these Paleozoie
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remnants below their expectable position. Similarﬁ disturbed areas are

known at Glovers Bluff, Wisconsin, Des Plaines, Iilinois, Kentland, Indi-

ana, and many other places throughout the Mississippi Valley. They are called

"eryptovoleanic" by some geologists but display no evidence whatever of‘xﬁ):;:%
rphabliyore dve +0 A

waters or intrusive igneous rock. They ﬁy_yj. al renewed movement on old

faults. The writer suggests that the north-south fault inferred east of

Limestone Mountain may be a fault from Silver Mountain to the southwest

which to the north joins the main Keweenaw Point thrust. Silver Mountain

is the easternmost portion of a southern range of upturned lavas. When l

visited by the writer and P. F. Oetking, no ideas could be obtained on its

structureb" om a distance it looks like a tilted fault block. F&~Fhe low

spborenTly A Mnerm 1w e, A o
country around it is underlain by sandstone.memg:r

A concludes
well—data—to prove—it. The writer suggests that the evidence of Limestone

Mountain is not at all conclusive on the age of the major thrusts.

Erosion surfaces. Correlation by erosion surfaces, often termed
peneplains, is at best very uncertain. The Upper Cambrian of central and” #
northwestern Wisconsin lies on a surface of moderate relief which bevels
across all pre-Cambrian struct.ure:ﬂf} igure /';) . Its eveness has been much

/ Agrfian
overstressed by many writers., It is a curved Véurﬂce which forms the dome

of the Northern Highland of Wisconsin and is vaiously continued on the
northwest side of Lake Superior. On that shore it has Cretaceous sediments
resting on it. Glacial drift r;;és upon almost all of it. It bevels the
upraised sides of the great thrusts and,as noted above, it is impossible to
gaz;'f;rhat became of the material eroded from these. Without entering here on
the problem of the origin or origins of this vast erosion surface, it seems
logical to conclude that it is mainly, if not wholly, of pre-Upper Cambrian

age and bevels all older uplifts. The great thrusts of the Lake Superior
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region must be older and have been locally sharpened y$ in horizontal
- Thi ser fow
outline by glacial erosion during the Pleistocene. R cuts across the

depressed belts in which the Bayfield and Oronto sandstones were pre-
¥ “‘"‘""f h— wm%n,cd,...,np-—“w MW#—W&M ‘/{7
served. This general relatien strongly suggests that the Keweenawan,

/’_a-‘—_"_———A———- .
/ If the nawan is the time equivalent of Middle and Lower Cambr‘ian in

the time that none is recorded in _areas of older Cambrian both to east

—

and west of Lake Superior. The pre-Cambrian ;6"ﬁ%tion of the Bayfield

i
sandstone, therefore, still appears probable, although WSt admit that

final conclusivé proof is not present. The outliers of horizontal upper

Oambrian described by Atwate?%?l olded Oronto sandstones not on the
T Werr
Bayfield. ek %w,,

—

mm. In northern Michigan the Jacobsville red sandstone
% Lapwid

appears so much like the Bayfield group that its _correlation has always been

w%m NP7 S By 20 Comehinanr™

taken for granted. r\ t lies a rather thin section of Munising light-
b Rpedudad ) (M& 15560V U —-Z

colored ine bWMossﬂiferous sandstone. The base of the rlying

PAN s

Munising is marked by a well-bedded conglomerate with stream-rounded pebbles,
which are apparently a concentrate from the older Jacobsville pebbles (Thwaites,
1934, 1943). This region has-been. studied in detail by,:Phillip F. Oetking

Ay T jML @,ﬁw‘&sjf San Vol At ﬁw‘,%
who has not- reported on it in print. Two expl ons of the contact
are possible: (a) there is an unconformity and the overlapping Upper Cambrian &:_Fé 4
contains only the upper portion of the section found to the south, or (b) the
Jacobsville sandstone is a local }'axd"probably non-marine/. red phase of the

lower part of the Cambrian section as known in southegn Wisconsin and northern

-~
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Correlation, the correlation and division of the red sandstones of the Lake 3 /4

Superior basin divides itself inte two parts:t (1) the relation of the red

sandstone to thelight-colored obviously Cambrian sandstone of the Munising
EJMM whihn o WA

region and (2) r sandstones divisible into two unconformable

groups?
Relation to the white sandstone above. The only knoun contacts of the red

sendstones (Ja-eobsﬁlle or Bayfield ) with the overlying white sandstone are ia
the diviceOnity of Munising from which the white sandstone received its %.
Mgure & shows that there is a slight angular unconformity between the two
kinds of sandstone., This fact was long ago noted by Houghton who allowed
himself to be talkod out of the obvious result of his own cbservations.
Ror tits—reason ﬂa reversed himself and the field observations were lost sight of
for many yeors. A difference in strike is more important than this small
difference in dip. The Munising n}d,.s}:onzsnzow recogni,ed a;z in part Galesville
and in pa_rt Franconia (Driscoll ,\u evidently Cambrian and dips southeast hiv | m
at an average of about 40 feet per mile o‘#"inlf of onf/o‘tee. The strike efL’/
the J, cobsvuille 1s ea}atwut with a dip a:r a few degrees to the morth into
the lake Superior basin, Mblinf fails to describe a marked vhite layer
bolku the conglomerate of the Mﬂmning. 1|’l::l.s layer is clearly shown in his
Figure 34 p, 65 fromwhich Figure 5 of this paper was redrawn, It is material fm
this bed that fills the clagtic dikes in the top of the Jacobmne. —
ket denmitils g el

waun’ 1958, pp 131-134) It is these clastic di.koc wiiizh give better
evidence of a time olapse than does the slight bevel by the conglomerate.

The pebbles of the conglomerate and ro?.r\zdad like thoscof streams and are ©.c/
concentrate of the scattered pebbles found in the emtire Jocobsviille
These pebbles appear to indicate fairly upid% and therefore' & hilly te
mountainous source arsa for the sediments orAthe Bayfield group, an ale§
unlike that vhich furnished the debris of the oider Oromto eraupl et , 7555

ﬁrm §7. p 169,) ‘ A



‘Oronto group of definitely Kewsenawan sedimemts, ~he prim“ary cbjective of
i~ W iremraes s
the writers survey of 1910 and 1912/\ vas the smixftemmhizx determination of the

relationship of these two groups of M. After-aimost-the whole of the-
W IL. 1 Lo et ‘6 1970
BeasoR—0 !‘—MThree gections were diumred’twhi.ch appeared to show a contact

akrrt”
between sandstone of the Bayfield type, that is high in quart an&; feldspat@ﬁg/

sandstone, conglomerate and siltstone benesth, After recent examination of

the rocks of the Oronto group the writer concluded that bheso:\:::kls are part

of that group. 2he localiites were’'(1) St. Louis River on the Minnesota border
where the section terminates below on the !guon Slate, The @ronto rock is largly

n

largely siltsone
conglomeratey’ (2) Middle River e about 3000reet of uﬂilentn e upturned by
e( Mlu-o&r-g ’Vtﬁ&

the Douglas County fault, and (3) Fish Oroekjfenﬁm hhnd where the i{l!orreﬂ.
turned up to a vertieal dip by a probsble thrgust fa'ult
(pronte sediments are 1y cenglommte/\ All of these sections showed a
perfect gradation from Oronto to Bayfield type although only the first displayes
no covered intervals. Hemblin ( Hamblim, 1968, p. ) places the conglemerate
beds as & phase of the Jacobsville inmstead ofln-r?%;\to but in view of the scareity
of exposures of this group in Kiohim such a difference of opinion is expectablie
The writer, however, made the correlation as Oronto meainly on the sandstone and
shale layers within the jequence. At no place uﬁumms find any pebbles
of Oronto sediments in the Bayfield group although Hamblin ( Hemblin, 1958, p.(/)
reports that such occur in Michigan. The siltsone of the Oronto group made
largely of comminuted flesit could be readily confused with original felsite.
Hamblin algo reports ( Hamblin, 1958, p,(7) that in the viciity of Ssult Ste.
Marine ( the Soo) an older series of ail‘t% es dipd at a higher angle than do

sandstones of the Jacobsville type, He adn!.ts however thqt an anglular -

—‘M 53 WW 4 W/ (e MMW
unconformity is not doﬁm.g}j knesn $or fhere is consi e distance between

15 o

the outcrops. <dd m the(po“fblo differencesin initial dip e pecilly

between sediments derived from differentsourses

be-disregarded-as inconcluaive, . It must be admitted that the identificaéen
W~ VAN,
of the bagal beds of the three section as Oronto is merely an opinion based

on 8111 drity s determined §y visual observation including use of thin sections,
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In this comnection it is worth Jhe to quote verbatim the conclusions of the
writer in 1912, ﬂ:f;o -tat:ents de not include lﬁch:lnn(!huaitec. 1912, p. 74 )
% 1, The same conformeble downward gradation from more quartzose into more

feldspathic sindstone and red shale is found at seversl widely ggeargted
loecalities within the district.

! 2. A% most of these locglities the identification of the upper beds with the
*  Bayfield group is indisputable.

f 3. On Fish Creek the correlation of the lower beds with the Oromto group

' is almest equally dmutd thus indicating thsb the lower beds a?&thu' places
are presumably the top of tho Oronto group.

4. No delfits worn from The rocks of the Oronto group has been found X in
rocks of the Bayfield group. for the most prtﬁj the younger sandstones are
made up of grains vhich average somewhat larger tham those of the Orento
group, thus showing thst the materials of the Bayfield group must in any

rane m'\hw. been largely derived from othtr sources than thoss of the

Oronto group.

Aurg @ Dfiace

5. There is no universal structural difference between the two groups. The
Byyfield group lies in the center of the Lake Superior synclimorium and hence s
| usually nearly horijontal but near aaniorj#ull along the great fault of the
| Douglas trap ra::j aﬂd apparently on Pish Oreck, it was involved in the ex-
| tnliv*oldln; faulting formerly supposed to be confined to the Oronto
group.
| 6, 1If the Bayfield group is unconformable upon the Oronto group, then its lower
*.! most exposed member is indistinguishable on lithologie or structural grounds
. from the recognised Oromto group

l‘\ There is,therefore, no r@uoa to place the nevﬁ.eld and Oronto groups

—
~

Loy,

1n different poriods} end the evidence at hand drives us to the conclusion
tla.t the Bayfield group is a part of the Upper Keweenawan series, i
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The pagsage of neqrly h,1f a century since the %ave was written has
disclosed nothing tmporbunt to change the opinion of the writer, The Stungeon
Falls exposure of the unconformity of the Jacobsville sandstone on the Middle
Koeweenswan lavas is as explained above not dochife, for it ropgzznts ey~

with associated weathe
overlap of Case II in Fig. 3 where the mewmttynis the normal result of

¢

: J - 4 .
spread of dol{i&\-n up the sides of a valley or depression progressively covering ,MJ%M
rock typu‘lvuehce of diseordant dips noted by Hamblin in the Soo region is

e ‘Amn
admittedly indecisive and the voatheﬂ.nﬁ {{Aght be the result of ground water
work at the contact of impermiable &nd permiable rocks. 2 gquestion still
remains as to the disposal of the debris from the flows for there is only
a relatively small amount in most of the Bayfield group. The dulk of

il P ;
that group appears to have been derived from gramitde rocks|Aueily, /717 spS 7)

Ingerfyt on page 30 4 O —
Conclusions, red quartzoseé sundstones of the Bayfield group of Wisconsin

are pmiy equivelent to the Jacobsville sandsfone of Michigzan. Lhese

sediments are the concluding phase of a period of f£illing of an intermontane

)
valley due to subsidence of the Middle Keweenawan ﬂows.(Fﬁthe time they were

laid down the flows were COncealeinlEost whollf g0 that the younger sandstone

‘r]\u : bvas
is unconformable on &kl Middle Ieveenawgl tiowe and on older pre-Keweenawan

= 3 7
15« L ANs2,

forma.t:l.ons‘.‘ Apparer

Sturgeon River showing unconformity of the szndstones
vas is without stratigraphic si icance for it . <o~
cops cqv et ON e 3
t of overlap with/P{lling of the Superior basin,
It is interesting to _note thatiii.ii;s dia;,egv\ery Am forecast by the writer in
[ThwaiTes, “'_“,'!:;3 :’_‘)

j 5 A
the following vordij "It will further be seen that the sediments thus overlapped
mﬁnfombly u.poﬁ the peeviously-eroded lower slopes of the trap nonn'bad.ns)
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o /C)

so that although no exposure of such a contect is known, one may yet be founds but £
this would not prove that the sandstone was much younger than the trap.”

WEAD ol great thrust
Although we nrm'kow tmnk that the faults were formed concurrently with
deposition, it—is “the polt-sandstone bevel of the upthrewn sides of these
vast displacements whi¢h is the mgt important evidence of the pre-Upper Cambrian age
of the Bgyfield group of aandstones. This erodion is clearly an evenﬁ ?ﬁ-tﬁé.:’
formation of the erosion surface below the kmown Upper Cambrian strata and the (Fb 7)
disposition of the eroded debris is unknown. The writer #an find no definite

evidence which contradicts his conclusions of 1912, it mtrt
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AGE OF THE SANDSTONES AROUND LAK.E! SUFERIORY
T whITES

Introduction. Deciphering the events of the long and complex history ot the Barth
is like trying to read a book whose pages have come loose. It is difficuit to

put them in order again and some hava-been irrecoversbly lost. We"‘ay or may not be

: Was s

able £EF outside evidence to surmise what was on those missing pages. One of the
old problems where there is litt\:_le =y direct evidence is that of the age of the

gandstones of the Lake Superior Basin. Are these more closely allied in age and origin

to the older pre-Cambrién formations or to the prevailingly horizontal sedimentary

=R
rocks of the Mississippi Yalley to the south’ A hb}xmﬁn‘

Histor:.cal The problem outained above hes been a vexéd one for many years.
A Yo nincH n'd ba, Trowdrdge ard AT water ( Trowdnelge M99y, P2 Id T eologr
;.? xx Atwatex 3t mekes a difference i yurappmach! this

problem from the standpoint of the student of the recognized re-Cembrian onthe
30me
standpoint of ‘b-he-gegfo%is:t who is familiasr with the marine strata of the

Central Lowland. The rocks axm concerned are very little metamorphosed an/

M § 3
resemblénce—be the southern horizontal formations. On the other hand they are
associq}ed below ¥ik with & vest thickness of levas sand sre to some extent

involved in mountein.making earth movements like those of the pre-Cambrian.

T

It is necessary to strike a balance betweenhtwo different points of wview.

To compl cite the problem still further the ent:.re region is covered with
bt fov the ofiffs o F Lakic Sujperioy
glacial drift so thyt outcrops are few and far between. No attempTig made here to
Some
review the views of geologlsg‘prior to 1919s Mmny of these had t;a\ir views

colored by the sncient "Taconic Controversy". Prior to 1912)when the report
by the writer appeared the prevailing opinion was that there is = bresk between

nC
to; kinds of sand}, formations in the Lake Superior Basin end thet the upper group

-is either the local phase of the Upper Cambrian strqj;a to the gouth or its downward

wht T lpwen ne v Joe ks
extension. It was to study th'r-e'v'l:&am-e—e&-thi.a ‘bhat the writer spent the summer of
Téis  problem

1910 at st time: % he was inexperincec} particularly in ignnous geology and when

. Jueh aids as &eﬂfﬂ‘ht“‘b’ﬁ :
studies of sedimentation were Jus_t beginm.ng. Color charts and x-ray shudiss were then

unknown. : m% Vb%Aq WWWMM
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However the gasoline engine wes available althoug&nland transportetior by automcbdle

7 )

was yet in the future. ‘he writer covered all of the lakeshore exposures with a
ﬂo—l.'l' waoe veed v~ 1819,

s mell power boat and made meny lendings upon them. The exposures on the streams

were traversed on foot, many deys hard work being devoted to some of them as

P

well as to a search for %g;ge not recorded by earlier geologists. After
many weeks in the field three exposures were discovered on streams tributary to
Lake “uperior where there seems to be a complete gradation between the two types
of sandstones. This conclusion then placed all the sandstones infg the

Upper Keweenawan which was by the definitions of the U. S. Geological Survey )
rhwarfes I Van Bise ang hesth, 911 JOp 415746 )
regarded as pre=Caubrian. Here the problem rested until it was reopned by
)

G. 0o Ré%ch in 1950. Ihe following discusTion ig a ctticism of his generally fair
¥ 1

which was Juwbree i s :
reappraisl of the scanty evidsnce.P&fﬁ50vf‘ moeh freld w@r}ezh'msff*;

Three answerg could be found for the age of the sandstones. (a) They are

e

all definitely pre-Cambrian)(b) They are divided by an unconformity into two
the upper. Cambrian snd the lower Keweenawan , !
marked divisions, =nd (c) the Keweenawan is not pre-Camer‘an but is the

downward extension of the recognized Upper Cambrien of the Mississippi Valley.
Conclusions must of necessity be based on little direct eviderce so that the
personal bias of the geologist will inevitably play a le rge part in the result ,

Origin of the sandstones. The writer concluded in his report of 1912 that
e S A S R ——

all of the Wisconsin sandstones are non-marine znd were a filling o?'E*HEEp“?Eitﬁé
N

—

W A
under conditiens—of-scarcity of vegetation but in which there was at(imes

stending water. "eviewed efter more than 40 years progregss of a rapidly-growing
acieﬁfgjthis conclusion still re :?ns w?thout serious challenge. Heaauf?bnt of
dipsft?hickneesses deduced from them)and the division of the sequence into
distinct geological, :E‘ormations are:ﬁlore open to doubt. Dip of the strata could be

easily observed f(;ﬁ:}elaiion to the lake level but the dips meesured with a

Brunton compase frol ying boat are open to the charge of exaggeration.
L* e &

It is aes was soon reciri:edh}mpossible in the sandstones of Leke Superior to trace
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a-ny given stratun for any c’onaid'erable distance. The shales, for insterce, ere

lenticular and pinch out within a 38K ‘short horizontel distance’ In view of the
y e 5§
impossibilipy of dlscoverilng ¢? persistan‘b geologic l‘ee—'binn may it wet be that

riteds
the hd:.vuion irto formetions was ill-edviged. We cen recognize definitly thet

the lower part of the sequence contains much more shale 2nd conglomerat® than do

ﬂf
the upper ssndstones so thet the separation-yOronto and Bayfleld groups appesars

.Fo,-m“{'!oﬂ
sounde The digtinctive Devils Island sandstone was actuelly traced for over 25
by readers of this reportof /o
miles with little chance of error. A feature overlookec}\ is th;, presence of
hwaite 3

A0 it rock on Copper Creek far to the west J (1912, Fp. 42& -4:3:95

Is it the same ms the Devils Island or not? The Devils Island{qg t:ertainly
Sandstont " (Cheguamegen ) A
overlain by the redser rocke aboe es shown in exposures on the south end of the
R whieh s s +}pt Iac.a.l.ﬂ{l\
1glend/ What pedrt- is geined by trying to disprove this relstion by faulting es

Reasch does? Correletion of the H:mckley sandstone with the Devils Island ,

hwonfes, Fhe conclvson o £
was ip=f=eP suggested by the writer ( 1912, p. 58) and has been cereluded by later

geologists who heve visited the type locality of thqt formetion. Tt is necessery to

Soch o
recall thet no fossils are available to fconfirm ‘Hﬂm—cbncluss.on which is Ib +he
FT covld be copreleted wit pods ov

of mecessity based on litholgic resemblance; &) “nd structure. Tyler]has shown by

Tyl 1946, 01477 )—u - = 5
aavy mmeral stud1es thet the placing of the Eileen formetion of the Oronto o :
group below the Amnicon formetion wh1ch ie expoeed e short distance away on Fish :

3 wes of Mhewriers -

Creek mey be an error. 'fhrust faulte are there present. If thiséﬁ an error, it would
redicé the estimeted thitkness of the Oronto group. /
Contemporaneous deformation. 1he; g first geologists to study the rel atlon of

the Keweengwan laves to the upper or Bayfield group of sendstones “mefinitely™

TV (Imws,?ap 3514366
W an unconformlty.’\'fhe great distur_bance of the sandstone by faulting

was overlooked in fevor of the evidence of conglomerate amksxex along the feault.

It is now apparent that: there could have been little or any movement on these
pvriny Bayfrehl defosrton -
feults becsuse the Beyfield group of sandetones cOntama very little debris derived
(Tyfer . 1940, P-T¢5
from the flows or intrusions in them. AWhex'-e- dld‘% debris go which was eroded
B (9 |

 from the upthrown sidg@yof these greet thrusts?™ That problem cannot be answered

from informetion now aveileble. The conglomerstes were undoubtedly fg ulted up Srom
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from Oronto beds like those of the northern exposuree on Fish Creek nsar
Aghlend. & similar upturning of older strita occurs in the Wall Ravine of Michigan.
Such upturning is not present @verywhere end in fact one might be pardonzd for
concluding that the flows are younger then the sandsbones from the evidence of some
.é%ztg:;;fs'It now geemg cle r'ﬁﬁai the extensive thrust feulting due to compression

ng a g P

occured later then the deposition of the Bayfield group, It was en earth
movement more like those of the pre-Cambrian than enything which affects the Paieczoic
of the Upper Miesissippi Velley over such a wide ares.

Gradation between the two groups of sendstones. Three localities were discovered

—

in 1910 which eeeqy to demonstrate gradetion between the Orornto and Bayfield groups.
Trese are on Fish Creek, Middle RiveB end St. Louis “ivers. Raasch overlooks the
lest which is in the only section in which no conceeled intervels sre recorded.

Further more, careful seerch failed to disclose eny K::;::;tr-of Oronto type,
ond
sediments enclosed in the B&ayfielq&roup although pebbles of igneous rockyare

common throughout its entire outcrop. <The section of\ 5t. Louis River must now be
204
lergely concesled by a Iower power d which wes not yet built in 1910. 1In pessing

it is fair to remark that the sectionrby the writer sgreeded exsctly with an older
;shxfﬁ{J\77-}ﬁq7’)

one by Winchell so that Stauffeﬁ“evidently did not resd the text carefully end
only

overlooked the addition to Winchells column of “meme strata which are exposed in

ghal fhere awe IS /N
Wigconsin. The conclusion‘gf_conformgﬁze reletions between Bayfield and Oronto
¢
A t then
rests wholly on @hese outcrors. Althoué; itéggnge an error there is no evidence

15
to prove th=t iﬁr?a_£nem—¥EE£§§§§E§§§§ez

Extent of the Bgyfield group outeide the Leke Superior Besin, Rassch

(: Ly Ixg
presents e mep o aho;gl vest extent of the B:ayfield group outside of that of the

Ororto group which is confined to the basin of Lake Superior. This mep is based
o
on interpretstion of the greet thickness of the Mt., Simon formetion (of member)
of Upper Cambrian age. Imfuct eueh-a.@ot:‘él@tion of the deeply-buried red sandstones
/)—d"'v—-‘-r()m MMV{TW,HJ? } - rwalk
of northern Illinois with the Keweenswan wes mede by the writer 1923, ©Subsequent
( Knappen , 19 ‘%‘J
study of cuttings from very deep wells serves to disprove that suggestion although

A
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‘H“’ 550

5,1\&0 wab}'

&
it eppeers to have been revived by Ba;s(fa llaasch end others so that the new map of
Illinois revives Winchells long-d-:i:eeerd-ed:':ae[m of Fond du Lac for the basal portion
of the Cambrien of Illinois. Since th;\e concealed beds seem to grade '&hs;:u
from the known Upper Gambria.nl?tol:: inference was drawn thst the B _-_gyf:.ela group

A e
of sendetones must also be Gambrien. The name‘ Fond du Lec is most unfortunste

¢)
fop)it never had any general usage,/the gep from the type locality at Fond du Lec,

q {
Minnesote, is é&a‘t with no conclueive subsurfece tracing, and}\\it could easily be

)
confused with the much better-known cit:,r of Fond du Lac, Wisconsin. The writer

puggedts that the name be dropped. The Red Clestic series found in wells in
Minnesota along the extension of the Lake Superior syncline is the only pesxibisz
prooveble extension of the Brayfield group. Correlatnn b}' cofer aloneé s VC"y

harardess . There ane many) re&/ Cambay $andstenes
Late Keweenawan sedimentetion. The similerity of sedimentery conditions

during Keweenewan time to those of the Snake River Plein in Idaho (figure/ )
is very striking and explgins many phenomnena which 43.1; first sight eseem puzzling.

In Idsho the besalts rest upon gn older series of rh;@bite flows which locally

f'}mr\/ and QV¢+BIMT‘f
projects through them. The iavaa are confined to a bgafin in the older igneous

(gtearnsy,
end metsorphic rocks. 'Whethgr this-bee M is to—pert tectonic or in.pest erosional
ie beside the point. Of top of the basqlts the present- da7 streems from the

MJ\)

mountains sre depositing alluvium, This alluvium overleps the mgrgin of the flows
end cn'n;E,ﬂ gontain pebbles both from the exposed rhyolite knobs and from the much
older rocke of the Northern Rockies, There have been no recent faults to complicate

. e L L
the picture. Thiﬁ\ xactly the condnon (save for the faults)which e xisted in
the Leke Superior region during +he zissexsf Keweenawen time. The fact that the
pebb_les of the Bayfield group, es well as in most older conglomeratesj are rhyolite
inste{d of basic rock is exsctly matched in these modern deposita’thﬁ_nldu:t—ef—-whichf
ere probebly ef Gumternesx sge. Overlep of the laves in reletively short distances is
obviously not the result of erosion following tilting but is an original feature.

The Bayfield sandstone is in fault contect with the laves on Kewecnaw Foint wheras

4
a few miles away at Lﬂnge it lies on Huronien slete with possibly a glecisted contact.
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If this is the result of gleacistion,in the nerby Huron Mountszins of that time there is

no distinet till tcm it. %ﬁbe horiz “ontal faultinga(m'“'m !%fj

Ood&
Age of Leke Superior faults . The great feults wef south of Duluth and on the

southesst side of Keweenaw Point have slways been thought of as pre=Cambrien.
7
Reasch correctly points out that et Limestone Mountein west of L&nse faulting and

[ hwaites, I‘)*{aj
This 1oca1 disturbed condition

tilting affects strats st least as young as Silurian.
has lowered these Paleozoic remnants below their Mposiﬁon. Simil{r
disturbed aress are known st GloversBluff, Wisconsin, Des Pleires, Illlinois,
Kentland)Indiana) end meny other pleces througﬂf;he Mississippi Valley. They are
called‘t\:ryptovolca.ni;/ by some geologists but display no evidence whatever of
hot waters or intrusive igneous rock. They may be locel renewed movement on old
faults. The writer suggests that the north-scuth fault inferred east of Limestone
78 wﬂm%wwt

Mountain may be e course—of a fault from Silver Mountair;\wh:.ch tc the north joins the
mein Keweenaw Point thrus t. Silver Mountain is the easternmost portion—gf-
of a southern range of upturned laves. %hen visited by the writer and/\ogb:king no
ideq_g could be obtaired on its structure. From a distence it looks like e tilted
fault block. If the low country around it is underlein by sandstone there are
neither outcrors nor well date to prove it. The writer suggests that the
evidence of Limestone Mountein is not at e2ll conclusive ;/on the age of the major
- thrusts . |

Erogsion surfeces. Corelation by erosion surfaces) often termed peneplains/ia at
best very uncertain. The Upper Cambrian of central and northwestern Wisconsin lies
on a surface of moderate relief which bevels across all pre«~Cembrisn structurem(‘ﬁ"}““' Z)}
TIte evenness has been much over stressed by many writers. It is s curved =
surfece which forms the dome of the Northern Highlend of Wiscongin-and is obviously
continued on the northw:est/,d"szge of Leke Superior. On that & hore it has Cretaceous
sediments resting on it. Gleciel drift rests upon a.lmos:t gll of it. It bevels the

upraised sides of the grest thrusts and as noted sbove it is impossible to say what '

beca me of the material eroded from thése. 7[/
C - o (et
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Without entering here on the problem of the origin or origins of this vast erosion
mw;ﬂ\\ ef neT whol
surface it seems logical to conclude that it is of pre-Upper Cambrian asge and bevels
all older uplifts. The fa great'fhrusts of t?e Leke Superior region must be older
J 2ontal 7
end have been locally sherpened up iiﬂoutline by glecial erosion during the Fleistocene
It cute scross the depressed belts in which the Beyfield end Oronto ssndstones
: (including the Beyfield sandstones
were preeerved. Th/g general relation strongly suggeets that the Keweenawah is
Toe Kewetrgunon
#11 musk older then the WUpper Cembrien , If <% is the time equivelent of Middle and
. -
Lower Cembrien wé would have to account for (2) so much erosion prior to Upper
Cambri;;téiéf(b)ﬂggcurence of so much vulcanism’ﬁéuring the time that none is
A |

recorded in the areas of older Cambrien both to east and west of Lake Superior.
The pre-Cembrian correletion of the B syfield sendstones therefore still

eppears probebly although we must sdmit that finel conclusive proof is not present

The outlieﬁfs of horizontel Upper Cambrien described by Atwater lie upon folded Oronto

sandstones not or the Bayfield.

Contect in Michigan. In northern Michigen the Jacobsville sandstone
80

appeers xexy much like the Bayfield group that its correlstion has always been taken

At
for granted. Upon it lies e thin section of %ﬁniaing light-colored merine (i

unfossiliferous(g/ sendstone. The zenkmegk bese of the overlying Munising is

marked by a conglomerste with stresm-rounded pebbles apparently a concentrate from
A (T Thwastes, 1934, l,‘(})

the older Jacobsville pebbles.’\Thie region has been studied in deteil by

Philllpfbetking who hes not yet reported on it in print. Two explainatione
of the contact are posslbleﬁ(a) there ie an unconformity and the overlap04;24ﬁmr-
Upper Cembrian contains only a the upper portion of the section found to the =

P ——V ;
south, or (b) the Jacobsville sandstone is a/red/local and probebly non-merine phase

of the meommxk lower part of the Camdéﬂgn section as known in southern Wisconsin 49415J

(Thwai 5, s 39 W

sand northern Illinois. Discordance of dip noted long ego by Houghton is hard t°'59"/\
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