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ILLUSTRATION SHEET

Plate I. Chicago & Northwestern Railway cut, Tunnel City. The thin
bedded Franconia, overlies the heavier bedded and coarser grainsd Dres-
bach sandstone. The contact is just below the footpath.

11, Pebbles from Windrow formation. Ct., fossiliferous Ordovician

and Silurian cherts. Qz, vein quartz from the pre-Cambrian. Actual
size.
v
I1I. Concretions in Jordan sandstone, Sec. 36, T. 17 N. R. 3 W.,
a characteristic feature.
v’
IV. Older terrace gravels overlying Dresbach sandstons, Seec. 29,

T. 16, R« 3 Wo, 2 miles north of Melvina. The poorly sorted pebbles are
mainly chert. :

N Franconia bench in small valley, Sec. 36, T. 17 N« R 3 W,

Vi, Oneota upland, Sec. 22, T, 15 N., Rs 3 W, The £latness of the
limestone area is exaggerated by the photograph; it is 21l well drained
eithar into broad valleys or sink holes.

Qs
VIiI. Cliff showing firm layers at base of Francohia,overlying
soft, heavily bedded Dresbach sandstone, Sec. 18, T. 16 N., R 3 W,

g Duteh valley looking sounth from bluff inﬁec. 21, P. 1o N
R. 5 W The valley bottom is in the Dresbach sandstone; the steep
sides show marrow rock terraces; the ridge tops are capped by Oneota
dolomite and merge in the distance into the semblance of & plain.
Compare with Plate VI.

1%, Franconia bench betwesn Morris Creek and Kickapoo River, Sec.
14, 7. 15 N., R« 2 W. The double valleys within the upland are an erffect
of differences in rock character and not of uplift.

v -
X. Minor terraces in St. lawrence and Franconiz formztions, Pose
Valley, near Wilton, Sec. 5, T. 15 N., R« 1 W. The distant uplands are
capped by Oneota dolomite. v
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DESCRIPTION OF THE SPARTA AND TOMAH QUADRANGLES.

1/

By F. T. Thwaites, W. H. Twenhofel, and Lawrence lMartin.

1/ Surveyed in cooperation with bhe Wisconsin Geological and Natural History

Survey in 1916, 1917, 1920, and 1921, -Fhe-authors—were-essisted—in-the.£field ;
work at various times by several students from the University of TWisconsin. § _:-
Field conferences were held with Dr. E. 0, Ulrich” of the U. S. Geologieal Sur- (
vey, Mr. W. O. Hotehkiss, Swtgéeolcglst of Wisconsin, and Mr. E. F. Bean, / /
Assistant State Geq_logrst" ;o each of whom the writers are greatly indebted for\-~'
criticisms, sugBestions, and assistance. The writers are a2lso indebted to

many 6f the residents of the.district for informetion and assistance.

o

INTRCDUCTION '; s 5 /

OF THE QUADRARGLES.

The Sparta and Tomeh quadrangles are bounded by parallels 43° 45'

and 449, and by meridians 90° 30' and 91°,:§ompris£ﬁg part or all of town-

ships 15 to 18 North, ranges 1 to 5 West, 4th principal meridian. Together

the quadrangles include one eighth of a "square degree" of the earth's sur-

face, an area, in that latitude, of about 431 square miles. They are in the
west-central part of Wisconsin (see Fig. 1), in Monroe and La Crosse JtSm.m‘L:ies,

12 miles east of IheE Mississippi River) E&rs—quadra;gl\as take their hnames

from tha;{principal c:i.t:;éab"d in-each. Ay B/ AP
—In their-physiograthic and geologic relations the quadrangles -ferm-

pert-of the Driftless Area of the Upper Mississippi Valley,which-ties—1w the

2 region of nearly horizontal Paleozoic rocks of—the NortH Central-States, im-

mediately south of the pre-Cambrian "shield" whichaextends from Canada into

the northern varts of Wisconsin, Michigan, and Minnesota. The Driftless Aresa,

which includes nearly-15,000"squaré miles, glacial deposits but

contains materials brought from the glaciated area by streams/bf ters,

47 Ues g(}'ﬁiﬁ “‘T“?%

Py floating icebergs, and 'by' the” wind. It is a part of thé/ Interios Plains. ° A
A ' s

W which 1lie between the Appalachian } A
- #7“‘:_" T—i R e :

Highlands on the east, the_lm.axinn.m.g,hlamis- : \ /

«m:: the Rocky Mountain System on the west@](_ L8 \ Rl lJ .
T |

DRI T i A TS
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Index map of Wisconsin and parts of adjacent states show ing

relation of Sparta and Tomah quadra.ngles\ and adjacent published folios to
physiographic divisions of the United States.

}
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"‘L‘O' RAPHY W OF THE REGION.

valley, ia whi e : ' ion-are-gitumted, differs

markedly from the surrounding glaciated portion of the #nterior Plains, <& Vo
P oif 4 ,{,u,i

whidhergmnsL;bmxﬂ4$4astm%ef51rﬂm relief. Thrrjgnﬂrwn*fhuﬂkﬁﬁﬁ-
v i ! "

ee:
less—itpen=is turely dissected plateau with,lat:ai rnllef of from 200

St S A 3,

sl

vt o ATLIE

86t to fnore than 650 feet.){ The Smarta and Tomah quadran;es are situated
B o AT 1 i T e

: v W
in one of the most ailly port Wu wWarreh-has—peen-tormed
e i 2{ s

he "Vestern Unland" ot Wisconsin, ' The lower and ﬂa.tter co mtry to the

2/ Martin. Lawrence, The physical zeography of Wisconsin; Wis-
consin Geol., and Nat. Hist. Survey, Bull. 36, pp. 29-72, 1916.

northeast, ineludinc the nmortheastern portion of the Tomah quadrangle, is

sepé.rated irom the vlateau by . escarpment 400 to 500 feet in heigzht,

3/
Thd/olower land 45 what has been described as the "Central Plaia" of Wiscon-

3/ 1bid., pp. 299-323.

| =

sinw'/;lthough unglaciated, this—awea owes much of its level character to

: 4 .
the lake, stream, and wind deposits clnseaguani-apen glacia% ghoaae

The Western Upland oi Wisconsin consists of three cuestas, whose

dissected back slopes descend imperceptibly toward the south and southwest@



- The escarpment Z«l

{ﬂ mﬁ:ﬁa‘*ﬁ{,hfﬁf.‘-’ -'-
bordering ths m“ of these cuestas 1s a conspicuous topographic feature

oif the Driftless Area between Kilbourn, Camp Dougles, and Merr:.llan. The

v
second cuesta is cappe} hy the Onesota dolomte and the thlrd. by the Galena dolomde

the ﬂ?‘“-ﬂt\“ﬂt hmes-l-o ne.
& - Aéel-@a% Jach cuesta WM—&W
. i {

Lo bajodh.
J.n.pmpa?nae land form, rgsuliieg 12nxaxan excegd ingly long periocd of weather-
ﬁ!:h—#:ﬂi"' ﬁ.,.u inthe
inz, wind work, and stream erosmn,f emmmmei ‘the more resistent
XL
formations oi the Paleozoic sedimentary rocks(whlch dip gently to the south-
m ﬂ.»ftm [2Vee ’!! ‘{fﬂ J{ :b‘_“-(‘ﬁ‘(,ﬂa_\

AR snrots
west The Zimst two 87 these cusstas _oceupy most of the Sparta and Tomah

quadranples {See fig, R).

@e Western Upland of Wisconsin is a par tJ G%Mm )

=

C60-Statesy The remainder
tHhora :

B tny{ upland s in lowa, 1111n01s, and Minnesota. 1t, includes portions

ot the cuestas mentioned aboveﬁ#);iso a part of the Niigara cuesta.

e et : )
Phis dissescted plataa.u is bae-s-ee-bade by the gorge of the Mississippi River’ ;
/Nfost o1 11; ‘lies in the Driftless _-krea of the Upper Mississippi valley.
Wt
mAname @& "ilississippi Upland" or "Driftless Upland" might well be

adopted.

T adrangles. PrE
 Tne o'eolo Fie , formations exposed in the Bparta anQTo*ma.h quadrang

consist of: (a) the surficial, unconsolidated residual, collunal, stream, ‘l

and wind deposits of Quaternary agze; () $he gravel and congl omerate (Vind=-
. " '
row Hormation) of unietermined age, either Gretaceous or Tertiary; @=d (c)

2 4 2 2 !WM)

A
3 . “ 5 =
Peter, Of thess formations the Oneota is part of what was formerly desig-

. : i i %
nated theuLower ilaznesian limestone, Wwhile the underlying sandstone iorma
: o 1 I » o 1 ot 'ex osed

tions were formerly called the Potsdam sandstone. ?he rocks n P

snelude the basal strata of the Cambrian and pre-Cambrian igneous and msta-

=
morphic rockse.



vl

e
M

Fig. 2. Block d.iagram of the v1c:|.n1ty of the Sparta and Tomah

gquadrangles by A. K. Lobeck.‘\ Based on U. S. Geol. Survey maps,

v
an&,\unpublished surveys for Wisconsin Geol. and Nat. Hist. Survey

b'l\
by E. P, Bean and F. 7., Thwaites, maps of Mississippi River Commis-

[\ ——
sion, ete. /fhe relation of the Western Upland of Wisconsin
(Mississdppi Upland) with the bordering Oneota and Franconia escarpments-

to the Centra.l Plain and WM a:s—here——s}rom /l ’l‘he Central
(s :
Pla.in wa.s in large vart covered by G1a01a1 L'a.ke Wisccmsln. See

Fig. 8. sjpcmf{'a and Tomah ?uaa(.va-ﬂjles 1ndtf-0="'e°{ by

ravl—a,mj le.

- "/
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( STUDIES. )

PREVI 0
g et

ot ” . 5
. M%ﬂg geologic work dirsctly relating to the two guadrangles
%een pablished, although as part of tae Qrift]ess area they have _ (7
received the attention oif many edene studenr.s \Wap—Ravs—peemrconsaried-with
: . A reconnaisance survey was made in 1874 and 1875

e

by Lloses Strong. Four university theses which directly relate to the

4/ Strongz, Moses, ueology oi the MlSaISSIIJ'[)l region norch of
the Wisconsin River, Geology of Wisconsin, ¥ols 4, vpp. 3-98, 1882

whole or parts of the two guadrangles have been written, but none of these

5/ s/
has been publ ished. A paper by W. D. Shipton gives a description of

5/ Johns, R. B., The physiography and geology of the La Crosse
river valley, Unpubl ished thesis, University of Wisconsin, 1900;
Shipton, W. D., The geology oi theSparta quadrangle, Unpubl ished thesis,
University of Iowa, 1916 Blanchard, W. 01, The geography of the Tomah-
Sparta quadranzles, Unpublished thesis, University of Wisconsin, 1917;
Smith, 3. He., The influence of rock structure and rock character on
topography in the Driftless Area, Unpublished thssis, University of 'TJiscon’"n
1921. (Mamuseripts in libraries of respective universities)

Proc., 6/ Shipton, W. D., A Note on Fulgurites from Sparta, Iowa Acad.
Jcin, VOl. --3 P. 14!1 1916.
A




K

5.

fulgurites found by him near 3parta, ani the same author in a second
short paper proposed a new formational term for the fine-grained and
shalty sandstones which constitute the middle portion of the exposed

7/

Cambrian. Other papers which in some degree bear on the geolozy of .

1/ Shipton, We Do, A new stratigraphic horizon in the Cambrian
system of Wisconsin, ibid., pp. 142-148.

&/
the two quadrangles are Ulrich's "Revision of the Paleozoic Systems™,

Revision o F the Poleozorc Systems :
8/ Ulrich, Z. O., Geol. Soc. Amery Bull., vol. 22, Pl. XXVIL,
1911 f A

3/
Bassler's ®Ribliographic Index of American Ordovician and Silurian

Bibingraphic imdex of Amarican Drdovician and Siler 140 fassds:

9/ Bassler, R. S., Umébed Spases Natpemad ilseum, Pull. 92,
vole 2, P1. 1I, 1915, A '

Fossils™ in which is given a geologic section for Wisconsin, and one of
10/
Waleccott's vapers, in which is defined the geologic section for western

10/ Walcott, G« De., Cambrian geology and paleontology: Smith-
sonian Mise. Coll., vol, 57, No. 13, p. 354, 1914.

: g Recent :
Wisconsin as worked out by Ulrich. Séetabess published works relating

to the Sparta and Tomah quadrangles are an abstract deseribing the rock
104
terraces wnich are such conspicuous features of the surface, a discussion

11/ Martin, I@.\:rrence, Rock terraces of the driftless area of Wis-
consin, Geol. Soc. Amerls, Bull., vol. 28, pp. 146-149, 1917.

12/

of the Paleozoic formations exposed in tihe Sparta §nd Tomah quadrangles,

]ﬁ/ Twephofel, W. H., and Thwaites, F. T., The Paleozoic section
of the Tomah and Sparta quadrangles, Wisconsin, Jour. == Geology, vol. 27,
pp. 614-633, 1919, ;



6e
v 13/

anml a paper on the Windrow formation. The last publ ished work is that

13/ Phwaites, F. T. and Pwenhofel, W. He, Windrow formationg

= an upland gravel formation of the driftless and adjacent areas of the
Upper Mississippi Valley: 3eol. Soc. America, Bull., vol. 32, pp. 293-314,
1921.
14/
of A, C. Trowbridge on the erosional history of the region.
"/ mrowbridge, A. G., The grosional History of the Driftless irea,
University of Iowa §tudies, Vol. g,ﬁ_ié'? PP. ., 1921
For general discussions of the zeology and physiography oi the
rezion which embraces these t';*m guadrangles, and studies of the history
of the Driftless Area, reference can be made to the bibliographies pre-
15/ 16/
pared by Lawrence Martin and W. D. Shipton .
15/ Martin, Lawrence, The physical geogmaphy or Wisconsin:
Wisconsin Geol. and Nat. Hist. Survey, Bull. 36, pp. 70-72, 89-92, 168-
169, 194-195, 322-323, 345-346, 1916.
.16/ Shipton, We. D., Bibliography of the Driftless Area: Iowa
_'1_03.(3.- SCio"PI'Qc’, ‘901. 24, PP. 67-81, 1917.
y [ - AdA A pm
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General ieatures. The*Sparta and Tomah quadra.ngles""lie( at the

southwestern edge of the great sandy Gentral ﬁLain of | 'IlSbensln. Within

Al PN Pt )

this plain the landscapemm.m(dl f en‘c Iroma-gy elsewh/ere in

the United 3tates east of the Mississippi. The hills are 'butées and

mesas with great bare cliffy and crags of sandstone. They contrast sharply
&L \JtS.A_\ viof Lan 5( -

witn the @‘lowmr contours and soft curves) efthe adjacent territory. =it

me-yé&gﬁm i

The hills of the central p-l-a"in‘é.'re) 'qgjg} iers oi a great escarpment

which stretches ifrom Kilbourn narthwest through Tomah thence on to the north

through Black River palls and into the zlaciated area south of dau Claire (Fu

w M’pd
Southwest of the escarpment is the dissected plateau whose upla.nd;dAave four Q‘J\i\%

or five hundred feet higher than the plain; this is the Western Upland of

m

¥y
&\\EN
Wisconsin, The contrast between the plain and the hilly platea}_a. may \§ Q

?

.

easily be seen irom the Chicago, Milwaukee, and St. Paul Railroad ;rﬁich

,‘Q§

parallels the escarpment firom K:Llhourn to Tomah and thence passes through ™
~of

it intoa West-floﬁlnﬂ' river/ vallevxby means of the tunnel at Tunnel ult',YJ

just north of the Tomah quadrangle. A much better impression of the coun-

try can be zained by the automobile tourist who traverses the district on

either State Trunk Highway 21 or 2. £ : :
* e b |
The cent_jal Plain. A small portion oif the Jentral ialaln g P

s

sShown in the far’ rthy/e_,tern corner oi the Tomah guadrangle. _lewsa—

::M gﬁ%* ovéla-wu o f,u 4%&7{ ?

THELE
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-
better understandins c‘ its relations to the Western Upland the reader should
mé&h‘p tr il M e

M& the'-'Dells, Kendall and Mauston quadrangles which adgom’ the region

B d’_\J\.,_,-tJt) N WM v
under discussion on the east. The plain is nea.rly a Mievel area of sand,
- : z A

with-daree mrshe#. The swanp which stretches northeastward from Tomah is
----—--r—-—-'" '7'--'

two-£ifths as/ large as thg/_gtate of Rhode Island.
a: & —
/ 7 TR s

—

/l'he monotoziv of the plain is broken by occasional buttes, mesas,
drwrec o lol o voet oAl

and ror.k7 towers, whlch(?fsc-&img)m forest and _swamp.

Some of /these reéch an elevation of two to three hundred _feet with precipi-
tous s:.ﬁies a?d wﬁ:ﬂerd irregular crags whlch myim’m'/ess many as grotesque

rather tha.n beautiful. Below these hﬁgh hills are low mounds of wind

] ,’

] )

fiof
J

/

% {) A ﬂ!ﬁﬁ L2 '

A e 97,1 Sy ! ettt Cr. = ¢ i } j [ }
; - ol S ~

. B Mﬂn_ﬁf vt cotegtlien)

F 4 B / ."'-
‘;/L"t /'l'.-GLf / .x;.lr’.f ‘.‘f;' {.

R
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< e miles in width.
.4/ i

biad s o ment a]‘."f‘aad.yt referred to, dropping dgwhn 500 feet or more to the monotonously

:
Ao 11

9-

g
w*y o

blown sand and rare knolls of old stream s_’;ravelljf. e holewreel o0 Hasan < (L
g =W

_3spect msh..]_i};e,morhom a»fwr.he._ﬁr Wosti
e
The Western Upland.— From the edge of Limekiln Hill 1n Tormah ouad-

. rangle at an altitude of 1400 feet above sea level, or nearly 450 feet above

the plain at tne city of '“ovzah, one may see a sha.rn contrast between the ‘LK.WJ\
"/ /lL‘ﬁ'"' e b -‘-:-)-t\ " /({F[ ,3) T g n;r i L"\-‘j b
topoo-raphy/to the, west and south and that ),6 the eas e;n_th.e-—:ﬁomr
. "'-}‘
- i' direetden is a rolling country withr clay soil, nearly all cultivated, whose
A7 !{5“ Laad oA V/ oS Her

7 nearly level ridge- tons, capped by the! Oneota. dolomite, blend 1}1 the dis-
LA R

tance into the semblance of a plain, Gloser inspection shows, however,

Wrt;_“g_;;ﬁa Adolemite-uprand 1§ tril¥ a2 flzin,.bus.that..all -is
./ —dilarsodks Aogrs tladl ;
well drained. Thd entire upland. is thoroughly gus, np by branchinz, steep-
r
sided valleys irom 300 to 500 feet in depth, the Tarp'est of which are several
Japaf 6!‘“— g
Turning to the east, one can see-the irregular escarp-

level surface o:-f-’\'fha_‘ central Plain, The descoent is i 0 steps, the
MWET v

S
=y % = ~ e ‘/ p’((ﬂm

i ;(‘ . first irom the ridae tons orOnﬂota dolomite overAﬁ!s- Jordan and St, Lawrence
- e S - 3, X e r—————— T _‘-_"—_.-—-——
B bd W

—= = = sandstoned to a narrow, rolling shoulder or bench underlain WM e

e 4- ¢ --‘E'.ﬂ,‘”- r-, 3 / / o ,( : ‘X'_{,_b A \ Wa&

--sandstonas and greensandsy the second over steep slopses and locally over “l

y

v
precipitous cliffs of Dresbach sandstone to tne level surface of t]?e Cen-

o f -éhx:—cw -'_?"(c‘..

KS‘V‘- £ [J/ _ * tral Plain. The Pranconia bench ,or cuestaJ as ;J& may be called, i$ here
- ) ,,' GL;'G/ &

'4 to 5 miles wide and is cut by valleys 100 to 200 feet in depth.

2

gnhe

Y/ 7
escarpment which separa'fes it from the Central Plain is steeper than ?he

slope or eliff which separates it from the ridge tops of Qneota dolovnﬂia

but they are mauch alike in plan. Looking farther eastward one sees thé\_\_

“ .r/ d,// Cy € (/‘-"é%-“:,,

isolated castellated sandstone outliers, left behind in the retreat of

b 4
BUALAAAY 2p ettt . %};’ﬁ

the escarpment, ani the vast flats of stream and lake deposits stretchino-.

@27 ¢

of v
aWagwte*mml moraine of the Wisconsin sta?,e of 2laciation on the

Hee
eastern horizon{more than forty miles (:t‘ig. 2)a AL
f\ G soe B betd”
U fr i gl

<t /Wi’w{w //jt /f&f(as? j/ y“‘/’/;

a

byrgce
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3. Block diagram of the Sparta and Tomah guadrangles by A.

s

o~

2

K. Lobeck. , The wmelation-of-the Franconia and Oneota uplands is shown |

The Franconia upland

4.5

in a more striking mammer than on the maps.

—

"
LT

Q/fz:;{ | P, ) L i af o

wider valleys of

the effects of ﬁ'ock structure and charactar;'.-f

Zuo {1 oAt T Ay Pt
4. a. Section of Oneota and Franconia escarpments south of
Tomah.
s b. Section of Ia Crosse valley batween Castle Rock and

X A
Rattlesnake Bluff. Siwadbr  apnard

Qfp, floodplain; Qlt, Lower terrace; Qnt, High .tersace of

v M 2%

valley filling; Qot, 0ld terrace; Oo, Oncota dolomite; €] ,}Jord&n
/ Wﬂ’lﬂ-—

sandstone; €sl, St. lawrence formation; €f, E&-anconiaAfomt-i-on;

AWW (v
€d, Dresbach sandstone; €ec, Eau 8laire Aferm-ti—au; €ms, Mount Simon

' sandstone; B€, fre—cambrian.

the upla.nd,,.;ﬁms showing that it is due solely to |
3 \
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Rock Terraces . Tamm}" again t 0 the west, 6‘&6’?)’111 see
/ZA f}_ i I o T ' ‘( W—L—ﬂ‘_ LAt

that thi—s% rock terrace, or bench, is w&tédi ja the wider valleys of

/}Mv(

p

S
the cuesta, so that the valleys may be described as double (Figs. 3 and 4). T 4 ’;’; WA
A R T
S PR
l A)f/_’,_..-‘--"
Fig. 5. Discharge of La Croésse River, 1914-1917. U. S. Gs S., it
Water Supply and Irrigation Papers. : b,
NI A S /{ //
A St. lawrence rock terrace and a Franconia rock terrace are the ,
: ﬁ/‘ o ol g, v e —
,two nms:stent topographic features within the valleys of .the region. ;There
Aelarr sy !
are in places 4 or 5 minor steps im the Franconia terrace. The Kickapoo vai-

¢

fA A

ley in the Tomah quadrangle is double or benched, the Franconia terraces making
broad upper shelves, as if a narrower valley had been intrenched below the level

of a broader one (see p. }s The’1 I'OC.K terraces and the cliffs in the Sparta
and Tomah gquadrangles are features d.ue to weathering of unequally resistant
-
o{y(\ rocks. The eliff-making sandstones are coarse-grained and thick bedded, the
o

v’

S V-\ui Jordan being c.uartzit'&e’at the tope The cliffs owe their existence, yever?“"

S to firm layers above the soft sandstoned) these firm layers are in the dif-
e dstone =
W “‘ sa“ sitom
N T ferent places quar’cmi;i’/dolomzte and calcarcous sandstone. / The terrace-
\

S v

—

making sandstones are fine-grainedyshaly,or calcareous. JThe stY lawrence

formation is very calcareous near the base and the Franconia <%slglauconitic /

has
wi-zh a micaceous sandy shale bed at the bottom. Each forms a rela.tively A__,_,//

impervious capping for the underlying»-sofmjroclﬁ l‘\/ Tha_steep-sleves—of-the
esearpment-and valleys are nearly all wooded.

o §larrors gurithom
ju&w}' « ZleyatTons. -‘ﬂha..m the Sparta and Tomzh quadrangles ranges e

—dlbitude from 710 feet above sea level where the la Crosse River leaves the

Sparta quadrangls to 1452 feet on the Oneota unland one ha.lf mile west of
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11.

Mitchell School) south of Pomah, The Oneota ridge tops descend from this
maximim to an average of 1340 i’eé@tTi'n the southwestern part oi the area.
The La Crosse valley slopss from 820 feeti;.t the east to 710 feet at che
western border of the area. The Kickapoo valley descends from 1200 feet
north ox Worwalk to less than 900 feet at 0il City. Temonweir Creek, near
Tomah in the Central Plain, has am elevation ox 960 feet above sea level.
_Re¥t5T. The Franconia terraces averagze 100 to 200 feet in heisht
above the Central Plain, and the tops o1 the Oneota ridges are 250 to 300

feet higher. The average diiference in elevation from hill tops to the

ad jacent wvalley bottoms is over 400 feet. Many slopes exceed 25 degraesMc%
: I3

oA av
In many,places bold crazs and precipitous cliifs, 30 to 50 feet in hels-ht
ol e e “,A -

si¥e-a-pictursseue’ varlet:,r to the 1andscape. @snle hmney,

e e

~ Cave, and Chicken Roi}/csfmm _the lbetier «mewnei-these’

Drainage. The Sparta And Tomah quadrang-les lie a.t theheadwaters

Qas "A"t G—xwh\,u.!. s .»;\) ""-" W\’J\ /”__J 51}'\
o1 three o: the principal streams of western Uisconsnl,. .llhs La Crosse

et

Rlve’z;nflows nearly due West to the Mississippi and drains most oif the area
(277 square miles). South of tke La Orosse basin 21 squars miles are drained
by Coon Creek which runs southwesterly to the Mississippi River. TRast of

these basins the Kickapoo River drains about 94 square mile s in the Tomah
M}—~ 6 Szttt hnnrorr Lo

quadrangle, Thlo strean :_a.-a.—tr-i-huta.;ry—eii—tha Wisconsin River, fhewiws
§

intorit;at Wauzeka, not far above Prairie du Chien. Approximately 37
square miles of territory near Tomah drain into th® Lemonweir River, another
tributary of the Wisconsin, which it joins above Kilbourn. The small

&

remaining portion of the area is dra"med in part directly to the Mississippi fE¥ae-

by Mormon Greek and in part to Black River throush Flemingz Creek (1.2 square

miles each). %

I1a Crosse River in few places is as much as 100 feet in width,.



The discharge, measured a few miles west of the Sparta guadrangle, varies
from a minimim of about 130 cubic feet per second to something like twenty

times that amount during exceptional floods. (fig. 5)  The ﬂow*)f the

i 7N% 5?, M rattan OLL“‘WHL,.7 “"{..:"‘"'/‘-""‘/Z—:‘f‘-" e
e ‘/’éf’f’“"" 4 Léf«, C—rrve 7 /T Do en

f

4 ¢ f }
b /

2 streams nas not been measured. The streams rising upon the limestone

uplands are most suhjeci; to floods. The streams which rise in the sandy

areas are largely fed by springs.

1/

CLIMATH.

: and kouns bu;}v(.lueme,
1/ Whitson, A. P., 32ib, We Jo amé Dunnewald, T. J.,aS0il survey of

~ la OGrosse County, Wisconsin, Wisconsin Geol. and dat. Hist. gurvey, Bull. 40,

pp. 67-72, 1914.

S ATl e P

The,\qmd.rano'les have(a cont inental cl Lrna,te with\hot summers, cold
winters, variable weather, and rainfall adequate for agriculture. The
prevailing winds are from the south. The zﬁean annual temperature is about
460; for January the mean is about 150; for July it is a 1ittle more than
70° Pahrenheit. The magimum range of temperature is 147°, ranging from
104" above to 45°'u_elow zero, Rahrenheit. The snoxvfaljlgemrally covers the
ground from December to March, its total amount averaging 40 inches; the
total anmual precipitation (averaze annual rainfall) is a little more than
30 inches, ranging from 21 inches in the dryest to 37 inches in the

wettest recorded year. The heaviest rainfall is in June, and nearly 70
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13.

A

o0

par cent o:f the annual ra inxﬁv‘pomeéd between April and September, inclusive,
I

Gmwinsy Shodn |
13ldeémz just before and during the period of plant growth. The'.:é&ﬁ:e:lﬁ
free from killing frosts,is 142 to 175 days, : STOW-
_Anzg.geason. In winter the soil freezes to a depth of 10 inches to 2
&
O iay At

feet. Thunder storms are irequent in summer, ox’tenﬂwifth"‘hail sterms and
high winds, but destructive storms are rare.

The climate varies considerably with altitude, the last killing
frost in spring at Viroqua, on the upland, beinz several days later than
in the valleys at West 5alem and Ia Crosse. This is shown in the
accompanying table, which zives temperature and rainfall at all regular

U. S. Weather Bureau Stations and stations occupied by voluntary observers
ry

il

\‘““?‘_..a"

7

/JZ"’ }5"‘”

e

Vﬂ-nct table to be furnished b7 Mavtin
P .

adjacent to the Smarta and Tomah quadran3les, includinz those (a) at La
Crosse, in e Mississippi Valley, aml West Salem in the valley of tipe~
La CQrosse River to the west, (b) at Viroqua, on the upland, a few miles to
the south, and (e) at Valley Junction, Mauston, and Mather in the Central

Plain to the east.

VEGETATION.
The native vegetation is closely related to the soil and topog-
raphy. On the better soils and low slopes deciduous trees predominate.
The principal varieties are black, red, whité, and burr oak, maple, elm,

hickory, and butternut. On rough and poor land jack pine, serub and
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burr oaks predomina‘ce} tozether with scme poplar, Norway and white pine.

On wet lands water-birch and willow are the conmonest trees. The country

was orizinally iforested much more heavily than now,. The woods which remain

areé nearly all on steep slopes or areas of very poor soil, as near the
Target Range east of Sparta. The merchantable timber has been nearly all
cuty but small saw mills still operate and 'supply much of the local demand

for lumber of low grade. Amonz the smaller growth hazel brush is the

most prominent shrub, In sandy districts the sweet—i'erf; and blueberry }1/

are common.
CULTURE.

Population. The popalation of the Sparta and Tomah cuadrangle
is about 19,700, (a—.;;ordin;- to the cemsus of 1920,/ Of this number about

ong~fourth live in cigies or villages. Sparta has 4,466 and Tomah 3,257

inhabitants. The village of Bangor has 854 inhabitants, Norwalk #me 531 ,¢
Wilton 519, and the other villages are still smaller.

The proportion of foreigm-born, as stated by the U. S. Census,
varies from 13 per cent to over 30 per cent in different tmvnships(:\ S
is evident to any ebserver, howsver, that a very arge proportion of the
rural population is of foreign extraction. In the towmships of Burns,

Portland, Jasnington, and Leon f{he Norwsyians are numerous. Wlsewhere

Americans of German descent predominate. Near Tomah there is a Winne-

bago Indian school which in 1914 housed 1274 American Indians, } 4

Industries. Farming is the leading industry in the area,
Eig-hty per cont oi the primate lands are used for famms; fifty per cent
oi the farm area is improved lani. The principal crops, arranzed in order

of acreage, are oats, wheat, hay, corn, barley, rye, potatoes, ani apples.

[.,)g,lmm.kgrc(, W.O., The ”2”'}“}“1 of the Tonmt_\-.s fpavta 70&4-,/&“? Tes .

ynpobhshed thesis | Uhi1uérs dy of Wisconsin g2
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¢ff w&_,&-} F. X o s —

‘ N

The 1311/1& topography i€ better suited to small grain than to corn because
- {1;,,.,},“:-&,“/

of the excessive soil erosion resulting from cultivation of the-Tatter.

| R
Near Sparta there is consideraple truck gardening e..nd D'I'OW}I’].U' of small e :
(0 g Hoo |
fruits; but thisis-being.overshadowed by d.a.irylno-. g k.
-greamgriss—and--ehesse—facsorias. in.the- aaaearwwﬁw“cerﬁensgrw oo a
f B
W%@m Hae-latter - just southn- 0d- t;h&a@paam quadranglee -
N Ma.nuza.cturmr is not ua:y mnortant. The brlda-e works oxwthe 3 _
- / / e ;{g,,ew”
Ghicago, Milwaulkee, and 3%t. Paul “iailway at Tomah is the largest mam- [ P
&

facturing establishient. ell drilling machinery and condensed milk are
where Tebocce ]wu—kmz s clso ymportant .

made at Sparta, /\ A. iormer brewery at Bangzor has besn converted into a
T BoE: : (1 s impartant ot Shevie

CaTNery. A '-.'Jaterpower is developed at Syarta, Anzelo, and Wilton. A

total of about 450 horse power is devsloped, most of wnich is used for

electric lignt. Small mills are fun by water power at Burns, Sparta, /

Lebniand. in Big Creek Valley.

Transportation. Situated at the na.rrowes_st part of the Western
Upland, where the divide between La (rosse valley and the Central Plain
of Wisconsin is easy to pass, this area is better supplied with railways
than most of the adjoining rezion. |

The main line of the Chicago, Milwaukee, and St. Paul Railway
passes throuzh Tomah and Sparta, crossing hhe divide at Tunnel ity dust
north o:r the Tomah quadrangle. The maximum grade on this line is 0,66
per cent, Branchss extend northeastward from Tomah and south'r;rard from
Sparta. The ¥ETTETr,~%ke. Viroqua Bram:r}:;wazt;r‘:c;s to the dolomite upland
“throuzh Pins Hollow in the southeastern cormer oi the Sparts cuadrangle
with a maximum grade of 2,51 per cent.

The Chicago and North Western Railway has two lines. The southern

or old line passes through the neadwaters of the Kickapoo basin. o
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divides within the area are crossed by tunnels. The maximum grade is

1.25 per cent. A new line, desiored mainly for freicht service, parallels

the Chicazo, Milwaukee and St. Paul Railway from Tunnel City to Sparta.

It has a maximam grade of 0.5 per cent eastbound and 0.7 par cent westbound.
The steep hills and the large areas of sand within the guadrangles

result in poor highways. In‘addit'ion, many of the roads were laid out with

the idea of avoiding division of fields and not with a view of securinz the

4
é Jaced,

best grades. ’L‘hisuﬂ’iﬁg‘fﬁgqbeing remedied in 'gﬁ-'z‘-ﬁf Bxcept in the vieinity
of Sparta, only a small percentage o0f the roads were surfaced at the time
of the survey of the area. The highways along the ridge south of Tomah to
3parta via Coles valley (Route 21), south of Tomh via Wilton to 0il City
(Route 10%), west of 3parta on the north side of the la Qrosse River

(Route 21), north of Sparta and up Leon valley to Cashton {Route 27),
along the ridge throuzh Portland and Middle Ridge (Route 33),and north and

south through Tomah (Route 12) have been inecluded in the State Trunk

Highway system.

Federal lilitary Reservation, The Sparta Tarzet Ranze, 4 i'ederi

- S —

military reservation northeast of Sparta, covers—34.127 serss. —J& wag :
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Rducational Institutions. In addition to the rural and city schools,
{h s o
tha.Sparta and. . Pomah guadrangles have a State School for Dependent Cnildren
(4,“‘4.51

at Sparta, the county seat of Monroe Qounty., —Fhereis an Indian School

a quarter of a mile northeast of the Tomah quadrangle.
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DESCRIPTIVE GHEOLOZY,

STRATIGRAPHY.

The exposed roeks of the Sparta and Tomah gquadrangles are wholly

of oedimentary origin,  They include aa—e}-d.ez.-q.mup of early Pa.leozoic

aze, Wnooﬂy cementad sandstones and compact aﬂ& flI"n dolomltes \"

e "‘--..k.

ani a-gownzer unindurated-eseup ! of nuaternary aoew valley alluvium

ML wrede ) e,
with its bordering colluvium, dune sands, 1oess and residual soilsy (
oL v _— TS 1\)« N E O WE&L“ VS D T By \uw‘”a“" s, Y VW AFomas
!

&nc-}u&eép-m t;he latter w ape leedal cccurrences—of congl omerates|ed

W Cretaceous aze, ame Neax- the northeastern corner of the Tomah
P'QE.L."'&"{' ttene
quadrangle areAdeposits which were probably laid down in ){13.013.1 Lake

‘Wisconsin. i ,\ ol Lo e P

The expo:,ed thiclkness of the aldo.n-mre\zp agf;reaates between 700

and 800 feet. The thickness of the W varles on the uplands irom
A, meaehen ", 2
a few inches to about ¥ feet, , ¥t—has a maximm thickness of about 150

{(_ Lo o2, e

feet in the wvalleys. Desp wells prove that the W rocks extend Cwlms, . )
= 8 .'. : -
! - A e = s 8 29 £
about 350 fest below the lowest exposed strata, ¢ b 1l ra. Uil s
el T
. A stems ar T $mr-the o
S o SH o~ o T e

Xl
~* un2 xposed..armi exposed Vstrata of the two aua.dranvles?‘\pre-t}ambrian, Cambrian,

” v age oD
Ordov ician, and ”1utemary/‘ E

aravel 3‘ and

conzlomerate Ié 1.Wm—wmmwmw% / '/r
=owsteriy ZProbeblY @Or\et& Ceoss oK Jentigny gk “M/ '

Lian and, Lha O s - DeeD W which pen,etrat—* the P.zleozoic sed iments
have shown that the unexpo.,ed pre-Cambrian i—s——repreee;&e&-—‘tg isneous and

metamorphic rocks. Thérﬁa*nbrmn strata are referred to the-3te cro ixan,

' P S

___the uppermost-series -oi-that system, whide.the.Ordovieian-strata-ware depusited _,/

=l

~GUFIHS " ‘tﬁe earf[y DOTIon 01 thas.-period. R )

A S
T e
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Tha sequence, general character, and approximate thickness of
the exmosed and unsexposed formations in the Sparta and Tomah quadrangles

are shown zrarvhically in the aécompanyinq; columar section, (figs 7)

Fige 7s Generalized section for theSparta and Tomzh gquadrangles.
(See copy with drawings.)

22



GENERALIZED SECTION\Fe® THE SPARTA AND TOMAH QUADRANGLES

% SYSTEM '/ l S 5 | .;r.\ ]1 ’ [ i ‘ a
4 i SHERIES  eNb—GReH= l FORMATION | SYMBOL | C .nR s THIC"Q: 185 | CHARACTER. OF ROCKS { CHARACTER OF TOPOGRAPHY
4 | AfBer Ulrich | | | ‘ i '
! ! § ‘ ! om | IN FER ;
] 1 '% { |
(4 | i 3 i (L Lood = plads. defimit, %ﬁ_ﬁ_ ; L ! 1
i ﬁmmt —‘m—/gﬂt&?%ﬁ— /L R T TR I%M ik i A PR
¥ - = ik wfiEune gand | Qds b 20 ./ T e e ! Tammocks and ¥idges.
i -~ ‘ ‘ Picx 5
! . ‘ ,
v ‘é"“m [|10ess $o-20 | Yel lowish -brown silt Covers gentle slopes.
| QUATERNARY PLEISTOCTNE : ‘GOMWHTY“‘% :
= Valley £filling | Qlt SRSSUR | ¢ / Sand, gravel, clay Valley bottoms and low ter-
; | | P ; [ races.
/ - ; NCONFORMI 7Y 4
f | i | L
re-"!isconijﬁ\‘ P1a terracep - Qot -l Chert gravel and sand _Rock terraces up to 140 feet - ¢
' 1 o , T ~ { above streams. . %
; ~—UNCONFORMI TY—
_ AOTDATTS A (3 ) M 20 1 ;
:" cﬁi?‘rm;w“‘ GRE.T?Q;éIS? ! Windrow Wﬂv KW | et Ferruginous conglomerate and coarse | Small areas on highest uplands.
h - ; UNCONFORMITY : {—sandstonee -
_, | | w0 ‘ Sandstons, fine to medium grained, Small irregular knolls and
ORDOYICIAN Sty | St. Peter dawdda, Osp 5 67 . yellow to brogm, mgs%ve; az bﬁsg red and | ridges.
ottt | A ‘ f' . green shaleeOn - rpe
: {4t~} UNCONFORMI TY—! } sidiumfrme Ouwesta dolomuls |
Al - Besldnantewn - o AN | - sy ; : ¢
; e ol LOneota Aoz Oo f 70 ’, Dolomite, gray, medium bedded, i Rolling uplands heavily
X ‘i’"/‘/"/—z‘ff/— | 3 : cherty; base sandy, oolitic. | .. covered by residium.
< : | {
i 4 i
VI S ol o 0 R : : Zelly
\ ! andstone, yellow and w.rh:.te, cross f Steep slopes, cliffs, and
CJ laminated, quama.ﬁ.o-aa—m ol Wo—rwdé; crags.
Md‘ou& mecedon ot i

‘ i 3 ‘M av M*qu“vﬁ
8t. lawrence 4~ | Osl (100 ’ “ gray and yallow...fmw Steep slopes with local bench

Pl

s f\\\'_//’\\/ﬁ‘\f\ \f

A caltareous at base. near base
17 st
v Franconia ssddm CF 150 Sandstone, fine grained, gray and ; Rolling bench tops with local
{ 8 L . : M green, thin-bedded, glauconitics mica- . terraces.
1 s . o -' St. Gr“;”*‘- —885conrorTTY— ceous sandy shale sy base
7 R, 4,,,12,,,.) | , : |
UU/L/LM’ ”’M“’J Dresbach racdet,., | €4 250 ¥ | Sandstone, medium grained, white Steep slopes, castellated cliffs,
. and yellow, heavily bedded. ' tepee-shaped buttes, low benches.
iBu Claire u% €ec 200 v pendstone, medium to fine gramed,%r Mainly concealed.
' : ' : ;««Qgram blue, green, and red.bd
3 : Nount Simcns"’”‘?‘; ©ms 150 v | Sandstone, medium to coarse-grained, | Concealed.
‘ 7 : e ¢ gray and red; shale beds, blue, red, and
Py 7 ‘ ——JNCONFORMI TV— green.
i . ; 1 i $ $ : Concealad.
\ (FRE-CAMBRTAN PRESCAMBBIAN | i / | po Granite and gneiss.
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PRE-CANBRIAN AQQGE'P

v

The sxposures of pre-Cambrian rocks nearest to the 3parta and

(R4
A

Tomah quadrangles are in the vicinity of Black River ralls, ¢ity Point,

and Babcock, 20 to 25 miles to the north, and at Neecedah, 21 miles tvo the

\Fl, ‘6’)'7/7

. east. ‘ Within the quadranzles the roc;{s 0; this have been reached

L/

~An deen wella at Tornan s Sparta, 0il clty, MeCoy, and Bangor. uuttlnws

1/ Stronz, Moses, Geology of the Mississippi region north oi the
Wisconsin River, ,eolo;y 01 Wisconsin, vol. 4, p. 60, 1882.

2/ Ibid., pp. 53-60.

L3
from the Tomah well alone have been available for examination. These /]W#"""?
S bt ;
indicate a ranite or gneiss of medium texture ua-‘e—h—t&reﬂmmm}-me-mpenents
,.r.eaa‘iaﬁﬂ'? of clear and milky quartz, pink feldspar, and white mieca. “The

W 0T & graenish shade Wiiehsrs-possibly-due. .tn.&lllm:y:_jt@t ion,
T U de W

t&mﬁ/alom tg;é lack River at Black River Falls the pre-

%

T —— e

/

ambrian roeks consist of 1izht and dari: colored acidic gneliss, coarse-

3/
rrained zray diorite, rine-grained mica scrzst and iron formtion.

3/ Irvinz, R. D., 3e0lozy of Wisconsin, vol. 2, p. 499, 1877.
3ee also vol., 4, pp. 59-60, 1882,

v

The pre-Cambrian rocks lie from 800 to 1,000 feet velow the

summit levels oi the uvland of the tw guadrangles. They were reached in
the Tomah well at 453 feet bslow the surface (527 .feet above sea levelj, in
the 0il City well at 490 feet below the surface (410 feet above sea level),
in the Sparta well at 365 fest (425 feet above sea level), in the Ranoor

well at 375 ieet (365 ieet above sea level), and possibly at 300 feet in



Pig. 8. Geological map of vicinity of Sparta and Tomah quadrangles.
Based on map of Wisconsin by Wisconsin Geol. and Fat. Hist. Survey,
1911; unpublished surveys for Wisconsin Geol. and Nat. Hist. Survey
by B. F. Bean and F. 7. Thwaites; Minnesota Geol. Survey, vol. 1.

Sparta and Tomah quadrangles indicated by rectangle.

24



25

21.

the McCo;} well (565 feaet above sea devel).

Such data as are available indicate that the surface of the
v
pre-Cambiian is essentially that—ef an irremular plain sloving to the :
Th I Climui At funtors
south and west at the rate of about eight feet mer mile. Se—Far-as—the

\4 Lrtash e

W‘fﬁé “THets-ave..nt sufficient 50 waprrant-tnis

T o MO DU UMD

oonetusiony=bwt data derived from wells in many other parts of Wisconsin
C\_M @fa-,J.f‘-. Lt § W AT }’(L- 2 (J« Le e
together with the surface oi the pre-Cambrian iromch the saﬁi*nents
have . been removed but a relat ively short ti- »é!%m*mmm%ason- o
oAira P, s,._&

ably. certaish.. ,..This surface was developed byédg,ep erosim:}/ Bhde is
i~

by the texture of the deep-seated igmeous anciﬂetamorphic rocks, which under-
k..L-A-C\,t( sﬂj._
1lis it. The erosion oi a great thickness of rock is iggplied and ITIs

5 —
g&,«,‘-r'ﬂ.-‘* o o

au.gga.s.n,agmmk yin pre-Cambrian tme)-a mountainous) res=ien emce oxisisd over
'3

i

WBA <
the Sparta-Tomah realon. Fhis 1nfei'rence supported by the oceurrence, elsewhere
in the sta.te, of residuals on the Ire-cambrian vlain, of which some project
throuzh the sedimentary rocks, while otnersiare mown from wells,

i

R SEAETC T
ealor

CAMBRIAN S¥SPHH~ 3 ¥ ‘/

op el
/, e \AK
Gemsral Statement. The rocks WhicﬂAOVarl ie the ouried pre=-

Cambrian peneplain are known from exposures to the north oi this distriect

v il s
to be of u};pﬁr Qambrian or St. Croixan age. The

Bk .

are sandstones with _rsla.n 1ve1y tiiin stpata ¢of red, zreen, and blue shale.

strata

e 5 e 1
On the outcx;op to the nortn they nave bee iv:ide?i”( +*F into the@ Simon

/ (u} v SO T
sandistone and the|\Zau Claire|shaldy sandstone. Tha"xea'rel information

A
available irom well records within tuoe qu_‘a.drantﬂ& does not permit the exaect

I

discrimination oi these formations/

S

1/ Walcott, C. D., Cambrian geology and paleontology: Smithsonian

Misc. Cell., vol. 57, No. 13, p. 354, 1914. Ulrich, 2, 0., personal commni-
G2t 1003



i

CRelatiens—UT the Cambrian formations to the pre-cam'br'-

-sardstones and—other cambrlan strata

s Tt rest unconformably on tne _ertdei surface oif the pre-Cambrian. This

ontact is not egpos‘éd in the Srarta and Tomh quadrangles, but the sharp

change );.nrfﬁe wells from poorly consolidated sanis to compact erystallines e
Wl W"’ '
41/ 3 s ﬁme uncoﬁ?ﬁ?mwf ; 3xposures outside the guadringles show

that in many places the Gambrian rests either on residual material derived

from the pre-Cambrian or directly on #ka cr‘ystallines/( There is some

disagreement as to the time of development ot this residual material, )
Y | ;
Irvine considering it to have been developed singe the Cambrian was

1/ Irving, R. De, X20lin in Wisconsin, Wisconsin Acad. Sci., Trans,,
wel, 3, Dp. L3-17, 1876, jec’ ogy of Central Wisconsin, Geolozy of Wisconsin,
vol.la, pe 468, 1877.

{
&/ iu_‘,i:,,g,.,w“\;éﬂ
deposited, while Weidman thowsht it to have been formed

2/ Weidman, S., %eology of north central Wisconsin, Wisconsin
3e0l. and Nat. Hist. Survey, Bull, 16, p. 359, 1907,

—

s
ThEovertyiny c briand v L
am 1 : f ‘/ &/\

YA
4 (A Wit
Phicimess. The taickness 01 the unaxposej, gambrian 13’;bout
s 5 i~
350 feet as determined from well records only one of which, that at Tomh
(see p. ) has been v@rified from samples o«f the cuttings. On the

v e
geolozical sections the base ol the Zau Claire, 0&3&9 Lher fore the top of Mie

= . ‘L,n.,uw'v--_
Si.non’has been sesumed. bo-+3e at tne bottom oi the shales which occur

from 50 to 150 teet above the pre-Cambrian. A thickness of 200 feet uas

been tentatively assizned to the m, sandstoner, ’a-he:-:-;f;

/
o
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23
%yiaf_dklumw
upper limit beinzg fixed at the shale zone which outerops at Neshonoc on
3/
-1.a Crosse River, five miles west of Bangor. Dr. Ulrich stated."'Y

3/ Ulrich, B. 0., {Brsoﬁal commnication, Sept, 29, 1921,

had some of the material ... prepared and find three zones of the
formation repr=2sented in the collections. The t0p one . « « DProves
o haveiﬁistlnctly prer Hau Claire fauna, so that we mast assume
that the beds there exposed-are pretty near the top oif the dJau s

vlaire."
v
Character es—sio—uresrosoh OZmprian. — The unexposed Cambrian q}
/ : ) i =
strata consié?ﬁominantly of guartz sands of fine to medium graln,.an@“whlte,

J. .
gray, and yellow colors. he record of ths eity test well at Sparta,

drilled in 1921 is the best available, but shows only the strata above the
ahalor of e

lowe;~i?1 Glaire &ﬁﬁlﬂﬁ. The roekx down to 41 ieet depth is probably

Dresbach.o

4/

ecord of yity irest well, Sparta, Wis.

4/ ecord from samples presented by Charles srickson, Supt. of
Waterworzd, examined by F. T. Thwaites.

NeWe %n H. E.-%, fee, 13, B 17T He, B €W, 4levation about 855.



Aecllury 5, 1,

3
R

fzﬂ--u{aﬁ?’&y

A4, 2

Aok 4, a,dgﬁ‘z;_,

ela % B i,

Thickness
——

Suri'acesozl.l..’--.--........o.-..-.B

Sandstone, fine to medium, s0It, White « « s s « o« o 35

Sandstone, fine to medium, light yellow . « « « « « « 14
Dandstone, fine to medium, light yellow « « « « « « ¢ B

SJandstone, fine to medium, light yellowish gray . . . 14

Sandstone, fine to medium, white 13
Sandstone, fine 6o medium, light yellowish gray . . . 22
Sandstone, modium, Tight yOllow o o ¢ o o o « o o s o B

Sandstone, fine to medium, light yellowish gray . . . 25
3andstone, fine, light yellowish zray, calcareous . « 3
Sandstone, fine to medium, lizht yellowish gray . . . 17

Sandstone, fine to medium, white with streaks of Plue
Snale - - . - L] - L] - L] - - L - - - - - - . . . 4-'

Sandstone, very fine to med imm, yellowish gray and
White-.‘:..........-.,........22

Sandstone,fine,gray.............-..4

Sandstone, very fine to coarse, white, slightly eal-
Gareous- - - - - - - - - . - - - L - L] - L] - - . 32

Sandstone, exeeedingly fine to medium, light gray, slizhtly
calcareous with some blue shale « ¢ ¢ « « o o « 13

Sandstone, very fine to coarse, liznt gray with some
plue shale. 6

87
109

114

163

165

169

201

214

220

A few samples are available irom the aibandoned well at the

Tomah city park and oy combining the examimtion of these with the log

5/
publ ished by Strong the following section has been made.

g/ Stronz, Moses, Geology oi the nlississippi region north of the

Wisconsin River, Geology of Wisconsin, vol. 4, p. 60, 1882.




N

Loz oif Tomah City Park Well.

(Well 492 1eet deep, curb at elevaiion of 982 feet above sea level.)

Thickness Depth

5., S50il ard clay, probably terrace gravel

and sand. 25 25

4. Sandstone, gray to yellowish, fine %o
coarse. Samples incomplete, but no shale reported,

coarsest layers 220 to 320 feet 392 417
3, S5andstone, brick-red, medium to coarse
grain, 36 453
2. Rockjdecomposed red and greenish, pos-
sibly residdum from crystallines, but the material may
be arkose. 1% 470
|.Granite, vinkish, or granite gneiss. 22 492

forscal iz

Thé upper shalfy zone oi the Lau claire/\wrnch is exposed at
Neshonoe is found in wells thpoughout the western and southern parts o0i
the guadrangles but seems to be represented by fine grained sanistones in
the vieinity of Smarta. Statements of well drillers with regard to thea
lower shales are contradictory.

6/
R. Be Johns in 1899, #He fourd that ghere are two layers ci shale at

Phe ifullest information was gathered by

Q/ Johns, R. B., Physiography and geology of the La Crosse 3ziver
valley, Unpubl ished thesis, University of Wisconsin, 1900.

Sparta. Of these the upper lies at a depth of about 250 feet below the
surtace at the city and the lower at 305 to 310 feet. The upper is red
and plue and the lower is black. There are sone shale layers between the

two main beds, both of which vary much in t{liclmess. Information collected

by the writers, however, indicated that there are shales at lesser depths, ?

' L
a tact coniirmed by the samples from the test well cited above. "

The character of the rock below the 300 foot level at Sparta is



30

26.
not definitely kmown. From the statement of drillers fh:a.t the water from
that horizon is very ferruginous it appears probabls that the strata consist

= of red sandstone and shale such as is exposed near Black River Falls north

of the guadrangles.

v

ROCKS EXPOSED
Paleozoic-ﬁﬁm
Cambrian System o

o

St. Croixan Series.

Y General Description. The exmsed Cambrian strata are dominantly

l n

sand§ﬁ but thing usually sand.y sha.les and dolomitic bands and lenses are pre-

sent. The lower portion of the exposed strata consists largely of clean

o T N

quartz sande while the-sirata-ef the upper helf contain a great deal of

greensand in two members and layers of sandy dolomite and shaly sandstone

; “ i v : ’
W%/Eu (.& b8. Foe 2s0e F% U, scewna ,W,‘ Ao aj MHoid . 1 A;‘U
L.L n&pm AL A/*/\ Dﬁnu’hf @/nk 757-'54/. %Lafq_ “ﬁxm« e dm//&(— ax
M/»'- Py /Cﬁ:&«-b 7@@&.— e #@ Wtuﬁ,«/.;:—m‘ ' _ Cnee~ “Yaredened /M:’}Zﬂ C‘“::,,M
-%—{%Mu, it gl ikt R = MW s |
Ke

M

¢ e e LIULD LUIIE 'Cne

Dresbach sandstone the Franconia a&a&m sanastonef the St.

I.e.wrenceim, bl ths Jordan stndstons : H—is—pessﬂﬂe—bh&%—aﬁ;&&éﬁad_&-

in the vicinity of Zau Claire §
¥ ,

1/ Ulfich, E. 0., in Wz)}ott, C. D., Caghrian geofozy and paleontolozy,
Smitpsonian Misc. ColX. 57, p. 354, Jl4.
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not definitely known. From the statement of drillers that the water from

that horizon is very ferruginous it appears probable that the strata consist

of red sandstone and shale such as is exposed near Black River Falls north
of the guadrangles.
ROCEKS Z‘K_E’C‘)s/jD
- Paleozoic G;F-:;: /w—:'/éxb
Cambrian System v~
3t. Croixan Series. v’

: 4 General Description. The exposed Cambrian strata are dominantly
sand?é: but thin,usually sandy‘- éhales;;and dolomitic bands and lenses are pre-
sent. The lower portion of the expoée& strata consists largely of clean
quartz sands) while the-sirata-eof the unpex‘iarz;?f. ;ontam a great deal of
greensand in two members and layers 0; sandy dolomite and shaly sandstone

— are=prassnd in others.

th

ces near the base of the latte

' ardened, quartzitic gray sandstond W
,‘:' bhe somewhat massive commadts Oneota dolomitef of the OrdoviciZn. hj“vjﬁ
i 7 Sant v o v ok wjﬂ
s Five Cambrian formations ars exposed in the Tomah and Sparta quad- 4 gﬂ‘,ﬁ/

e / 1,

\ rangles. In ascending order these are the Hfau Claire shwedse sandstone, the ‘

a i Al mdﬁvm—m paied e
Dresbach sandstone, the Franconia gleue-au'rttr‘aad—du.lqr sanastone# Atne Ste

Iawrencdmﬁ-a-tm.a, and the Jordan sandstone. HMW@—

in the vieinity of Eau Claire ® : =
I 4 7

l/ Ulyich, E. 0., in Wz)fott, C. D,, Cagbrian geo)oey and paleontology,
Smitpsonisn Misc. ColZ. 57, p. 354, 14,
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1c 3 the (Mt.) Simon sand-
—— heneath-the Dres ,
i P g el b

the Ban Claire el GRS 8 nrobably underlies
4 Mtfd e KQW&V\/M ’}"D‘Dﬂb,_ — -~ g

adran 168. '
the Sparta aﬁz& Tomzh qu S No e Rt Croyan o Upfer '&&W Arcen

thewest.
—_ 3 = T e e e ) e ; .
Hau Claire W 3 R
MM
“epora) Jiatemente.. Only ons exposure of sirata waiel—mey be referred

ol

to the Eau Claire fessadiion we—defimedbyDu—birieh is kmown within the arsa

covered by the Sparta and Tomah quadrangles. This is in the bed of Ia Crosse
5 River at Angelo) whers are ex;;oseqﬁ few feet of heavy-bedded, white and yellow,
medium grained, ripple marked and mud cracked sandstone with vartings of greenish

Ny g gy &
gray shale, This exposure is approximately 300 feet below the top of the |resbach

e ity
Lo
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Desbach.

-

———————————— ‘/
Dresbach Sandstone.
'\..?/‘/"‘4‘ tw (“v-,- g SO

W
_ Genersi-Statement. The strata of the Dresbach/\feemerbéen under-

_lie the lower land of the two quadrangles and along many of the valleys its
upper strata form coalescing tower-like cliffs. Exposures of these upper
strata are numerous.

v
Thickness. The formation has an exposed thickness of about

250 feet, but 2t no place is this thickness shown in a single section,

S—
_although near Bangor a number of overlapping sections expose about 230
feet. The exposure showing the largest contimious section is that at
Tunnel City on the Chicago and Northwestern Railroad (just' off the nor-
thern edge of the Tomah quadrangle) where 70 feet of white and yellow
frie.ble sandstone may be seen.

S S AT S AP e

Character tion. The Dresbach formation

o

§

of clean quartz sandstones. The grains (are well
f,—f.--l?""‘“ i
rounde@)in some layers whrIﬂ gn othex?s they are quite angular. Some of
g )fh d“’&}"’ f/‘lﬂ“k‘-"’“‘r‘"‘"“’h? b
the M:WHMAWW grains and perfection compareg well
Fhowat &
with that which one finds in modern sands of eolian origin. The average
large grain varies from one-fifth to three-fifths of a millimeter. In
Tl !;.-;u‘b.l_ P P
most beds the assortment is excellent but ir*mmy_a&—bhe beds there is con-
i/ Acotoer
gsiderable mi'ﬁ-nb& diameters varying from one-fortieth to ome-fourth mille-
linmtt

meter Witk a few grains reaching even larger dimensions (see fig. 9).
A - j

Interbedded more or less throughout the exposed sandstones are thin lenti-

is almoet wholly conmooeu

cular laminf® of green sandy shale, the maximum thiclmess of which is

—

| raaanlX ¢
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Fig. 9. Mechanical analyses of Dresbach sandstone.
= A i Tuzmel City, 65 feet 'below top.
/”i;lﬁe - +833 mm. 0.036, snher:.cal grains of transparent quarts,

.833- L5899 mm, 0.755,. well/rounded grains of transparent quartz.

+589 - 417 mm. L&R S?j transparent gquartz, most grains well

i rounded, a few subangular.

L | <417 - .2953mn 32.120, -#ranspa.rent quartz, grains well rounded to

R4 \ &5 sibangular.

i ‘;'\":0l 5 2206 1m. 28.270, Transparent quartz, grains well rounded to

ll _‘ W : ~.,A\‘:,_."" }" / subangular, a few grains angular.
~ N W\ ' s !

}V l’s\ L; ".208"- .147 mm. 20.460, transparent quartz, estimated 10 per cent

" | \"‘L‘,‘—g : angular, 25 per cent well rounded.

% b, )
oy \,fﬁw .147 - .104 mn.  5.600, transparent quartz, a few grains well rounded, .

_ most subangular to angular. i

05‘\*'“ . .104 - 074 mm, | 0.512, transparent quartz, nearly all grains sharply

.f angular.
Smaller than .0‘?4 mm. , 0.367, transparent quartz, grains angular.
This sand (£ ofe mmrﬁ?e To be of beach d¢Fo’/'?nﬂ; BB
b. ..Eelvina. 30 feet below top.

——

1 168 = .833 mm. 0.05, Quartz, all spheres or egg-shaped, frosted surface

| 833 -~ .589 rm. 0.40, " " " " n " " -
E .589-, 417 mm. 1.64, " " " i " " -
? 417 - 295 .  8.00, . 0w ow " "
«295 - .208 mm. 16.88, 3 4 o - » e " i
; ey SRRV e oo
f o\ : 2147 - .104 mm. 14.78, Quartz, contains a large percen_’cagéﬁﬁoif subangular

grains, little frosting. -
«104 - 074 mm. 14.10, Quartz, grains poorly rounded, ma.ny angular, a fow
. yellow vartieles which ara prebadly limonite.
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about a centimeter.
The colors o: the Dresbach sandstnne:‘;/vary irom wnite to yellow
and loeally some layers are brown to red. Some exposures are characterized

by "iron rocks™, or sands @emented by brown iron oxide._._.‘nhesido not

-
T

appear to be characteristiec of any horizon u@ren’cl arg/ the result
/( .
or weathering. 2 o
L 5 ‘:"o
The cementation of the sandstones is&very poor in many places
i for sandw hardening is 1ocally developed. The

2 ek
formation are generally not due to res:Lstance gw

‘strata—%ﬁt.hin.:ha-mw— but to the protection ziven by the basal layers

of the overlying formation. ‘ W
/fw

The stratification is generally lentiecular with tﬁi beds varying

in thickness fromgbout two inches to more than 1ive feet. Habir-omne
ably,
em-petz;;:b.as not besn possible to recoznize beds beyond tie 1imits 01'\ e £ila

an exposure. Th&_axca;mion»is tha @MMM

¢
b

periorated by tha- vﬁrhc:ﬂ a:adg‘liorizonta.l tubes supposed to have been made
ohw Gra .
re gemeralty cross-laminated x:;irt'h;'the directions

#
0i inclinacion widely vsmr’; but there appsars 0 be a predomin;gca/\ na
«
bed S
southerly direction, Thd‘}xores f\ are for tne most part short, 5 to 6 teet

Lo
beinz BaT averaze ma.x:.mzn) but in an outlier on the south edge oi the village

of Rockland there are ;oresetk'with lengths oi 50 ifeet and some of the in~
P

elined beds are themsalves eross-laminated. ghef'}lfon:; i‘oresat’\‘are inel insd

F' o Gt
to the east at angles of 15 to 20 de: rrees) In the same outlier < other
L

cross-laminat mng'-:g;&{ inel ma.hd:nn in other directions. (Cross-laminaciondwith

the charae LGI‘lSUlDSA‘J.eVB].OPGd by wind deposition oceury at several local ities.

iud cracks occur(just east of Rocklanain a horizon about 100 feet

v
below the top of the Dresbach Farther northwest,in the exposures of the

Bau claireAsha&ee-, mad c¢racks are extmmel§ commnon and they prqbs.bly would be
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v
equally so in the Drestach did not the character of the sands quite

zenerally precl_ude their devel opment.

The sections which follow show in detail the charac¢ter oi the

Dresbach Py,

The Helvina section is thouzht to siow strata which

are a little higher than the upper bed oi thne Tunnel City sectiom. (F!a.rej.' IHvsd‘thoﬂ

Section av Tunnel City (in C. & N. W. Ry. cut east 0f turmel.)

LS.
J}r"\. 5 RAac
84

I

ety

e Tickness
Fra.ncoma/\m in fFeet™
B Ly, Kol ibocs.

aanus‘.:oue,

medium to coarse grain, vertical worm holes abundant.

The grains are mixed, varying from about one-twentieth 1o one-hali millemeter

in}iiameter. ——

T

Sandstone,

e

sreenish yellow, wWeathers into sand nodules up

to one-half inch in diameter, zrains well sorted, angular, about one-venth

millemeter 1n diameter for maximmum, Worm perforated, contains frasments of

Atremate brachiopodde — — — — ST

Ge

5.

4.

cemented, this lenticular 1aminad of green sandy shale are sparsely present,

goneral ly less than a centimeter thick. Tne assortment is generally good,

Sandstone,
sandstone,

Sandstone,

sands of medium arain,.

ginilsr to that 6f Zone 8. o - o S fha
sinilar to that of zZone W. — i R S 4" 4

white and yellow, in 4 to 6 inch beds, rock poorly

Wormholes are present, but are not conspmuous.\

—

\mlé

3. "Iron stone'", medium to coarse sands cemented by brown iron

oxide. The resistance oi this layer determines a small shelf which is

conspicuous as it supports considerable vegetation. -~ = -~ -« .J3-30-2-f00%v—

2.

gandsione,

white to gzray, medium grain, locally stained by iron

e Bl B
L0
[0
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32,
oxide, poorly and obscurely bedded. The sand grains are well rounded
and polished, one-fifth to one-hali millemeter in diameter. Some layers
have suort foreset cross-lamination with northwesterly inclination. Thin
lenticular lamindae of green sandy shale occur throughout .~-~—~<@j—’e&:~dﬂl
1. Sandstone, yellow,medium to coarse grain, 100&11& iron
stained, generally friable. Two beds, the upper 3 feet thick, the lower
with the base concealed. Lenticular laminie of green sandy siale present

throuzhout. Base at elevation oi 1)0595 fast. — — -~ = @ feot expossd.

Section at Melviuna (about 2 miles N. ®. of Melvina near school

house, Sece 3, Te 16 No, R« 3 W. ' "‘M
o e cavhilowa
= 34y HTAnCONia Fememeesed.
resbach -,2'-":", oot __‘_P—Wo-pu_:
15, Sandstone, yellow, medium to coarse grain, rounded grains,
S

eross-laminated, perrorated by Scolithes tubes. — — — — .- — [ 4,5 1¥88%

12, Sandstone, gray W"ith yellow patches, fine to medium gTa.:L_n,_"
FESANY awmEalar. — — — —

11. Sandstone, like that of zone

10. Sandstone, like that 0I zone

9, Sandstone, like thatv ¢i Zone

8. Sandstone, like that oi zone

7. Sandstone, 1iks that or zome 13, — — = = ’{B.Sﬂa&‘ﬂ

6. Sandstone, gray with yellow matches, medium grain,

’ _"—"‘““'—-A-a.___‘;' e
grains more or less rounded. ~ — — - s —— ‘4‘_\0.5‘_‘% \ e

5. Sandstone, like that oi zome 13, — — = - - ?:ﬁm | g

4, Sasdstens,like that of sone 12, ~+—7— = @-"'5:5996 ; '7»\-.-..4

3. Sandstone, like that of zone 13, cross-laminated

with northerly inclination, foresets shorte —— o . — « | 0.8 foob~

2. Sandstone, gray, medium to coarse grain, cross-
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laminated. — - v ] 0B FOOH-

1., Samdstone, gray, medium to coarse grain, horizontally
lamina ted. Appears as onz bed, but is divided into 4 to 18 inch
unics by 1 to 2 inch bands of yellow and brownish sandstone. — 11 Eeade

Qaceditone

Fossils. The uppermost beds of the Dresbach remmad-ien are
characterized by vertical tubes which vary in diamete_z; from 3 to 5
millemeters, These are gensrally known as Scolim;_‘, and g A are
thou:;-htl to nave been made by marine worms. In the field the beds con-
taining these tubes .were zenerally kown as the "wormstones". TLocally
associated with the highest bed of the "wormstones™ are fragments of

Atremate brachiopods. It is possible this bed should be referred to

the Franconia., ©No fossils have been seen in the lower exposed strataAM‘W;:"d

v’
Fossi*s,have been collected in the Dresbach at New L isbon whewse—they

W o ) “émwr ot

W&cks& horizon #s about 200 feet below the top
e ~

of tne formation. The tracks are oi two varieties; one small, the other

large. Both consist of straplike impressions bounded 'Qjﬁreach side by a

ridee and cerossed by wavy ridges and impressions, the relief in the
smaller averaging about 5 mil].emeters.witn the transverse ridzes about
25 millematers from each other. This track is from 5 to 7.5 centimeters
wide. The larger form has a width or from 10 to 12,5 centimeters wide
and .its details are correspondingly larger. Professor Chamberl in has
described the former under tne name of Climatichnites youngi and to the

1/
latter he zave the name of §. Fosteri.

1/ Chamberlin, T. G., 3eo0lozy of Wisconsin, Vol. 1, p. 132, 1883,
Todd,.J. 2., Description of some fossid- tracks from the Potsdam sandstone}
’:‘LE:{&Aca.d. Scei. Arts and Letters, Prams., vol. 5, pp. 276-281, 1882.

It has been conjectured that thess markings wers made by a

crustacean or a worm. If this be correct, there nmst have been suIte
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laroe animals at that time, but no organisms have been discovered in the

Gambrian strata o:r Wisconsin or adjacent states which could have made
these markings. It is possible that they may be impressions oi the ﬂ)dlf of

e 0] 70

JGeoweddions. ou OTi: 1n.umm The Dresbach

éandstune{snow by ke cross-laminations, ripple marks,and §,he’inud cracks

that they were r}ecn.mmally deposited in extrmmely shallow water. The

e M@;“a&-«ﬁ,
cleanness of bhe sands and the roundness of the grains siow prolonged

wasniné, lonz transportationg)and-maturity. ofdecay. They were mostly
depdsiued by water and it is possible that all of them were $o deposited,
ﬂ/g Deposition by wind may have played a part. The general absence of fossils
A p A Bty 5
does not lead to the gz al conclusion thatithe waters were not marine f
A M F s

it is known that driftinz sands offer little inducement for colonization
ok

L

by marine organisms whid® any snells which might have been mtroduced into
Aol Aefest,

the sands would have Ammammkﬂmww

v ot geortdl Foo it
MAew groand to powder amd-for thair.solasien atter burial if they escaped such
rhe. oito

grinding. Lhe various cha.racterﬂstlcs'zou]d appear to be Dbest exnla.lned

on the ass mption that the sediments were deposited on broad tidal flats.

daedilorre
Franc onia meseessdbesees

Peneral Statement. Over considerable areas oi the morthern

il Laced o Lone
{ w of the two quadranzles the m—m Franconia .s.-er-nti-em forms

"1’

_moss=es the divides, Throuzhout the southern Mes the E‘ranc,oni:a. strata

are exposzd only on the slopes, the tops o: the hills beinz erowned with
G P ek B
higher strata. @xposures are not common because oi the 3 o?the

rock. . : w"!"z" ﬁuﬂ.&w}ﬁﬁ’m" -

It is_pesgsdile to divide the Franconia fo-r-a-t-l-ea into five members
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o
which in ascending sequence are as follows: (a) basal sandstone and over-
alﬂMW%Mm WMW M)
lying calecareous layer) (b) miéaceoaé/shale, (e) lower greensand, (d)

- v
yellow sandstone and (e) upper greensand.

——Redebiors-tU-the-Bresoacir-yormetions The strata of the
Franconia and thgtDresbach appear to be parallel, but the presence on the

B
top of the latter of what may be small erosion ¢hannels and the fact that

v
in some places the basal layer of the Franconia rests on a “w@rmstone®
Kt 0

and at otheﬁﬂ‘on one of the finer grained, yellow spotted sandstones,

J
coupled with the further fact that in some exposures there are many
'7£ummt0nes" 4nd in others few, suggests that the contact may be one of

disconformity, amé—that

and~the-~#ranconia there-may--heve-been-erostomof-the-former.
v
Thickness. The Franconia formation varies in thickness from

120 feet near the head of F1sh Creek Valley to 160 feet at Tunnel Citl)

The variation d be zéferable to three causest —The
v

2t AAA G AT Oy s
upper surface of the Dresbach may have had.a.la*%&eke%&efnwh&ohh rhave
: ?urﬂfyAthL
C . ere

inequalities in deposition such as appear to be characteristic of shallow

;/ et . L T— A
water T smd the upper surface of the Franconia wno .eroded before the

1/ ERindle, ‘E. M., inequalities of Sedimentationgy Jour. Geology,
vol. 27, pp. 339-366, 1919.

v
deposition of the overlying St. Lawrence strata.sndebhie -0vresion-iseuite

Likal : : g i
ﬁi

Character ef--me—swanconio.lornation.—The sediments ocempRsing

the Franconia ¥pomation show great lstersl variation and as a whole are of
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%
finer grain than are those of the Dresbach (¥ig. 10). gome beds contain
considerable proportions of caleite and dolomite and two members have a
high glauconitic content. Very little argillaceous material is present,
although some of the fine grained sandstones generally go by the name of
shale.
Phe bedding of the fine-grained sandstones is quite regular, but
that of the greensand members is extremely lenticular. Ripple mark of
i both the wave and current type occurs throughout. Cross-lamination is
| Ahon~1* Lm,ﬂt-’ﬁ
f extremely prominent in the greensand memberszcthe foreseaﬂ are rarely
greater than two feet in length and most of them are a foot o 1less. The
coarse sandstone at the base has cross-lamination with steep forese;ﬂé“&fj
some SE-wrreIOI® as long as 6 feet. The foresetk'%ﬁ;oughout the forma-
tion appear to vary in direction of inclination through all points of the
,COmpass.

About 26 feet above the base of the lower greensand member there

. d
is at least one and there may be several mud crac@ilayers. These have

=4 been found throughout the northern half of each guadrangle, an area of from
150 to 200 sguare miles. Since the cracks have been observed in the
lower greensand only in artificial exposures, mostly quarries and rdailroad

cuts, which, so far as the lower greensand is concerned, are confined to the

northern halves of the two guadrangles, it is probable that the mud cracks
extend over a greater area than that given abovel
The detail of each member is as follows:

."-- ._: (,.4} £ =5 &
iﬁﬁﬂ‘“_ ~J{a) Basal sandstone and overlying calcareous layer.— The basal

1 sandstone as irregular bedding and is inwe=i-1"

= g A e Tk 5
(?0; 10 ) \i\d-dhw‘.og Mn-q\m f(‘ e tniin  Socadsin .
@ . @mﬂ-@-&.&‘ &-m..,., &u-u.sa-u).
O& S (S Qoms D frown L‘-lﬁiftwﬂmﬂ@
o> A4}4-+J4- z- o LA
?\WJ\N\L;_“‘W :-a'r-n} JM&.‘S:ZM wark ot sl
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finer grain than are those of the Dresbach (fig. 10).  Some beds contain
calcite and dolomite and two members have a

considerable proportions Of
Very little argillaceous material is present,

high glauconitic content.
go by the name of

although some of the fine grained sandstones generally

shale.
but

The beddinz of the fine-grained sandstones is quite regular,
Ripple mark of

|
' that of the greensand members is extremely lenticular.
Cross-lamination is

{ both the wave and current type occurs throughogp,
Shr1" -

!
’ extremely prominent in the greensand members,'the foresetﬁ‘are rarely
x
The

F greater than two feet in length and most of them are a foot o less.
’ coarse sandstone at the base has eross-lamination with steep foreseq“é*“tf)
L1 M

-
some oE-wrrCITEI® as long as 6 feet. The foresetg throughout the forma-

tion appear to vary in direction of inclination through all points of the

K .cOmpass.
About 26 feet above the base of the lower greensand member there

d
is at least one and there may be several mud crac%ilayers. These have

been found throughout the northern half of each guadrangle, an area of from

s
t
1 150 to 200 square miles. Since the cracks have been observed in the

lower greensand only in artificial exposures, mostly quarries and railroad

cuts, which, so far as the lower greensand is concerned, are confined to the

northern halves of the two guadrangles, it is probable that the mud cracks

extend over a greater area than that given abovel

The detail of each member is as follows:

dstone and overlying calcar90gs.1agg£,—-The basal

: ~{a) Basal san
% IO g o S sa e o R B
sandstone !as irregular bedding and is invariably cross-laminated. The

i foresets vary greatly in inclination afd direction and not uncommonly reach

mhe color of the rock is commonly some shade

| lengths as great as 6 feet.
of brown, bui varies to gray and locally it is green due to the presence

i

i
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Fig. 10. Mechanical analyses of Franconia sandstone. o
a. Boscobel, lower greensand.
1.168 - .833 mm. 0.00
«833 - .589 mm. 0.00
+589 - 417 mm. 0,00
«417 - 295 mm. 0,00
«295 - 208 mm, 6.83, transparent guartz, grains subangular to angular.
«208 - ,147 mm. 28.80, essentially no rounding.
147 - 104 mm, 19.27, no rounding, a little dolomite.

«104 - ,074 mm. 15.71, as Ho. 7.

“—

- 074 mm. 3.47, as No. 7, with about 10 ner cent dolomite.
26.84, this rectamgle represents ths Jlauconite present
in the sample.
This sand was deposited some distance from the belt of constant

wave-wash as shown by its fineness and little rounding.

b. Lower greemsand from 21.7 to 22 above base of section.
1.168 -.833 mm. 0.00
«833 - 589 mm. 0.00
«589 - 417 mm. 0.00
417 - .295 mm. 1.39
«295 - ,208 mm. 4,23
«208 - .147 mm, 14,19
147 - ,104 tm, 17,17
.104 - ,074 rm, 44,21

57 0074 mme. | 14.61

4,30, glauconite.

v dfastiat
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Fig. 10 (cont.)
| c. Lower Greensand, sample taken from 21.5 to 21.6 feet
above base of sectiongin road cut about one half mile west of Tunnel
City.
1,168 - .833 mm. 0.00
«833 - .589 mm, 0,00
«589 - ,417 mm. 0.00
o417 - +295 mm, 0.00
«295 - ,208 mm. 7.06 . t
«208 - 147 mm., 13.78
«147 - ,104 mm. 2.41
.104 - 074 mm,  7.27 .
- 074 mm. 2.47

67.01, glauconite.
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of glauconite. The grains vary in diameter from about one-tenth to three-

fourths millemeters with the grester number appearing.$o fall:;jwnd one-
3 fourth millimeter. Most of the grains appear to be subangular. The
& 48 glauconite grains which are locally presex_mt have smooth botryoidal surfaces
&?‘*:‘f;ﬁ:fu _., Wwhich could hardly have been developed by rolling. They are generally
slightly larger far fhe.average than are the cuartz grains. Goldman's ;
——

;,/ toldman, :i))'-, Lithologic subsurface correlation in the "Bend
series" of north central Texas, U. S. Geol. Survey, Prof. Paper 129, p. 4,
1921.

observation relating to the character of glauconite above an unconformity

sppears to apply to this occurrence in that the gréins of glauconite in this

gl

.Jeewe’z member appear to show more detail of surface than do those in the
; v
higher members. The differences, however, are not marked. The thickness

L > :
of this basal sandstone varies from 1 to 6 feet, but is commonly sbout 3

wa. SO Lo plese

o

L *

many fossilsé” Fragments of

trilobites are theee most common and with them are generally asg;ociated
Lewpke s B
fragments of linguloid and oboloid brachiopods. lost of the maferial -is
T £ ol
difficultly indentifiable and all e#—it undex;\mt considerable transporta-

tion before final depoéition._ Ir}& the vicinity of Coles Peak and about the
mouth of Farmer's Valley tnisAlayer is simply crowded with trilobite impres-

L* sions.

The calcareous layer is composed of clear quartz sands in a metrix
Hood @tRAA e

of gray, pznklsh, or 1;elloW1sh calcite, mm»mwmm»my

- e

‘R' ‘y-m crystals o three fourths mlllimeters diameter. - ‘Logl-;y—
«
\)ﬁ calcite make;xhe whole o -&he bed.

. e

Glauconite is invariably present to a maximum of about 10 per cent.
L .
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faio )
\&%ﬂ ulameterw of the glauconite grains are generally one-fourth milli-

'\._v‘_,_._..-n-—'"

meter or less,\but a few grains have diameters up to one-half of a milli-
meter and rare grains of ellipsoidal shape have the longest diameters as
great as three-fourths of a millimeter. The gkemcOnite grains have-
smooth, shining botryoidal surfaces except in such of them as have con-
whi

the shape of a foraminiferal shell been

-

Criodoigir

e Mf
Am thlclmess@fremmmﬂabout 6 feet.
TR r931st ? = ; AR miBkib-dergTenrrence
1 L,/f“ﬁﬁﬁﬁr ;ufe UH, Cllvstration Sheet )
the Dresbach cllffs.,\ I i %

blueberries appear to thrive over rocks of this zone and, dé«senerally
-y

% may comuonly be found just above the top of

the Dre sbach -

Th calcareous layer usually carrles foasné/w&am&;y =%

mh’“ M.»

X brachmanform{common ris a small oboloid-like brachlonod.

yleﬂa adyuminata, Joer
Billingsella coloradoén31%ﬁ%ag_chell us politus oeccur rarelyﬁﬁr Prilo-

bites are not common.

]
-

& #
)
: =
cave depressions arising from the pressure of grains of quartaz. N
(! : o x _
cﬁ«deuzgfgé"rei '

recognized?‘rhe calcareous layer is qulte&c_omqonlyw.t laminsted.




S G _ By
S > oeadier, ——
3Lj4,é~*” e 1Y Micaceous shaieA This member, commonly called shale,

*

consists of fine grained,micaceous Sandstongﬁ% Clayey material occurs
A‘V " ~ : : :
in OEég:;;;él thin partings. Golors.vary.from gray to yellow. The 5

s i st

beds are horlzontalﬁlamlnated cross-lamination is not common and smzll
asymmetrical ripple maré.is abundant in some beds. Fucoidal markings

are abundant.

EQGEé}ekare common in thls member.ﬁz Ihése are.chiefly fragments

of %filobites and small oboloid brachiopods# Toward the top is a bed
containing many segments of the stems of either a cystid or = cri%}d. With
the possible exception of somge of the brachiopods, all of the fossils

c%j 3 Happear to have undergone con31aerable transnortat1on before their final

i

deposition.

R

st y
A i e

memb *,;Lamzhlcknaaﬁ Jhas. nt. baenﬁﬂetermined id ﬁEiy places. //;ae i
: £

..—-‘--—m-n. , g A s 2 0N A T dt j’
Ve Test exnosure is at Tunnel Cltv Where tbezeaare 14 feetIi In section 12 .MW’

+he o
&~ of to of Burns (7. 17 N. R“5 W the thicknees is 16.5 feet e
LA wn urns | . ) J;Lmjhgs

et e T

“w-.__—......--.

LGRS S-a0pear. L0 he representative. for. the. twopqnadraﬂgfes. Fd
mesdur - ,/
(c¢) Lower ¢reensanqﬂ-f This member is well exvosed iy’ guarries

and road cuttings for parts of its thickress, but fairly compiete exposures
T pne Time
of the entire thickness occur only at Tunnel City and Norwslk. rsW“$ s

|

extensively quarried for road material and building stone, the 1argest

quarries being short distanceg west, sotbh, and southeast of Sparta.
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40,

(4 M

The strata are, thin lamimted andweemstste~of fine to medium
) A
grained yellow and gray sand and glauconite. The--lanminations-are-gx—
- . 2 opapiens et TEIL g oo sirs
T s Gk At pagprsny et P b Gl
tpemedy-firdn in some beds, onﬁnmw@mﬂthree—fourths of an
i o} : ' f Mﬂfﬁ'-‘wﬁ‘
inch thigkness.mhowing-thipby=size lany-beds-are-wholly crosswiaminated;
. e
[q’;g; /tr"jz,.,.’-.::.—.r PR :
the foresets are.generally.shori, the.maximem beins-about-a-foo
; & m Mawﬁt-w
_of-shem from 4 to/¥ inches. Near the middle is the mud cracked layer or

layers to which reference has boen made. The. spac.ing-ef-the-eracks varies
s Gt

S ;
from 2 _to.b-4nEHEY, Current ripple mark =$==Y6%&Tly common, Numerous

layers are covered with fucoidal markings.gm® these layers quite commonly

-
contain many fossils.

The quartz sand grains are clean and glassy and in most laminae
A s t"‘- s :jﬁw{
they.are not well rounded. The diameters vary-around one-fourth milli-

[}

meter for both the cquartz and glanconite.g‘e e

The percentage of glauconite varies with every layer, the smallest

g3 -
percentage determined being 4 and the largest-87, widde a 2 to 3 inch bed +ms
T ik A

this-merber exposed in a road cutting near la Crosse gale-a-pereeantage-in

~glaveonite..of-9%., A 28 foot section of the lower greensand exposed about
O — et

2 half mile west of Tunnel City (SB%, NBE, Sec. 26, T 18, R 2W, north of

Tomah quadrangle) shows 2 variation in the percentage of glauconite from

its approximate absence in some layer/:j:;o 67.1 per cent-im—the—iayer-with

i/
‘nieeest percentame. Analyses rmade by E. G. Thompson of samples taken from

_],/ Thompson, E. G., The greensands of Wisconsin, unpublished thesis,
University of Wisconsin, 1920. -

eleven places in the section, show percentages of glauconite as follows:
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41.

Lower 8 feet glauconite 13.3 %
12 to 16 feet from base » 5.4
16 to 16.5 v e L 2l.4
165 te 18,6 p 8 o n 9.98
188 -t A0 w8 W " 24.67
39.5 %0 £l 2 0w, @ " 9.98
Bl.E to 2lse m n - m " 67.1

e LS T TR S R o " 4e3
487 %o 228w m. W " 5,7
228 te 25,50 . W " v 2l.4
Abei B0 BB % oW W " 104

o
The glauconite of the lower greensand member is similar to that ¥

in the upper greensand and in the besal—esw»edsa slthough the grains in the

last appear to have more dﬁ:ﬁzx_es surfacejand to be a trifle larger.

o i danspnn ,&ﬂ
The differences, however, are not gggiéadiy marked. All &£ them-are quite

49 Lo

similar to the glauconite from the Cretaceous of New Jersey. Analysis
o P }J ‘

of glauconite from the Franconia 3f Minnesota gaye.results~ms follows.

;/ Hall, C. W., and Sardeson, F. W., The magnesian series of the
northwestern states, Geol. Soc. America,Bull., vol. 6, p. 185, 1895,
Analysis made by S. F. Peckham and originally published in Ann. Rept. Geol.
and Nat. Hist. Survey of Minnesoéta, p. 61, 1876, and again in 1879, 'p. 152.

5102 48,18
Fe0 27.08
Al,0z 6.97
K20 7 .40
Hag0 1.25
Ho0 8.75_
. 99.63
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Anslyses of the glauconite from the exposures on the hill near

1
Norwalk gave potassium in percentages varying from 3.546 to 4.86.

;/ Brant, H. Je., Glauconite as a potash fertilizer, unpublished
thesis, University of Wisconsin, p. 10, 1920.

2/
These percentages approximate those of modern glauconites of which Clarke

2/ Clarke, F. W., Data of Geochemistrye U. S. Geol. Survey, Bull.
695, p. 514, 192Q. Murray, John and Renard, A. F., Rept. of the scientific

results of the voyage of He. M. S. "Challenger" during the years 1873-76, etc,,
deep sea deposits, p. 387, 1891.

gives the average of four analyses as 3.49% expressed as Kzo.
Possils are guite common in the lower greensand and all appear

to have undergone transnortatlon before final deposition.. - A 1 3550011edf

er charaqterist1g.- i G ,1t;,.1;
<

, '“”,a
e O A o ey - gﬁmmwm“’&‘*'my i
/V—“”“@m’oer is 32. 5 feet tm_@ at Tunnel Cityfwith the top not

e e e b ST g S 25 o

(/ positively exposed while 46 feet are known in the hill near Norwalk. “Bhe

dgscending section (Norwalk Fill) which follows shows the character of this

a a &N *

member in detail.

SE

""."_;3,.,.7.@*.:-“(
5 Sectionﬁgniﬂbad_ﬁbrth of Norwzalk. éji; -
boviey

Lﬂf Sandstone, gray quartz sands and glauconite, grains fine Tnmqu
7

to medium., glauconite subordinate. : .5 feet
/A. Greensand, rich in glauconite, really a lens, highly

eross-laminated. 1.5 feet
. Greensand, mostly quartz with glauconite along

laminatiors, thin laminated with beds around a foot thick.

3.5 feet
/M« Greensand, rich in glauconite. 1 feet
£. Bandstone, gray, flecked with glauconite. 1.5 feet

A
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5 Greensand, conwins meh glanuconite, highly
oross-laminated. 0.3 feot
. Greensand, rich in glauconive, cross-laminated
with short foresets in many directions and with gentle incl ina-
tions U7 réet
3. Greensand, a mud cracked layer mear the top.
Beds up 1o iive teet, cross-laminated. Foresets short and inclined
in many directions, many ziossils. 11 feet
2. Sandstone, mostly quartz, very little glauconite,
flakes or wnite mica along vhe bedding and lamination planes,
beds 2 to 6 inches. 39 feet
A+ Hicaceous mlewqfﬁﬁm%vdwmw 1 foot
(d) Yellow sandstoz;e rme.z_’n__l‘aqu_gﬂﬂ There 1is no complete expo-

T S

sure or this member in either ci the two quadrangles and exposures
o OO 4 f:» f.

of any part 0i it are rare. The mosy ggpenﬁave are in the rirst u”

cutting on the Chiecago e.mﬂﬂortnwestern Railroad co vhe sousheast o1
\

Norwalk, at Norwalk itseli, and on che west side oif;ammn Valley

/
(5% Sec. 10, T. 15N, R 4W). The thnicxness 0r this member is about

Pa a0 G TS YT O Sana S O me SIS
.

30 feet.

consist'otr thin

bedded and thin laminacted, iine grained yellow sandistome. The samds
are quartz)( and small angular fragmenmts of zlauconite, the former
predominating, the latter rare. The sorting is excellent. Most of
the grains are angular and they average about one-tenth millimeter in
diameter. The pedaing is regular and the laminations approximate

parallelism to the bedding, The only traces ci organisms which have

been observed in the exposures ot these two quadrangles are transverse

2,
g A

ol

=1
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tubes for which worms may have besn responsible.

W (e) Upper )éreensa.ni,\ Natural exposures 0f tais member are
rare, but artiricial ones are common., The best exposures are at Sumnit,

Norwalk, Tunnel City, Spring Valley, and Middle Ridge. 4
Lt R

The Rock consists of quartz and gla.ucunite,&the latver bedng™

o extremaly abundanc in some bedsy {gigo-—g:rerzga-'ror f'i_sixteen 100%
Lo Hon st 5 4o ¥ 75 P 1_/
e::posure or the rnem'bex;( at ‘Boscobel on vhe Wisconsin River V‘uﬂg az%,.

e e e e SRR .~

'f PRl ‘fﬂ-'»"‘ E"h

1/ Thompson, E. C., The greensands or Wisconsin, unpublished thesis,
University oi Wisconsin, 1920.

_Both_gypes-or-sand-are-similar-to-those.-0w-vhe 10WSr greensani member.
A little pyrite is present in an exposure g the west end oi Tunnel No. 3
on the Chicago and Nortnwestern Railroad. Many ox the beds are per-

torated by worm tubes which have been 1illed with sands ox a yellow color.
Ripple mark o1 both wave and current type is common ami e¢ross-lamimation 5
Nl

oceurs throughout. The foresecﬂ vary in direcvion and are generally

short. fnn AN

o d
Mos¢-ot—-thepeds IPPear to-be-wrvhous ross; 18y Or have mm :
~ 'f ey e Chu A hans

X S0 poorly preserved as o0 be d.n'fmult recogniza.ble. A few beds }ee&Hy

-have them in considerable abundance. All appear to have experienced [« ‘M‘

considerable transportation beiore tinal deposition. &
o; /;Jf.'i Licr NELLD
~Due—to-tns absence UT comyplete exposums tne thnickness has

—

e At Bean's quarry near Tunnel Cityj

o 9t loane
north o: the Tomah qua.u.rangle)tha:!e 153 a-thiciness—er 54 :eetm/f
Fossils. Foiisils which have been identified irom the Franconia
&/
fOormacion are given in tné list wnich rollows. io ‘13“\1103 known tnav all

coll-
2/ Walcots, Ce D., Gambrian logy aml paleonvology, Smicvhsonian Misc.ﬁ,
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lo, Pe 397, 1914,

of them occur in these two gquadrangles. '

1.
2,

: 4.
5.
6o
Te
8.
9
10.
11.
12.
13.

14.

R

Obolus matinalis (Hall). T i

. “h‘-v. -

0. mickwitzl Walcotte.

Lingulella (lingulepis) acuminata (Conrad)
Eorthis (?) diaplo Walcott.

B. remmichi (N. H. Winchell)
T

Dicelloms politus (Hall)

Billingsella c}wlora.doens is (Shumard)

(Walcott) b

Syntrophia primondial is (Whitfield)

Accyl iomphalus n.\ SDe }

Agnostus josepha 11

A. parilla Hall
Saragogia hammlus (Qwen)

15._S. wisconsinensis (Owen)

16.

Ptychaspis miniscaensis (Owen)

17.P. striata Whitfield

18.
19.
20.
21.

az.
23.

24.

Chariocephalus whicfieldi Hall

Conaspis anatina (Hall
C._bipunctata (Shumard)

C._eryon (Hall)

C. ownel (Hall) ¢
C. nasuta (Hall)

C. patersoni (Hall)
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25,

26.

27. Ptychoparia diademata (Hall)

28. Zlliptocephdlis ¢ curtus Whitfield

.29, Komocepalina misa (Hall)

anb ﬁ.%y = ;

Origin ef—the-Franeenia—Sediments. —The o .1 abundance of

ol u_;'f,‘_tac_n e 3
marine fossils in the Franconia formation the marine origin, while

~ the p:s?a.l zineness of the sanis and the angularity of the grains suggest
'&;’)MW A Eptrelony Bt PP T AN

¢ (disx;ance from the shore. Shallowness of waterg is shown by the cross-

4 ;
lamination, ripple mark/ and ghe mud cracks, The cleanness of the guartz
b a0

sandstones sms Iong washing, A shallow sea, little more tman awash,
appearsf,\to E@ tulfill the conditions necessary.

The origin of wne glanconite ean {\y be c'iven/by inferrence.

3 d“‘,yqu,.‘, { P

In modern sSeas zlauconite 1s said to be deposited in aepths/\o:r 91 meti;s
i
along tune northern Atlantic coast to 3152 meters in the Indian Ocean.

1/ Goldman, M. I., Maryland Geol. Survey, Upper Cretaceous, p. 176, 1916.

The limitationjtofthese depths in existiny seas can:not be vaken as a
[
eriterion or the depth of tne Franconia seas as all ctne otaer evidence is

adverse to even the minimum of these depths, The glauconite grains are
-not products of corrasion, althouzh somse appear to have been transported

short distances, and the interlamination with the quartz sands prove§mecnani-
'u‘u..
cal deposition., Nearly every ewne shows 2 botroyidal surface to some de-
AP A s Jf‘f ¢V Barn
gree. The conaduens are such as to suggest that the glauconite grains
£ 2@1.:"&-2. o

foll éipto tne guartz sands while~they were-depesit-ing, coming to rest after
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i {L&;‘J %M

P

- ¥ 'd.“”‘\ £
la ggmwﬁ'&wr b are=) ghe
~ RO 0r SHpes 1 : Th—émm%wmmmw&m

4 ?i’w ‘/é T P fu—c'51 o sirgFrntrin,
biom-—-wml}\alcernatdﬂwi A others W are/vnostly composed o martz

suggests a rhythmical precipitation of the glauconite. An alternative BFEpe—

e
theads «suggesuffmu the glauconite was deposited in grains which were the

produccs of corrasion and that the bogryoidal surfaces developed throucgh

'2,&»«-""#" (fﬂf:ﬂ,

subsequent growth. 1t 1s not thewszht that this Jag:;_la-bhesis can be sus-

o,

tained.

4

A

WL

Thekm@d—ﬁ origin of,\ ‘anconite d0es-not.appeer-to—be yet

'j‘,g e B,

o
Lo

3 ¢

o tar

tully understood and it 1s probable tna.t )t may develop in several fiffer-
u ”

S@nt Ways. In modern seas 1t occurs in greatest quantity near the mmd line

ot deposition in the presence of a certain guantity of organic mtter,
/E,C f!’éﬂ_-— % F 53

BoTT vne@omrtzon o{"mud and organic matter appearing tco

& :?{f;{ ‘_I i

e uae formtion. A superfluity of mud is snought to lead vo tne develop—
§ ment ox green mud while too much organ ic matter is believed to give rise

.e-.) 5

£ to pyrite or mareasite instead o glauconite. According to collet,

1l / Collet, L. We, Les vepoys Marins, Paris, p. 189, 1908.

|
the decayins organic*mtter acts on tne calcium sulphate in tne sea water

’Z formimz calcium sulphide. The latver unites with carbon dioxide and

water to torm calcium carbonate and hydrogen sulphide. The hydrogen

sulphide unites with any iferric oxide present in vne sediments torming
f)éaaﬂzw S ’fj lrke é}{pwﬂe
ferrous sulphide and sulphur. the “hm: is t‘.h.;_guam t0 eOmbine with

colloidal matver in c¢lgr, sne iron saking tne place of tne aluminum while

potassium and water are taken from the sea water. Intermediacve stages ¢ fm-, Rtovs
I‘tl

< ¥
3TN gralns navigg tae shape or glauconite nave peen oovserved by poth

¥ :
Lt
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[tz
Collet and Goldman. In tuois exg';amt‘fon ioraminifera nave no essential

placs. in-tne—developmenT U tHe - SUDStance.

Murray and Renard hnave a slightly differenc exXplanation.
Acofidiing to tnem orga ic matter enclosed in snells and in mud wnich
enters tune snells cuanges any iron which may be in cvhe mud to the sul-
phide, If this be oxidized to tne nydrate, sulphur will be set iree
which becomes oxidized to sulphuric acid resulving in iwune production

‘2-\4%;{,,1,
0i colloidal silica from tue clay. ‘.l'his and the hydroxide oi irom,

ofaesi um M 1
absore gﬁﬁa salts from the sea waser Tt ormigg glauconite. Foramini-

1/ Murray, John, and xenard, A. F¥., Rept. Of tne scientifiec resulcs o tue
voyage o1 Hs M. S. "Challenger™ during tne years 1873-76, etc., Deep
sea deposivs, p. 389, 1891.

feral snells are considered tnose whicn are mainly responsiole tor tne
developmens o0: glauconite. As no tormminiieral saells or molds are known

to nave even been observed in any ox tue uppsr Mississippi Valley glau-

conites, they can nardly ve appealed t0 as iacuOrs cggc.onﬁd in ivs
developmenc.
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W/\mmber,\consists of fine graired sandistone which loeally—is-

surticiently tirm to be quarried tur construction stone.

Can
—Jelations to-the-Praunconia-Fermation. So far as may be

v

determined from individual exposures the strata of vne St. Lawrence
v’

tformation are parallel to those of the Franconia., However, at all
' v

places where tne basal strata of the St. lLawrence nave been seen there
,é.¢ @ ko ‘x _*l
— is a conglomerate or rounied pebhles ot disk shapae. The contaet is hence

cunsidered one of disconi ormity.

Thickness.

i -

Loty - ;
v Lawrence mrmtlnn/wMW ‘there are 1ew exposures wnere bota the
i A pi“ - s\
base and the sunmiit my/\be seen. The thickness varies irom a minimum of
7% | Acdct
Nedicet Noranyf | _17+5 feot on South Ridge road ( ections 17 and 18, . 15N., Re 1%) t6 108 Tl
&, '

—

feet at Norwalk, It 13 85 feet at Bean's quarry, 103 1eet at Castle Rock, |
and 107 fest at Midale Ridge. The thickness varies within comparat ively
short distances, &= 1or instance, the maximum and minimam thicknesfsare

within about three miles of each otner. These variations in thickmess
b fan "‘*iﬁ“’ (2
are thought o be d.ue to the irregular sur face ?; depositc 1on, 1nequa11txw~'
ﬁ "4 { bim

01 deposiiion, and possi bla] erosion of the t. Lawrence strata«pefere—vnoge

mmnmmnmmed,

‘ >
Character ef On. " The St. lawrence | S L"ﬂm

w?_w.ta_ "__ - .,g_
BErava cons1s1;50: smly. dolomitic,and iine-grained sannstmeﬁk lq—-

WW-—""E:: Vi

st S R ; ‘;{:’ S S S '/ ti t!' ; ™

JW contains one or more 1a.yers 01 nea.rly pare dolo-

mite. “Iraced suutnva.m to the W1sconsin Va.lle;g the percentage of g1,

;t-{s,um’* -vt[f""““-"‘“”u“’ta“’t

/ mit.e m::rsa.ses }Ju Tormiammenber at Muscoda, Blaek Barth, and elsewhere A art lede
Wufyfﬁﬂmclc&w%iw mremtierra, . 2
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W ol ot e
8 i 50. . W . @i
b5 (,,—- af / e 94 ot f‘h"“ vt
) g
. wsm The conglomerate at the base Aw poorly ,f’

ApwArgarliswn ‘
sorned,,H(Apebules Wa ot yellow sandsione a.ndkéreemam f’
P m é“‘“‘?f& ,{ B Ak, ) 7
Wm —dizmasers vary up to 4 mchea and_s.ney-a#o-

Yatont o inen thlckﬁﬂ the largesn:\ Phe’Pebbles are oriented in

SN amnﬂrﬁ-ly every direction., ‘ne matrix i1s everywmere: a mixgure of
}91&/“.u ' la ANV, adf ‘:f T

Pre i Li’"‘ el g'la.u.conlt.e M gray and yellow quartz sand¢~*"phs 1inme grained sand- /
o ot F g '
stones wihich compose the greater portion oi tne formation consist ox

angular to only slighuly rounded grains oI quartz. f4he diamecers /o r“*
vary ifor mos%n‘ tnem irom one-iorvieta to one-vénth o: a;illimeterff:fwﬁs e
Thin beds of conglomerate are present at several levels. These con-

sist o0i thin yellow sandstone pebbles in a yellow sandstone matrix.
Generally the pebbles are in horizontal position, but in one layer

or wide distribution they are edgewise. The strata oi the forma-

tion are generally soit and-weak, huthiﬁaﬁ;;r nearly every part has

FRES, O 'fA‘ Erecaty ! Brsscsissmicn :
been quarrisd for building stone. ,Qne layers a¥e almost ilonr-likaw—?‘m-‘- )

The .color of the rockvaries irom 1ight gray to light brown.
Green shades oceur near the base. Many veds contain small dark
particles (iron oxide) giving the rock a "peppsr and salt™ appearance. .

g To & b oo blsifSaping AP 'f fpre 2N

The bedcﬁng ie gensrally well definedand the lamizlxatio‘?.sf
are parallel to, or at a lovf angle with ins Deddi.ngcw‘”'rhewi;rej;etﬂ'f i
é’j“ are a;e';ldé to 5 feat;ﬁ s;haly sanistone exposed in Bean's Quarry
at an elevation of 27 feet above the base contains mud eracks and such e

have also been seen at Muscoda on)he Wisconsin River.

The-threXis sy 0T INdividual-beds varies up tO about 5 feet.
Nearly-every.one. is-herizontal or 1ow ansls cross-lamiiﬁ%d ‘with*the
lamitAtions up to one-hal: inéh in thickness. |
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The sections which follow show the detail or tne sequence.

Section on South Ridge Road, (Sections 17 and 18, T. 15 N.,

o 1W
No‘wu—d/g’k WM"‘W mcdis, f’f W pacedatona ;

12, Sandstone, 1ine grained, yellowish gray, thin

/lamim.ted. Contains w rm tubes and fragments of trilobites, 10.5 feet
| 4 11. Conglomerate cmsisting or small, 1ight colored, fine
// grained sandstone pebbles in a matrix or medium grained yellow sands,
/)-i c\a/LmW—‘— )@W{LM . 0,5 feet
10, Sandstone, soft, fins grained, yellowish gray. 1 zoot.
9. Conzlomerate 1ike that or zone 11, This zone trun-
L cates the laminid of zone 8 throushout almost tn® whole 01 the exposure
%% or the latser. le5 feot
é’/. 8. Sandstone like that of zone 10, eross-laminaced with
Eou/ : foresets up to 4 reet long, Prilobite fragments are sparingly
- present. 3.5 teet
j 7. Conglomerate, small pebbles or fine grained brown sand-
stone in a matrix or medium grained yellow sand, 1 foot
| 6. Sandstone, iine grained, pale to brownish yellow. Generally

i low angle anl horizontal thin laminated. Contains dolomite layers in

the lower portion and iragments or trilobives are present near the base,

' & ;‘Locally this zone 1s extensively quarried. 29 27 feet

f 5. Conglomerate. Lower 6 inches an edgewise conglomerate;

ﬂ upper 2.5 1eet with the pebbles in horizontal position. The pevvles
are or iine grained yellow sandstone, the matrix is slightly coarser

in grain, but ox the same color. The edgewise pebbles are inel ined
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at high angles. 3 feot”
4, Sandstone, shaly and flagzy, 1ine grained, yellow.
Some layers may ve dolomitic. 7 teet '

3. Dolomite, sandy and brownish yellow, Contains con-

b F ‘Q‘, “v
\\ siderable glauconive. This zone 18 filled with many Billiggiglla ( .

)
st coloradoensis and rare 0wenellgs.nd Hyolithus. 145 feet ~ 0\1'<\
o 2. Sandstone, tine grained, yellow, 6 teet v

l. Conglomerate, interstratitied with yellow dolomitid'
sandstons anu thin laminae of greensand, The pebbles are either
greensand or yellow sandstone wnile wne matrix consists or glau-
conite ami yellow quartz sand. The pebbles are or disk shape and
up to taree incnes for the longest diameter. Rare iragments of tri-

w :
lobites are present. Base oix vhe St. Lawrenceﬁf»-w. 4 teet

o 4 : e Laea
©. 0. ;CLO’LL.@- Cor acieres 5&&5’ bedds 6% /0, bolle cuclecs it
_ - = , i i 3

Cov M}"Mmf 6 ber Xonll phele ngecclten-, e defesud 172 ‘5[-\&

0 e e L

ST W Aewr. dell, AT aip Ll Tras, ool 2y B

= = A =it

Section at Middle Riage, (SW& sec. 2, ;.7 15N., R. 5W).

10. Sandstone, massive bedded, lov angle anmd horizontal

\}B\ u/ X laminated, rine to .-ned.m:z}fgratn, yellow and browm. Soms layers are per-

/ torated with transverse worm tubes., No other i1o0ssils observed, 33 feet.

{

| 9. Sandstune, brownish yelloy, fine to medium grain,

| thin laminated. Thick beddeu apove, tuin bedd
.. e, ed velow. 6 £
[d)t ia,w—r\M a Tt o ; ag
! . _B. Sandstone, yellow, 1 me nq'medimn grain. 6 ieet
\\\\ 7. Sandstone, yellow, very iriavle, medium to rine grain,
Eou X

beds 4 to 6 inches thick. (Conta ins many worm tubes and iragments

oitr =
. ?z floni'ces 10 1e0t

I 6. Bdgewise congl omerate. Thin; Iine gra::md _séndétone

f pebbles in a matrix or coarser sands. This ved 1s compac: and
resistant.’ 1 foot
(V]
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\v\F / 5. Sandstone, yellow, rine grain, thin pedded. Stained to
[~0. 4
- : /{ brownish color along the horizongal and low angle laminavions.  Worm
/ tubes and trilobite fragments are abandant throughout. 10 feet
/ 4, Snale, dolomitic, gray to yellow, (Contains rare oboloid
/ bracniOpods and trilobite iragments. 7 teet
£ 3. Goncealed. 11 foet
: 2. Shale as in zone 4, but the lower 5 feet or moutled
G yellow, gray and brown dolomite. : 11 ieet
l. Concealeus The base ox the St. LawL:-ence is in this inger-
val as the zone below belongs to the rranconia, 6 teet
L:; 0. Werich. eovedonsr Hiak LQCJJ—- ¢ 5 5 bolle iocls cins
correpd B A B el ssintie
—

Fossils. Fossﬂs are guite ammam: in many horizoms, but they

Lttt :"- e 4 v o

are mostly .ragmencs zmd evidently urﬁerwent considerable transportataon

beiore their iinal deposition. Transverse wox-zn Lubes are mors or 1ess
e e .vzﬂ R aana)s

present from tne base tu vhs summ t/) '“‘T’ﬁé TolTowing

been :u:lent ified. It 13 uut. “nown that all oy them oceur in une

1 is Ledfﬁpecles nave

4
L

X‘\} , 1/ walcott, Ce De, Cambrian geology and pa eontology, Smithsopian Misc.,
§ / vol. 57' No. 15, Pe 356, 1914.

/ St. Lawrence strata o: vtne Sparta ang Tomah quadrangles

l. Obolus (Weswvonia) ora (Hall)

At
‘IL " /~
[ 2'7/ 0. (Westonia) syunearmus (Whitfield /
‘3. _Ecimmalnburg;{ tinckelnpburgi (Walcott)
4, P. osceola (Waleott) {/

5. Lingulella mosia (Hall)

eni (Waleous) :
7. «_Winona {Ha.Ll)
Syncroyphia pxrnn 3alis (Whicvrield)




104
11.
12.

i .«-E- 1 3 .

Serpulites murchisoni Hall

Owenslla antiquava (WHittield)

o vaticina (Hall)

olivhes corruzatus Walcott

. Spirodental ium osceola Waicout
r: 14. Agnpscus disparilis Hail
Tj [ A A NiredsxXsa ANAGSEe X XHR T BRI
5 15. Calvinplla spiniger (Hall)
Q ‘ 16. Dikelogephalus limbatus (Hall)
, { 17. D. minngsotensis (Owen)
” z 18. Saunkia lqucosia Walcott
%\ 19. S. @rassimarginata (Vhitfield)
‘. 20. S. pyrens Walcott
‘2‘ 2l. S. lodensis| (Whitfield)
E 22. S. pepinensis (Owen)
!!;,_5 23. Osceola osceola (Hall)
i 24, Ptychoparia® binodosa (Hall)
28%. Illaenurus gquadratus Hall
26, Triarthrella m&rg}_;i (Hall)
27. Aglaspis eatoni ¥ itfield
28. |

Ae barranigi Hall
. T =

~Gonditions of 6i'1g-1nL-— The 3t. Lawrence strata were deposited
¥ Kal

in shallow marine waters }rh’tﬁ}gare' far enuugh removed from the shore

/90" as not to be strongly moditied by its influences.

Organisms flourished
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in the waters, but!did. not obtain 'buria:bl immed iately followinw death as
= s 1 k= Qi Bt ¢
is svidenced by their worn oharacteré}» The md eracks in the shaly layer

at Bean's quarry and at Muscoda imiutew a mud
flat. The pebble conglomerates my possibly pve the effects ox occa-

sional violent storms, wnile those with the pebbles in edgewise position

may be the result or slumping or rapid depositvion. The dolomitic beds
Do Baer: Z”*““‘.’ é"-'!"\' Atk Han e 4.

Ariry Ao fizgviledn the lower half probablyAresultud MM replacement 0T calcareous

lelpede | sediments.

Quillioy s 5
Mt e T (szmﬁa—m&ﬁ 0, WJZ/ af b,lwﬂﬁt &K;f;@gﬂﬁix i
%{“—W*”M" T e Grralan 4. /“’m{'{ﬁqf \_va écaj vl 33, % 6f5~ w3, /?25) dwé
rdﬂ'/{' L }WWM WM/Z‘—UL L e © MC%, %’- jﬂ-{, /ﬂvéd/m. 24. /Zﬁa}f - %tm 2
M%W@w Mmr{’?zﬂﬁ»/ﬁ/ﬁ Profirnek  medulitzie of M pemie
W MW L—ﬂxff‘—"/t_- M—M’&Mw/waaogf;y ‘j—a_(_em,,
Muma,zm,&w W,e m,,;,iméimvt Mot Mo loider teds 4 (Z(,-

f Tl ek e Wf“" ok
, M W ww ﬂ”“““’f@ e /v—””'”“’;w ovmir, e el i,

g #

M% e e o Cony _‘5’5"“":;.5" ans
fommatron bogins with ’;;ue }pag 6t cross-laminated stratum wnich im kol o8

Pl

7""%.:‘19 . /iio:*h A o ;‘:“t%"
4 COmparison with tne ].nm._angle-or norizonwally laminated St. Lawrence

plasaat” L
stmta)mmmnmmd but in othex:ﬁ it is difficuls vo

v
locate & poundary and one might be jusvified in comnsidering the Jordan

. _ v
Femaas+eon 23 an emergent phase o1 tne St. Lawrence., ThHALSdS—Bhe-
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in the waters, but d.id not obtain burial imediately following death as

‘“(’r’ai ?:’{’:4*’*‘ y y e T bt d

is evidenced by thefir wora oharacterﬁ},a The md cracks in the shaly layer
at Bean's quarry and at Muscoda indicate f'gb@%mw a mud
flat. The pebble conglomerates may possibly bve the effects 01 occa-

sional violent storms, wnile vhose with the pebbles in edgewise position

may be the result oi slumping or rapid depos ivion. The dolomitic beds
KA }(M-

4in the lower half proba.bly/ resulted mén replacement o1 calcareous

sediments.

W’M/
Jordan Fessmiien.

General Statement. mwmerratn-w tne strata or the
s FuNerp b =

Jordan, fesmaiion are cozrmonly charaes ‘mod by sveep slopes and cliiis,

s ,;'}i.. e *-éif\.-dw-'-}
nearly every one ox the upper tier or clirfs naving its basal portion
. e

formed o0i stracta 01 thils IOrmaAtiin. Ixcept mm-preseace :|.n b TATS
g é‘tr/\,.q ..A: PP

outl ier like Castle Zoeck the formation is generally wanmng que+ the

norghern halves of the twou guadrangles. ‘ :
/Mz/sz Pt

Loéally the Jordan

b et *h
comparison with tne l_n.n..ang-,].a-.or norizonally laminated St. Lawrence
?j'ggj b /
stmta)m&mmacﬁmmmd but in othexﬁ it 18 difficuls to

/
locate & bounda.ry and one might be jusvified in considering the Jordan

v
feumat+eon as an emergent phase 01 tne St. Lavrence. ARG IS—Re~

-3
k_\

formapiow bogins With ;ne IWQt eross-laminated stratumj‘mmh irn L fc -

(Y.

£
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[;t-"l“ //’ : MW _).ﬂ,&u)- by
Thiclmess. Phe thickness'of tne Jordan formation variey from

- 62 5t quo.'/.v?z.yz;nggmw_"‘ 2 ;
a few feet up to mzé. 1’60"{..% Lnare are 'Qii/\raat at Norwalk, s& feet 1 M/'

o3
on the South Ridge <oad, 3/ feet at Tunnel No. 3 on the Chicago and | widiraeord
- §L = achbr |
Northwestern Railroad, 31 feet at Castle Rock anl M fee: on the creek / ffﬁ; 'j%"
Norwzt#=
flewing norvn rrom Middle Ridge (It may be a little tAlcker at Middle ' J_:u Vi
/ 15 f1- oL
Ridge as tneres 1s a 10-ui00t concealed interval to the exposed Oneota - /VW%-
not the base). Phese variations are considered to be largsly due 1:0 Mq*’t e
inequal it ies of deposition. Mg{‘ i Mﬁ ($7 utj c‘“""“m/"
S e T W%W
MW“'A The aiom sandstones abon Ha Noruudf

/\are commonly friable and(,ooﬁiy g;ﬁy are quarrisd tor sand. The grains %d&w%
‘/

kot

AVRTY from very tine to small pebbles which loecally form thin condd omerates,

(Fige 12) All degrees of sorting occur Within tne limivs or the dimen-

sions wnich ars knovn t0 be present. The sand grains vary irom exiremely
1AA

well rounded to decidedly angular, but the laster js not comuondy trpag.
The colors vary from gray to yellow with portions locally stained with

brown oxide. :
.&j e ""’/MWM oj M S S 2
The vedding ,is generally very irregular and ripple markm of
G s w
gurrent origin is’ common. No symmetrical ripple mark nas peen observed,
¥ Wiee ” A~ fed
Cross-lamination is present from top to botu om/\wim the 1oresets varying
fai :‘j 'l-
from a tew incnes to 30 ieet and from very low aungles 10 2b deyreesjp.- f’] '

[

The inelinations are 1:'!9ssentia11y every direcvion, but there appears

o,
to pe a predominance ox theése to vne south. Some beds are characterized

o rL‘ {’ ;ﬁu.;- zufv{lm/ M
‘by cross-lamimation whicn sugzests wind deposition. m—femm
spuerical y POV

locally contains many/concretions varying in d}mensions to as m as

eter +heyave oo
two incues in &"&m&. put most coznmot yAa nalf inch or less. rhes(

C/;u@(‘, ,;C u‘J
—have-devel oped.through-the-loeal segregatioﬁ ox lime carvomate - thus-cement-

A
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HMechanical analysis of S4=—lawrence sandstone,from two miles

Fig. 11s
southeast of Norwalk 50 feet below base of Oneota.

‘10-1"6éw— '835 mm. 0000

.833 - .ssﬁ*mm.
589 = 417 =, /b.00
«295 m, 0.40, transparent guartz, grains ronnded,

0.36, transparent aiartz, rounded and subaz‘agple.r

208/ 1m.

0.00

p417 -
grains, estimated 10 per cent muscovite flakes.

-295 o

-208 e a147 IMe 0.60, as NO. 5.
«147 - .104 nmm. 12,00, transparent quartz, angular graing; occasional
miscovite flakes and limonite grains, a little

AR b
N 2 ‘ dolomite.
«104 - 074 mm, 17.92, transparent quartz, nsarly all grains anguiar.
1 Smaller than.0?4 m_m.., 68.72, transparent quartz, 75 per cent aggregates,
no rounding whatever. .

This sand was deposited beyond the zone of constan@ wave wash.



Pig: 12.
Rock.
1.168

«833

«589

«417

«295

.208

« 147

66
oo e o

Mechanical analysis of,Jordan sandstone, from Jeff Davis

= «833 mm.

% 0589 MM

e 0417 rﬂn.

- o295 mm.

- .208 mm.

e 1&7 mnMe

= ¢104 mMiMe

.104 - .074 mm.

N

0.00
1.78, transparent quartz, graias highly spherical
and pitted.
10.00, trans;;a.rent quartz, high sphericity, grains pitted
6.45, tranélnrent quartz, high sphericity, grains pitted
estimated 5 per cent su‘bang,ular..

18.52, transparent quartz, with a few grains of limonite,
grains well rounded and pitted, 5 per cent sub-
angular.

50.50, as No. 5.

11.29, transparent quartz, well rounded with a few
angular grains.

1.06, transparent guartz, 60 per cent subangular to

angular.

Smaller thaﬁ;.om mm., transparent quartz, with a little clay, and dolo-

mite, about 5 per cent rounded, about 10 per

cent aggregates of finely divided guartz.

The assortment, rounding, and cross-lumination of this sand

suggest wind deposition.

Fi
g
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M’E’Faﬁﬂ W&’an-
Fossils, Ne—fes-si-l-i—othav—vm fucoidal markings save—seen—feundt

/{m«;t . ﬁ‘bwc,m X

in th.e o . Jypao
ensiedoms—es Ori —3Some o1 the Jordan sandstoneg wers depo-
Ghdfona bl :
7 ited in water }wh'f;:ﬁ"“n‘o 40..the. Nr1ter. suggests. was-marine;
Py b 7
Tha o

_a=d it 1s provable that considerable portions were laid down above water
level. The w of rossils is not proof that the deposition did not

take place in marine waters, but it 1s in namuny with 8 otner facts
A c"bu- 8
lead iny to that conciusion. The | eross-lamination between parallel

planes proves che presence cu STIrong Wayer currents ard the thin eongliom-
}u, I é qf & Lgant EJ""—"{‘-"/LN 'lz!*fl
erates at several levla add-to-tha avidence. The cross-lamlmtion'a.ni the

"l

bedding ox eolian aspecst w:u:h T4 sand grains of anigh sphericity suggest

o N [
wind deposition for g};oue”poruuns. rhe*iacts lead tO tue coacepstion of !
#«h PP i — i ;’fe:i‘_ AP, OV
8 wide sand 1lav ove:; wnich water moved at times wnile other partsjwere

aocove wager level and traversed by wind blown sands.

N ;

e Q—MM%%
Madison (7) Fesmaddtn.
P
General Statement. Overlyinz tue seweeas Jordan samstouef
et P

are o;;her}Awn:Lcn in some respects resemule tuose 0f tne Mad.lson /ﬂ’o

= e

foss11% eviderice nas” been 10 unds0_Suppers—she- £i0N,-80-tNAT Lie
v 1ds -Buggestion, Aw«ﬁ

entirely on. .Lisnic. msamnlammn rxencre com;ama mwemss ThET
Héi{‘k:#i {ﬁv{ é’

Uk A correlationﬁuo&m‘és. /\ ]t—ﬁ—mmﬂ tnese

¥ s v
strata:mntuteﬁupper port:‘.un* o1 the Jordan.iawdalore,

I/

: k ATt
1‘ L L
¢\

et

|2

\J



$ne*Strata ci—eme—swer - T
Iviaan é‘- DR ) "'-‘;W‘fi., Ity bl i ’
d};mi;a:m a.re ;;J.Wlel to gagn_fn;he... m,a.s.,mssm are.not. knom - to.-have
> f\; sdosan ~r 11_ S ;;;‘;:—1@:-- B

be Ms in g&m; 0NQ...0%- 408 divimm it—bae-moT DEeN ,

Y /
; “mm_m m.’ig L&"MW
Phickness. The thickness of tmnAM varies from almost

nothinz to 18 feet warcm. i1s the thickness near the mouth of Dutch Creek.
There are 6.5 fest,on the South Ridge Road (Sees. 17 and 18, T 15N., R 7W).

Aed s
r;——-* The Madison(-z;-tm are

better stratified than }re‘ taose or tne Jordanalthough the differences are

Character

<=

not conspicuous. There—is cmsiderable variation in the character ot

diz ferent=bedS. A case-hardened layer (i ocall

these—strata and it appears .0 have nt

v WZM,J' i '-'.—6‘-*»{‘1-”-—9 f{ "{

&ne deposition o1 tne uverlying Oneota as8 pebboles wmach might have come
Na .

from this layer, are—leeally.prossutin-che~latter. Asymmestrieal ripple

mrksand. cross-lamination are present throughout. The sectivn whiech rollows

shows in detail vhe character oir tais san;istone.

Section on Coon Creek (N. 2. 1/4 sec. 23, 7. 15)1_1,' R _5W).

7. Sandstone, whive, 1irm, medium grain, 1.3 feet
6. Sandstone, browm anjé'ellovv, dolomitic, zirm, 5 feet
5, Sandstone, yellow, ecase-hardened. 3 feet
4, Sandstone, White, friable, medium grain. 2 reet

3., Sandsione, uolomitic, yellow, medium grain,

Gontains small pebbles of sandstone. 0.7 teet
2. Sandstone, gray, dolomivic, medium grain.

Small sandstone concretions are present. : 1 foot
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l. Sandstune, dolomicie, yellow, medium grain,
compacte. : - 2 feet

_Condibiens—es Origin.— These straua were deposiwed under cun-
% £ ¢ {3"-'& ﬂa -5‘,’& [ i“"" e

ditions guite similar to thode which__ gave rise 10 vhe Jordan sandstone
A “Ler Al b

LA, L08. CODAiE ions. 01 depesition-Somewhat - more. ~*'ertr'rt;’i'mﬂi'\g,':l:'ex'%tez‘
regularity vi ovedding was-developad:

‘ T
Ordovician System.

v’
General SJtatement. The Ordovician system is represented within
v’ -
the two quadrangles oy uvhe Oneocva dolomite anghe St. Peter sandstoneace A f"“"”&%
That the Shakopee,and Platteville d-e-l-emi-ees onee extemed over tue region
a,ML pae foromen s lein i g o
is quite probable,as the latter occurs only 18 miles vo the souths The Gg

Maquoksta snale' may 2180 nave been present,as ‘ehegha.;e exposed along the

southern border of Wisconsin and also exists in tne Blue Mound outlier about 75
v ol

60 miles to tne southeast. It 1s also possible vhat the Niagara H-m. *

(VW’L”) ,j/&i%m age, e

sbene. once overlay(tms region as 1y also 1s exposed at Blue mound and vo %

e :
the svuthwest in Jowa. & e 5 <le

The two Ordovieian rormations, weien arg,preseny are very dif- ‘i‘
Orreote - E

(KWWWW’W‘WL}

v

1"”;@(“-'“
ey
Wy ST T R
U/A.Z)
vy Yo W yopey

ferent in character, origin, and distribution. <+he,fewme» covers the

/J/t f@ﬁ T ’?
sumnivs oz all the mgher uplands, while the Iatver occurs in erosion

&

A% eYotee v
depressions/(m vhe Oneota and is coufined vo the southern halves or

APV Y

M

the two quadrangles.

|

A

/f

“PIYs

e p

~

Bl S ¥
; &

g A
e
ey



Adoloreils

Oneova FommatiOn.

¥ fo (/{Mnm<€

e & P - |-r!;<""

Genmeral Statement. The lumlog ox the Oneosa MW

is in striking contrast to enxv-0I r.ne} sa.ndstones wnich 113 ne.nena.t:h’L r.he

tormer being 11W&Lm, “cmulawten fruble and cru:noling.

/
Over the northern halves o1 vne two quadrangles the Oneova forms a capping

over the nighest ridges; over tne southern halves a greater thickmess is

;-;‘;,' Y 4:{3 Al e A,

preserved beneath tne broad uplands wnich are-cnaracterisvie 0I that por-

tion 0x the two quadrangles.
-RelaviONS U0 The Camorian,” The Oneota is disconrormaple on the
s
oA
underlying sandsctones, The conglomerate at 'o-hef\‘nase oi-Hhe~-Oneota, tvhe

mad eracks locally developed in thé basal strata and the erosion at—tne

~$0p. 0t the underlying sandstones lead to this conclusion,
‘/

Phickness. The enyiFe thnickness of the Oneova exceeds 200
43
= AAg
feet a livgle t0 tne sowhgd but §pat tnickness 1s not present in eivner b %)
LA *“ 4 & f!e T““.\-\.»«v
o/ W A

B iv“ Wl

fo¢ voe swo quadran:,las, r,he mickast/,section snowm m.mnneumn 120 L ()

teet and 1t 1s mprobable that macn more than an additvional 50 feet are

cnddr

\
l{ Aol
¥

concealed peneath tne higher uplands.

_Charagter, :—

»-'m "t ¢
ot phases, The basal bedsYare sandy emd, 1 conglomerat.lc wﬁh yeb-
i ){u«‘e Eritlr o

“{ = S
7 U s o¥ sandstons. é-hardened. W beds aee pure
; e A »

q&aﬂ.z. sandstoie andes@ese also ase locally case-nardensd. Oolivic oeds

Rkt

“HIke--T e a short distance above the base and suek=beds recur
a‘l}‘?"\': > f{*!f %:’(\r

up to about 20 feet. The higher peds are compact and -hard.xand have a s

’ﬁfbe ona \ermty

light gray to buit gray or ¢ream color. The surfaces of the peds are ~
/(if\r, é rﬁ}fv“!s—qﬂ? jta,ﬁq Lv'-"“‘--’r-—m_éf' :

generally pitted du-eensequence 0f small cavities present in the iresh
'S
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rock JecomiAz sHlArZd—through-weatnering, The dolomite also contains

many cavities lined with white, yellow, andi ametnystine quartz, the last

color being extremely common. “hert is abundant}¥ presenty and numerous
A,Z.ﬁ:’:» A o

yi-are underlain by the formation are cleaied with residual

fields +

chert, Many peds have a crumpled appearance due to szae algal growthsjve—

which these peds.are-due, Several pdds have a precciatved appearance.

Five chemical analyses irom La Crosse, west oi tne area, give tne tollow-

ing variation petween dirterent beds.,

Insoluble 4,96 per cent to
Alzo5 (aeid sol.) 0,00 to
¥es0z 0.43 to
GaGOs 49,45 to
MEC0, : 37450 %o
onb ‘ 0.02 to
Total carbonates 87410 %0
Dolomite 82.10 to
Calecite 2.55 To

The rock i3 sShown-vo—pe a true dolomite for the calcite 28 “° ©

1/

_knowm-#o~pe wnolly in veins and openings.

11.45 per cent

0,49
0.76
93,30
40,73
0.24
94,03
£9.10

5,00

LAV

1/ Analyses made vy We G. Crawford, furnished by courvesy of Edward Steidt-

manne

The seetions whicn follow show in detail the character 01 the

formation.
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Seccion#gt gastle Rock (S. 3+ = 0f S. Wo &, Sec. 33, T. 18N,
Re_4W.)
8. Dolomite, yellowish gray, thick-bedded, hard 13 feet
7. Dolomite, ooli’crlc,gray) basal portion not oolitic.
0.5 feet
6. Dobomive, yellowish gray, thick beds. 4.7 teet
5. Sandétone, while, fine to medium grain, case-
hardened, contains dolomitic patches, 28 Teet
4, Dolomite, yellow, sandy, contains thin laminae
and pebbles oi greenish shale. 1.3 feet
3. Dolomite, gray, sandy, oolicic. Contains
grains of sand covered with films of dolomite. 1 foet
2. Dolomite, yellow, sandy. 0.3 toot
1. Sandstone, White, contains laminde of green
shal e. 0.5 feet

Section on Coon Creek (N. Z. = of N. B. & Sec. 23, T. 15N, R. 5W.)

8, Dolomite, gray. Quite generally concealed wut blocks

are scattered over the surface and at tne top tnere 1is exposed a

4 100t bed of compacs, lighv yellow dolomite. 45 feet
7. Dologite, gray, one bed. 1.5 feet
6. A bed consisting or a reef of algae (Crypsozoa).

fns algai growtns form domes up to about 1o inches in circumrerence

and 10 inches high. They are almost wholly silicitried, but dolo-

mite surrounds the domes, 0.8 feet

5. Dolomite, yellow, weathers gray and becomes pitted.
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The beds are 1 to 4 feet thick, but separate on weatnering into
3 to 4 inch u_nits. Much chert is present in some 0f the beds.
' | 21 feet
4, Dolomite, yellowish gray, oolitic. Contains much
sand coated with a film ot dolomite. Five beds. 3.5 fest
3. Dolomite, brownish yellow, compact, mo sand.
One bed. 4 feet
2. Dolomite, yellow, tnin laminated. Weathers
light gray, yellow, and brown along the laminae. 2.8 feet
1. Dolomite, yellowish gray, compact. Two beds.
dach 01 the beds has about the same thickness and eaci has an
irregular band of case hardened sandstone apout 7 inches ifirom
the top. These bpands locally disappear and loeally increass,
4 inches beinz the maximum thickness observed. 7T TET feet (%)

\

Fossils., The most common 10ssils are ;he«”’homes of

Gg}gtozda. These occur as isolated mdwid.u.alsf or ‘are grouped to
,_;./,.r'-*’. Dt gl b
gether to Iorm reei-like massesy Ons.sued comonly occurm-'ng about

- ,m/
30 feetv above the base. Tae domes.vary.in.dimensions p to 1z
T e ettt st e, e l:
inches hiza and 3 1aet w:.g._,,,f They are most commonly silicified. Other
s boo Pl il
fossils are extremely rare in tune dolomive itselt, but 1y are guite

common in the cherts, silification appearing %0 be more tavorable to tneir

preservation than dolomizization. . Thﬂ_msnmmly -80-preserved
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1. ‘gphilita sp.
| 2. l‘mx"cnis-onia 3P.
‘Q« 3. Raphistoma minnesotense (Owen)
4, Raphistoma. SPp.
— ‘ 5. Sinuopea obesa (Whitrield)
' ; e N stronﬂ(‘ﬁhiufmld)
L\"\\ 7. Endoceras (sipmﬁcl_el
\\'\.._\ 8. Cyrroceras sSp.
e oo ) M—eﬂ%ﬂ'— M

“—Gongitieons—ef Origin.,——The basal deposits of 'c‘he Oneota, are
those of the littoral and adjacenmt meritic zones; the regularity of
the bedd ing and the absence or marks of extreme shallow water are
evidence that the succeeding deposits were laid down in gquieter

. waters., There 1s no evidence suggesting that the waters were of
great depth. b
i : e
The exisftiny dolomites were quite probavly originally iﬁ
sedimants. TFhe dolomitization and the development of the chert semg
XY oM pracesses are
/\subsequbnt to initial deposition but both xhxnnghm thought to have
destroyed the fossils and to nave developed the brecciated appearance
wnich is locally comspicuous in the dolomite,although the latcer may
have peen produced by the breaking up o: algal ecrusts. How extensive

was the destruction oi the 10ssils is mgpe conjecture, but their

apundance in some oi the cherts suggests that originally there were a
: great many. / Phe dolomitization was not subsequent to sol:dification;)
A
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% Jdrts is tnouzht t0 be proven by the faet that it 18 complete, that very
£ . Joe8/ly Present™

= tew fossils are in tne dolomite while many are/} 1n.’me enert, that casts
P .
PRI ) 01 10sS1ls are wanting or rare in tne dolomite and Cryptozoa which are
o Y S have
i dolomitized usually nave not as well preserved structure as &o tue
o R J
m i siliciiied specimens. Had the sediments been so0lid beiore dolomitization
“T."-.-.“ w
? = : it 1s taought tnat many Iossils would pe presenc as molds and casts and
T2 % M alcivm
o o tnay many parts 01 the rock would have escaped thne cnange. How Ame b ]
¥-3 2‘5 earbonace was originally deposited is not known.xor all-or it., A large
i AN
3 & s porsion was congriputed by tae Crypsozoa whicn at dirierent times locally
B
=3 \j covered tne sea bottom. A part was propably derived irom vne shells
(On_
\; b 01 zastropods and cepnalopods, but the proportion is not Knoua. It
A of
o g .
) - é appears quits propabple unan’tnese agencies were not responsiple for tne
-~ +he caxbenate
b _ wnole ox f anu tne remainder may have peen concripbuved oy baeteria or
= S
\g precipitated directly Irom the water.
ot B £ § \
g i-g The conditions leadinz to dolomitvization dv not yet appear
= V4  dsai w7 . v
b G Lo “’f '4\.#9" (O Gaparbirons,
9 « t0 pe clearly umderstood. The greas-develepment 01 algae in the
e dolomite anu the tact thnat modern calcareous 21g4® precipitate both
2 3 Y
ST caleium and magnesium Garvunate TO 10rmM vnelr stony growths suggescs

1/ Clarks, F. W., ani Wheeler, W. Cs, Inorganic constituenss oI marine
invercteprates; U. S. Geol. Survey, Pror., Paper 102, p. 44, 1917.

that the dolomive may nave developed varough the recrystallization o1

subsvances already in thne depositcs. This could not have been accomp-

i ‘{‘ 1 & f G ilel ‘»-¥'\.-h.-=-fw" L

lished, however, -exeepPs—by tne ingroduetion oxx magnssium carbona.te/rrem*

~
withous uniess tne algae 01 tne past earried a greater parcentage O:

magnesium than 40 those 0i (N8 Present. The cnange to0 dolomite appears
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t0 nave been brouznt about bed by bed while the sediments were still

so0it or only slightly solidiried, tnis cnange destroying tne 10ssils
Some of

in suen parts as became dolomitce, bus preserving,\tnem in vnose parcs

whicn were changed t0 CNert. The development OI MOSt 01 twhe chert

appears to nave peen antecedent to or coangemporaneous witn dolomitiza-

tion.

=

W/
ST. Peter Fermasass.

Gemeral Statement., Tne surat:mpnic position o1 the St.

Peter ‘éa.nctsuone, S0 1Iar as the upper Mis 3135113 1 Valley is concerned,
L 3 NI
1s above tne Shakopee dolomite, bus 11

ever presant
apfusra G Aroe-
over any parts o: tne Tomah and Sparsa quadranc-les it , =8 been wnolly 7
v’ i il Py
re!noved, The St. Peter sandstons in the two quadrangles mnzzs b
_-.-"-' = LEr LB Fonash l\ = "l"q'."évé“‘-j l/
: ‘.as small pavenes, nilaara- depressions 1in tae Oneota. The most extensive

n(

T .r,.':j. P AN -.‘_- a

Thiae Ethonads m,"
o1 tnose.axpusad. 18 that On Lahe soutn 'mro-ln near tne nead oi Pine Hollow.
i ﬂ’.v:s’
Otner L&ngea.:;hr.nnes ars whose o1 Middle Ridge, Portland, about the head
% j\ﬂ.-t.f-- ane—
01 Spring Val leyyand on a western triputary ox Heiser Creek. ' Numerous

-

oceurrences wiose expoEures are alivogether to0 small to b8 shown on whne

map may De. Qi.consligeradle--siZe and there TRy D8 gmay occurrences o1

& i

large area @r wnicn there are no suriace indications. Float irom the
Drrrmetrn Lo boreeded, ot

St. Peter Zﬁ&s—ae-nsmeme}e disyvribution over tue soucnern toird or ne

&

Sparta quadrangle and tne soutnwesuern sixth vi tne Toman guadrangle.
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o A
Relations D..eae-Onsoia Formation. The 3t. Poter is dis-

v
conicrmabie on the Oneota. Some oi che patches may represent iilled

pre-St Peter sinkholes, but on that point data are wanting. The

/‘ AT D
occﬁm‘m at Middle Ridge appears to pve situated in a valley in cthe
v ‘ v
Oneotva wnicn on the souch side -ei—wRe-oCcoUTrTEnNce Was cut 1o the Jordan
sandstone.
: p[ages [
At Nearly & ouemnm wners the base o: tne St. Peter is exposed
> T / e o
it rests on, Or 1s ilanked by, a red clay and chert residium irom vhe
v ok
Onauts'}, PRIS—Fe-0F - VRLIG DI - CAICKES S5 r:tho 9 Or more
:{ “—1 Sl > i -— (e

Teec 4 Its age is uwnat ox vune erosion 1nterva1 between tne Oneota and
v’
tine St. Peter.

Tnickness. Li:mmm TelATINg U0 Tne talckness o1 tne St.
¥ 7 et
e I et

Peter in tne two quadrangles w@s obvtained. The only measurement sed-—
o~

e melevation
~LO10iNeSs.-Was mde at Middle Ridge wrere uvne bvase is =t 1191 1eet, and

tne top 4 1260 1eet, wivinmg a tnickness oi 69 teet. It 1S quite
‘y; 11{.{.»;,{.«
probable tnat a«@eamm- tnickness e-btetns in tne large area about the
/\4)&711 Fo fvrey
nead ox Pine Hollow, but it WAS not possible 0 make any estimate irom
ﬁ\

the exposures.
'/

Character DO -F - POEOT-HANAS L.ULE o The St. Peter rorma-

oo Pl Besmian
tiom consists o1 iriable, yellow to gray, medium to coarse grained

sano.sr;one/.um the ovasal siraia consistims o1 yellow, greenish, reddisn

and D.Lack snales and 1ine grained samstonpw—ml—eray—m -;m‘té

A Pl
bt ol s
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most of the sandstones are well sorted and the grains are well rounded (Fig. 13).

‘-rb

r-" (, Ll AAA

,ﬂ!ie 1&met°rs Va.ry from about one-tenth to one-third millimet"':)*wﬁh most of them fall-

ing between one-sixth and one-fourth millimeter.

f‘é‘&q“,&'uc’
In some oc{mrences the sandstones are not frvable, but are Raarddrr-

%'('C-' 1/1 '”,_,‘f }'3%«‘ ﬁk,f

quartzites. ﬁ-}eeks qu-tﬁ-l-e-*‘b?ﬂ“ are abundant in the chert piles over the south-

western fourth of the Svarta quadrangle.

s
Wwé&, the lower beds o the St. Pater are regularly

C}wm o1f.. Lol
and horiz ontailv laminated. These were deposited by watar. Some—ef-the-Ubder

m{éﬁ& s S nléf‘“'?s"\m-uu'gh considerable thickmessia / o] He IZ)‘[%& fwa s
A

At g*@Jrv !“n'w-—“’t
Fossils. ;éh St. Peter Ysandstonsg nave-—yreiéed o foss:.ls in‘{ i 8

- _..«-A.-._.....,,,,,_«_w_, SRPERREUREES. .ot S )

either of the two quadrangles, nor are xossﬂ.s Jmown to ha.ve been found 111%511;1\7911:
= v duy, }" "
detarmineclﬁSt. Peter in any vart of Wisconsin. Sardeson reports an occurrence
A . w 1/
in strata transitional to the overlying Platteville limestone‘ near Dodgeville.

_1_/ Sardeson, F. W The St. Peter sandstone: Minmesota Acad. Sci., Bull.,; vol. 4,
PP H1-T8, 1810,

Sonditionsos Oriscin of—bhe—sbv—mobor——tormetdeon, — Most, if not all

Lacedolorie : ;
of the 5t. Peter Resmadsen a4 exposed in the Tomah and Sparta cuadrangles was de-
posited by water, although the high degree of rounding of the grains suggests that

the wind may have been concerned in oroviding the water with its load. «Ehe.
jg £t al( Qj
deposition appears to rave/(bmmia‘ne in a region of little relief as the sands are

g

well sorted and no wa.tar devosited conglomerate is opresent. Oceanic deposition is

s

precluded because of the th 1y unsorted character and irregular upper surface

of the underlying ,|jres idi{zml\which under marine conditions would most



Pig. 13.
1.168
<833
«589
417

«295

«208

« 147

.104

v’

Mechanical analysis of St. Peter sandstone from Cashton.

«833 mm.
«589 mm.
«417 mm.
295 mn.

«208 mm.

«147 mm.

«104 mm.

+074 mm.

0,00
1.80, transparent quartz, high sphericity.
6.285 as No. 2.

19.21, as No. 3.

21.42, transparent quartz with a few limonite grains
and fragﬁaents of calcite, most well rounded, but
.mzme:__‘éus subangular grains.

40,00, trénsparent quartz with a few grains of limonite,
ﬁéll rounded, estimated 25per cent subangular.

9.81, as No. 6, 50~-60 per cent subangular, 10 per cent
angular with no rounding.
1.13, transparent quartz, 75 per cent sharply angular,

rest subangular.

Smeller thaz_:"'.OM, 0.352, transparent cuartz, with rare garnet grains,

essentia lly; all angular.
/

The assortment, rounding, and cross—lamination of this sand

/

suggest wind deposition.
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{ ! !agr{ £

] o

{',‘Jf.‘" P Al

certainly have been planedl . sway to bed rock e amd to some degree
g o ;

m-bmmmd. In other parts of the Mississippi Valley some of
the St. Peter sandstonef hawe been considered the eclian deposits of an

b 1/ @ el cromty
aridjaiinn&e. but evidence of this type of deposition is nogﬁpresent /

1/ Grabau, &. W. Principles of stratigranhy, pp. 569, 571, 1913.

in either of the two guadrangles. However, in a sand pit on the extreme
head of Pine Hollow just south of the boundary line of the Sparta quad-
rangle are clean, well rounded and well sorted St. Pe‘t/er sands which

are not stratified and whose grains have the frosted appearance which

is eharacteristie of wind dfifted sands. Other students have assigned

v B

a marine origin to some occurrences of the St. Peter, bdbut this interpre-

2/ Trowbridge, A. C., Origin of the St. Peter Sandstone, Iowa icad. Sei.,
Proc., vol. 24, pp. 171=175, 191%,

Dake, C. L., The problem of the St. Peter sandstone: Missouri School of
Mines and Metallurgy, Bull., vol. 6, No. 1, 1921,

>

é ¢ T
tation does not appear possible for the oceurrences in the Tomah and Sparta

gquadrangles.

CORREIA TION v-x-gm THE PALEOZOIC SReWE

In the correlation of the different formations of the Sparta

and Tomah qui?rangles the published reports and unpublished visws of Dr.
3 .
E. 0. Ulrich have beon largely followed. His long and extensive

;1/ Ulrich, E. 0., Revision of the Paleozoic Systems, Geol.Soc. America,
Ball., vel. 22, pl. XXVIT, 1911:

Bassler, R. S., Bibliogravhic index of American Ordovician and Silurian

fossils, U. S, Mat. Mus. Bull. 92, pl. 1, 191b, 1915, Am. Bull., vol. 22.
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studies of these formations make his conclusions of more value than

. {

L Llsa /_\
would be those of the  Writers. In respeet to system:t}c grouping,
Drs. B. O. Ulrich and R. 3. Bassler nave made certain proposals which

have not yet gained general acceptance, nor has all the evidence funda-

mental to these proposals peen completely developed. In place of the

=+ g T v tp
Cambrian anl ehs Ordovician the% have teem proposed four Systemspm e« Ued,
o v o e
Cambrian, Ozarkian, Canadian, and QOrdovician. dere this systemlc
-/ v 25 B

classification applied to the formations of the Sparta and Tomah guad-

ra.na'las they would pe grou d as follows- FIRE, - oo jans oy
Ordovicia.n (1ower) St. Peter;ﬁ%

v dolritz (ol
Canadian (upper) Shakopee ,\fem-b-}o-n

A, 0 4 Joroncadt).

MM,«‘/(Z
(gpper), Oneota Fesmadsen,

Ozarkiang

(!giddle},]{anting in upper Mississippi valley.
& Bk Bk
(lower), Madison fermmeien.

Cambrian?
St. Croixan or W‘/ “&ZW:
Jordan formmtden davllone
S5t. Lawranf:e }‘(ormtion
Dresbach rermetden caclelsiic

3au Claire ifowmation Jdandddo.c
Mount Simon fesemettom, daccdalime

. Phe sandstones and associated sediments from the base of the
|4
Mount Simon to the top of the Madison constitute the group formerly



1.

" v =
haew)ra-s-—she Potsdam samdstone. These are correlated by Ulrich
- v
(Mad.ison excepted) with the Nolichucky sha]e el Mwnl]e 1imest one,
/\Di the southern Appalachians; the Zlvins formtion, Bonne Terre
_ =2 B t o M
dolomite’ and Lamotte sandstone of Missouri; and the/én.salAArbuclde
e v
limestone and&eagan sandstone of (Oklahoma, The Madison sandstone
’&‘J‘i‘b‘/»ﬂ/ ?‘-"‘"4 . o Vv
is correlatedhwith the lowex/'\Knox dolomite of the southern Appala-
mﬂ(, 5 L5
chians and, the Theresa and Hoyt 1iznestonea of New York and the cha.m~

plain Valley. 111: is possible that the Jordan sandstone and. over- > 2

lying Madlson (?) are the equivalent of the Madison of southeastern

Wisconsin. = =
Az MT(AW"""""L M

Aolonuidz i
The Oneota/\comtitutes one nab&x of the d-hts-i-&n once gener-

ally known as the Lower Magnesian Series, to which in later times the

il
N
name of Prairie d.u Chien was applied. The Onsota Fersation
v’
has its immediate correlative in the formation of the same name occur-
v e v g
fing in Jowa and Mimnesota. Ulrich correlates it with the Gasconade
dolere il o v Aplende
" Missouri, the Chepultepec TEmestonmes

of Alahama} and thaAL ittle Falls dolomite of New York,
The St. Peter sandstonei are a part of the widespread forma-
tion of the same name which extends over a great part of the midéssippi

Valley.
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%kl-
MuSOZOIC m

GR&TACE}OUS HASYSTB}M

WINDROW FORMATION \/

General Jtatemnt. At a mumber of points on the uplands of
!

: Gt
the Sparta andFom.h guadrangles, as well as in parts of Wisconsin,

4
A

Iowa, Minnesota, and other states, occur conglomerates and gravels

with associated limonite, c¢lay, amd sandstone. These deposits are

2 M g b
-
pre-Pleistocene and post-Paleozoic and probably date from either the
o o indete tas the wWind row -For'mmfiwl-‘
Cretaceous or the Tertiary. They nave neen deseribed swo—ed the
e — y .vf' Hie. 2 e A T
authors of this folio, iy Wﬁz"‘“‘ shlpton previously \ ?
\:

1/ Thwaites, F. T., and Twenhofel, W. H., Windrow formation; an %
upland gravel formation of the Driitless and adjacent areas of
the upper Mississippi Valley: Geol. Soc. America, Bull., Vol.
32, pp. 293-314, 1921.

§/ Shipton, W. D., Geology of the Sparta quadrangle, Wisconsin, unpub-
lished thesis, University of Iowa, 1916. Trowbridge, A. C., The
erosional history of the Driftless Area; Umversity of Iowa

\%'
Studies, Vol. 9, No.3, [92I. g

v 29—
studied certain of the deposits and purl ished photographs of the

pebbles in theae gravels.
-~
Relation to ,@derly ine B(ormat ions.— The Windrow formation
7

rests unconformably upon the Madison [?}‘/sandstona at Winirowtgluf:t‘
and upon the Oneota c‘iflomite at all other points execept near Pin{
Hollow church, in the southeast corner of the Spa.z:t/a quadrangle, vhere %
the underlying rock appears to be the St. Petelisandstone. The exact

plane of contact is nowhere exposed in the area under discussicn. It

sgems clear that it is an irregular one, although the extent to which
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3.

some of the gravels may have slumped is indeterminate.

: e B
Thickness.—The Windrow formation ogceurs in small patches,

none of which has a thickness of more than 20 feet,
v
@haracter oi-phe—indrow-Formitien. — The pebbles of the Wind-

row formation are mainly quartz and chert. All the quartz psbbles are ’

s N RS P :
well polished and rounded to/nﬁh;rieal' and elliptical shapes. The /
chert pebbles are also well polished, but ars mainly of sub-anzular
shapes., Most or the pebbles (ses plate I1I) .a{;e small; specimens of greater
than an inch in diameter are rare, althmwl‘ljg'few chert bovllders up to

a foot in diameterhave been observed. Thae. last-named-zre-not rounﬁad

or pol 1=.ned. The relative abundance o1x chert and quartz varies widely.

At tm Tunnel No. 3, southeast 01 Sparta, a count gave 50 per cent
chert, 45 per cent yellow and milky quartz,and 5 per cent pink quarta.
At-a localiﬁy nearby it was tound that 75 per cent consists ot yellow
and milky quartz, 24 per cent of black, gray, and brown chert, and 1
per cent of pink quartz, with an oceasional pebble of dolomite. The
quartz pebpples vary considerably in shades of color and are utterly
unlike any material found in ths Paleozoic rocks or the region of their
oceurrence.

At a number of localities 'crie pebbles are cemented into a con~
glomerate by manga.nnarousl limonite. The sands which constituce a part
0of the deposit are mainly coarse grained, poorly assorted, and imper-
feetly rounded. Wherever bedding nas been observed, it is rude and im-

periect. Current ripple marks .were seen at Tunnel No. 3.

The type locality of the rormatlion nere discuwssed is on
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Windrow Bluff, an outi ier oi the Oneota escarpment between Tomah and
Sparta, on the divide between Lemonweir and La Croase rivers (HE %;—,
Sec. 10, T. 17N., R 2W). A smll ledge exposes limonite-cemented

conglomerate and ferruginous sandstone which rest on tne Madison (%)

Msandstonei@es-ﬁn-wemm. The pebbles are the

same as elsewhers, but a few subangular bowlders oi Oneota cehert are
present, one o1 them a 1oot in digmeter. Beddingz is wvery poorly

indicated. The elevation is 1400 reet.

Two oi the most aecewsible oi the other ceeurrences are on
the highway just above Tunnel No., 3 on the Chicazo and Northwestemrn
Railway between Sparta and Norwalk (NW %, SW %, Sec. 18, T. 16N, R.
2W) and on the hill nearby just south 01 tne station 0x Summit at the

eastern portal or the tunnel (SW %, Sw %, Sec. 17, P. 16K, Re 2W).~
)

L

gd

At these places the 1ormtion consists of much weatnered and ‘bribken down

’

conglomerate with a sandstone matrix, yellow and red ssratified sand-

stone, and powdery and botryoidal 1imonise. The taickness appears to

be from 10 to 20 fest. The bedding 15 not well defined., The olevation

0f these localities 1s between 1360 and 1380 feet.

Léose pebbles, possivly lowered by creep, are extremely abun-

/
dant near Pine Hollow church, about a mile north oi Cashton (NE 1., Seec.

29, T. 15N., R 3W). The elevation 1s about 1510 ieet. The material
Arests on mmmpummmm/\me St. Peger

sandstona,.
Otner places in the Sparta ani Tomah quadrangles where pebbles
or rock or tne Winmlrow rormation are derinitely known are listed below.

In the preparation oi this list all douptful ocecurrences o1 one}Jr tTWo
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pebbles nave been omiuted, since sucn pabbles may represent material
transported by hnuman agency--eitner attacned t0 mud on the wneels of
vehicles or transported in road material or iertilizer, or carried as
curiosities or "lucky stones". At all these places the unmierlying rock

il

is the Oneota dolomite.

Locality § Blevation
. 17"?,' R. 2W.
N. Half Sec. 27 1400 ieet
P 16';" R. 2W.
i
E 2 post L 1440 n
f' nwtem 19 1400 =
sv £ T ™ BRe, 1300 *

T, 152" R. 3W.

W& FE » 23 1400 =
8%, post * 24 1380
s i . 36 1400 *
N‘
T, 15# R. 3W.
) E post " 20 1360 "
g 5 N 22 1360 "
1. 15'\,{' R._4W.
I
NZ post ™ 22, 1334 »
Center " a3 1360 ™

Fossils. Fossils are ratnér common in iue cnert pavbles of
v
the Windrow rormation. Not uncommonly they are well preserved and in a

foew instvances a 105311 makes an entire peoble. The specimens ror tae
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most part are consmerably worn, but a 1ew have been collected wniech show

scarcely any wear. Ho}rossils nave been discovered in the rormation

whiecn appear O be 01 tThe same age as thne deposit. The fossils in the

pebbles are o: Ordovician amd Silurian aze and it is possible that one

or twWo may nave been derlvéd irom Devonian sgrata,. The writers nave

tound tossils av Tumnel No. 3, at Suwnit, and at Windrow Bluff,
——Loudistens—os Origin Hﬁm.——swong considered

: 1/
the gravels near Semeca  t0 have been deposited by ocean currents. He

1/ Strong, Moses, Geology 01 the Mississippi region norvn or the Wiscon-
sin River, Geology vi Wisconsin, vol. 4, p. 88 , 1882,

thought tney had beea cemented by iron oxide coming either irom terrugin-
ous springs or from sums ouner source, Operating to precipitate iron

irom water.
o

~

Gha.mberlle.in observed the gravels on tne Bast Bluitf at Devils

2/ Cha.mnerlﬁin, ?, Ce, Fluctuation oz levei o1 the quartzite’o: Sauk

umpia County, Wisconsin! 7Tis¥' Acad. Sci., Trans., vol. 2
pp. 123-138, 7l .y 5 .

Lake, pbut did not express any view as to tneir origin, except that tnaey
3/ :
are not zlacial., Irving considered that thne gravels and potholes at

3/ Irving, R. D., Geo0logy o1 Central Wisconsin, Geology or Wisconsjn,
vol. 2, Pe '.'.)OU, 1877.

v
Devils Lake record a nigher level or the pre-glacial Wiseonsin River.

Chamberlyin and Salisbury ascrived tne conglomerate at Semeea eitner to
; 74
the marine Qretaceous or to the older driit. Salispbury first recog-

4/ Chamberlfin, T. C. and Salisbury, R. D., Prel ininary paper on the _5,;,#, Ann, Relt
Driftless Area of the upper Mississippi, U. S. Geol. surwy; PPe '55
:.,;.2?5-276 1885.
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nized the wide extent of the upland gravels and correlated them with the

high 1evel gravels to thi/scuth but did not make clear his views as to
1/ 2
their origin, Howell asecribed the deposits at Waukon, Iowa, to

1/ salisbury, R. D., On the nortaward and eastward extension of the
pre-Pleistocene gravels of the Mississippl Basint 380l. Soc. Amari-
ca, Bu.ll., vol. 3, pp. 183-186, 15903.

$alisbu
*° Rary

Pre-3lacial gravels on the guartzite r pal
oo, Wiéconsiﬁ' our. %Ga0 ogy(: vol. &, DD. 6%5-%%‘?? 835,

2/ HOWell, Je Vo, The iron ore deposit near Waukon, Iowa; Iowa (eol.
Survey, vol. 25, pp. 37-92, 1916. |

3/
accumlation in a bog on a veneplain, a view earlier stated by Calvin

3/ 0alvin, S., Geolozy or Allamakee Gounty; Iowa Geol. Survey, vol. 4,
pp. 97-103, 1895.

i/ 5/ &7
for the same deposit. Prowbridge, Shipton, and Hughes cons idered

4/ Trowbridge, 4. C., Preliminary Report on 3eological Work in the
Driftless Area; Geol. Soc. America, Bull., vol. 26, p. 76, 19153

Preliminary report on geological work in northeastern Iowa; Iowa
Acad. Science,-Proc., vol, 21, pp. 205-209, 1914,

History of Devils lake, Wisconsin; Jour. Geology, vol. 25, pp.
352-353, 1917.

@rosional history of the Driftless Area; University of Iowa Studies,
Studies in Natural History, vol. IX, No. 3, 1921.

Q/ Shipton, W. D., The Geology ot the Sparta quadrangle, Wisconsing
Unpabl ished Theses, University of JIowa, pp. 39-45, 1916.

6/ Bughes, U. B., A correlation of the peneplains in the Driftless Areag
. Iowa Acad. Science, Proc., vol. 21, pp. 125-132.

that the gravels originated as stream deposits on a Tertiary peneplain,
Criteria relating to the orizin of the Windrow formation may

be divided into four groups, as follows; Composition and assortment

e
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of materials, sediwentary stracture, distribution of deposits and

nature of the underlying surface.

v
The materials of the Windrow formation fall into two general

j;:h groups (1) the pebbles and associated sands and clays and (2) the irom
' oxides. The chert pebbles are shown by their tossilslo have been
W e derived from Paleozoic limestones, none of which was younger than the
’__EWM of them came from the Niagara dolomite. They are
277‘ menerally hignly polished and well rounded specimens are sbwempds rare,

These faets prove that the transportation of the cherts has varied greatly
and as so tew of them are well roumded, it follows that they have not
been subjected to much washing and are probably of stream rather than of
beach origin, The quartz pebbles do not appear to have been derived
from any of the Paleozoic formations now exposed in the upper Miss issipp-i_
Valley and it is quite probable that their mother rock is in the pre-
Cambriam. All are well polished and rounded, but not one of lenticular
shaps has been tound. It is concluded that they have been brought a
grem; distance by streams and were not washed alonz a beach.
The assortment oi the gravels and associated sands is very poor.

Chert and quartz pebbles are intimately intermixed. In a small hand
specimen variations in size from a senth of a millimeter to two or three
centineters is common. The sani gesins show similar imperfect assort-
ment. These characters, while they do not preclude marine deposition,

N\ ¢ strongly suggest river origin,

: = It has also 'bee:.j. suggested that the pebbles owe their smoothmess

to desert polish, but the poor assortment oi the associated sands would

appear to preclude this possibility.
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L ]

The iron oxides are present as concrétionary masses which
range up to several tons in weight and as a cement for the pebbles
and the sanis, They are characterized by a variable state ot hydra-
tion and by the presence of a variable percentage of manganese, phos-
phorus, and clay. The intimate association or the different kinds

strongly suggests, if it does not prove, that their depcsition took

place simmltaneously. The iron oxides are 0f the bog ore type.

Such bedding as has been observed, is poorly defined. (ross-
lamination was observed in a few places. The iron-bearing portions
show essentially nothing in the way of bedding, but this is possibly
due to the development of comecretionary structure supsequent to depo-
sition which would have brought about the elimination of ..bedcling. A
few current ‘ripple marks were observed at Tumnnel No. 3. XNone of the
structures suggests marine origin and all are in harmony with the view ot
stream deposition, The Cretaceous saa. lay to the south and west. The
‘pebbles are believed to be of stream deposition in a region of consider-
able relief and to nave been deposited by streams flowinz to the south
and southwest. The absence oi cherts_ containing Mississippian and
Pennaylvanian fossils is in harmpny with this conclusion since such
cherts would certainly have been among the pebbles had the streami}jowed
in the opposite direetion.

Aze of—tho-iindmow-Pormation,—— With slisht reservations
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L/ 2/ e v

Winenell and Upham ascribed the upland gravels and associated deposits

1/ Winchell, N. H., Geology of rillmore County, Geol. of Minnesota,
vol.1l,,pp. 309-310, 1lob4.

Winehell, N. H., 3eology of Foodhue County, Geol. of Minnesota,
vol. 2, pp. 20-61, 1888.

Winchell, N. H., Geology of Mower Gounty, %eol. of Minnesota,
vol. 1, pp. 355-356, 1884.

2/ Upham, Warren, Geology of Wright County, Geol. of Mimmesota,

vol. 2, 1588, p. 292.

3/
ot southeastern iiinnesota to the Qretaceouy. Salispbury considered

§/ Salisbury, R. De., On the northward and eastward extension of the
pre-Pleistocene gravels otr the Mississippi Basing Geol. Soc.
Ameriea, Bull., vol. 3, pp. 183-186, 1892,

that "it is not peyomd the possibility that some of th: beds are‘cfe-
taceous, while others are Tertiary"; but that "the balance oi evidence
seems to iavor" reference to the lagter. Howell concluded that the
plain on whicha he conceived the gravels to cecur '"may be assumed with con-

s
siderable contidence twbe O Plfiocene age sinee it bears gravels which
—

belong to the Pliocene Lafayette formation.” cnamber1§in and Salisbur &

4/ Chamberlgin, T. C. and Salisbury, R. D., Geologzy, vol. 3, pp. 300-301,
1907.
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discussed these gravels under the Pliocene, bui/sugges’ced. that they
1
may be older. Trowbridge znd his associates hold that they are of

_ZL/ Trowbridge, A. C., Preliminary report on geological work in the
Driftless Area: Geol. Soc. America, Bull., vol. 26, p. 76,11915;
Preliminary report on geological work in northeastern Iowva: Iowa
Agad, Sei., Proc., vol. 21, pp. 205-209, 1914
The erosional history of the Driftless Area: Univ. of Iowa Studies,
Studies in Natural History, vol. 9, No. 3, pp. 78-79, 113-113,
121125, 1921;

Hughes, U. B., 4 correlation of thef*p—*aneplains in the Driftless Area: Iowa
- Acad. Scigmee, Proc., vel. 21,pp. 125-132, 1916.
Shaw, E. W, and T P}v pridge, 4. C., Geologic atlas of the United States,
Galena—“llzabetl% U. S. Geol. Survey, Folio No. 200, pp. 9-10,
1916.
Shipton, W. Ds, The Geology of the Sparta quadrangle, Wisconsin; Un-
publ ished thesis, University of Iowa, pp. 39-45, 1916.

T BT o defpr b dn Jonn Barticole o dpliid e punme
Tertiary age. McGee, describing the Rockville cong lom'\rute e2—Towa,

2/ McGee, W. J., Notes on the Geology of a part of the Mississippi Valley;
Geol. Mag., 24 see., vol. 6, pp. 553-561, 412, 420, 1879; The
Pleistocene history of northeastern Iowa, U. S. Geol. Survey, 1llth
Anw. Rept., pt. 1, pp. 304-308, 1891.

/,ﬁ/'u"aft/:—(,' o I _5_/

referred itAto the Cretaceous. Alden reviewed all the lmowﬂ/occlu'rences

3/ Alden, W. C., The Quaternary geology of southeastern Wisconsin; U. S.
Geol. Survey, Prof. Paper 106, pp. 99-102, 1918.

of thesg/:gra%s, but reached no cmeclusion as to whether they are Cre-
taceous or Tertiary, suggesting that both may be represented.

There are two problems involved, the correlation of the occur—
rences with each other and their correlation with deposits of known age.

In the discussion which follows the two problems are not separated. Cri-
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teria which bear on the age of the gravels of=bae={TNOTOW Lol ires oY
be divided inteo six groups: (1) lithological similarity, (2) topographical
position, (3) fossils, (4) age of underlying formations, (5) relation to
overlying formation, and (6) histary since the advent of glaciation.

The correlation of the different occurrences of thefe*ﬁ!‘ndrw
fopmadpian with one another is in large mart based on their lithological
similarity. Such differences as exist are quantitative, not qualitat ive.

i

This fact taken in comnection with other evidence leads the writers to the

conclusion tImt the gravel and limonite deposits as far west as Mitchell
g ; e 1

County, lowa, are of the same age. The gap of 130 miles from Mitchell

1/ In this connection it should be stated that the writers do not assume
the gravels were necessarily deposited within a duration of time repre-
sented by any terrestrial or marine formation. An entire period may
have been involved and some portions of the gravels may well be some-
what older than others, but they are belisved to have been deposited
within a space of time dur ing which the same general camditions of
deposition were maintained throughout the area of distribution.

 *County t9 Guthrie County, Iowa, is more difficult to bridge. There seams
._/

/
little doubt that the Guthrie County beds are Cretaceous,amd could a cor—
N ;
relation with the gravels of the Windrow formation be definitely established,

the age of the latter would be determined.

One of the strongest lines of evidence tending to show the great

’

e,
age ofAMﬂﬁm is #%s- topographical position. Most of the
known occurrences are on the summits ¢of the highest hills in the vicinity.
The Windrow Bluff occurrence is over 800 feet above the rock bottoms of the

adjacent valleys. Elast;bf the last named point the strata on which the
/
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&Hﬁm deposits rest have been entirely removed over tlhousands of square
miles leaving the great Central Plain of Wisconsin. The production of
these topographic features took a2 long time and the top9graphy seans to
have had essentially its present form at the beginning of the flacial
m. The general harmony of the elevations above sea level is an
additional argtm:a/nt that the different patghes of gravel were deposited at
essentiaily the same t ime.

\
~It has been suggested in the consideration of the origin of thes

ﬂ'f‘ AANGE—
Wadrow formatiew, that 'rt-ﬁef\deposit ed by streams under conditions of con-

siderable relief. M‘ the ease, it follows that at the time of

the deposition of the gravels the vpresent locationSof the formaetion were

the lowest parts of the surface instead of the highest as they are today.
The divides have migrated, so that what once was a valley bottom is now

the top of a ridge. Such migration of divides and shiffing of stream
courses has, doubtless, been brought about, in part, by the resistance to
erosion of the iron oxide deposits; but an intervening period of peneplana=-
tion and a2 subsequent uplift are not necessary events in the sequence. The
nature of the gravels suggests moderately wide vallsy bottoms with fairly
high divides. Hills doubtless rose to considerable heights along the
stream courses and from their erosion, the chert pbbbles were derived. Ve
must picture the country as it appeared when the deposits were laid down; we
must realize that not only have rivers migrated through the complete elimina-
tion of the former divides, but streams have eroded their bottams 800 to

900 feet below the former floors of their wvalleys; we must aproreciate that,

over thousands of square miles, wind, streams, and the weather have totally

removed rock layers 800 feet or more in thickuness, forming the great Gentral
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Plain of Wisconsini only then do we obtain an adequate conception of the
great age of the Fadrow—formertions ﬁ’f/m&

Although no contemporaneous fossils have been collected in an;
of the deposits, the cherts have yielded fossils which range in age from
the Ordovician to the Silurian ﬁld possibly the Devonian. This gives

positive assurance thet the gravels are of post-Silurian ﬁg_e:)

——

@est rocks mOwnApg,rc’efrﬂéé?z}ity}und.erlie then Hadeow -£orma-

piew are of Devonian age. If the thrie County, lowa, conglgmerates are
dfﬁtﬂ-ﬂm axa&m. . ?’}’le/'r,&/ %—' /‘%/ﬂ/‘ﬂﬁa_ Geed ot Zu,m?,@_)
MmAthen the Wmd.row formation is post-carbonifercxzs.

Sl o : o
(:,jhe materials kmown to overlie the Windrow formatlon are t1,1 > -

loesse. Thls relat:.on proves that the formation is oller than the Pleisto—

At cene.

The earliest ice sheets in Wiscoansin found the t_o-z/aogralmy of the
2

;Driftless Area not greatly dif ferent from what it is today. Apparently

“1/ Leverett, Frank, Outline of Pleistocene history of the Miss issippi- Valley:

Joar. Geol., vol. 29, pp. 620-621, 1921.

Trowbridge has expressed the view that the wvalleys are of post-Hebraskan
age (See p.___ ). The earliest ice in Wisconsin may be of Nebraskan age.
Weidmen, Samel, The Pleistocene succession in Wisconsin (abstract); Science,
New Series, vol. 37, pp. 456-457, 1913; Geol. Soc. America, Bull., vol. 24,
pp. 697-698, 1913. Dr. Weidman later reversed the views expressed in thass

pPRDEers. The writers of this folio have never been satisfied that there is
any drift in Wisconsin older than the Kansan.

the ice entered the Central Plain of Wisconsin in Wood and Jackson Counties,

72

thus showing that this plain is of preglacial age and that the Windrow forma-

tion long antedates the time of these glaciers. The time occupied in weather-

ing and erosion which has taken place since the retreat of the earliest ice

oA~ . s e —
sheet from Wisconsin is a. mﬁnothing pompa.red to that which has elapsed since

— _‘/

: the fomation of the upland gravels and bog iron ore.
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Unless the time necessary for deepening of the valleys of the
Sparta and Tomah quadrangles is mmch less than is generally thought, the
entire Tertia.r;;.r ‘;riod does not seem too long, in the opinion of the
writers, to have brough1:/a.bcut thqéxisting distribution and altitude of the
gravels of the Windrow formation in relation to present topography. pAt is
true that in the mountains and plateaus of western United States huge |
canyons have been carved since zg';id.;ile Tertiary time, but the conditions

of climate and slope there are vastly different from any which could ever

have existed in Wiscons in.

\ e A o iea e | Tt Al 2 gt et 2L
g@ )> “ 3 ‘ : ;; b ok . : /«': % A 4 / 5 /47 ¢
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QUATERNARY SYSTEM W

General Statement. The deposits of Pleistocene and Recent age

within the Sparta and Tomah guadrangles comprise:

-
Alluvial fans and *%lluvium of flood plains (Receont )
-~
*Peat and muck (Recent)
*Sand dunes (Wisconsin and
2 Recent)
Loess (“J’lsconsuy’
: e —CUM-—WM)
*Wisconsin valley filling (7isconsin)
*Older terrace gravels (/P{re-’ﬂ;i.sconsin}
Deposits dus to creep and hillside wash }‘re-;lelstocene
to Recent)
Residual soil ( e-Pleistocene
to Recent)

The deposits listed above were formed after the region had nearly
or quite reached its present topographic form. They cohtain materials
derived from all the older formations, from which they are separated by

great unconformities. Bxcepting for parts of the residmal soil, the pre-

e

{
.Wisconsin terrace gravels ars the oldest of these deposits. .Q_:Ell_i:gé de- M,
L et Fo 7 st Lol i el gl

s:Lts mariced wzth an asterlsk are s}*own on the a.rea.l geolorrlc MAD e

STty A S i e T IS AN ey I e

Residual Soil.

General Statement. The residuwal soils of the Sparta and
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S
Tomah gquadrangles are composed of the debris derived from the weathering of
dolomites, sandstones, and sandy shales. They grads downward into the
parent rock but exposures showi‘ng this &are not common.

/<ggégé%;g;, The soil developed by the weathering of the Oncota
dolomite is a brownish red clay filled with chert. In the lower portion
of the soil fragments of rotted dolomite are cormon. The sandstones
weather into sand but no considerable amount of residwal soil can be as-
eribed to the shaly zones.

i s, 2ygel ; S

" IhicKness, The, thickness of the residual deposits is not kmown.

aEe ., It is greatest on broad uplands where exposures are uncommon.
It is believed that well records which show as much as 75 feet of loose
material on the ridges include a considerable amount of brcken dolomite
below the true residual soil.
‘ X
Age, A fFhe residual deposits are far older than the Wisecmsin

-

o : e — - o5
of glaciation, since within the area covered by drift of that age

% B g e £ . 3 :
such deposits have not had time to form in pos t—?’la.clal time. Their re:/
1

lative age with respeet to the older drifts is more difficult to estimate.

1/ McGee, W. J., Pleisto@sne history of northeastern Iowa: U. S. Geol. Survey,
lith Ann. Repts, pt. 1, pp. 548-566, 1891,
Chamberlin, T. C. and Salisbury R. D., Preliminary paper on the Driftless
4rea of the Upper Mississippi Valley: U. S. Geol. Survey, 6th Ann. Rept.,
pp. 221-258, 1885,

Within adjacent areas covered by older drift thers is much residual soil.
& -u“.«djr\.,;&.f
A 2

To what extent this has developed in the time s'i"nce«gla.ciation and to what

extent it is pz'e—flacial has never been satisfactorily determined. In
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the opinion of the writers a not inconsiderable portion of th2 residual
s0il of this area is older than the Pleistocene: Residual soil is
8till in process of formation.

Deposits Due to Creep.

Under the heading of deposits due to

2l Statemehit.

7 7
7 i § N

creep are includéd a.c-éi-umiatioﬁs of weathered rock debris which have moved
to a greater or less extent from the position where the material was severed
from the ledge. The residual soils are also involved in this movement and
have crept to an extent not generally realized. Talus accurmlations c an
prise the bulk of these deposits.
"'-7_111;@1_9_;_;3_‘. On the uplands wherever there is any considerabls

slope the residuu:ﬁ has moved to some extent. In most cases this cannot
be demonstrated but at localities where patches of St. Peter .;anclstone have
survived in hollow:= of the Oncota dolomite the phenomenon is strikineg., In
a road cut at Pine Hollow Chm:ch, the residual clays of the Oneofa overlie
Ste. Peter/sandstone so that the soil of an older formation has crept over a
younger rock. The talus and creep deposits of the hillsides are a
heterogenfous mixture of residual clay and sand mixed with blocks of chert,
dolomite, and the harder sandstomes. In mny places the material re-
sembles a gla;::ial till in its physical character.

@. The deposits due to creep occur in valleys which

- i/
apmrently, in large mrt at least, antedate the oldest knowm drift so that

1/ Leverett, Frank, Outline of Pleistocenei history of Mississippi valley:
Jour. Geology, vol. 29, pp. 620,621, 1921, ;
Trowbridge favors the post-Nebraskan age of the valleys of the Driftless
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Area (See p. ).

Trowbridge, A. Ce, Preliminary report on geological work in nar theastern
Iowa: Iowa Acad. Science, Proc., vol. 21, pp. 208, 209, 19153 ZErosional
history of the Driftless Area: University of Iowa Studies, Studies in
Fatural History, vol. 9, No. 3, pp. 123-12%, 1921,

they are probably in considerable part of pre-Flacial age. Their forma-
tion is still going on.

v

Pre-Wisconsin Terrace Gravels.

_Geparal-Stasements Throughout the area are gravel-covarad
rock terraces from a few feet to 140 feet above the adjacent stream bottoms,
Most of the pebbles are chert, with a subordinate amount of sandstone and .
guartz pebbles. Thers ars no dolomite vebbles. Little sand or clay is found.
The deposits are in many places covered by loessﬁr dune sand. The thickness
of gravel is in few places much over 10 feet.

8

Terrace gravels are
.
found lyiy upon rock benches at several horizonz in the Franconia and
Dresbach s:ndstones. Some of the gravel capped terraces are hard to dis-
tingmish from the rock terraces.

\Eﬁ_ﬂ&le,é. The older terrace gravels in few locations

exceed 10 feet in thickness. The maximum is probably not over 40 feet.
O : < dr. The older terrace gravels comsist of rather
coarse, ill assorted, rudely bedded, poorly rounded stones with much sand.
(Plate IV.) 1In all tut one lgeal it& the pebbles a.rejrom 80 per cent to
virtually 100 per cent cherts derived from the Oncota dolomite. They are

more or less water-wornm. In size they rame from a fraction of an inch
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in diameter to boulders more than 15 inches thick. The pebbles other
than chert are nearly all hard sandstones, in which fragments from
the quartzitic and ferruginous layers are most abundant. At one
locality (Sec. 2, Sparta £T. 17::.R. 4WJ the general rule is reversed
and pebblss of sandstonsy predominate. The sandstone pebbles are

- smaller ahd better rounded than the cherts. They deerease in per-
centage in descending & stream. For instance, in Stevens Valley,
west of Tomah, sandstone makes up about 20 per cent of the pebbles,
while at Tomah, three miles to the northeast scarcely any sandstme
pebbles are found. The size of all the 1aebb1’i§ also decreases

down stream. QJuartz pebbles from the ’.Yi“ndrow. formetion are locally
conspicuous, but form an insignificant part of the whole mass.

The depdsit 5 are roughly stratified, with ocecasional cross bedding.
Layers of clean sand are found in places | EM:EIE )« The percentage
of stones is greatest near the surface of thé ground.

: M&m Along the headwaters of Lemomweik River
néar Tomzh the older terrace gravels are seen %0 best advantage (Fig.
A¥°). They cap isolz;vted hills and rock terraces. The largest
single deposit is at Tomah, where the city is built on a terrace more
than a mile long,;m.lf a mile wide, which is almost campletely mantled
by gravel and sand. The highest occurrences ndrthwest of the city
are about 40 feet above the stream. Those in the vicinity of Jackson—
ville School are 60 feet, and rear the northﬁ_est corner of section
.365%‘13. 1’73 R. 20$ smll patches of gravel are 80 feet above the

creek. This represents a grade of about 20 feet per mile, campared
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Fig. 1l4. Sections showing pre-Wisconsin terraces.
a. Near Tomeh from center Sec. 32, T. 18 N., R. 1 W,
3 southwesterly to Sec. 13, T. 17 N., R. 2 W.l
b. Across Stevens Valley, Sec. 12, T. 17 N., R. 2 W.
c. Across la Crosse valley near mouth of.Little Iz Crosse
river. Qfp, flood plain; Qlt, lower terrace; Qds, dune sand; GQht, high

terrace of valley fill; Qot, old terrace. Bed rock shown by cross

lining.
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with the slope of 13 feet per mile in the present stream.

In the southwest guarter of Sec. 18 and the northwest
quarter of Sec. 19, Tomah (T. 1’?‘,'3. 17), terrace zravsls cap three

distinet lsvels,resoectively, about 60, 80, and 100 feast above the

)
stream. The upper limit of the deposits is very hard to determine
since they are deeply eroded and heavily covered by loess and have no
topogravhic expression. The much eroded terraces west of Lemonweir
River, and at thes cemetery south of Tomah, contrast sharply with the
low, little dissected, gravel terrace alonz the southeast side of the
stream in Sees. 16, 17, and 18, Tomah.

In the narrow valleys of Kickapoo River and its tributarises
are mumerous small rémmants of oldsr terrace gravels. aAfthe slevations
h_lto; The
Gt v’

gravels rest upon several horizons of the Franconia amd Dresbach forma-

reach a2 maximam of 140 feet above the rivern M}rtl;east of_
tions. Doubtless much gravel is concealed beneath the loess, which in
places reaches 10 to 15 feet in thickness.

In la Crosse valley and its branches exposures of the gravaels
are somewhat less common, a faect due in large part to the covering of
loess and windblown sand. In ths ma in valley they occur as high as
90 feet above the alluvial floor of the valley or 110 feet above the

58c. 36, N
river (58-S Burn?' 2, 1T, BBl
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A number of deposits are kmown in Leon Valley, amonz them
= LT-“’N'JRBW')
a gravel pit in SW %, SE %, See. 29, ‘.'!ells/\. A thickmess of 6 to 8

feet of sandy, ill assorted chert gravel is worksd on a face of about

0 LPUJ&]I)

250 féet.{\ It lies upon heavily bedded white sandstone of the

Dresbach form tion. The deposit extends only a few rods back from
CtbN., R.¢W.)

the present face. In Sec. 24, Leaﬁ{ coarse gravels are found on
much eroded loess-covered terraces at elsvations of apwoximately
20, 40, 80, and 120 feet above the stream. The gravel is everywhere
very thin. Only a few scattered remmants of gravel were found in
the morthern tributaries.

Ace, The origin and age of the older terrace gravels is

more fully discussed under the head of Geologicad Histor;}? The
£ A
age of the formation is indicated by the erosion it has suffsred.
This has resulted in the formation of valleys ovsr 200 feet deep
since the gravel was deposited and in the almost camplete removal of
the entire deposit over large areas. The older terrace gravels
are interpreted as alluvial fans and wvalley filling of early Pleisto-
cene age, when the rock floor of the valley may have been higher than
at present.
Valley Fillins of Wisconsin Age.

General Statement. The bottoms of the larger valleys of

the Sparta and Tormmh quadrangles are flat with alluvial filling,

These deposits consist mainly of sand, with subordimte amounts of
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gravel and clay. In places they are overlain by loess.

Relation to U}nﬁ.er'lvinn' .E‘/omati ons. The younger valley
£ill las evidently beerlll formed sizﬁce the erosion of the pre—??i‘;con—
sin terrace gravels, for it occupies valleys ctt through that forma-
tion, and is of a different composition.

Thickm sg. AT Sparta the greatest known depth to rock
is repotted to be 140 feet. Further down Ia Crossz Valley it is
80 to 100 feet. At Tomeh it is 70 to 104 feet. In the smaller
valleys the thickness of the valley fill in few places exceeds 25
feet. It is safe to cmclude, therefore, that the maxirmm thick-
ness of these deposits is mrobably not over 150 feet.

Character. In the valleys of the larger streams the
valley f£ill is mainl:,r‘sand with a few sandstome pebbles; in the
narrower valleys, especially near their headwaters, gravel and rubble
predominate. Where relatively free from admixturs from the mre-
?fiscon‘s/in terrace gravels the limestone and sandstons psbbles make
up mors than B0 per cent of the deposit, combtrasting sharply with
the oléer gravel formatiom. Black, blue, 2nd browm clays ars seen,
in places interbedded with the sand, and in other localities forming the
soil over the gravels. Ths dark color_s are due to the presence of
organic matter. In many places ghgvs are gravel lenses in the clay
and sand. Ravines 2long Ia Cresse River show cross-bedded sands
and clayey sands with abundant current mrks. Deposits of typical

brownish yellow loess ocecur in places near Tomah and in lLa Crosse

Valley and its tributaries (Fig. 1§ ). Occasional peat beds are
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found interbedded with the sands of the vallsys. The buried

soils ars a mtural consequence of the process of alluvial deposition.

Record of Well &£ Sparta,

Y

2 Blocks Bast of Court House on Oak Street.

Thickness Depth

Loam, black sandy : 5 5]
Sand, yellow 75 80
Loam, black sandy, with twigs, sheils, and

grass 2 82
Clay, yellow 5 3 85
Gravel, chert pebbles 2 87
Loam like that above 2 89
Gravel, chert pebbles and sand, white 28 117
Sandstone with shale beds 168 285

1/ Reported by Conpweesam Crowlsy, Driller.

Well records reported by A. B. Hollister of Tomeh show
tamarack logs buried in sand and clay from 30 to 40 feet below ths
oresent valley bottaus.

3 Distribution. The valley fill is in many places separated
from the adjoining hillsides by a fairly definite break in the slope.

For long distances, however, th= division is not well marked anl the

two merge into one another, the vallsy floor sloping towards the stesam.
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This condition is further complicated where sand dunes are found.

There is every gradation from hills idés covered by talus and by
residual deposits to alluvial fillings, so that the boundariss shown oa
the map ars nebessaril;y' more or less arbitrary. In other words, the
valley fill is in part alluvial and in part colluvial.

In same of the smaller streams t‘né relatively flat valley floor
heads upon the uplands, whore it has a width of only a few yards, too
narrow to show on the map. These narrow flats are not strietly valley
£i1l1 but reoresent the freshet deposits which can not bs carried by
the normal stream. The ravines on hill sides are now being eroded
more actively and all streams are subject to greater floods than
before settlement and partial deforestation of the country. This
subject is comsidered at g'reé.ter length under Geologicad History.

Age. The alluvial valley £ill is separated by a pronounced

e
unconformity firom the pre-Wisconsin terrace gravels. It also differs
in the greater percentage of limestons and sandstone pebbles and sand.
It seems possible that the valleys were eroded in this interval from

the level of the pre-Wisconsin terrace fldors to the present rock

=7 2 [ 4 7
— /?,.“_t__/_) e B

= &
floor. The upper terrace has been traced into /tllm highest terrace
A o
of the Mississippi Valleywhich consists of glacial outwash of Wisconsin
age. Whether or not all the valley fill is of this age is not clear,

for the lower parts my well be older. lany of the small streams are

aggrading their beds at the present time.

LQSSS.

General Statement. Depnosits 0f uff or yellowish-brown losss
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are widely distributed throughout the Sparta and Tomah guadranzles. T

M

he

loess is of Rolian orizin and overlies the rocl:s,,\resirlual denosi ts, A

older terrace zravels, and NZPDET alluvial terraces of the valley
£i1l. It suppiies excellent soil.

— The loess mantles the

erosion forms of thé present surface, resting unconformably upon
v’

all formations, including parts of the Wisconsin valley f£illing. It
is probable, however, that a part of the loess found on ths valley
£illing may have been worked over by streams and rain wash.

Thickness. — The loess is absent over large portions of
the quadrangles anl where found varies from a few inchesg thick to 20
feet or possibly more. The thickest deposits of loess are found on
the roek terraces within the wvalleys and in wavines. They are best
developed in valleys and on the eastern sides of ridges.

Character, — The loess consists of mineral particles of the

grade of fineness known as‘ silt and clay, a3 shown in the accompany-
ing table of machanical analyses. It is of a light porous te::'inire,
free from stones and of a buff or yellowish brown color, tlms differ-
ing sharply from the sticky, red, residual limestons soils and the
stony residual sands. It is unstratified. Whers resting upon sand
or sandstons the wind-transported origin of the loess is made evident
since it rarely contains particles as coarse as the grains of the
underlying formation. The clays of the valleys are in large part
deoxidized loess warked over by water, and mixed with sand. The chemi-

cal camposition of the loess of the guadrangles has -eade boen deter-
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oﬂf;(
minedf'a. Dor{fzs.h..

. The accompanying analysis is presumsd to be oi
in the old brick ard on a terrace of Lamonweir Creek in NE &, W &
Sec. 5., T, ¥1, R /¥, It closely resembles analyses of typical
loess in adjoining countises.

1/

Analysis of loess, Tomah, Wisconsin.

;/ Buckley, 2. R., Clays and clay industries of Wisconsin: Wisconsin

Geol. and Nat, Hist. Survey, Bull. 7, p. 274, 1901. (ABalyst un -

known. A search of Buckley's notes showad nothing p{ this deposit.)
t G et u--f‘/

/

510,
41,0, 11.61
Fe,, 05 7.22
a0 0.94
Mg0 ' 0,34
Na,0 0.69
K,0 1,07
H,04- C 2,59
99,83

The high percentage of silica, above 78 per cent, is in

contrast with the residnal limestone clays whoss silica ecomtent in

few cases. much exceeds 50 per cent.. Ths content of iron and alumimm

~ e o S

The loess of this area is not

caleareous, as are the thicker deposits farther to ths south and

@

woest. The microscopic examimtion shows 2 great varisty of mincrals,



110
98,

but about 50 per cent is quartz. Peldspar, hornblende, and Pyro-
1/
xene, biotite, and magnetite have begn discovered in the loess.

;/ Chamberlin, T. C., and salisbuny, R. D., Preliminary report on
the Driftless Area of the Upper Mjssissippi Valley: U. S. Geol.
Survey, 6th Ann. Rept., pp. 239-288, 278-307, 188b.

lechanical imalyses of }ﬁess.
(

U.3.Bursan Average of Average of
of Soils,  jmalyses Hesidual
gbmposite in Aiea to0 la Crosse Jimestone
4oalysis.  Jorth. U.S. County  flay. Soils
ta)-. Bureau of Average. Division,
Soils (b) (e) Wis. Survey.
(d)
Fine gravel 1-2 mm 0.1 «0 <0 0.4
Coarse sand .5-1,0 mm 0.1 .0 oL l.4
Medium sand .254.5 m 0.1 <0 o3 1.8
Fine sand .10-.25 mm, 1.7 o7 9 4,2
Very fine sand .05-.10 mm 18,2 19.6 5.4 7.1
5ilt 005=-,05 mm 63.1 64.8 7645 577
Clay -+005 mm 16.4 14,7 16.5 a4
100.0 100.0 100.0 100.0

(a) Alden, W. C., Quaternary Geology of southeastern Wisconsin: U.S.
Geol. Survey, Prof. Paper 106, p. 322, 1918.

(b) Weidman, Sammel, Hall, 3. B., and Mugbach, F. L., Reconnraissance
soil survey of sauth part of northwestern Wisconsin: Wisconsin Geol.
and Nat. Hist. Survey, Bull. 23, 1914.

(¢) Wmitson, i. R., Geib, W. J., Dummewald, F. J., and Lounsberry,
Clarence, Soil survey of la Crosse County, Wiscomsin: Wisconsin Geol.
and Fat. Hist, Survey, Bull. 40, ». 20, 1914,

(a) Whitson, A. R., et. 2l., Soil Survey of Juneau County, Wisconsin:
Wisconsin Geol. and Nat. Hist. Survey, Bull. 38, ». 26, 19185 Soil
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Wisconsin: Wiscmsin Geol. and Hat. Histe.

1914.

survey of lowa Coutany,
Survsey, Bull. 30, p. 24,

The most marked dif ferencesbetween loess and rasiduval clay

| gre : Z % >
| #8 in the larger percentages of silt in the formerand in coler (oeep —)

Distribution. The portioa of the Sparta guadrangle in La

Crosse County has been mappsd by the Wisconsin Geological and i?tural
sk
History Survey in cooperation with the U. 5. Bureau of Soils. A

_1_/ Whitson, A. R., Geib, W. J., Dunnewald, T. Je., 2nd Lounsberry,

‘Clarence, Soil Survey of la Crosse County, Wisconsin: Wisconsin Geol.

and Nat. Hist. Survey, Bull. 40, 1914.

copy of this map, altered to show the origin of the soils, is repro-

-

dueced as Pig.lF. Bspecially worthy of attention is the distribution

of loess in Big Creek Valley on the eastern side of a ridge. This

relation is common. It is bettsr showm farther to

attenpt was made to ma» the areas. An excellent place to obsarve the

ffect of loess om the fertility of the soil is at Windrow Bluff, west

eLrie

of Tomh. Here ome sees 5o the west barren wastes of low scrab growth

upon residuval and wind-blown sands. To the east, scarcely a stong's

throw away, is a rich farming country. The differeunce is due to the

2

she loess uvon the eastern slope and its absence on the

"
=
[0}
[#]
W
=
Q
W
(o]
Fh
ot

- 3 = M3 2 - o P £ 1 P 2 2 o= 3 S S < ho P
westorn. The sigmificancs of thess facts is discussed under the head

of Geolozicwd Ilistor:,r.i(?"‘)

The lo2ss now preserved in the distriet is youngsr than

the terrace gravels since apparently undisturbed loess is found on the

highest of the younger alluvial vallgy deposits as well as upon some of
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Fig. 15. Soils map of part of Sparta quadrangle. Based on map by
Wisconsin Geol. and Nat., Hist. Survey, Soils Division and U. S. Dept.

Agr., Bureau of Soils.
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the terraces eroded in that forma tion. It is possible, however,
that formation of the loess covered a great lapse of time, or re-
accarred at different periods, although no definite evidence. of

this ha)f/é been discovered in this area. Some, 2t lsast, of the

J 4 ? { LAA—
LA 2 o < "
loess 0?}1115 area is of poot--'h.:consin age. /r""‘ bore &

2—‘(/{/'L4L b2 il i DA, —% C;:ﬁ; S gra il C o o ,/ Le fﬂ A2 /<%j-g_.:<:>
‘ pl-a‘ 2D PSR G I o, SR J AR A LLM C AL B A ;.‘L.»,,,\_/:?‘) 9 L p—tamtin
h 7 i c 57') L - éﬁ“"-—-’.ﬁ d 72 -;kg_,\ A G & / L 5
ﬂ it /9”“ Sol o e Sand. s

e Qj{t’—’z:&\—"—aé-"zc
) ~Gegneral Statement. Sand dunes, nearly all gquiesesnt,

oceupy large areas in la Crosse Valley and its tributaries. They
occur mainly upon the alluvial valley fill, but are also found on the
rock hills.

F & /.4‘. S
FormiatTions. The sand dunes are

Relat’ou _t Unie 1

......

i.n-r-

largely confined to the upper terrace of the valley f£illing although
some are found at lower levels near Angelo. They rest upon the rock
hills with pronounced unconformity, in places blocking small vallsys.
' Thic_‘_kyg\o: gs. Sand dunes upon the plains rarely oxceed 20 to
30 feet in height. : On hillsides the thickness is more difficult to
estimate. Two excavations near Camp Robinson show rock at a depth of
o SR - Sost 7 W
a few feet, and one set of long trenches,\at a depth of only 4 feet. ' v
Oﬁ,_m_cjgg_. The sand dunes are camposed of sand groins
which are cons.idera.biy better rounded than those in the Paleozoic rocks
or the alluvial deposits. The diagram shown in Pig. 16 shows mssghani-

cal analyses of these sands. They should be compared with those of the

sands from which they were derived (Figs. 9-13),



Fig. 16.

Tomzh

1.168
+833
«589

417

«295
«208

. 147

«104

1.168
«833

+589

<417
+295

.208

« 147

« 104

114

lechanical analyses of dune sands from Military Reservation,
quadrangle.
a.
= +833 mm. 0,00
- .589 mm. 2.88, all quartz, nearly all grains svhericaland frosted.
- 417 mm. 28.22, " - L e " 2 " "
- Jod0 mm, 35.18, ® " many gi'ains spherical, but about 25 per
cent are angular.
- «208 mm. 18.35 all lqua.rtz, rounding as in No. 4.
- JI&¥ mm. 10,35, ® L . e e
- 104 mm. LSt ¥ " grains rounded to same dégree. but many
angular grains.
- .074 mm. 0.13,a2l1ll gquartz, grains all angular.
- +074 m. Included in 8. '

2.98, woody matter.

- 833 mm. 0.00

- 589 mm. 0.34, quartz, nearly all spvheres with frosted surfaces.

- 3417 mm. 6.50, quartz, most grains well rounded, 2 few subangu-
lar, surfaces frosted.

- 295 mm. 24.26, quartz, as 3.

- o208 mm. 35,95, *“ noon

- o147 mm. 26.20, " majority of grains well founded, a considerable
vercentage angular.

- .104 mm. 3.23, quartz, about 50 per cent aubangular.

- 074 m. 0.06, " a few grains well rounded, most angular to
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~Distributibiny. The largest area of dunes is on the Sparta
Target Range. Dunes also occur along the base of the ridge which
separates Farmers and Coles valleys, and in small patches through la
Crosse valley and the lower part of Leon valley. Since there is every
gradation between dunes and alluvial sand plains on the one hand, and
the slope wash of the hillsides on the other, the mapping is necessarily
cmfined to areas of well-marked character. In form, few dunes arc
oi” crescentic shape but most ares low ‘swells or mounds whiéh in meny
nlaces encloss depressions. In ona]instance, northeast of Coles Peak,
a small pond has been dar_mned up by dunes. The best developed duns
topogravhy is in the viecinity of Janes Dugway on the Sparta Target

Range, where the knob-and-kettle topogravhy occurs, with local relief

i

of 12 to 15 feet. Soms dunes are known which have no surface sxpres- e

.

sion but are the filling of old valleys. The bedding of these de- .
.posits shows that they are not stream laid, as can be observed in Burns

ITITN. RSW. (.17 N., R2W:)

valley (Seciions 14 and 23, Burns,e and in SE % NE £, sec. 15, Adriang

Mg The sand dunes are the coarse phase of the eolian y
deposits, as expla ined under the head of Geolozicwl History. They were
forméd dur ing, and in large part after, the period of valley filling.
Local ly sand dunes are still forming where fe_d from fields and riv_?rr

Q- O A i .
flood pla ins, but for the most nart the dunes of this area are quieseent. / t

Other Deposits.

General Statement. In addition to dunes of Recent age,

dspoéi ts of peat and muck occur. The modern alluvium of the
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flood plains and the swamp deposits along the strezmié courses are still
in process of farmation. Smell alluvial fans and some alluvial
valley filling are being deposited at the present time.

Floodplain aml Terraces. The top of the valley filling is

the present floodplain in all valleys except that of the Ia Crosse and
a few of its larger tributaries. The floodplziins are marshy in places.
They are furr:%;;-ghed by abandoned oxbows, some of which cut laterally
into the adjacent hills., The streams at normal stage flow in marrow
more or less meanderins chennels several feet deep.

In the larger valleys the streams have intrenched themselves
in the valley filling, foming terraces. Ia Crosse River flows in a
broad shallow trench £mem onc-half to one mile in width and 20 to 30
feet deep, eroded in the alluvial deposit. The sides of this trench
show well-definsd terraces. A level varying from 4 to 15 feet below
the high terrace has been mapped as the "low" terrace (Fig. 2.03. Low-
er terraces, not over 10 feet above the water level, are included upon
the map with the floodplain. Slightly-developed terraces are found
also in the valleys of Little la Crosse River, Burns Creek, Big Creek,
and the Lemomweir River near Tomah. The subject of the origin of the

terraces is considered under the head of Geologic History {See—Risr—7+ .
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GEOLOGIC STRUCTURE.

General Statement. ‘The Paleozoic sediments of the Sparta
and Tomzh gquadrangles dip to the southwest, descending 300 feet in 25
miles. This is a dip of about 12 feet mer mllecm-w

..a.r.c. The general southwesterly descent is broken by slight folds,

bo*-h parallel to and nomal to the direction of dip. The maximmm .,,.L?.'_r.--«:ﬁ

1F | Aryer il i

din of the irregularities does not exceed om....nl-g. half- g;gg::aaw The

structure is shown in Fig. ]7 by means of contours drawa on the base of
the E'ra.nconla iemﬁ-en The base of the Oneota Als not parazllel, but
shows much the sams features.

Deseriotion. The strueture emtours show that the strata
dip in a series of slight monoclines, separated by bro:der areas of

nearly flat-lying rocks. A notable example of a monocline is that

}ers and Leon valleys. In the stespest place the inelina-

- ISR

tion does not excesed 680 feet to the mile.

Of the slight £olds parallel to the dip, that ruminz from
northwest of Tomah to near Melvina is best marked. On the northwast
side the strata rise slichtly to an anticline and then descend to a
syncline on the southeast with a maximum dip of 60 to 70 feet in malf a
mile. That there is no faulting is demonstrated by the abundance of
exposures in which the observer can readily see the gradual descent of
ths strata. A similar, but lowe_r, anticlinal roll runs northeast from
Bangor atong the ridge between Burns and Big Vallegys.

Origin of Folds. The relation of the Melvina folds to the

: B e = -
thickness of the Franconia, 3t. lawrence, and Jordan formations may be
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‘ seen by comparing Figs. 17 and 18. The decrease in thickness of these
formations along a northeast-southwest line coincident wi th the west

side of the folds shows that initial dip was probably the cause of the

{

location of disturbance. It is also possible, hewever, tiat the
change in thickness was accsntuated by the formation of the fold. The
larger mrt, if not all, of the departures cron a regular slope dis—
: 7( played by the strata of this .a.rea M@M}ﬁd by a combination
%u_'ri“\ of initial irregularities of deposition and subsequent inequalities
of settling after -the region was uplifted. The height of the rock
terraces above the present valley floors is, mtural_ly, affected by
the altitude of the strata which control them. Thus the terraces rise

Son P
or fall with local folds in certain val leyss ¥

N A A

oy

A W e
5 S ‘rhﬁh . . s = = : 3 - - s
:‘w”. i Joints. Ho special investigation was made of the jointing

M W

g, Ton Dot \

of the rocks in this =mrea, since the lack of large quarries or other
axcavations renders any conclusion based on small exposures of doubt-
ful value. Such joints as can be observed are irregular in both
vertical and horizontal extent and rum in 2 great variety of directions.
It appears improbable that they owe their origin to great earth
movements but simply to shrinkage and a&jvﬂmﬁ following the uplifiing
}NA\W““‘. of the region from the sea. No relation can be made out between the
larger features of the topogravhy and either the folds or joints in

the rocks, although locally the courses of small strsams may be

affected by joints.
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Fig. 17. lMap showing structure of base of Franconighgoynstian. Con-

tour interval 20 feet.
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Fig. 18. Map showing,;nterval between base of Franconighfennsbion and

5
base of Oneota dolomite. Contour interval 20 feet.



GEOLOGIC HIST@RY

Wi

PRE-CAMBRIAN TIME

The granites and metamorphic rocks underlying the Sparta .

and Tomah gquadrangles were evidently once involved in intense mountain-

making movements. The results ofldeep well drilling in the area
suggaest that at present the pre~Cambrian rocks form a surface of low
relief. That the existing buried surface is nearly flat or rather
gently ‘undulatinf_: is suggested also by the topography of the pre-Cam-
brian nearbitto the northeast whers the underlying Cambrian sandstms
is thin, or has recently been removed by erosion. This burled sur-
face of the pre-Cambrian in the Sparta and Tomzh gquadrangles is a

i
peneplain, developed in pre-Cambrisn time. The occurrence of
coarse granites and highly folde@, erystalline , metamorphic rocks,
which must have originated at a great depth below the surface of
ancisnt lofty mountains, gives an idea of the wast amount of erosion
wiich the area underwent during the formation of the pre-Cambrian
peneplain, The long and complicated history of what occurred in
the Sparta-Tomah region during the eons preceding the Cambrian inclu-

ded many events concerning which ws can only conjecture. The region
may have been ; .
vie.5’covered by the sea many times and as many times left dry. The

y Weidman, Sammel, The pre-Potsdam pemeplain of the pre-Cambrian of
north central Wisconsin: Jour. Geology, vol. 2, ppe 289-131, 1903,
Geology of northcentral Wisconsin: Wisconsin Geol. and Fat. Histl
Survey, Bull. 16, pp. 592-600, 1907,

Van Hise, C.R., 4 central Wisconsin base level: Science, . S.,
vol. 4, pp. 57-59, 1896.
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strue ture of the:r_;tire-cambrian rocks proves that they were involved

]
in movements of tremendous magnitude which res:lted in the formation
of mounta ins, not once, but reny times. The vast unconformities
within the Archean and Algonkian represent enormous lapses of un-
recorded time, At the end of pre-Cambrizn time the Sparta-Tomah
region was a peneplain. Subsequently it was warped so that, at
present, this buried peneplain slopes sathwestward at the rate of

]

{10 or 12 feet to the mile, .
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PALEQZOIC ERA v

CAMBRIAN PERIOD.

%\,/mw g

The advance of the }A.te’\(}ambris,n or 3t. Croixan sea from
the soath and southwest over ths nearly flat pre-Cambrian land in-
augurated Cambrian deposition in the region. Over the Tomzh and
Serta gquadrangles the sea must have deepened gently so that slnllow
waters extended outward for many miles. This sea appears to have
been bordered by extremely low and flat lands over which at the times
of the spring tides and storms the waters advanced far inland making
broad sandflats of which some parts were permanently under water,
other parts were'bared when the waters retreated, while exteunsiwve
areas were above water level. These elevated port{ons no doubt
shifted from time to time with the changes of the currents and the
strength. of the waves. With such extensive shallow waters and wide
flats the sands would become thoroughly cleaned from muds resulting
in the general absence of that meterial, but:{ts local occurrence in .

occasional depressions; the sands would be likely to become well sorted

‘a.nd. the grains well rounded, there would be mud cracking where the

sediments permmitted such; there would be an abundance of ripple mark-
ing and a great development of cross-lamination of which some would be
likely to be of eolian aspect. No such extensive scnd flats exist

today. The Ronn of (}utch, near the mouth of the Indus comes near to

meeting the regquirements. The reason is orobably to be foumd in the
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)«!f)% present high altitudes of the lands so that in no place

can the sea transgress over an extensive plain of erosion. On the
Ann QAL {)MM

contrary, the existing conditions are such tha.tA the low pla ins tend to
build: = out against the sea.
The constant moving of the sands and the ephemeral character

of the water bodies made it difficult for organisms to obtain a
G
foothold ge~fthat there was probably scant life where the sands were

derositing. A zoologist in those days would probably have found
dredging in these Dresbach waters a very discouraging task.
At the close of Dresbach time the arsa micht have been

Mmost
above the sea for a short time, but it was hﬂ’i’éuth marine water dur-

A

v
ing the time of Franconia deposition. The earlier deposits of the

Franconia indicate waters of considerable stability, but the later
‘ i C, :l z .
deposits show an o-s-oar-}&z‘t‘i‘on of ’d’i_q_sea._hai;.tom so that at times parts

m S‘""-& &fﬂﬂw}
of % were long encurh above water for t,'be’muds to become-broken over

~
extensive areas by shrinkage eracks.
: A

The sediments which reached the sea during the earlier partr
of Franc‘gnia time contained an abundance of smell flakes of mica indicat-
ing the erosion c;f a terrane rich in that substance although it is
possibls that the mica is of sccondary devellopmmt. Precipitation
of glau®onite occurred for long periods twice during FI‘E‘-I}.COI:;’_ times
and the distribution of the glauconite suggests that the precipita-
tion occurred in cyecles. Nothing is known which is suggestive of the

duration of a cyele,

o

0 gy



" long enough for the muds to crack.
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v

Franconia deposition was brought to a close by uplift
= . . i _‘
and the upper green sands were subjected to erosion. How long this 1
srosion emdured is conjecture, but it was long enough for srosion to

reach sediments sufficiently indurated to form pebbles.
s
The sediments of the lewes St. Iawrence,were deposited in |

a sea which at times swarmed with trilobites and brachiopods. Con~
q’.‘t
ditions were oscillating so tha.t times %}stadm.n»the sedlments

F

L 'J?-‘{ﬂ--g..&sﬁm JWMM ,;‘wﬁ-ﬂ-&.} s
we e(calcn.reous ae at other ,mv% and sands. beeamdly parts i(

A e A -
of the sea bottom were & aho:we-the-amte—r for periods of time

zardy-purt e
Stability of sodimentation obta ined during the WAS@-

WWM

Lo
iamme-e m the waters appear to have been shallow se that
streams could bring sma ll pebbles J.nte-the...s.sq.\eae-e-e-f fine sands mhm
4 - B

were generally being depositny :
WV ,5 mpg?ﬂca&‘/
Thoy, Semdsn ra.nd.stoms,é.ppear to record a retreat of the sea,

ban ﬂ"“ﬁ‘m v AH'L-'
and the long foreset bedsﬁa_.laaal_da.mmm at the‘”ﬁbase may betst~-

of MM«L
the advancing depos itsAstrpa.ms. Nearly sverything in these-}e!&mr sand-

M -&’4-
stones pea.kv 3 deposition,and it appears quite certain

that ~:~..rtr eﬁWMmtnd by thn wind. If life existed over

the area oL,\dnpos:. tion, no positive evidence of its occurrence has been

Wdison (?) sandstonei/@pears to have been deposited under

: esscnt:r."lly the same conditions as those which prevailed during the%

Joraan—%a—r/zm ; il Tt

g e e b iy e o
e e S e e L5 + 3 A e e Sy < 2. - - - e i L i MR s R el e S i
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If‘inngimtion‘picmref a vast plain bordeting a shallow
sea vu-bh; sandy bot tom, with—the tidal waters flooding widely over
thd plain}and-—wi‘eh sand islands appearing from time to time in the
stallow water and wifh ephemeral peninsulas of sand extending from

i " the shore into the waters of the sea, a concevtion of the conditions

of deposition as they are thousht—te—-heve-existed will be attained.

v

ORDOVICIAN PERIOD.

i;,fm //FQ L g Bosdaii

It is thewsht that an interval of subaerial erosion-existed

f,,..-_ ﬁ(ﬂs‘ Ly

-between the deposition of the Eadlson('a and-the-Bnsota during vh ich

- v T
some thieim&ss of the Cambrian samds were eroded, but/ A er

easey the beginning of the Oneota time Laund.tlhe.-area-~pencath the sea &l{, At
A2
—~emd-in somevhat deeper wakters than had—erevaited during any part of
the Cambria.n,\ The sea bottom was covered with dense mats of algde
h‘ch plastered the surfaces on which they lived with crusts of Laletvm

Ll gt
carbonate. Animal life a'.mmny groups of infertcbratefwas probably

M 3 Urmnrornn— 7 @, "W@
in this sea, but only thei(ga.stronous and cewhalonod.,,‘-ha#e

Frtatry
left mmeh of Z.recemt, The gbwrtant chert nodnlss which are pre—

A
sent suggest that some organisms which nnde their tests of silica may
have lived in considerabls mumbers, but no direct evidence of their

presence has been found.
(s - e v
Between the closes of the deposition of the Oneota and
v s '
begimming of St. Peter -deposition there was uplift and erosion of
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v . v - v
Oneota strata. A residual clay with chert boulders developed during

v’ Latifaz@w/
this interval. »‘i’hethﬂr this eros:.on totally removed the Shakopee, ferms—

b+em can not be stated, but it is not unlikely that such was the case.

At .any rate valleys were carved and a surface with at least 60 to 70 feet

=— ,

relief was developed. _4& change which may h ve been- clim.tic :
« 2 o Han beds
caused /t.hé’ rivers to Lb/e,ooﬁe aggrad.im and the vallays Se 'beqﬁme filled

with fluvial sands. The region d.ur:x.n; the deposition of the sands a and

in the Sparta and Tomzh gquadrangles might—then—-hme-had—a clim.te similar
to that of the semi-arid Great T’lains/if The sa.nd is not known o have been

produced in the region of deposition, but it is suggested that it came from

"T%c’(fz-é'v'L { D—
SILURIAN, DEVONIAN AI\TDAm-m i PERIODS.

v > v
The St. Peter sandstone is the latest Paleozoic deposit

the north.

v’
which has been preserved in either of the two guadrangles, but the g
IMéV"‘C /t@-’

northward and northeastward facing escarpments of the Platteville/\aad

v e
Galena Imestonos—and dolomltef the Ma.quoketa shale, and Wisgara dolo-

(v
miteﬁ some miles to the west and the south mutely attest to other

submergenc@9:, separated by intervening times of emergence and erosion.

Indeed, it seems probable that 21l formattions up to and including the
/ =t :
Niagars dolomite (Silurian) were once present in the Spartz and Tomah quad-

v
rangles, as debris from these formations is found in the Windrow forma-
5&445’ {alin,
tion. ~Agadn, in the Devonian perlod there may have been submergénce
A
of the region, as strata of that age occur at Milwaukee and in
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."’l \“\
southeastern and central Iowa, and, ifinot sea bottom, the site of
the Sxarta and Tomah gquadrangles was%grobably a relatively low area

bordering the Devonian sea. There may also have been 2 Mississip-

=
pian submergence,as stratz;/of that s,rsﬁl once existed and mey still
1

exist near Chicago, and the great Mississippian area of southeastern

;/ Davis, W. W., Lvidence bearing on a possible northeast extension
of Mississippian sea in Illinois: Jour. Geology, vol. 25, pp. 576-583,
1917,

Iowa is not far distant.
The area was yrobably land through the Pennsylvanian and

Pormion Semtecc ,v/wﬂ'/{-e



MBS0Z0IC AND CENOZOIC FRAS

me
_____________1=2==ﬂ"“"

Continental comditions probably contimned throughout the

o o v
¢ and Jurassic; ’erlod.s as no strate of these systems are

anywhere in the

Dur ing the Crmtacaous the are= under discussion was

1/ Used in the semnse of including both upper and lower Cretaceous.

——
— —_—

probably a region of rolling topography border ing the Cretacecus sea

./__ s oo

4 "
The only sedimentawy recerd within the qaad.rwnwlnﬂ boear-ing
*

to the west.

Ao
u;_mn._.e:mnt.s_dwn-in_ﬂ;ﬁtlge vast lupse of time between the Silurian and the

Quaternary ls.im t}ya Windrow formation. This deposit is interpreted
A

as a

H

iver gravel. There is/ noyreason for believing that the streams
were flowing in broad vadlleys, or possibly on a pemeplain, at the

level of the preseant hilltops. The coarssness of the pebbles in the

Windrow formation suggests streams with rather steep gradients rather

than thoses of a peneplain. These streams may well have flowed in

valleys as narrow and as steep-sided as the present streams of the

Sparta and Tomah gquadrangles. The rangs a.ltltudes at which the

v

Windrow gravels oceur show that at the time ef depomtmn O

L6
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g;‘;—?e‘l's, there was at least 100 feet of local relief in short{ dis-

tances, and perhaps much more. Subsequently bog iron ore app=ars to
have been deposited in flood pla ins, swamps, and ox-bows, much as in
the wresent valleys of the la Crosse and Kickapoo Rivers, cementing

parts of the gravel deposits into conglomerate.

R TRy

P65 long period of Tertiary weathering and erosion sessited

e produc im? topogranhic features in the Sparta and Tomah quadrangles
very similar to those in existence today. Indeed, at thes close of the
Plioccene fpoch, all of Wisconsin must have loocked very much as the Diift-

legs Area does today. .

fgbf‘( 4 Tl

The normal »r ocessesAof Tertiary time continued throughout
- <.

the Quaternary with interuptions oceasioned only by the aggrading

ﬂ»w
the Mississippi Valley by glacial outwash. In the glaciated are' s ?},L gl
Parden :
weowever, the restoration of normal physiegravhic "'JI'.)CESS&:, foddov-
aw e
;ag.ghm&tmn, has pot-—¥es, excapt in some of the older drift regions

ga:nd.aeed to-;cxgra-ghic forams remotely resembling those in the Sparta and
Tomah guadrangles. This, of itself, is a striking vroof of the vast

length of Tertiary time.
-
Pic time since the dsposition of the Windrow formation,
o) s C N R e

in the Cretacems €223 '2s been safuclent ifor the lateral shiftine
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of streams from their former courses, and for the entire removal

=

of the Windrow gravels throughout meany of the former valleys. The

amount of subsequent deepeming of valleys is demonstrated at Wind-

/
row Bluff. Here the Windrow formztion occurs at an elevation of
hY

"about 1400 feet. The stream which brought the pebbles in this con-

glomerate is thought to have come from the northeast. The present

S

rock surface to the west near the city of Sparta lies at an eleva-
"tion of about 650 feet. Therefore, erosion has reduced the valley
—
bottoms at least B50 feet since the Windrow gravels were deposited.
At that time a large part if not all of the pre-Cambrian of Wisconsin
_  beneath : y
mist have been still burxied #sr the Paleozoic rocks.  There is no
lack of evidence that the region has been changed greatly since the
e
period of its zeologic history when the Windrow forration was being
laid down, but there is no evidence that the tipe of toposravhy has
changed except in so far as formations of different character now
form the surface. The slowmess with which erosion is taking place
is shown by the fact that the area of the Sparta and Tomzh quad-

angl s had reached essentizally the present form by the time of

deposition of the early Pleistocene drift of north central Wisconsin.
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POSSIBLE INTERRUPTIONS IN THE IROSION CYCLE.

Sparta and Tomeh
The Problem. The time since the, quadrangles were last

upblifted from the sea is so long thet it seems probable that the
process of erosion might well have been subject to interruptioans due
to climatic changes @Y. to elevations or depressions of either the
land or the sea surface. Changes of either kind could not be exwaectei

-fg,—e ﬁ«w-z" w} - [ oy ?“

to’have leit any-definite trace unless at ons or mor e timds thm area

it s TP S e S;ﬁm&;, o
had been reduced to a peneplain, remnants of whi ch haye not yebt-been P

1({%%; the valleyﬁj:;:{az mresent cycle of erosion. We could
hardly expsct to find any surviving portions of a very ancient pene-
plain in such relatively non-resistant rocks as those of th-is area.
The heart of the problem lies in the disecovery of criteria by ﬂnch}7
can be separated MGMW@ from
the effect;of uplifts following peneplafnation. In the nsarly horizon-
tal rocks of these quadrangles, which hav‘; varying degrees ofzﬂ sis-—

tance fo weathering and erosion, this problem is _ini‘-i_ﬁit-él'ﬁ' more diffi-
Z gt 2

cult than in a region of folded strata.

Previous Investisations. Many geologists who have examined
a2 3\
the Driftless Area (m:g:t;.ou& to t‘ne studies of the wr:;ter.;}lnve des-

P

— &) v f,mev

cribed ons or more dissected pemeplains but their interpretations have

varied widely. They regarded the rolling uplands as more or less

-undissected remnants of an eros on surface or surfaces formed with a

— At T Glend, | o
higher bass .Level than tlmt fprEvadds. Kummel based his comr

clizions on the mia/ndering course of certain rivers farther to the
I £

south . Hershey first described the uplands to the south and west as

e oS A “::'.‘

)
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1/ Wimnel, H. B., Some meandering rivers of Wiscmsin: Science,
new seriss, vol. 1, pp. 714-716, 1895.

Hershey, 0. H., Pre-Glacial erosion cycles in northwestern Illinois:
Am. Geologist, vol. 18, pp. 72-100, 1896: The physiogravhic develop—

ment of the upper Mississippli Valleys Ibid., vol. 20, po. 246-268,
189%.

3/
dissected peneplains. Van Hise first deseribed the peneplain to

.

3/ Van Hise, C. R., 4 central 7Visconsin base level; Science, New
Series, vol. 4, pp. 57-59, 1896.

é_/ Weidman, Samuel, The pre-Potsdam peneplain of the pre-Cambrian of
north central Wisconsin: Jour. Geology, vol. 11, pp.'289-313, 1903.

the north of the area and suggested that it mmhtje younge
4
the Palsozoic rocks, 2 viéw shown later by Weidman to be erronfms.

ol

sy than

Salisbury and Atwood  interpreted the alluvial and lacustrine plain

5/ Salisbury, R. D. and Atwood, W. W., The geography of the region
about Devils laks and the Dalles of the Viscmsin: Wisconsin Geol.
and Nat. Hist. Survey, Bull. 5, p. bl, plates XVII, XVIII, 1900,

of central Wiscmsin as a peneplain, Grant described a penenlain

in southwestern Visconsin in reports on the lead and zinc deposits

and in a paper written with Bain asserted that this plain bevels

across the strata to the north, passing through the area here discas-
s/ z/
Sed. The same view was again stated by Bain, and by Grant and Burchard.

6/ Grant, U. S., Lead and zinc deposits of southwestern Wisconsin:

Wisconsin Geol. and Wat. Hist. Survey, Bull. 9, p. 11, 1903; Bull. 14
Be LI 19065

Grant, U. 5. and Bain, H. F., A pre-Glacial peneplain in the Drift-
less Area: Sciencs, new seriss, vol. 19, p. 528, 1904.

%) Bein, B V., Zim ant lead dep051ts of the upper Mississippi valley;

U. 5. Geol. Survey, Bull, 294,pD. 11"‘1906, Wisconsin Geol. and Nat.

Hist. Survey, Bull. 19, pp. 11-16, 1907,
Grant, U. 5. and Burc‘nard BE. F., Geologic atlas of the U. S., Ian-
aster-Minsral Point folio No. 145, p. 2, 1907.
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The first phase of the study was closed by the work of

1/

Hartin who interpreted the uplands as a series of cuestas caused

_1_/ Martin, lawrence, The physical geography of Wisconsin: Wisconsin
Geol. and Nat. Hist. Swrvey, Bull. 36, pp. 63-70, 1916.

by the alternating resi stant and weak rock formations. He demon-
strated that the upland of southwestern Wigconsin does not bevel
across the strata to the north b@‘t‘if nrojected in that direction

would lie high above th2 uplands north of Wisconsin River. Phe diffi-

vulty of separating the effects of rock ckaracter from those of change

of elevation was showm,fer—the~TITet-time. TinceHarbinls—work.uns
fmtmmmm.ﬁ Trowbridge and his
&/hcwevwa

=Lssoc'iates,npostulate two peneplains, orde of which has been dissected

Trowbridge, 4. C., Preliminary rsport on geological wark in the
Driftless Area: Geol. Soc. America, Bull., vel. 26, p. 75, 1915;
History of Devils lake, Wiscmsin: Jowr. Geology, vol. 25, pp. 352-354,
1917; The erosional history of the Driftless Area: University of Iowa
Studies, Studies in Natural History, vol. 9, Fo. 3, 1921.

Hughes, U. B., A correlation of the peneplains in the Driftless
Area: lowa Acad. Science, Proc., Vol. 21, pp. 125-132, 1916,

Shipton, W. D., The geology of the Sparta quadrangle, Wiscmsin,
Unpubl ished thesis, University of Iowa, 1916.

into a series of cusstas, but which expla ins the subequality of eleva-
tion of their crests; the other an incomplete one present only in the
bottoms of the vales between the cusstas. The work of these later

the - ae g
students has been far more critical and detziled than wee—saed previousyovk.

“he problem centers not upon the facts but upon the relativemﬁence—-

-

to be placed on different phenomena in reaching a conclusion.
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The upland surfaces./ The upland surfaces of the Sparta
e e e

and Tomeh quadransles in common with those of 211 the Driftless Area _‘Jf:‘
X
Oy
w/

consist of rolling ridge tops no portion of which is maﬂlgmjmally N

flat. All the ridges are well drained either by meame—e€ broad
valleys or, where the underlying rock is dolomite, by sink holes.
@v\.ﬁ_ &
#u observef whe-looks.at.one.of these unlands from a distance gets
A
the impression that he sees the dissscted edge of a nlain, but on
close approach no lesvel upland ecan be found. Instead} the "plain®
constantly rocedes like a will-o'-the-wisp until he realizes that
what he seses on the horizon-is nothing more than the blending in the
distance of fairly level topped ridges of sub-equal elevation. In
the opinion of the writers the levelness of the ridge tops has been
/L&a,—-i.;.d-

greatly exaggerated in descri-tions; they regard the vhenomenvi as a
mere optical illusion caused by the universal relative inconsequencs

of vertical relief as compared to horizontal distances.

J ,
The Ongota ﬁnland. —The topography of the areas underlain

by Oneota dolomite, is ons of relatively gentle slones (Plate¥L ),
which lead from the ridges into the heads of the steep-sided valleys
which have cut through into the less resistant Jordan s‘gdstone be-
neath. Loecally the draimage is into sink holes, soms of which have
a diameter of over 60 feet. The depth to the base of ths dolomitse
beneath the ridges varies from a few feet on narrow spurs or isolated . i}%
hills to over 200 feet on broad ridges.. 4 not inconsiderahle part bj/: |
RN

of this thickness is mde of loess,residwal clay, and decompmosaed

dolomite; in places these deposits exceed 50 feet in depth. The change |,

N
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in slope from the gentle angles of the upland to the steep valley \\\ ‘\

sides lies at different geological horizons in different parts of } \
the area. Where the ridges are narrow and a quartzigm&'flayer is , E / }}‘

present at the top of the underlyinc sandstones, the chanze in slope |
is either at oz}rz'}ar that stratum; where no such resistant bed is \ "
present, esvecially where the riége'is broad, the break occurs quite |
well up in the Oneota dolomite. The latter condition prevails
alonz Coon Valley in the southwestern part of the Sparta quadrangle.

The Franconia g'oland.—-An obserfér standing upon Castle
Rock in the northern vart of the Sparta quadrangle sees south and
northwest of him the Oneota upland previously described (See fig. 4).
Two Tmndrsd to two hundred and fifty feet below is a similar_series
of relatively even crested ridges, capped by the Franconi aﬁdstone.
There are rather broad ridges with rolling tops, level enough for
farming, where the soil is good, bat for the most part the "surface"
is'mrély the blending in the distance of narros ridges and isolated
hills of about the same elevation. These ridges slope abruptly down
to the valleys with the break in slope on either the micaceous sandy
shale layer or the hard calcarseous sandstone bed at the base of the
Franconia formation, or locally a hard 1aye1;ﬁear the top of the Dres-
baeh., At their outer ends, the ridges brezk down to the alluvial
plains in successively lower and lower, smaller and smaller conical

hills or tepee-shaped buttes.
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The Franconia bench is present at all points where erosion
has cut throuwh to the underlying bresbac.h/ sandstone. Near Tomah the
ridge tops are broader than in the la’ Crosse Valley. The bench extends
up all tributaries and is least developed where erosion has recently
cut through the formation. In Kickapoo valley, for instance, it
becomes wider as one goes down stream and, if followed south § the
area under discussion, disappears where the top of the Dresbach passes
beneath the valley bottom. Looked at in detail, the Franconia bench
or terrace consists of a number of subordinate terraces waich are
irregular in occurrence and distribution. Most persistent is one
upon the relatively firm and heavily bedded /yel low sandstone\ member
of the frmation. Others occur both above and below this horizon but
are for the most part merely slight benches on spurs (Plateal ).
Where vresent they are found on both sides of small valleys, thus
showing that they are not due to stream action but simply to differ-
ences in hardness or thickness of bedding of the underlying sandstone.
While older (or pre-Wiscomsin) terrace gravels occur on the Franconia
at some places, nevertheless it is clear that the bench as a whole is
due solely to differential weatherings and erosion. The thin bedded

ipstendn 8
Franconia sandstone's/ weather into rounded slopss somewhat resembling

those developed on dolomite form:tionms.

Relations of the uplands to rock structure.—— The interpre-

tation of the uplands as remmants of dissected peneplains or as due

solely to the effect of differences in the resistance of the strata must
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rest largely uponﬁ'é’le presence o; portions of the uplands not yet
affected by the streams of the present erosion cycle, and upon the

parallelism or lack of parallelism of the ridge tops and th° base
- o, 3) o it Sttiad
of the resistant formation. The firsd- n has bsen ’r,e.s—t:ed by

the writers, not only within the area of the guadrangles but over
almost the whole of the Driftless Area, without finding a single
gquare rod of surface whose present topography is not in strict re-
lation to rock character or that cannot be explained as a result of
the present erosion cycle. In the case of the Oneota upland there
o
is an apparent beveling of the Oneota dolomite so that as one goes
south or southwest the upland lies higher and higher in the forma-
tion. The question then arises as to what degree this fact is due
to first,penepla)[nation, second, the relative recency of the removal
of the overlying formations, and tn1rd7 y original variation in :
thickness of the Onsota (oee p. ). The secd_nd and third are
S&em's‘(no‘c causidened hy previoas students of the area. The areas
longest uncovered by the retreat of the next or Galena-Platteville
cussta are naturally now worn down more than the recently exposed

atthe foot+ of The agcarpment:
strata im—the—wadey This is whown in Pig. 19, aiésetion-bebween
M ¥

Gheen—aﬂd—ﬂaeﬂe-e—om—m-ta—l-ewﬁ It has been sta.t-adﬂthat this

ridge shows an undissected portion of a high level peneplain which
o
actually bevels across from the Oneota dolomite into the Galena dolo-
1 s phohied
mite. The writers have t;&#elad“tlﬁs ridge along State Trunk Highway

;/ Trowbridge, A. C., The erosioml history of the Driftlsss Area:
University of Iowa Btudies, Studies in Natural History, ved. 9, No. 3,
PBe Ad=7S, Big. 17, 21921
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Fig. 19. Section from pre-Cambrizn near Wisconsin Rapids southwesterly

through Tomzh quadrangls into Iowa. Based on U. 5. Geol. Survey
topographic maps, Iowa Geol. Survey Reports and on field notes by G.

H. ..smith o 1nd. Fc To Tmites.
' o -

Q, Quaternary deposits; Sn. Niagara dolomite; Om, Maquoketa

; i | 5

shale; Ogp, Gal'gna and Platteville formations; Osp, St. Peter sandstone;

b o Madidr anel
Oso, Shakopee and Oneota dolomites; 6j,,Jordan sandstoney €©sl, St.
Lawrence formationj; ef,,\FranconiaAfemﬁon; €d, Dresbach sandstone;

W\ﬂ/ v
8ec, Eau OlaireAfem-ﬁ-oa; €ms, Mount Simon sandstone; PC, Pre-Cambrian.
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27 and find that a confusing factor is the irregular thickness of

v’ ' : v
the Oneota and Shakopee dolomites. Locally the St. Peter sandstone
15 the case exists
is wery thin and. where svch no marked escarpzneng.\at the base of the

v
Platteville limestone. Wherever the St. Peter is thick a sharp

slope is found and the Oneota~oha.‘_:onee upland extends to the south-
west on the ends of the spurs. In the case of the Franconia upland
the effect of lowering of the ridge tops by s.oluti on is not present
and the parallelism of the rock layers and the -ridge tops is mmch

more marked. The relation of this upland to the Oneota uplands

y Trowbridge, 4. C., Op. cit., p. 20.

to the south and to the Franc 0111& benches in valleys l"uthﬂn that ? M "
S Woe A V}, o wandiig '
upland is such as to remove all doubt that it is due solely to the
fan® & M*’M%&l SEasptis .7
character of the underlying strata. It bears no,relation whatever ——
to the uplands at the same elevation above sea level on the bluffs
along Mississippi River to the west. Instead these are the contimua-
tlon down the dip of thé Oneota upland as may readily be seen along
%& Trunk Hicghwvay 22 It las been shown in the discussion of the
Windrow formation that the gravels on the uplands are not necessarily

an evidence of a former neneplam (p.9¢ ).

anc&usmn. —The writers of-'mg-—ssl_m have been more "’7

impressed by the influence of rock character upon the position and form
j‘dz—&ﬁ" Uaf{'»‘*‘“"‘, mw G‘W det

of the uplands than by any oths They ther fore favor

the simpler explanation of the facts: that the vresent topography

is explainable on the basis of one erosion cycle. This does not mean
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that peneplajmtion has not occurred, but that the available evidence

is now insufficient, in their judement, to prove that such has been

the case.

a fé 2acid s Covo— A
Topography of the Jordan and St. lawrence m.
s 5 Yol g Mo Al b o efhd DR fe Moader G)

%Ihe outcrop ar?ang thofJordan sandstong(is in most m'é‘gé‘j/a narrow %

band around the edge of the areas of Oneota dolomite, but it runs
out along spurs from vhich the capping of dolomite has been removed
in geologically recent time. The narrow width of the band is due
to the softness of the sandstone and its comparatively slight thick-
79 :
et icg Noraral K T ness, (40 to 88,fect). There are cliffs up to feet in height;
crags and towers of most fantastic form are common On SPUrs. Wind

erosion, the inflmence of protectinz hard strata at the top, the ten-

Aecllar : Ja“;‘;‘*«;ﬁ dency of the sandstone to case-harden on exposure to the weather and

%‘”“wfj”‘“‘fjt”“ of fallen blocks to roll down the slope away from the foot of the cliff
J -3

et tirad iere.

preserve the c¢liffs in this frisble Iorm'ltlon. The topography of the
%MLH."&.W. MWWMW@ /ww,u(u/l—»oﬁ ferrp(,a.u_

mmmmws similar to that of the

Adordan. Owing to its finer grain and greater friadbility, cliffs and

crags are less abundant. W calcarepis seniien—eri—the St.
fo‘mua:&,}vv
Iawrencef\caps hills and ridges. Because the difference in hardness
v

between these beds and t 2 underlying Franconia is not great, the
break in slope is mot so nromment (Plate X ) as tat at the con-

o M :
tact of the Jordanjand Oneol,a.. The St. lawrence bench is, therefore,
not as comspicuous as those above and below it. The fact that it

is at all points closely associated with the same calcareoiis beds,

and occurs on both sides of the valleys in which it is developed,
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shows plainly that its origin is the result of erosion of beds of

different resistance. i

Tovogravhy of the Dresbach Sandstone Areas. The Drea{ach
T

sandstone differs markecllyﬁlrom the Franconia in its heavier bedding.

v .
The firm layers at the top of the Dresbach and at the base of the

v

Franconia are protected from percolating waters by the nearly imper-
v

vious micaceous shale bed. VWhere erosion has reached the Dresbach

2 steep slope or cliff is formed beneath the protecting hard beds

near the top. Where the protecting beds have ﬁeen removed, eresion

is relatively ranid. At the ends of smrs isolated buttes develop.

The form of these buttes depends upon the hardness of the underlying

sandstme. The Dres,lgach is, for the most part, quite soft, except

at the very toi); hence smooth comes are more common than erags. Roeck

forms like that at Rockland (center of Sparta quadra.ngle) are rare.

A poorly developec.l terrace is found in a2 few scattering places about

80 to 90 feet below the top of the L‘resbz;.:h. It is knowm that in some

places it is capped by an iron cemented layer. As iron cemented layers
etratigraphic horizon

are very irregular, both in b and in horizontal extent, structu-

ral terraces are not as widespread or prominent as in the higher forma-

tions. Mos tfof the gravel capped terraces bear no distinet relation

to the distance from the top of the formation; they are due to stream

action and are not found on both sides of a valley as are the structural

benches. A good example of such a stream terrace is found in Stevens

Valley, west of Tomzh. That the level central plain of Wiseansin near
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Tomah is dne to alluvial and lacusf{:‘n.ne deposits has been demonstrated
by the results of well drilling: The rock surface is irregular and
is covered by 2 maximum thickness of over two hunired feet of sand

1/ |
and clay. Portions of the plain outside the quadrangles are flat

i/ Martin, lawrence, The vhysical Beography of Wisconsin: Wisconsin
Geol. and Nat, Hist. Survey, Bull. 36, pp. 305, 306, 318=-322, 1916.
Weidman, Sammel, Geology of north cemtral Wisconsin: Wiscomsin

Geol. and Nat, Hist. Survey, Bull. 16, pp. 518-520, 1907.

2/
because of the effect of shale beds in the BEau Claire@

2/ Smith, G. H., The influemce of rock structure and rock character
on topography in the Driftless Areas: Unpublished thesis, University
of Wisconsin, 1921.

=
Sigmificance of the Rock ‘?errac’;;S’I_n the discussipn of

>

[ - P T | Bl B -Tym e wmesa e T - L Ty PR S T 1 | g
was explained that the larger vallays within the //es tern

o)
ok

Topography

%plzm-:i are double or bemched, and that two of the benches or rock

terraces are more persistant and conspicuous than any others. These

are an upper, or St. lawrence, terrace and a lower, or Franconia,

terrate, the cliffs at their borders being, respectively, the Jordan
‘/

sandstone and the Dresbach sanistone, with details as deseribed in

the pages immediately preceding. It was also stated under Topogravhy

that the existance of these rock terraces in no wvay implisd periods

of base leveling within the valleys, followed by uplifts of the land.

1

g/ lartin, Iawrence, Roek terraces in theDriftless Arez of Wisconsin:
Geol. Soc. America, Bull., vol. 28, pp. 148-149, 1917,

Smith, G. H., The influence of rock structure and rock character
on topography in the Driftless Area; Hmpublished thesis, University
of Wiscons in, 1921,
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Had there been such halts during uplift of the land,
the :Lﬂttei";s of the terraces would be decidedly different. There
would be in many places terraces on one side of a valley but not on
the other. There would probably be entrenched meanders. Instead,
the terraces are in nearly all locations present on both sides of
the valleys and are of nearly equal width on each side of the pre-
sent stream coufses.

That the minor features of topogravhy in the Sparta and
Tomah quadrangles are controlled by rock texture and struecture, is
another argument, not independently decisive to be sure, which must
be added to those which lead to the simple interpretation of the up-
laqd‘nea.r the Mississippi River in Wisconsin and adjacent states as
aAcueiétaSrather than a dissected peneplain or peneplains. A recon-
naissance of a considerable mumber of walleys in the Driftless Area
outside the Sparta and Tomsh gquadrangles reveals the same rock ter-
races. The lowsr ones are covered in places with chert gravels, ;
but v these gravels nor the rock terraces themselves seem to
necassitate the postulation of earlier ¢ycles of srosion followed
by uplifts of the land (See pe ).

Sume Besults of lMesozoic and Cenozoic Denudation.

The topography of the Sparta and Tomah quadrangles is the result of
the Forces of weathering and erosiom acting upon gently inclined

dtrata of varying resistance. Steep slopes are found where wsak

formm tions are being worn back, thus undermining resistant layers.
~

Gentle slopes occur near thes lavel of the streams where erosion is
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not active, oit®7T on soluble formations like the Oneota dolomite
e
which becomes mantled with a thick layer of residuum, or weak forma-
v A
/i AMAY‘.\)‘.‘.-\“-“.,M?
tions )1ike the Franconia, w re protected by resistant under-
lying layers. Ve may think of the landscape as havinzy been etched

out by the forces of the atmosphere, the process being retarded
wherever hard layers were met, and accelerated in the softer beds.

No evidence of important halts in the vrocess of degradation can be

P Lo
distinguished between the time of the latest emergence of the area,
probably dur'ing the Siluriang,andthe—present-time. The first de-
ghn.o-bﬂ--‘

finitely proven uplift following a halt is a ?Mne. It is demon-
strated by the elevation and tilting of the bénches of the )&/lacial
Great Iakes and of lake Agassiz in the latter stages of the Pleisto—
cene. The terraces of the Mississippi River were probably tilted

1/
at the same time. There were larger uplifts to the east and to

y Martin, lawrence, The physical s;eography-of Wisconsin, Wiscmsin
Geol. and Hat. Hist. Survey, Bull. 36, pp. 1535 154, 1916.

ths north in the late Devonian and in the Cretaceous, but (the Sparta

S oo At : .
fg_pjﬂ%; no Aevld.encewbemag—ua}ea-mmibi—

=4 m
ok bFe ba2..oXisnsdenvf thess uplii‘ts;to’étﬂ_amwmeﬁon.
‘ b

A modification of stream volume and load, dué\to glaciation and clengs

of climate, probably accounts for the depositionand subsequent ero-

\\sion of the older terrace gravels in the eakly Plpistocense.

s

st
=
i
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Ve
QUATIRNARY PERICD.

v’
PLEISTOCENE ZPOCH.

FPACTORS AFFECTING PHYSIOGRAZHIC FPROCESSES.

,

(&m:-mo the flacial %,—-&a—ﬂ&e—l’lnstoceae /!.(.:och of

the -luutermr’ the Sparta and Tomah quadrangles were never invaded
- / W})L‘-* afagrid T -
by the ice iisedf,)/ s reg wls affected indirectly, however, in

te-preeesses.an’ the factors—in-

¥ , D‘la.mal climate, vegetation, animls,

important wags .« — /E‘ne

HAE e M
Llimte.— There were oscilla tions ;‘:‘?c Lir te/, Zh

o

genial climate of the Tertiary ,{eriod was replaced by 2 coolsr and

wetter climste. This eventuzlly gave way to a normal climate, pro—

bably similar to that of the Tertiary and to the weather and climte

mu_, Q'MH
of the present Aepacﬂrcf—ﬁrﬁaeeea%-é’eﬁo& il ) thAr eadvance of the

ice sheets the cooler and wetter climates again recurred. Such

oscillations of climate were repeated several timss durinz the Heb-

3
- v

\ Z

vagion e asw—tI oo, rrseeust
’ ita :
culminatinggin severity, during those glacial spegg—e when the Drift-

—~t

ags Area may have been sur rounde the continenta
1 3 ded by t £ tal

glaciers. E A‘; p’J,fL

The Tertl ary and ‘hlateruary/érlod%comblnad hsve been

N

CRp
\.1#(!,,

‘g
2
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estima ted by some stud

ents

million years. The whole

A

of the imaternaryAmay havs

to-ha _ i Soows"tn five

FasiadFeriad—da—tee 2leistocens /'.Jpoch

o .
lasted forfa, 00 .- s of this time.

The latest ice sheet in the Western Upland of Wisconsin began to

1/

it

/,

melt away 80,000 years agos verhaps only 55,000 years ago. %rmg' /\

l/ lartian, lLawrence,

The physical geography of Wisconsin§ Wisconsin

Geol, and Nat., Hist. Survey, Bull. 36, pp. 109-128, 19186,

oscilthions of climate within the Sparta and Tomah quadransles.

~

L j B
_suek-oscillations of climaté maturally occurred variations in the

nature and amount of weathering, og' ereep, of wind work, and of

stream erosion and stream deposition. The Iast-named were probably

greatly affected by inereased rain and snow-fall.

Vegetation. —

Sa-a-aad_. tnm vegetation of the Svarta an

Tomzh quadrangles doubtless suffered great changes with the varia-

—~a period that may be as much as a million years, there were marked -

Zith

tions of climmte. At present the soil freezes in winter to a depth

of 10 inches to 2 fest. (Sece p.lf). When the continental glacier

adjoined the Driftless

miles nofkh, 39 miles east, and 49 miles northwest of the Sparta and _
//
/_,4—

Arez and terminated only 22 miles west, 28

Tomah gquadrangles , theclimsteo- ¥as-Re0essarily MEN-MoOPS-soVorde-

;ns‘“nad of mving

by 1’3&1‘10(1 of 142 to 175 da'rs *.-'-.ri thOu‘-; Erillin.rzr

frosts, as at presentg the regzon 3roba.b1,9' had A‘.lllin'_‘.‘ frosts nearly

Xy
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e;:;y mc;%f 1n thnyea;i Permanent frost may have remmined in the
groand all summer to depths of 175 feet or more, as is the case today
at Fairbanks, Alaska, where the summer climate is as mild as in
western Wiscons in. Aecordingly, the theory may be entertained that
an important vart, and perhaps all of the vegetation of ths Sparta
g and Zomh qg adrangles adapted to climtic conditions like the present

.

was killed during the several glacial maxima, If such were the case,
the physiographic processes in this vortion of the Driftless Area
varied tremendously, in kind and in degree, with the modifications
of Pleistocene climtes.
e )
Fanna.— M, animal life . was also modified during the
'?/lacial ﬂrmd. Burrowing animals could not have lived in permanently-
frozen soil and s'uh—soil. Herbivorous animals would have starved
&
to death, if the uplands of the Driftless Area wers without plants
and trees. It is even possible tlat the mastodon and the hairy
mammoth, and various other extinct Quaternary vart,v’brates, inc mding
the bison, the wolf, and the peceary, all of whose bones we find in
the Driftless Area, wore killed off in this region by the climatic
results of glaciation cutside. If so. they died of starvation, not
of cold. It is improwable, however, that &11 plant life was destroyed.
Streams.— Mesmeddy, the normal physiographic osrocesses
—

of the part of the Driftless Area within these guadrangles were

affected directly durinz the Pleistocene %poch. The ylacial Misasissippi
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River had 2 much greater volume than during the Tertiary or today. It
deposited gravel, sand, and clay, and built up 2 great vulledr tr,;r13¢ of

outwash deposits during each glacizl invasion. This n=scessitated

" aggradation by the Crosse River and its trlbutarle.,, at timss in

a lake at the mouth of this stream mear La Crosse. ,\ﬁ—/lacial Wiscon-
sin River, east of the quadrangles, shifted its course westward and

aggraded its bed, thus necessma.t:.ng aggradation in the Lemonwelrt,

o et b“ﬁ‘t.(\,

4 // j\.{-\..._r ﬂ
e
’hver near Tamh. “vcnﬁ:ually glacla.l e WISGO"lSln was fomed)\'w.gd =

L/

LLQﬁJL
into t nor eastern corner of the Tomsh guadrangle where
" lacustrine deposits were probably laid down.
Wind,— ‘Bolian processes were doubtless &lso directly ac-
centuated by glaciation. Wind velocity may have been increasad by : j
® tho presence of the ice sheets to the east :—J.n;‘ﬁmrth. fl?
/

The deposits of loess are the best evidences of increased ¢

wind transvortation and devnosition togethsr uth diminished vezat
e I u'm,r g—g._ Lf

cov o ,.Go/t‘ler obviouss primary soaarce of the 10955,\

@ the lis mssippl an”‘ 1ts 'veste*n flacial tributaries, should be— \J

© ad4ded a certain a nt,-a—é‘ey-nﬁad;, of dust and other particles finer (‘g?
than sand, wadeh originated on the uplands of the Sparta and Tomah 57
A co *‘-—-‘RA..Q_E.-'\_ fuj-‘fic L & T4 Ag—tto \ BT D ""Ls‘-qj-éy d.-;.,o-f—:\_lzz,c,{
> L

qaa.dranp'les and even far to the west. /{ If vegetation dls.n peared
entirely for long vperiods during the Pleistocene, the amount of loss
derived from the nre*glaclal and interglacial resigujl soil of the
A.'v‘\_._.-...sf 7"7‘_,5——,!-4* Wc—ﬂéyﬂ', &.MM_

sandstones and dolomites was greatly m..rea.sed.4 Ks soil and vezota-
; A N/ .

tion have nowhere been found betwsen the loess and bed rock it appears—
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2

L"Ll.—A-.’.“-'.r:f' T-e.
lJ.kely that no plants were growing on the ridges of the Western
Upland durincz the f-pério:ls of acecurml tion of loess. '
Dplift.— The physiographic processes withi_n the gparta/
and Tomah gquadrangless were modified slishtly, during the late stag‘es
of the Pleistocene, by uplift and tilting of the land. The Whittlesey -
Hinge Line probably crosses the Sparta and Tomah quadrangles. North

of this line the strsams were mmch more rejuvenated by uplift than to

thz south.

DEPOSITION OF OLDER TERRACE GRAVELS.
The cond.itions(durin_f; the epoch of dmatermary history vhen
v
the Pleistocene deposits of t};fzgita and Tomah quadrangleséwere being
0 ‘ ,

> Ak W«.o&-&
formed are described below. i - uesdwhen the

v

older terra;egfravels were being depositedl yfﬂhen those desposits were
being eroded, when the valley ﬁlling of Wiscons in age was being laid

dowm and snbsequently terraced, and when the loess, the sand dunes, and
the deposits of%lacial Lake Wiscmsin were écmmlating.

It seems probable, as sxplained below, that the older
terrace grivels were deposited before the rock bottoms of the valleys
were cut as low as they are today. The valleys mmust then have had
nearly the same widths as now, with broad, relatively flat, rock floors.

M‘*-—OL\'C"-M
The deposition of the gravels is ascribed partly to climatic chanzes
= s / N
&7 I3 %
] earl;‘ Pleistocene glaciation (Illinoifan, Kansan, or Nebraskan)

P
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and partly to a.ggradatlon ff the adjacent valléys leadlng-ﬂfrom f«’ jw
Og p oA gt -ty .,z,ﬁ, p bl
the ice. ‘/fuch ezc—term;.vouuwash d.emsztg induc by streams
A W

k{#

lat_:_t_gr;_gra.ded-.um~t b =al evel. This process

heading in the Sparta an@. Tomah guadrangles i

wa.s orobably accelerated by an increase in th? rate of ercosion due
to lack of vegetation and to inereased precipitation near the gla-
~ = A :
. ‘ 52 - ¢ . "
ciers. The\lx-e-'a‘hsconsln terrace gravels are remnants of alluvial

fans and flood plains, which were extensively dissected in inter-

acial time. They are apparent 1v to be corTe] :zted with the mch- G
{“; AT - A "“—-—1,’ LMt o /\JA/U{_)’-?
dlse;ﬂcija, high-level, gl;.c:nul outwash terraces nea.r Ez:a.iz:i.o-dn_
1 . A

Cirter—

1/ Alden, W. C., The Quatermary geology of southeastern Wisconsin:
U. 8. Geol. Survey, Prof. Paper 106, pp. 170-172, 1918.

MeClintock, Paul, The Wisconsin valley below Prairie du Sac:
Unpublished thesis, University of Chicago, 1920,

T : Foig Most of the older terrace gravels lie upon rock terraces.
In only a few instances can these gravel-mantled tefraces be ex-
plained as due to differences in .resista.nce of the underiying rocks.
The extent of the gravels near Tomah.seems too great to be explained
as remnants of old floodplains, left behind by lateral shifting of
the streams daring grosion, although certain of the deposits in
Kickapoo valley may be of that origin. The plain deposits must
have once formed large alluvial fans. It seems probable that some
of the lower, less eroded gravels represent reworked material ircor-

porated into terraces d.b!";n? f=cm the period of erosion of the
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RBEANE original deposit.

INTER-TERRACE ZROSION.

0 v
After the deposition of the:’&fpre-TIisconsin terrace gravels

. v
was completed, erosion recommenced. Before the Wiseonsin stage of

glaciation the main valleys were eroded, or reexcavated, about 200
feet deeper. Had the rock floor been much below the level of the | Tha dfakin.
‘ annnds o Ttk
terraces when built, many stream diversions would have occurred ‘W-&*
: : Aiids 3y ol
when erosion recommencad. No such diversions have besn recognized. /™ ¥4 p.
In Stevens valley, west of Toneh, there appears to be good evidence "Zi"!m
wA
that the rock bottom of the valley was higher than at present when

LFl‘ﬁ,l‘fJ

the terraces were i‘ormed.A Only small remnants of the older gravels
are now preserved on the ends of spurs and along the flanks of
valleys. The rare patches found far ou.t in the plains demonstrate
the former wide distribution of these deposits. The survival of
many of these remmants is probably due to the resistant character
of the chert gravel; it may be presumed that the gravel was not
deposited evenly and that the localities where there vas little or
nore were more readily worn down than those where the gravel beds

were thick. It is probable that some loess was deposited during

this erosioen interval.



) | ol 3
_E\ L R

136.

ol
VALLEY FILLING DURING WISCONSIN STAGE

c‘('éfmx,m ffmw /-

eastern, and northwestern Wisconsin were invaded by the continental

-
ice sheet of the Wisconsin stage of zlatiation. The valleys leading

away from the glaciers were again filled by outwash; & Faetal”

ﬁ.zaw-' | PO pnomnd
aggradation the 2 e in‘the Driftless A.rea.. Burlng

T - o
this period of valley £illingi were formed, thf-* denoglt from which
A i
the min terraces of the valleys of the Sparta and Tomah gquadrangles
wers subsequently eroded.s During the la.tyt/er stages of the alluvial

filling the streams meandered and beds of peat and other vegetal

material were formed in ox-bows and elsewhere upon ths floodplain,

vhere they were subseguently buried.
Brosion of Wisconsin Terracess - Following the melting back

7
of the Wisconsin ice sheet/ the Mississippi River was never again as
; : T

Ale:a.nly lﬂd@n with gravel, sand, and mud; at times it was the outlet °*

of ﬁlacial lakes Agassiz and Duluth. The relatively clsar water from
these lakss eroded the outwash deposits. Gha.nge. in grade, dugs to
the uplift of the land to the north may have made the water flow mors

swiftly. This initiated, the formation of terraces in the Mississippi

valley, fer—it-—caumsed the ewdling of theA_uhsccnsm valledr flllmg

ot s o e

begin. la Crosse River then began to cut down into its valley filling

WMQG-

in ezder to meel the chansins basce-lavel. The meander iny course con-
A
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"u/
s B :

F 4

tinue%Qertain placgg,} however, for this non-glacial stream was

X

still overlozded-with sand, especially =t low watsr. In this way
the ox-bow furrowdi surfaces of the intermediate and low terraces

and the pressnt floodplain were formed. A rock ledge at Neshonoe,

e ——— A e i

. morth of szjst Salem, controlled the terraces above that point. Ano-
S

ther rock lerige at Angelo had the same result on the terraces at the
north.

In the ui)per Kickapoo valley, thers has been relatively
little erosion in the wvallsy filling, fér SR =
Spadewk—esds tho Sparta and Tomah quad.r@gles are far from the mouth
of the stream, Lemonweair Creelk near Tomah has lowered its bed about
10 feet to meet the lowering of the mouth of the river, and now flows
over a broad, mrshy floodplain.

In the process of downcutting the streams have, in places,
found themselves suverimposed on rock ledges. At Angelo, the Ia
Crosse River is cutting into sandstone. A few miles north of Angelo
the La Crosse River crosses the end of a concealed spur, forming

Trout Falls. A short distance north of the Tomah guadrangls Tarr

Oresk crosses a2 dandstone ledge, forming Tarr Falls.

FORIMATION OF DUNZES AND LOESS

During and following the period of valley filling, which

has been cemmedsved-with the Wisconsin stage of slaciation, occurred
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an important period of dupe and loess formation. The dumes and
loess nowi preserved in the region are, naturelly, almost entirely
confined to the upper terrace and to the uplands. The distribu-

‘ti on of dunes andi[ioess on opposite sides of the divide bstween

the lLa Crosse and Lemonweir wvalleys plainly indicates that westerly
winds were the agency of transportation. The sand and silt larszely
origimted on the glacial outwash ;olain. of the Mississippi River and
the f£loodplains of its aggrading, glacial and non-glacial tﬂj‘ou—
taries. The materials were sorted by the winds, the loess accwﬁlat—
ing in the lee of ridges. The fact that the upland loess thickens
tomard the west is taken to show that a large part of its material

PR SR an

ecame froml\th-:a Hiss issipp:‘flodtwash plaimand from glacial streams
- A
farther to the west. Probably not much of the loess came from the
arid regions still farther west, for they supply little loess today.
075!?5:6—’&0%/

That the dunes are now almost entirely'\cf-l-i—eeeer;c?é.nd covered by
v,

vogetation strongly suggests that there was less plant coverinz at

the time of loess arnd dune sand deposition than at present.

BRIEF DURATION OF GLACIAL LAKRE WISCQTSIN.

There seems to be ne-serious doubt thatﬁlacial Lake Wis-
consin, which covered an area about 1100 square miles, extendad into
the northeastern corner of the Tomah gquadrangle. Bowlders and nebbles
of crystalline rock have been found in the city of Temah, but not
in such munbers of positions as to/ remove all suspicion of possible

tr%%sportation there by man in railway ballast or in fertilizer, rather
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than by ice:‘oe.rgs floating in #lacial Lake Wisconsin. The high
terrace at Tomzh was undoubtedly graded up to the surface oi‘flacial
lake Wisconsin, which had an elevation of about 980 feet abovs sea
level, but the duration of the lake seoms to have been too brief for
the development of marked deltas or beaches.

-

RECENT EPOCH .

Cffocts- of defprasitalion

Dresent-Sondibions .— When the Sparta and Tomah gnadrangles

were first entered by settlers, between 1851 and 1861, tﬁe area had

long been almost entirely forested. Omne of the natural prairiss

occupied the southwestern cornsr of the Sparta quadrangle, extendiﬁg

westward to la Crosse and southward beyond Viroquay wavﬁaﬁ?

The tirmber on clay areas was mainly zfed and black o2K; on
rocky lsdges, white and Norway pine; on the sand, scrub oak anl jack
pine; and in the swamps, tamarack, water bireh, and willows. Om
seccount of the hilliness of the caintry only half to three quartsrs

£ the tinmber has been cut, most woods being left on hillsides, and in
sinkholes on the upland ridges. The present distribution of forest
“ and scrub timber \13 showm on one of the editionsof the topographic
o *m%b&hm‘ Tomah auadra.a";e‘. The forests of the Sparta ‘gquadrangle
have not been magped.

The effee_t of the removal of the timber, of plowing and
har ow*ng, and of over-pasturing has been to leave bare ground or :
hard turf instead of the more porous surface of dead leaves and mould,
such as is found in nmatural woodlands. ©So0il erosion and runoff have,

therefore, inscreased. Sme 11 streams, which formerly flowed on sod
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bottoms, are now cutting actively. Large gullies havs developed on

the hillsides. The coarse debris carried out of these gullies is /
being deposited in alluvial fans. There is no clear evidence that

the water table has been permanently lowered, since the deecrease in

percolation is offset, to some extent at least, by the lesser amount

whanth Wil 0F water consumed by trees. The extent to which soil erosion has

sorrob gl

proceeded on the steep hillside fields during the 60 years of settle—

ment by white men, is alarming. The loess ms been removed entirely

of the smaller streams are now aggrading their lower courses.

BCONOMIC GEOLOGY

~ GENTRAL STATHIENT
%mm_mﬁ»

The geodegic resources of the Sparta and Tomah quadrangles 4

inelude bmilding stone, erushed rock, shale, lime, gravel, clay,

glauncomite, sand, surface and underground water, soil, and iron Vol ey
)
T — - s o L

ore. Geslesie-comditiory ATractIiF enginesring operations 1re also

i-memagedy

/ BUIIDING STQIE.
The Oneota dolomite is lgoaddy q;larried for foundation stones.
Some .stone of good quality is found and doubtless mueh better mmterial
could be obtained were it not for the residual soil and broken rock

which covers the larger part of the formation.
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The t¥iney sanistone teds ol the 5t. Tawrence formutionm are
extensively quarried near Tunnel City, less than a mile north of the
Pomah quadrangle, and to a lsss extent within the area. The stone
is a soft, yellowish or gray, fine-grained sandstons which hardens
somewhat on exposure. It s is used for foundation stonsgs. Ths
lower thin bedded calcareous layers of this forma tion were formefly
more used than at present.

g
Near Svarta the lower greensand member of ths Franconia
daccdatoe  hag been _ E

/gmhm # guarried. 1t furnishes slabs of soft greenish-gray
sandstone, up to 8 inches in thickness. The increasing use of con-
crete and cement blocks has greatly decreased the use of building
stone in this area and it is clear that in the future the use of

local stone for buildine material will decline.

CRUSHEXED ROCK.

The only source of crushed rock for concrete is the Oneota

dolomite. At present gquarries are operated near Burn¥s, north of
i
Castle Rock, and at the hsad of Pine Hollow near Cashtomn.

;L_/ Hotchkiss, We Os, and Steidtmnn, Edward, Limestone road materials
of Wisconsin: Wiscmsin Geol. and Nat. Hist. Survey, Bull., 34, »0.
118-120, 1914, :

s w-vu...—&a

None of thesd® has a permanent plant @ facilities for rail
A

shipment, and most of the local damnd has besen supplied in the past

from the large quarries at Ia Crosse. In the futurs the construction
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of the State Trunk Highways will causs & demand for stone at points
renote from railway stations, so that more quarries will be nsces-
S4ary.
N

In locating 2 quarry in the Oneota .ths fact should be em-
sidered that the ends of spurs need the least stripping. Occasionally
spots can be foumd on the upland where the cover is not too thicks.
However, it will undoubtedly be found that, at any point far removed
from the side of a valley, disintegration extends to such depths as
to render the sxpense of guarrying prohibitivs. Bach locality must
be considersd on its own merits, for considerations of accessibility,
ownership, ete., are usually more important than any others. £
care is taken to send only sound unweathered rock to the crusher, the
One‘o/ta. will furnish erushed rock of good q_ué.l ity at nearly all pointse
The lower 10 to 15 feet of tha formetion should be avoided, as they

contain a great deal of sand.

SHALE.

Throuchout the sandy districts of central Wisconsin shaleis
frequently used to surface roads. Within the Sparta and Tomah quad-

rangles the best shale for this murpose eomes from the micaceois sandy
beds at the base of the Franconia. Shale pits are shown on the geologi-
cal map. Some of the ealcarsous sandy shale at the base of the St.

Lawrence coald also be used but is for the most partognferior quality.
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There is no calcits limestone within the area. The Oneota
is vholly dolomite, or magnesian limestone. It can be used either
for lime or ground for fertilizer. Formerly, before the campetition

e v’

of purer lime made from the Niagara dolomite of eastern Wisecomsin, the
v
Oneota was burned for lime a2t a rumber of points within the area.
It is still used for that purpose in some of the more remote dis-
iricts.
The production of ground rock for use as a fertilizer on

sandy and marshy soils is worthy of attention, but, here again,

purer material is readily imported.

GRAVEL

The terrace gravels of Pleistoeene age are the principal
source of usable gravel in this area. They consist of chert and
sandstone pebbles with more or less sand. The chief difficulties
in exploitation are (1) the irregular size of stone, ranging up to
boulders a foot or more in diameter, (2) the large percentage of
sandstone pebbles at some localities, (3) the heavy covering of loess,
and (4) the limited extent and thickness of many of the deposits. In
considerine the development of this resource each deposit"slmuld be ox-
plored by test pits. If the amount of gravel is proved to be?éuf-
ficient, 2as it undoubtedly is in many localities, proper crushing and

sereening will overcome the first two difficulties mentioned. The
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best locations for development are near Tomeh and in Leon valley near

aress :
lielvina, Meesmadme Soms not now exposed at the surface on account o

are
coverings of loess or sand,ﬂf.'rorthy of development for road metaf or

for use in concretey culverts, bridges, etc. Some gravel can be

dug from bars in the present streams. The chert gravels are not

{su.itable for concrete roads.’
N il

CLAY

In the past the loess deposits and alluvial clays have been
developed to supply small brick yards at Sparta, Tomsh, and Bangor.
The bricks were red and were at one time exztensively used. The ' ex-
haustion of local fuel supplies, cheap lumber, and imported brick
led to the abandonment of all the brick yards in this area. Clay

is locally used to improve sandy roads.

GLAUCONITE
E -
R
The upper and lower greensand members of the Franconia
e
sandstone contain cmsiderabls glauconite. This mineral is variable

3

in abundance, ranging from scattered grains to 93 per cent of the rock.

;/ Thompson, 3. Ge., The greensands of Wisconsin, Unpublished thesis,
University of Wiscomsin, 1920. '

Iayers of such richness are, however, thin and rare. The average of
any caisiderable thickness of strata is in few places as great as

15 per cent . No use has thus far been made of the glauconitic sand-



stonsSof this area, execept that a little has been used for road sur-

- facing. Their valne as fertilizer is demonstrated by the former use

\

| P

of similar mterial in New Jersey and by experiments by H. J. Brant

at the College of Agriculture of the University of Wisconsin.

Although not as effective as concentrated soluble potash, glauconite

could doubtless be used to advantage on some of the sandy soils of

central Wisc cﬁsi:a. Marmetic concentration would probably be neces-

University of Wisconsin, 1920.

, W\ | 1/ Brant, H. J., Glauconite as a potash fertilizer, Unpublished thesis,

-

Sand for building mrposes is obtained from

of sources.

e
At a large number of points on the uplands the friable Jordan, St.

SAITD

3

wide varietly

At Sparta, Bangor, and Tomzh alluvial sands are used.

ot

v :
Iawrence, or St. Peter sand.stone%ﬁ-xre quarried for this purpose. On

v’
lower ground the Dresbach is used in like menner.

The vrincipal sand

pits are show on the areal maps. Figs. 9, 13, and 16 show mechanical

analyses of sands.

- SRS i . ”".-\.

sary. - The 'pei?entage of potassium oxide in pure glauconite as deter-
z

mined by Brant wvaries from g._547_ per cdnt to 5.575 per cent.

\
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General statament.--{Undergrouni\water of éxcellent gquality is found
abundantly thioughout the 3parta and Tomah gquadrangles at depths which
vary from & few feet to over 500 feet, depending upon the elevation of

r can be obtained in the principal valleys,

the surface,
and springs are very abundant. :

Springs.~- Springs are found in nearly all the desper valleys of
the area wherever the contact between relatively pervioqs and impervious
strata of the Paleozoic rocks is exposed. Here the ground water is
brought to the surface. Less commonly, springs occur in the alluvial
plains where strcams have cut into the water table. The heads of Silver
and Stillwell creeks are the best examplss of the latter class. These
ereeks arise in the rock hills:.where water is supplied by springs of the
type first mentioned but this flow ceases and the water is lost in the sand

of the valley floor. Lower down in the stream courses the water reappears

in springs of the second type.



Relation to geologic formations.~— The greater number of the larger

springs of the area drise at the upper contact of the micaceous shale at

acdloe.

the base of the Francouiakioametéon. In many places the springs are on
- ;M
hillsides far above the valley vottoms and they occur wherever there is

sufficiently large areas of rock above this contact. Water also issues

earcddorg
from the Franconia ﬂoamaséen%?t higher levels in places where the valley

is not deep enough to expose this contact. Somewhat less commonly and
mainly in the northern part of the Sparta quadrangle springs occur at

the upper contact of iron cemented or other relatively impervious layers

e

in the Dresbach sandstone. Near Wilton the shaly caicareous beds at the

base of the St. Lawrence formation give rise to springs. Sm=ller springs

s
are found in places at or near the base of the Oneota dolomite. In the

cross~section of Figure 20, the relation of springs to the geologic forma-

tions, and their incidence at the upper contacts of impervious formations

i
7

is shown graphically.
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Relation to humsn oceupation.-- In the settlement of this region the

number and large flow of the springs had a consideraﬁle influence. Nearly
all the early farmhouses were located at springs, but in recent years many
such sites have been abandoned in favor of more accessible locations. Re~
cently the water of springs has been led to farm houses on smoother ground
in pipes. TWhere the spring is high enough, the flow is by grévity; where
the spring'is on lower ground hydraulic rams are uged. Springs form a use-
ful and economical source of water but many are reported to have decreased
in volume or gone dry during the droughts of the '90's,

Non-flowing wells.-— Throughout the more extensive alluvial plains

water can be found at a depth of only a few feet. Shallow, inexpensive
driven wells are used. In cities and villages like Sparta, Rockland, and
Norwalk, shallow wells are likely to be contaminated, because the ground
water receives much fi;;?g‘seepage from the surface. Deeper wells properly
cased and located at some distance from a source of contamination provide a

sure and safe supply of water.
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Until drilled wells were introduced about 1870, there were few
settlers outside the valleys. Settlers on the uplands either hauled
water from the valleys or used rain water. By drilling into the under-
lying rocks several horizons which are charged with water may be fouhd,

as illustrated in the-cross~seetionm—ef Figure 20, In parts of the up-—

"

lands relatively shallow wells get their water from the St. Lawrence

formation, but this horizon may locally be drained and the supply of

Lt

watarAtherefore,meager. Decper wells penetrate the water-bearing zone
o
of the upper part of the Franconia sandstone or continue into the under-

/
lying Dresbach sandstone which lies not far above the level of the adja=-
/z,aufaq,%;

cent valley bottoms. Bach of these water-bearing horizons isﬁ}ndepende t

5 e . i ;

sl

of the other; the water in the 3t. Lawrence formation}?é%éiﬁedrby the
\.._ b

P
shale at the base of this formation; the water in the Franconia sandstone

e
by the micaceous shale at its base; the water in the Jordan sandstone by

the resistance to lateral flow offered by the saturated alluvium of the

valleys.



Pigure 20, -- Sections showing artesian conditions in Sparta and

Tomah quadrangles.

a. Section from Cashton northward down valley of Little la-

Crosse River.
b. JSection along center line of ILa Crosse Valley.

6. Section from Oil City up Kickapoo River and scross ridge

to Tomah.

Q. Quaternary deposits.

- /}{a L’-(.sz‘-ﬁ'?/‘-' (1) wced v
Oo. Oneota dolomite; Cj,hgordan sandstoué; Csl, St. Lawrence
Maponcamsien ased Qacel Horad o

formation; cf,hfranconiaﬁgovmaﬁéen; Cd, Dresbach
paccddbprna
sandstone; Cec, Hau GlaireAQOiuation; Cms, liount
v
Simon sandstone; FC, fre-Camhrian.
4
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| . Dresbach v | 80 ? Sandstone, coarse to medium
| sandstone. | 'grzlned light gray to yellowish
5 [ STEY.

Fig. 21. Section of Sorge well, Cashton, Wisconsin. From samples in geological
miseum, University of Wisconsin, interpreted by F. 7. Thwaites, geale 1 in. - feet.
(Note: seale of tracine furmBshed is 1 inch equals 50 feet.)



Consequently as a well is drilled the water struck in each zone
stands near the level at which it is encountered and as the well is
despened the water drains from the two upper zones into the lower zone
which may be regarded as the main water table of the region. These
phenomena are whown in the diagram of the Sorge well at Cashton, & vil=
lage just south of the area (FPig. 21). During the dvy years of the
'90's the water in the upper horizons was exhausted locally, many wells
were deepened and carried to the never-failing main water table of the
Dresbach sandstone at a depth of 500 feet, or more. Windmills or gaso-
line engines areraiﬁost generally used in pumping from these deep_wells
and the water is stored in ceisterns to tide over periods of calm weather
or other interruptions to pumping.

Artesian or flowing wells. =— About 180 artesian wells have been

drilled in the La Crosse Valley and about 25 along the portion of the

Kickapoo Valley within the area, The water from these wells rises in

places as much as 40 feet above the level of the adjacent streams, but in

only a few localities does the water rise over 10 feet above the ground

surfaces. The wells vary in depth from 75 feet to over 500 feet.
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Flowing wevew—is obtained frem the Dresbach, Hau Claire, or lt. Simon
N’

sandstones formatione whose thickmess and stratigraphic position are shown
in Figure 7. The confining stratum, bemeath which water is found under
pressure, varies according to locality. In the La Crosse Valley water is
found below a series of shale beds interbedded fiith sandstones. The high-

v
est of these shale beds lies about 450 feet below the top of the Dresbach

LMW
sandstone and belongs to the lower part of the Bau Claireﬁfofmaiéen. In

the valleys of the Little LaCrosse and its tributaries above Leon and

also in Kickapoo Valley a shale layer is reported about 250 feet below

o e
the top of the Dresbach sandstone, or at the top of the Hau Claire sand-
stone. A few wells, however, get frowing-water from a horizon 150 feet
el :

higher in the Dresbach sandstone. It seems probable that local shale

lenses or iron cemented layers form the confining beds, but exact records

are lacking.



As explained in the section on structure, the rocks of the area
consist largely of sandstones interbedded with shalg beds and dip
gently from northeast to southwest. In general water enters the porous
sandstone fofmations at the outcrops northeast of this area and in
traveling down the dip becomes confined beneath the impervious shale
layers. This water will rise in wells to a height governed by the
elevation of the outcrop and the resistance to flow. Since resistance

to flow increases with distance the heignt to which water will rise and

- therefore the artesian gradient in a general way slopes with the rocks.

However, there are numerous irregularities in the structure of the rocks
as illustrated in PFigure 17, as well as other factors which affect the
- 1» x.;’a“‘L-
height to which water will rise. -ﬁin%eurs in blue on thes areal sheets
indicate the height to which it is believed water will rise in properly
constructed wells. The approximate area within which wells will flow is Y PN
v
shown on the map. The artesian gradient/élopegiwestward down the La
Crosse Valley at the rate of about 9 feet per mile. As the slope of the

upper terrace along the river is lower, wells do not flow on this terrace

west of Rocklands In this valley it is reported that the artesian pressure



of water found at a depth of about 300 feet in the city of Sparta below

the lower shale bed is less than that of water found at higher horizons.
t
: Sy Ak
In Kickapoo Valley the artesian gradient{slopeé almost due south

1
o

QY'/%LE£U443 Ul @i
down the valley at the rate of about 16 feet per mile,  Fhe-siope~is. %

neeriy-paratdei—to the river grade below the town of Wilton aud conse-

bt iy,
quently flowing -wafesr should not be expected in any of the smaller tribu-
{il@%

tary valleys for theiw—eteep—grades quickly rise above the level of the

—
P

main valley.

If the artesian gradient is projected to the north }rom Wilton/its
elevation would be much higher than that of the eity of Tom;h (Fige 20}
Apparently the artesian gradient does not extend at the same rate very far
to the north or northeast, and it may be that the source of pressure is in
large part the watér under the high ridges at the heads of the La Crosse
and Kickapoo valleys. In order that water could get into the strata from
these localities one mast suppose that the retaining strata are either not
entirely impervious or that they feather out to the northeast. If the
shale layers are not impervicus or thin under the hills, the water pene-

trates the layers beneath the hills, where the water stands high in the
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saturated ground. It seems more likely, however, that the shales are
not continuous to the northeast since they are not reported at Tomah.
Furthermore, the low pressure head of water encountered in the basal
sandstone beds indicates that the water enters these strata in the rela-
tively low ground northeast of Tomah and thercfore ha&‘a lower pressure

than the water of the upper beds which on the hypothesis given above enters

in the high ground immediately west and south of Tomah.

/A
AN

£
-Causes of local failurees—-— Failures to obtain flowing water are

occasionzlly reported within areas which are apparently favorable. In
some places the failure is due to the site being at too great an elevation
; AN :
for a flow. In others the casing is carried pnly to thqﬁfock into which
it may not fit tightly and consequently the artesian water leaks from the
uncased hole into creviees, or into the porous sandstone above the shale
bed. Leaks in the casing are also common. Such a defect can be'remedied
by placing inside the casing a smaller pipe which extends to or near the

shale aﬁd then packing the annular space with a "seed bag." -Figure 22

shows the best way to construct an artesian well, and one which will un-
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Figure 22. -- Diagram 1llustrating a, construction of
artesian well with double casing which prevents leakage;
b, shallow drive well; and g, usual artesian well show-
ing how leaksage reducéa head and contaminates shallow well

waters.
doubtedly prove the cheapest in the long run. A fair-sized casing is
Yok
carried to thg\rock and & slightly smaller hole is drilled to the shale,
A smaller casing is then inscrted,rand‘driven dovn firmly. A still
smailar hole is then deepened and carried through tﬁa shale into the
water-bearing sandstone.

Logss of flow. ~= Diminution or loss of flow may be due to the develop~
ment of leaks through corrosion of the cas?ng, by clogging of the well by
the daposition of iron oxides, or by interference from otherAwells. In
the eity of Sparta it is stated by well drillers that the static head of
wells has decreased from an average of 14 feet above the ground surface in
20 years to 7 or 8 feet because. of interference between wells and because

1/

of clogging. However, according to Strong, the wells at Sparta had a head

;/ Strong, Moses, Geology of the lississippi region north of the Wisconsin

River; Geology of Wisconsin, vol. 4, pp. 57-58, 1882.
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of only 6 to 10 feet in 1875. It seems unlikely that interference between
& ke

wells is & large faotor-in-loss-of flow-sinee few wells are now allowed to

flow to their full capacity. lost wells are capped, and water is only

1/

drawn on to supply the necessary consumption.

1/ Weidman, Samuel, and Schultz, A. R., The underground and swurface water
supplies of Wisconsin: Wisconsin Geol. and Nat. Hist. Survey Bull. 35,

PPe 475-476, 1915.

Quality of water. =— According to recorded analyses the underground

waters of the Sparta and Tomah quadrangles contain from 54 to 256 parts
per million of dissolved matter. The principgl substances included are
carbonates of calcium and magnesium.

The waters from shallow wells =nd springs have on the average only
58 parts per million of total solids, and those from artesian wells have
on the average 165 parts snd are thersfr¥e moderately "hard."  Most of
the artesian waters deposit iron oxide at the surface, but a few of them
do not appsrently because of a low iron content. Unfortunately, the
available analyses do not show the reason for this difference between well
waters because the iron and aluminum were not separated in the amalyses,

but a few analyses m:de under the direction of W. G. Kirchoffer record from
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le5 to 5 parts per million of iron oxide. ,Eheﬁﬁepestttunrof»iron-pvoh-
ably takes place in the presence of bacteria which feed upon ferrous iron 'il';
sz

and convert it to the - ferric form. Neither the iron. oxide deposit mor
the bacteria are harmful to health, btut pipes are clogged and unsightly
rusty stains are formed wherever water escapes.

Public water supplies.-— The city of Sparta is supplied by—pump%ng from

,/"- ) g pon W Gulla dan “LA’?‘/,_?

a shallow well on the bank of the mill pond and an artesian wel%& The Y

public drinking fountains in Sparta are supplied by direct pressure from
other artesian wells. Bangor is supplied by a flowing well 162 fect deep
located at the cannery. Wilton is supplied by an artesian well about

300 feet deep.

7
On the Pederal Military Reserv.tion, east of Sparta, there are 5 wells,

from 6 to 8 inches in diametsr, and from 240 to 300 feet in depth. Three
wells at Camp Robinson supply 75,000 to 100,000 gallons a day each.

~ Cashton, just south of the srea, is supplied from a well whose water

: accdalorie
comes from the Franconia feemstion (see Fig. 21). Tomsh has three wells,
' v

averaging about 200 feet in depth, in the Dresbach sandstone. The old

deep well which penetrated to the/ﬁ;a-Cambrian rocks is not in use.

/"\ 1." u-':‘.“‘ 3 £ Yo L% ,‘.. : e '.‘ ) B N ‘:‘-)
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Yield of wells. —— Only a few measurements of the yield of the deep
wells hag;heen made. Tests by Capt. F. L. Buck, in 1917, at Camp Robin-
son indicated a natural flow of about 115 gallons per minute from two wells
with the tank half full. At times during these tests this tank overflowed
while a pump was drawing 200 gallons per minute. When the third well was
completed the yield was 300 gallons per minutee. It is believed that addi-
tional wells could be located in this area 600 feet apart without affecting
each other. ji ;f5)$dEAL e ti;gj B s fgﬂ;{ 'dﬁﬁhf

The first well drilled at the Sorge condensery in Cashton was 10 inches
in diameter, and is reported to have supplied S0 gallons per minute during
a 10~hour test, but it failed entirely after a short time, probably because
the inner casing was carried too deep. A second well is said to have
yielded only 60 gallons per minute because the hole was too crooked to per-
mit the insertion of a larger pumpe. The village well, 8 inches in diameter

to 172 feet and 6 inches to 254 feet, is stated to have supplied 90 gallons

per minute with the pump cylinder at 2 depth of 230 feet.



The Interstate Ilill Products Co., at Sparta, obtains 400 gallons per
minute by pumping from several wells 281 fo 287 feet deep, located in a
north-south line 400 feet long.

It is well knowm that the flow of artesian wells varies with the height{mr
of the barometer. Wo exsct tests have been made in this area, but some
we}ls of low head increase markedly in flow with the approach of stormy

weather and the consequent fall of the barometer,



" Surface Water Supplies. The area of the Sparta and Tomah

quadrangles, as indicated uhder Springs, is rich in perennial spring-
fed streams, Some fair sized creeks are supplied by a single spring.
The clea1:, cold water of these springs is o_f great value to farmers
for watering gattle and cooling mi}?‘.",”_,,,_ o 7

The Sparta Target Barige has two running streams of spring

. water, each estimated to be carable of supplying 750,000 gallons of

water per day. There are three additional streams whose flow has not

been estimated.

-

-
The discharge of Ia Crosse River is shown in Fig. -Bs Its

minimum flow ;'arely falls below 200 cubic feet per second, although,

as stated under Drainage, a2 flow of only 130 feet T s
measured during one winter., This figure represents the spring water
contribution, the underflow in the valley fill is probably not over

15 cuabic feet per second. The highest floods, which attain a recorded
meximim of 2480 cubic feet per second, are due to meiting SNOWe The
difference in water level between the highest and lowest recorded, is

6 feet. Summer floods are mainly of much less amount. ‘Above Sparta

the river is almost wholly supplied in summer by springs. It probably

has a more even rate of flow than at the gauging station a few miles west
fa i
of Bangor. The yearly run-off is between 31 and 32 inches, or a 2,08

PI\ APl
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little over one third of the avergﬁe rainfall at Ia Crosse (30.9 in.).
5 k‘\lv- i“‘wv-

Aaca, "\r\,\ _d.n,p‘»\\ ANl
Hater Power. 4“he surface supplies are utilized only for

water power. The following table gives data on the power plants.

1/
WATER POWERS IN SPARTA AND TOMAH QUADRANGLES

Location Stream Head g;;;; Use
Angelo La Crosse 11 300 Electricity
Sparté la Crosse 6 100 Electricity
Sparta La Crosse 6 : 61 Feed mill
Big Creek Big Creek 15 25 Grist mill
Burns Burns Creek 10 10 Grisf Mill
Leon Little La Crosse

9 . 48 _ Grist Mill
Wilton Kidképoo 10 35 Electricity

1/ Data inpart from Smeéh, L. S., The Water powers of Wisconsin,
Wisconsin Geol. and Nat. Hist. Survey, Bull. 20, p. 322, 1908.

SO
General Statement. The soils of the Sparta and Tomah

quadrangles may be divided into those. of residual and those of trans-
ported origin. The first grouv comprises the residum of dolomites
and sandstones#)the second group, materials deposited by streéms and
by the wind. The portion of the Sparta quadrangle in Lé Crosse
County has been mapped by the Soil Survey of the Wisconsin Geological

and Natural History Suwvey in cooveration with the U. S. Bureau of Soils.

2/ Whitson, A. R., Geib, W. J., Dunnewald, T. J., and Lounsberry,

Clar nce, Soil survey of la Crosse County, Wisconsin: Wisconsin Geol.
t. Hist. Survey, Bull. 40, 1914.
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The soils of Monroe County are virtually the same, but have not been
mepped in detail. Fig. 15 shows the soil map, altered to express

more clearly the origin of the soils. A much more generalized map,
covering the Viroqua Area, was prepared in 1903 by the U. S. Bureau

"
of Soils. It covers Ranges 3 and 4 west.

1/ Smith, W. G., Soil survey of the Viroqua area, Wisconsin: U. S.
Dept. Agr., Bur. Soils,Field operations, 1903, 1904.

Residual Soil. ,The residual dolomite soil is a sticky
red clay, .filled with chert. Over large areas, where undisturbed by
the plow, a few inches of wind blown loess cover this soil. This
type has been mapped by the Soil Survey aﬁ-‘iﬂﬁ—-the Knoz_: Silt Loam, which
is defined as loess; in other parts of ?;’?isconsin the names "“Baxter"
and "Dodgeville" silt loam lave been applied to the same material.

The chert has been to a large extent picked up from the fields and
left in large heaps.

The residual soils from the sandstones are the Boone fine
sandy loam and Boone fins sand. Although the Boone soils series
is defined as of residual origin, sands transported by both water and
wind have been |ghpved under this classification by the Soil Survey.

As a whole the residnal sands are very poor soils. There
is no evidence that those formed from either the glauconitic sandstone
or the sandy shales are any better than those soils from which such
materials are absent. Nevertheless, the concentrated glauconite may
be useful for fertilizer (p. ).

Transported goil. The most important member of the group
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of transported soils is the loess, or Knox silt loam, which covers
uplands, rock terraces. and slopes. The lov}}yingwf $he- loess,
which in places overlieg alluvial deposits and my have been in part

we
redistributed by water, :‘:s.’\called. the Waukesha silt loam by the Soils

At

Survey. The soils of wind-blown silt are the best within the quad-
rangles. Their upper 8 inches contain from 900 to 1500 pounds of
phosphorus per acre, in contrast to 700 to 800 pounds in the sandy
residual and alluvial soils. The potassium content is 35,000 pounds,
as against 2,000 pounds in the sandy alluvial soils and 1,600 pounds
in the residual sandstone soils. The loess is more pervious than
the residual dolomite soil.

The alluvial soils comprise the Wabash loam, Wankesha fine
sandy loam, and the Waukesha sandy loam. The first is confined to
the smller valleys and is, In part, loess which has been washed from
the hills and deposited on the floodplains of the streams. It is a
dark colored more or less marshy soil. Th#:‘laukesha sandy soils

are found in the la Crosse valley and have been in part redistributed

-by wind. The Soil Survey does not distinguish guiescent dumes.

IRON ORE
The only known occurrence ofiron ore within the Sparta and
Tomah quadrangles is in the '.‘.'indro‘w/formtion on the top of Windrow
Bluff, woest of Tomah. Here an outcrop of manganifefous limonite, mixed
with and cementing conglomerate, occupies the space of less than an

il
acre. This ore is similar to that mined at Waukon, Iowa, but the

1/ ™waites, F. T., and Twenhofel, W. H., Windrow formation; an upland
gravel formation of the Driftless and adjacent areas of the upper Mis-
sissippi valley: Geol. Soc. America, Bull., vol. 32, pp. 293-314,1921.
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quantity at this locality, as well‘as its thinness, and the presence
of so mach conglomerate, render the deposit of no economic value. _
From the absence of float it appears unlikely that other deposits of
any considerable size occcur in this area.
GEOLOGIC CONDITIONS AFFECTING =NGINEERING OPEZRATIONS.
The character of the geologic formations has a marked effect
on engineering operations, such as excavation, tummeling, well drilling,
and the improvement of unsurfaced roa.dé.
Zxcavation. From the standpoint of excavations ths rock forma-

JoN
tions of the Sparta and Tomah gquadrangles may be divided with those

S
which will stand in vertical walls and those which require a slope of
45 degrees or less.

The Oneota dolomite is hardest, requiring the most blasting.
It will stand well in vertical faces, as shown in the railway cuts on
the Virogua branch of the Chicago, ¥ilwaukee, and{St. Paul Railrozd.
The Cambrian sandstones are 2ll quite soft and can in most places be
excavated with pick and shovel although blasting is needed before they
can be handled economically. Ths Jox:ga.n and Dresbachianastones
stand well in vertical faces as does also the upper part of the S;:/..
Lawrence. The shaly, thin bedded parts of the 5t. ‘L/a.wrence and Franb:

conia fornetions cannot be trusted to form vertical walls on account

of the danger of landslides.In The deevn railway cut at Tumnnel City
. (o
(Plate I), just north of the Tomah quadrangle, the Franconia was ter-

raced back to a low slope, while the firm layers at the top of the

v~ v

underlying Dresbach sandstone enable that formation to stand in a
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vertical wall. The tendency of most of the sandstone to harden on exposure
to weather renders the walls of cuts less and less lizble to falls as
time goes on.

The unconsolidated formetions important in this comnection
comprise residual dolomite deposits, loess, gravel, and sand. The
depth of residual dolomite deposits ranges from a few inches fo about
75 feet. They contain many chert fragments. which vary from a fraction
of an inch to several feet in diameter. Ixcavations in such material
will stand for a short time with vertical faces; if permanegt they must
be graded back to at least 45°, Excavating machinery can only be used
with difficulty. In loess, vwhich over large areas caps the residual

Vertice |

deposits, excavating machinery can be readily used. ,futs stand well :
aundl uh 00 acoovnt of varr wash.

for a 10@@ time, buat it istise to grade them back to a slop%; Cuts in
gravel hold vertical faces fairly well, but these deposits are not numer-
ous. Hxcavation in sand is easy, but all cuts must be graded to a
slope of about 1 in 2 if exvected to be permanent. Freshly exposed
sand surfaces suffer much from wind action in dry weather.

Tunneling. - Tunnels have been diriven in or near this area

P e

only in the St. lawrence and Dresbach sandstones. No especial diffi-
culty has been reported, althouszh the formations are very soft and
weak and require careful timbering during the work. All the tunnels
are lined @ither with brick or concrete. One tunnel at Tunnel City,
Just north of the Tomah quadrangle, which was not so lineé, was abandoned.

Iater the attempt was made to drive another level below this old tunnel.

This operation failed after a disasterous cave-in. The cause was, in

vart, a faulty system of timbering and, in vart, the loosening of the
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rock by vibration due to trains in the o0ld tunnel and in the new one
along side. Tunneling would probably be successful in all the rock
formations of the area.

Well Drilling. ;\Tone of the formations in the Sparta and Tomah
quadrangles cause ew in well drilling.  Wells have
been drilled to depths of over 500 feet with light portable machines. i

The depth to solid rock varies widely. On the uplands it is in few

\

places less than 20 feet and may reach 75 feet. Chert bowlders are ; P\
A : O ‘

encountered in the clay overlying the Oneota dolomite. In the valleys/ \

& maximum of 150 feet of sand and clay is found. The rock format ‘.Onsfi '\.' jf’

have a considerable number of troublesome joints and crevices, and inqﬁ.in

beds (eross-bedding) cause a deflection of the hole. Iayers soft

enoush to cave are found in places. Aside from chert layers in the S’\ﬁ.\
Oneo.t/a there is little rock which is extremely hard. Some of the fine\ﬁ_ '''''''
grained gsandstones are hard to cut because the sand widtl not stay in
suspension but packs in front of the drill, This trouble can be
remedied by placing clay in the hols.

Improvement of Unsurfaced Roads. The materials found in
constructing the unsurfaced roads include residium from dolomite, loess,
and sand. A large mumber of the upland roads, and, to some extent, those
on the slopes leading down to the valleys are on dolomits residuum.
This material is a red or brown clay, filléd with cherts, which are
broken by the wheels of vehicles into sharp edged fragments. When dry,
the clay is hard and forms a gooé surface. When wet, it is very sticky,

slippery, and slow drying. The sharp jagged flints are very bad for

automobile tires, a set of which can be ruined in a few hours of driving

e
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in wet weather. Thess ro:ds are virtually impassable for motor trucks
after a heavy rain. Drainage conditions on this soil are poor. As
loess is a brownish-yellow silty clay, free from stones, it dries more
quickly than the residual eclays, but~is quite slippery after a rain.

The sands of the area make roads of varihfle quality. Wherever the sand
contains hums and is in an undisturbed condition, the roads will stand
light traffic fairly well. Wherever the naturalxﬁprface has been cut
away, or the sand much disfurbed by wind, water, or\ﬁhe@}s, thﬁroads are
very poor. In dry weather the presence of such poor spotgxﬁmkgg\most
of the sand roads impassable for automobiles or motor trucks. A 1Eéib\\
rain packs the sand and improves the roads, but a heavy rain makes a
disagregable, slimy mad, and causes washing of the roads,onyslopes.
While the mud dries quickly, the dry, washed sand is very hard to travel
through. Hay, straw, potato vines, peat, etc;, afe used on bad sand

holes for temporary improvsement. The subject of materials for highways

Tt

is treated above.



MILITARY GEOIOGY OF THE SPARTA TARGET RANGE,

INTRODUCTION.

The Federal Military Reservation east of Sparta in Monroe
County, Wisconsin, affords numerous illustrations of the oprortuni-
ties for the application of the science of geology to the art of
war,

It will be assumed that the Sperte Target Range shown on
the special map, scale 1:48,000, primarily for use as a field artillery
canp, mey occasionally be occupied by mountain artillery, cevalry,
end infentry, with engineer units, airplenes, observation balloons,
tanks, chemicel warfare detachments', ete., in connection with surmer
maneuvers of the Regular Arny with the National Guards of Wisconsin
and adjacent ststes.

The area is a simpls one, geologically., Neverthelsss it
fumishes oprortunities of studying and solving numerous military
geological problems. These include such matters as the following:

(2) the relation of porous and of impervious rocks and of under-
ground water to siting' of fieldworks and to water suprly and sanita-
tion.

(b) the cepbilities of the several hard rock formetions and
of the unconsclideted surface deposits to construction of trenches
(with or without revetment), attack galleriss, dugouts, cut-and cover

shelters and other fisldworks.
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(¢) the nature of traversableﬁé; connection with offensive

or defensive maneuvering of motorized or horse-drawn field artillery,
of cavalry, infantry, tenks, fisld trains, etc., after heavy shelling,
after long rains, after persistent droughts, or in winter, with varia-
tions in swamp, in shifting sand, and on rocky hills; instruction of
mowntain artillery in the ascent of steep and rocky slopes.

(d) attack and defense problems in terrain susceptible of
artificial inundation.

(e) sources of road metal and materials for construction of camp
buildings or of concrete smplacemsnts.

(#) color and disposition of excavated ﬁf°11 in relation to cam-
ouflage of light artillery positions, of machine gun nssts, and of
trenches; allisd to this is the non-geological problem of the use of
various types of forest and of scrub vegetation, of turf and of bare
rock or sand in relation to the camouflaging of batteries against air-
plane or balloon observation.

(g) the possibilities of gas attack from galleriss driven be-
neath enemy trenches, with gas driven upward through joint planes
and cravices in solid rocks, and perhaps, even, through porous sand=-
etone.

(h) the defenses against ges attadc on battery positions in re-
lation to the prevailing surmer winds, the nocturnal air dresinsge of
the hills and the setting of gas in depressions among sand dunes,

end at the level of the adjacent floodplains and swamps.



(i) problems of direet and indirect artil].;ry fire in relation
to various features of terrain.
In the text which follows no attempt will be mede to call
attention to the generasl problems of strategic geography presented
in west-central Wisconsin, of the deteils of tactical physiogrephy for
which the Sparte and Tomah quadrangles present superb oprortunities,
nor of the relationships of war and the weather.

The Sparta Target Range and its Military Facilities.

Loc=tion aid extent.- The Federal Military Reservation is
gituated in the extreme northern portion of the Spartza and Tomak quad-
fangles, extending for about half a mile to the nath outside the area
described in .t.his folio. It lies on both sides of the double-tracked
Chicago, Milwaukee & St. Paul Reilwasy and the single-tracked Chicago
wair%% }%%I;tgt;e:tteanné %%Lhrvz%yr'th“‘;};ﬂé% fumish wnusually good cennsctions.

The Target Rénge consists of 14,127 acres of land. Except
for persons living on ths small farm on Silver Creek, near the southsm
border of the reservation, esnd the employees of the two reilways, the
range has no civil population. The entire area is shown on the map

on D. , which is on a larger scale than the Sparta and Tomah quad-

rangles.
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Expenditurss for ‘acqusition and improvements.- An Act of

Congress, passed May 27, 1908, authorized the expenditure of $150, 000
for the purchase of 76P0 acres of land on the site of the present
Federal Military Reservation. Subsequent legislation authorized
the acquisition of adjacent land out of any unexpended part of the
original appropriation (March 4, 1909), and provided for the expendi-
ture of $40,000 for buildings, a portable railway, water-supvly, etc.
(March 23, 1510),-. and for the consent of the United States to the build-
ing and operation of the part of the Milwaukes, Sparta, end Northwestern
Reilway within the military reservation (April 12, 1910). An Executive
Order of President Taft, dated May 21, 1909, reserved from sale and
set aside for military purposes nine scattered tracts of public land,
eggregating 300 acres, adjacent to the lends previously purchased. The
United States also acquired the right to have U. S. Army detachments
use the State Military Reservation at Camp Douglas.

The Federal Miliftary Reservation near Sparte was specified,

1/
in the several acts of Congress cited es being a "target range for

1/ United States Statutes at Large, vol. 34, Part 1, 1907, p.
42, Ibid, vol. 35, Part Iy 19C9, pp. 364, 1003; ivid, vol, 386,
pert 1, 1911, pp. 258, 298,

the field firing of the artillery, cavalry, and infantry brenches of
the United States Amy", as the "military reservation used for an

artillery target range and for maneuveir purposes®, etc. Between the



time of its acquisition and the year 1911 approximatel;; $40,000 was
expended for mads, water supply, end temporary buildings. These
bulldings were located north of the railway tracks, and wers subse-
quently abandoned.

In 1217 & concrete warchouse and temporary wooden buildings
were srscted near the sidings at McCoy, south of the railways, the lo=-
cality called Camp Robinson. A water supply camble of maintaining
10,000 men and the appropriate number of horses and mules wes develop-
ed at Camp Robinson and two other camp sites (See Public Water Swpplies,
D. ,Yield of Wells, P ., and Surface Water Supplies, p

Target Rénge Facilities.- In addition to the buildings,

with tent frames, latrines, etc., the War Department has buillt 14 miles
of railway sidetracts, ‘'with vlatforms and campe capsble of entrain-
ing or detraining 22,000 men and their equipment in 24 hours. With
extensions of the sidetracks a force of 20,000 men could bs entrained
in 24 hours.

Thers are many roads and trails within the reservation, and
they are wniformly poor. |

The reservation has 170 different tested artillery ranges
from 1 to 5 miles in length. The rifle range has 180 butts, pits,
~end targets. In 1917-18 the Sparta Target Renge was one of the many
busy training camps of the United States Army, being the place of
assembling, equiping and initial treining of numerous field artillery

% i/
units for the Americen méxiitionary Forces. Subsequently the resarvation



1/ The authors are indebted tc the Major General Barry, Com-
mending the Central Department, Chlcago, for permission to carry on
geological studies in the Sperta Terget Range at various times from
April to July, 1917, to the cormanding officers on duty at Camp Robin-
son during this periocd, for courtesies they extended, and to the
Adjutant General of the Army for access and use of certain War Devart-
ment files in Washington in June and July, 1921, and airplane photos
spe cially taken in 19 .

has been used for the storage of exvlosives.

It will be assumed that officers and men of the United States
Army and the Wisconsin National Guard on duty at the Sparta Target Range
can read meps, and are provided with the latest aditions of the Sparta
and Tomsh quadrangles, published by the United States Geological Survey,
scale, 1:62,500, TFor explanation of certaln geclogic phenomens,
reference should be made to the earlier pages of this folio, A small
amount of repetition has been the result of writing this deseriptien,

and discussion of the military ressrvation for ths use of soldiers who

 may not desire to read the whole folio.

‘TERRAIN.

The Federal Military Reservation at Sparta, with maximum :
dimensions of 7 3/5 by 2 1/5 miles, ranges in altitude from 820 feet
to 1400 feet sbove sea level. It has thres sallent topographic featurss:
(a) 2 continuous narmw upland, extending southward from the northern
border of the Sparta Target Renge, southwest of Tumnel City, through
the hills near Pikes Peak (1350 feet) and Windrow Bluff (1400 feet):
(b) another continuous ridge of hills, extending wsstward from Windrow

Bluff through Bald Bluff (1392 feet) to Selfridze XKnoll (1099 feet )



and the hills near Kelvin (920); (c) seandy or swawpy pleins on the
north and the south of the esast-west ridge.

The Pikes Peak-Windrow Bluff uplend is b rcader and straighter
than its western branch., It constitutes the divide betwsen the Lemon-
weir (Wisconsin) and the LaCTosse (Mississipol) drainage. Its eastern

which extends
side is part of the grsat escarpmnt/sonthsastward across Wisconsin
for 200 miles from a point east of St. Paul, Minn., through Knapv,
Fau Claire, Merrillan, Black River Falls, Tomsh, and Camp Douglas to
Kil’ooum, and then turns to the east and northeast.

In the north-south upland of the Sparta Target Range the
divides arecrossed by highways at ¢ levations of 1200 and 1220 feet.

The Bald Bluff-Selfrfige Knoll branch of themein upland is
not only narrow but exceedingly c rooked. It is crossed by trails
or second-class highways at the divides called Janes Dugway (1150 feet),
Baymors Pass (1062 feet), Uprner Pass (1063 feet), TLefayette Pass (1037
feet), and Lower Pass (941 feet). It branches into a2 number of narrow
crooked, subordinate ridges; these in turn, branch and end in the sur-
rounding plain. This is a typical ridge in the old age of the ®rosion

i/
cycle of weak rock, while the Pikes Peak-Windrow Bluff ridge is s till

1/ Martin, Lawrence, The Physical Geography of Wisconsin:
Wise. Geol. j%nd Nat. Hist. Survey Bull, 36, Fig. 16 and pp. 47-49, 1916.

in a stage of miturlty because it is capped by more resistant rock.

No part of the reservation is so precipitous that & horseman could



not ascend it. A light battery could be taken diresctly to the
ridge tops at many points.

The plain bordering these ridges is a composite of flat
swerps, rolling sand dunes with undrained depressions (one type of
keotfles), and smooth send slopes which aﬁcend evenly to the bases of the

rock hills,

| VEGETATION CO‘;TER.

The whols reservation is covered withtrees (see 1916 edition
of Tomsh quedrangle with green for forests). IMuch of it is scattered
scrub oak, There is a litfe good timber. There are small clearings
(or prairies ?) in the southern vart of the reservation. The grass
is good, and suitable for horses and wules. Torasge end watsr are
present at so many points within the reservation that bivouac for

small detachments of troops is feasible nearly everywhers.

CRLIMATE.

Nothing specific regarding the weather and climate of the
Sparta Target Rénge can be added at present to the gensral statements
regarding the climate of the Sparta and Tomeh quadrangles (see pp. 5
Naturally the commanders of troops engaged in mensuvers in this reser-
vation will erder reveatad, carsful local observations regarding tem-
peraturs, precipitation, baromstric pressurs, winds and their persistence,
befors attempting, for example, ths locating of "enemy" batteries by

sound ranging, or initiating training in the offensive use of gas, or



in defanse against 1it.

Due to the extreme permeability of both solid rock and
loose deposits in the Sparta Target Range, a larg® provortion of the
rainfall vercolates rapidly into the ground. This gives the terrain
of the ressrvation effectively as arid a climate as that of many
areas in the West. The result is thin turf which is rapidly cut away
by marching troops or by wheels of batteries and dry roads with shifting
gand end a general climatic retardation of the rate at which troops
may march or batteries mey mov@® from one position to another during
sSumner maneuvers.

Formations of solid and of unconsolidated rock.

The visibls formations which meks up the hills, slopes, and
plains of the Sparta-Target Range ars of varisbls resistence and present
distinctive diffaremces in the character of topograchic forms produced

1/

by their wearing away under the attack of wind, weather, and strsams.

1/ Martin, Lewrence, Rock Terraces in the Driftlsss Area of
Wisconsin, Geol. Soc. America Bull., vol. 28, po. 148-149, 1917; Twen-
hofel, W. H, and Thwaites, F. T., The Paleozoic Section of the Tomah
and Sparte quadrangles, Wisc., Jour. Geol., vol. 27, pp. 614-633, 1919,

These formations, listed in order of age from the youngest down-

wardi, are as follows:



Loosa demosits:

11, sand, clay, peat, ete., of floodplain deposits;

10. sand and clay of low terraces;

9, sand in dwmes; wind-blown dust of loass deposits;

8., sand, clay, and gravel in valley filling;

7. gravel, rubbles, and sand in higher and older terraces;
Solid rock:

6., reddish sandstone and conglomerate (or cemented gravel),
the Windrow formation;

0
5, gray dolomits (a kind of limestone); the Onegta dolomits;
4, coarse gray sandstone, the Jordan sandstone;
clay
3. fine-gray sandstone, with shale (or  consolidated) at bass,
the St. Lawrence formation; A

2. fine gray or green sendstone, with shale at base, the Fran-
conia sandstone;

@
1, white or yellowish sandstone, the Dres‘bfch gandstone,

Three of the solld rock formations ars described below, in
relation to military operations snd uses beginning with the oldest.

1. Dresbach sandstone.- This rock underlies a largsar area in

the ressrvation than any othar, except the valley filling and dune
sand, underlying thess also at no great d epth below the surface of the
ground. It forms all but the very tops of the ridges in the rangs
of east-wast hills batwesen the railwsy station at Kelvin and the
Raymors Pass, and continusseastward to the lower slopes of Pikss Peak,
Windrow Eluff, and Bald Bluff. Its upper limit is usually to be found

near the elevation of 1080 to 1120 faest above sea level, or something



over 200 feat above the railwey tracks at Camp Robinson, end mey often
be identifisd by vertical tubes resembling worm holes.

Topographically this sandstone is characterized by castellated
cliffs, steop slopes, tespes-shaped hi]:.ls, and ledges at the borders
of low rock benches. The sendstons is apt to be in thick beds with
sand grains of coarse to medium size, Tha color, as alrsady stated,
is white or yellowish, and occasionally red or brown. An excellent
placs to see this sandstona is at either end of the railwaey tunnsls
at the easte2mm end of the reservation; between Raymors and Tunnel City
whare the lower 70 feat of the railway cuts are in Dresbach sandstone.

The surface of the Dresbach sandstone, although crumbling
easily, is usually fairly hard. It is always well drained., Trenches
dug in thies formation will not have to bs revetted, as this sandstone
stands well in vertical faces and tends to harden on exposure to the
air. Target pits and cave shelters will be easily dug with pick and
shovel,without blasting, and often with ordinary trenching tools; but
roofs of tunnels in the Dresbach sandstone should be supvorted, if
they are to stand long or to be subjected to heavy explosions nearby.
This rock formation is not suitable for road metal as it c rumbles
rapidly to incobeherent sand. It could be quarsed for use in the
sand of concrete structures, but other sand is mors easily available
throughout the Target Range. Springs near the bass of the overlying
Franconia formation will fesd water downward into pits, trenches, or

cave shelters in the Drasbach; but thae water should not collect in



such excavations as the Dresbach sandstone is uwnusually porous.

2., TFranconia sandstone.- The crests of Selfridge Enoll, the
highar part of the ridge south of it, the ridges east of Lafayette
Pass, Upoer Pass, and Raymors Pass, and the whole ridge top from this
pass southesastward to Bald Bluff and northeastward to the railwsy tunnels
are all formed of the Franconia sandstone., The summits of Pikes Peak
with adjacent hills, and of Windrow Bluff, however, are in stiil
younger and higher rocks.

This formation is 120 to 160 feat thick. It forms rolling
bench tops and discontinous rock terracses. The sand grains of Fran-
conia are smaller than those in the underlying Dresbach sandstone. 1Its
color is green and grey rather than white and yellow. The clayey or
gshaly beds near its base may shine with incluled mica flekes or with
greenish lenses of a substance called glauconite. Many of ths beds
are so full of glauconite as to merit the name gresnsand. One of
the best and most accessible exposures of the Franconia sandstone is
at Bean's quarry, just north of the reservation and west of the rail-
way tunnels, where 54 feet of this formation mey be exemined. Another
is in the flaring upper part of the railway cuts, alrsady referred
to, whera the rracipitous lower beds are Drasbach sandstone.

From the military point of view the Franconias sandstone is
not as desirable a formation as the Dresbach for the siting and excava-
tion of trenches and othar field works. It crumbles less easily and

is, therefore, somewhat harder to excavate. It 1s less porous and,



accordingly, underground water is more apt to collect in excavations
within 1it. It occurs in thinner beds and has a grsater number of
layers and lensss of relatively impervious sand, greensand, and clayey
material, so that water is apt to sesp through 1t horizontally rather
than descend vertically and to fill up any fisld works which are
thoughtlessly sited. Near i1ts bass are bads of aaxidy micaceous shals
which is so impsrvious to water that springs and sespages are very g:mon
on the hillsides where it outcrops. Dugouts should not be locataﬁ
within 25 feet of these shaly beds in the Freanconia sandstone, unlass
provided with natural drainage cutlets. Tast shafts or bore holss
should always be sunk in the neighborhood of the contact between the
Franconia end Dresbach sandstones to determine the amount of underground
water before trenches or dugouts ars excavated.

On the other hand, attack galleries and dugouts in the Franconia
will not usually need timbered support for the roofs, provided a fairly
thick, resistent layer is located and undercut. Trenches will, in
many cases, stand without revetment, if excavated in the more sandy
beds of this formation; but the shaly beds of the formation should al-
ways be revetted in order toavoild mud flows and land slides,

This formatiorn, perticularly the lower portion, breaks in slabs
sultable for building ston2 and for the walls of cut-and-cover shelters.
The shaly and greensand beds fumish much better road metal than any

part of the Dresbach sandstone,



St. Lawrence formation.- Although of minor arsal extent

the fine gray sendstone and shale of the St. Lawrence formation are
not wnimportant., The chief ledges are those west and south of Pikes
Peak and those on the slopes of Windrow EBluff, The formation is a-
bout 85 feet or less in thickness in this area. In mlétion to
topogrephy it is a slope-maker rather than a cliff-meker. When it
haprens in the present stage of the erosion cycle, to be the upper-
mest rock formation on & hill or ridge, the hills are likely to be
round-topped or powinted rather than flat-topped, as near Pikes Pealk,
The lower bads of the St. leawrence sre limy. FHence they resist the
weather and occgsionally form flat-topped benches, as on the northe
east and northwest slopes of Windrow Bluff,

The chief military valus of this formmation lies in the
use of its smdy upvper beds as building stone, and of its limy, shaly
lower beds for improving military roads.

Fieldworks excavated within it will be much like field-
works in theé underlying Franconia in relation to rate of digeging, pro-
portions of trenches requiring revetment, and need of special care
as to ground water eand its disposition, particularly near the base

where ths relatively impervious shaly beds cause seepages and springs.
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