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S I0LOTY AND GROUND waT;ER KESOUKCES
AT =THAN, souTH DAKOTA
L b.y_
Donald G. Jorsensen
INTRODUCTION - °

Present Investiyation

This report is the result of a request by the city of .Jthan, and con-
tains the results of a special investization by the Jouth .Jakota 3tate Jeo-
logical Jurvey in and around Lthan for the purpose of locating a water sup-
ply for the city. - ISthan now receives its water from the "wvash" and/ or
the sandstones of the Dakota Jroup.” The water is of poor gquality, and the
_quantity.of water is not adequate because of the poor condition of the pres-
sent city well. Therefore the city wished to construct a new well which
vill yield water of adequate quantity and of better quality than the present
well. S

A xzeconnaissance geoloyical survey was mace curinz the summer and
.fall of 1959 of an area of approximately -:0 square miles within a 2l2-mile
radius of Lthan. YEesidés the reconnaissance mappinz, 1: test holes were
drilled, water from many wells was sampled and analyzed, a well inven-
tory was made, and a resistivity survey was run during which 82 stations
were occupied.



“he field work aad tiue preparation of this report were performed under
the supervision of Merlin J. Tiptoa for the Jjouth rakota Jtate eolo gical
Survey. The successful completlon of the investijation was benef1ted by
the cooperation of Mayor Ifenry {ster and the residents of the Sthan area.

Yocation and Extent of Area

Zthan has a population of approximately 320 and is located in south-
eastern .‘avison _ounty in east-central Jouth _akota. The area is in the

James Fasin of the _entral ..owlands physiographic province, west of the
rairie liills and east of the Missouri ilills (figs. 1).

Climate

“he elimate is typical coatinental vrith larye daily and seasonal chan es.
“he mean annuzal temperature for the area (rﬂucaell station, J. J. \«/eather

RQureau) is 47, .5°." for the years 1940-1955, and the avera 3e vearly prec1p-
itation for the same peno:’. is z1.93 inches (fiy. 2).

l"opo :raphv and Drainaae

The topo:raphy of the aréa consists of sently unculatin; nills wltn less

than 30 feet - relief ex cept for the narrow flat floodplain alon_, Twelve Mile
Creek. '

SRR
S . R
L
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GENERAL GEOLOGY

surficial Jeposits

IlHearly all the surface of the Zthan area is covered with glacial drift
(fiz. 3). The glacial drift of the Ethan area was ueposited by the Cary ice
sheet late in the . 'leistocene Tpoch. Jrift is the term used to describe
material derived in any meanner from the process of glaciation. .rift can
be divided into outwash deposits and till.

Cutwash material is the stratified portion of zlacial drift and is com-
posed of sand and zravel irom ;lacial meliwater streams. The outwash
sand and zravel northwest of Zthan are shown in Jigure 4 by resistivity
values, especially those values zreater than 8300 ochm-cm.

Till is unstratified zlacial drift which is carried by the ice itself and
is composed of bculders, petbles, sand, silt, and clay.

The end moraine and the yround moreaine of the Stiuan area are com-
posed of till (fiy. 3}, iround moraine is moraine with low relief formed
by ice movement and the deposition of till during the melting ana evapor-
ation of the ice. Tncé morezine is a ric jelike accumulation of material de-
posited at the marzins of the ice sheet. The city of Staan is situated on
an ena moraine.

I1luvium is present in a narrow belt aleny Twelve Nlile Treek and alonjy
some of the smaller tributary creeks. zlluvium is rnaterial deposited by
streams and in the Zthan zrea consists of clay, silt, aund fine sand.

Jubsuriace ueposits

Stratified sedimentary rocks are found beneath the unconsolidated sur-
ficial deposits of drift and alluvium. The stratified rocks present beneath
the “than area are in descendin; order the Niobrara chalk, the Carlile
shale, tiie Sreenhorn limestone, tahe Jraneros shale, aand the 3ioux guartz-
itic sandstone. - All the formatioas are of Cretaceous age except the Sioux
Jormation, which is i'recambrian in age.

The Niobrara formation, blue-gray calcareous chalk and marl, is
present beneath the surficial deposits except where it has been removed
by erosion. The Niobrara chalk (iin) is exposed alonz Twelve Mile Creek
(fig. 3) where it has been weathered to a buff-white.

The Carlile shale (X{c), which is also exposed alony Twelve Mile Creek,
is a medium- to dark-3ray shale with abundant pyrite concretions and arago-
nite fragments; near iis top is the Zodell sandstone waich consists of ap-
proximately 30 fieet of fine-greained sandstone vith thin shale partings.
Z.ocally sandstone layers are cementec with silica and/ or pyrite, thus
forming hard '"shelis'.

“he “reenhorn limestone is a brown to medium-gray sandy limestone,
locally cemented with pyrite,

fhe Traneros JTormeation iz 20-50 feet thiick in th:e .than area, and
consists of a mecium-zyray shale interbelded vw/ith thin layers of siltstone
and sandstone; at Ithan it lies directly above the Jicux quartzitic sand-
stone. The Traneros .'crimation at ltahan is composed of saale, sandstone,
and fragments from the underlyiny Sioux “ormaticn. The mixture of sand



o

from the 5ioUX [orfifiation, and the sand and shale from the overlying SGran-
eros is termed ""wash'’.

The Dakota Troup of eastern south _akota consists of sandstone layers
separated by 5 medium- and dark=-yray shale beds., rlowever, the Dakota
sandstones and shales are not present beneath the city of iSthan.

The 3ioux “ormation.consists largely of guartzitic sandstone tight-
ly cemented with silica and is called '"quartzite' or sometimes "'pink zran-
ite'',



Nﬂ
€ 34Nn914
) ————

e [ 0
$37IN NI 37VIS

'MES'H "MO09'M

N 745 1 ‘ W/ N NNIANT Y

L L L L L L L AL e

N /

ITIVHS 371T¥VDI
N

V4 & O 7 A A (420 L0820 L L L L

NTVHO VHVHEOIN
UM ‘

O ‘e’ HSYM1NO

o s s gthacee o ted] 5%
By R 0.0 5

“N\\\\\ % < 7  , . Vit livh Y
NIOFLEH &. % \m. /7, 7\ e .....w..... 87 , NOILYNV1dX3

Tl L L2 L L L L lld

VSV A G AT AT LA A A

*e
.

e .90 O

®
[ J
®
o
L]
(]
LK )
L
)

V34V NVHL3 . .
HONY3IAO09 ‘HLISYHIH HJIIVY 3HL 40 1S1907039 31VLiS‘M3INOV 34 N3V

V1IONV@ HLNOS 40 3LVLS dVN 21907039 A3AYNS TVII907039 VIONVA HINOS




o { EolE:oOOO 21

|.>.omm.m ‘MO9S Y
v 34N9I14 . T

(0961 ‘wn Jayv) S R 9¢

e OO -Nos IAVA

i
~"S3[IN Ul - 302§ 0

02 | NOSNVH

" —
0

. 'ubYy 394094B an|oA)

AOQO_ moE: VOobv
S oc_.._ ;oﬁcoo .

EolEco OOON

,._H,, RN ISTYUTE .._,._mo*_coo :

<um< z<zkm
| i “ayy jo- ,
mqs_ m:oEoo t._>_5_mum oSl




OCCURRENCE OF GROUND WATER -

EPrinciples of (Geccurrence of Zround .Jater

Nearly all ground water is dérived from precipitation. Raino6r melt-
ing snow either percolates directly downward to the water table or drains
- off as surface water. JSurface water will eithexr evaporate, escape to the
ocean, or if the surface nzater has a hizher water level than the surround-
ing ground it will percolate dowrnward to the zround water table. 'In zen-
eral ground water flows downward from the gzround surface to the water
table or piezometric surface, and then laterally down the hydraulic grad-
ient.. If the ssater is moviny down the hydraulic gradient, it is said to be
in transient storage. Therefore recharyge oxr the addition of water to an
aquifer (water-yieldiny material) is a"C‘O”Ilf)llf-‘hed in 3 main ways:
1. Jirect percolation derived from rain or melting snow.
. 2.. Percolation from surface bodies cf water.
. Jaderflow or water in transient stcraje.
ischarge or the removal of yround water is accomplished in 4 main

1. .Zvaporation and transpiration by plants.

2. Jeepage into surface bodies of water and springs.
3. Unde flow or water in transient storage.

A

. umping cof water. : ; ‘
The volume of water capable of being stored in a saturated matenal
is equal to the volume of the voids. or pore space of the material. /. meas-

urement of the capability of a material to store water is called porOSity.
. orosity is the ratic of the volume of voids in the rock to the rock vol-
ume. The shape and arrangement of grains in a rock affects the porosity
greatly, but size has no ef;ec ‘Therefore a container filled with sand
- would hold the same quantity of water as the same container filled with
gravel, if the sand and gravel had the same shape and packing. Natural
gravels and sands generally have poro=1t1=s of 20-40 per cent. Jandstones
have porcsgities of about 20 per cent; the lower porosity is due to closer
packinz common in sandstoaes

_ The ratio cf water voiume tnat will drain from a material by gravity,
‘to the volume of the material, iz cailed specific yield. In 3éneral the smal-
ler the particle size and correspondingly the smaller the pore spaces,: the
greater the attraction of the water io the pore walls, thus decrea51n7;the
‘specific yield. Values for specific yu;lu vary from zero for plast1c cl’ays
to nearly the value of the porosity for coarse zravels and sands. :

The rate that water will drain or pass througn a material is a func*mn
of the permeability of the substance. The nature of the system of pores,
rather than their volume, controls the ease of which water will pass tarcu 2h
a substance. :./ater will pass through a material with interconnected pores,
but will not pass: throu*«h a material with unconnected pores even: ‘if the lat-
ter has a higher porosity. Therefore permeability and porosity are not syn-
onymous terms. An example is jlacial till, which has a higzh porosu:y but
will yield litfle water because it is relatively impermeable,

Ii a water~-beariny fcrmation dips below an impervious layer, the water
becomes confined as in a pipe, and will seek to reyain its normal water
level' because of hydrostatic pressure. - .water confined in this manner is
under artesian pressure. : o



Sround -’ater in 3lacial Uutwash Jeposits .

Zlacial sands and gravels are excellent yround water aquifers because
they are permeable and possess hizh porosity. Unfortunately thé outwash
deposits in the mapped area {fiy. 3) are rot excellent water reservoirs be-
cause they are shaliow, and the lowering of the water table in dry years
may result in the depletion of the zround water. ilowever, outwash de-
posits just north of the mapped area {:Hcif and :/ong, 1960; «onz, 1960) are
well below the water table and are therefore zood yround water reservoirs.

yound . ater in Slacial Till

Till has a hizh porosity but low permeability, and therefore yields
water very slowly,

..ocally, stratified sand lenses are found in till., 4 stratified sand lens
will yield water very rapidly for a short pericd of time, but will not yield
enough water for a city because of its limited volurne and because it depends
upon the till for rechare.

Sround water in Alluvium

The alluvium found in Twelve Mile Creek holds a larze quantity of
water but because it consists predominantly of clay which is relatively
impermeable, it will yield water slowly.

Zround /ater in the Codell Sandstone

The Codell sandstone is a zone of sand and clay layers near the top
of the Tarlile “ormation. The sand layers consist of well-sorted fine-"
to coarse-grained (table 1) anyular to subangular quartz sand. The Co-
dell Miember is approximately 30 feet thick, of which approximately half
consists of sandstone. At some locations in Ethan, however, the Zodell
consists predominantly of shale with only a few small sand lenses.

Table li -~3ize Analyses of Samples from the Codell Sandstone

(3ieve openings in inches)

sample¥* ~umulative . ercent of jample Zetained on iach 3creen

| Number 0787 . 0394 | .0197 . 0095 |.0049 . 0024
[ 1 0 2.25 2.70 26.50 | 93.95 97.65
2 . ) 0.35 1. 25 13.15 83. 35 97.175

3 0 - 0 2.75 29.35 | 95,75 | 99.00

4 0 0 0.25 26.45 | 93,75 98.15

5 0 0 1.50 26.75 | 96.25 98.05

*3amples were taken at 5-foot intervals from top to bottom of exposed sec-
tion of Codell sandstone in 3134.3.34: sec. 18, T. 102 iv., T.. 59 /., Han-
son County, 3outh Jakota, about 7 miles norta of Sthan.

The sandstone layers are porous and permeable, and form artesian
aquifers except where they are cemented with silica and pyrite.
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[he source of water or tie recinarze for.the -Jodell sanlistone is largely
from the buried Jioux Ilidze, to the north.

wischarge of vsateriin the area is due to pumping and springs. /ater
wells in the ‘,odell vield adeguate water jor domestic and stock uses, but
not ‘enough water for a city supply. Uther thin discontinuous sand lenses
occur locahy in the Carlile Formation, but they yield very small guantities
‘of water, :

Ground .vater in the ! .Wash''"’

The sandstone zones of the akota “roup are artesian ground water
aquifers. These sandstones are §1m11ar in character to those of the Co-
dell but are thicker and ylelu largeér quantities of water. st iithan the Ja-
kota is missing because it has been truncated against the surface of the
buried Sioux " juartzite' rid e ffvest.'.p;,fwtown.

/.t nearly all places.wwhere the Jakota or Zraneros lie directly on the
quartzitic sandstcne, there is a 10- to z0-foot layer of "wash'!. The '""vash'"
consists of a mixture of overlyiny sediments and rock fragments eroded
from the underlyiny quartzitic sandstone. The "wash' is water-bearing
and receives its water from the sandstones of the _akota, present a short
distance to the south; the ariesian pressure of this water permits it to
move up-cip to the '"vash' in the Zthzan area.

The recharge of water for the sandstone layers and the ''w ra.,h” is thought
to be cderived from the Flack liills and/ or _.\ocky Mountains wnere the Ja=~
kota or its lateral equivalents crop out at a hizher elevation. :

Jischarze of water is accompilished by pumping, flowing wells, anda
springs.



QUALITY. OF GROUND WATER

Principles of Ground water 'J\ialitv

Mieteoric or precipitated water is nearly pure before it reacnes the
ground. After the precipitated water reaches the ground it comes in con-
tact with many minerals, some of which are more soluble in water than
others. Therefore it can be seen that the mineral content of the water
depends upon the time and the solubility of the minerals with which the
water comes in contact. ‘

LQuality of Qutwash Water

No analysis was made of the water in the outwash deposits of the mapped
area because they were determined to be an unsuitable reservoir for the
city water supply. IHowever the outwash water is used locally for stock
and is used extensively north of the mapped area for domestic and stock
purposes.

Juality of Till ./ater

The quality of the till water is apparently adequate for demestic and
stock use. An analysis of till water was not made because the stratified
sand lenses in the till will not yield enough water for the city of Zthan. .

uality of Alluvial vv"'atei'

Very few wells draw water from the alluvial reservoir in the Tthan
area. The water is used for domestic and stock purposes. An analysis
was not made of water from the alluvial reservoir because the aquifer prob-
ably would not yield adequate quantities for the city, and because of the
distance of the aquifer from Tthan.

Juality of Codell water

The Codell water is probably suitable for public water supply (table
2) for the city of Ethan, althouzh it possesses a higher total solid content
than ‘s desirable (table 3). The large total solid content is due partially
to high concentrations of sulfates and sodium. The water is considered
'soft", with hardness ranging from 89 to 363 ppm. ater from a thin
sand lens similar to the Codell sandstone was analyzed and found to be of
poor quality (table 2).

Juality of "' .vash! ./ater

Yhe "wash' water is of poorer quality than the water derived from
the CTodell sandstone. The "wash!" water contains a hizn concentration
of calcium, sulfates, and has a hizh total mineral content, rHowever, the
high concentration of sulfates is partially counteracted by the high cal-
cium conceantration; therefore the water is less narmful to plants than the
high sulfate concentration would indicate. The water is considered to be
"hard" and therefore consumption of soaps ana detergents is hijh.
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Table 3, --United States Fublic Health 3ervice JStandards for

Drinking ./ater (1946)

. Zonstituent _ : » Standard ._imits
‘ {ppm)
Sopper (Zu) 3.0

Iron and M. ansanese

(e} and (Min) together : . 0.3
M agnesium A 125
Linc. (zn) . : : 15
Chloride (31) SR S 250
Julfate (304) o el 250
~.ead (. b) » L - | ' . 0.1
£luoride () . o o 1.5
Nitrate (NU3) - ‘ o 10. 0
Arsenic (Ls) f 0.05
Selenium (3Se) - BT ' : 0 05
| Hexavalent Chromlum (Cr).. ~ : T HER | N 0_5
" . henolic Compounvds 0. 001
' Total solids | . D 5._0:%)* |

*Total Solids: irnay exceed 500 ppm to a maximum of 1000 ppm if
the water having this concentration is the only water available.
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CONCLUSIONS AND RECOMMENDATIONS

Unly two sources of ground water are practical for the city water sup-
ply, the Codell sandstone and the "wash'.

A new well drilled into the "wash'" and properly constructed could
yield an adequate quantity of water for the city, but probably the water
would be similar in quality to the present city water.

The Codell sandstone yields water of better quality than the "wash"
but probably not as large a quantity., The quantity of the water that could
be obtained cannot be determined with accuracy unless a pump test is con-
ducted. Because of the good gquality of the water in the Codell sandstone
and the shallow depth at which it occurs (90-140 feet) beneath the city, it
would seem desirable to test this sand. Itis sugzgested that a large-dia-
meter hole be drilled and that samples be taken at 5-foot intervals until
the sand is encountered, and thenl-2 foot samples of the entire sand and
shale section. These samples should be analyzed particularly for grain
size and amount of cement. The size analysis will indicate the type of
well screen to be used, and the size of the gravel to be used if a gravel
pack is necessary. If the total thickness of water-bearing sands is largze,
it is recommended that the entire sand and shale section be screened and
gravel-packed. Zenerally it is not necessary to screen the entire water-
bearing aquifer, but because the sand layers are thin and each is water-
bearing, a larger quantity of water will be obtained if all or nearly all the
sand layers are screened. If the cost is prohibitive to screen the entire
sand and shale section, then the sandstone sections only could be screened,
but the entire sand-shale section should be gravel-packed.

water in adequate gquantity and gquality could be obtained from the out-
wash deposits about 4 miles north of Ethan. Althouzh the pipeline expense
will be zreat, the city would be assured of an adequate water supply.

The city should obtain a water permit from the State ./ater I.esources
Commission, and contact the State Zoard of iHealth as to the chemical and
biological suitability of the water. It is recommended that the city con-
tract a commercial well driller licensed by the 3tate of south akota to do
further test drilling, to find the most favorable site for a well or wells.
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AFFLINDIZ A (fig. 5)

12

Logs of South .Jakota Geological Survev Test rJoles

D=1

Location: SEN:3Wik sec. 18, T. 101 N., E.

Elevation: 1330 45 feet
Total depth: 67 feet
Oepth to water: 40 feet

Description

Clay

Zlay, oxidized

Clay, gray

Zlay, gray, with sand and pebbles
shale, dark rray with fine sand

D-2

kocation: SWyuSwyysec. 13, T. 101 N., K.

Elevation: 1340 feet
Total depth: 88 feet
Jepth to water: 24 feet

Oescription

Zlay, dark gray
Clay, brown

Clay, oxidized, silt

Shale, blue zray, with siit

D-3

Location: NE:53Ei;: sec. 14, T. 102 N., I..

Elevation: 1334 feet
Total depth: 68 feet
Depth to water: 17 feet

Description

Clay, brown
shale, medium gray, with silt and sand

59 w., Hanson County

Jepth
(feet)
0-14

14~19

19-29

29-39
39-67

60 w., oavison County (at £than)

Jepth
(feet)
0- 4
4-24
24-26
26-88

59 w., Davison County

Jepth

(feet)

0-15
15-68



EYe

i.ocation::  NWKSEYy sec. 2, T. 102 ., R. 59 ¥., Davison County
Elevation: 1326 feet . '

Total depth: 13 feet

Jepth to water:

Description epth
o {feet)’
Sand, fire-_rained 0- 4
Send with gravel ’ 4- 8
Clay = 8-13
=5 ; e B

I ocation: SW4iSI3i. sec., 2, T. 102 N., F. 59 W., .Javison County
Elevation: 1336 feet

Total depth: 47 faet ' : :
2epth to water: 23 feet R

Description ~epth
‘ (feet)

Clay, gray 0~ 5

Sand and ¢ilt 5- 7

Sand, medium to coarse~grained 7-19

Sravel, small S .o - . 19-23

Shale, gray 2347

2=6

Location: SWH:INTHy sec. 11, T. 101 li., R. 60 W., vavison County
Elevation: 1330 feet

Total depth: 33 feet

Depth to water:

Description vepth
C (feet)
Clay,. dark gray 0- 4
5ilt with medium-grained sand : . 4~ 8
3and, medium- to coarse-grained SENE ' 8-13
Sand, coarse o 13-18
Gravel and sand 18-23

ohale, dark sray T 23-33



Y

Location: NS%SE'Ys sec. 11, T. 102 WN., H. 59 W., Javison County '
Elevation: 1330 feet o '
Total depth: 48 feet

Jepth to water: 12 feet

Jescription ' Jepth
o . (feet)
Clay, dark gray e 0~ 4
Sand ‘ 4- 9
Sand and clay 9-12
shale, dark gray 12-48

e

J=3
N ' ) B S
i.ocation: SwuSwl: sec. 8, T. 101 N., X. 59 W., idanson County
Elevation: 1295 feet
Total depth: 33 feet
wepth to water: 10 feet

Description Jepth
: (feet)
Clay, dark gray L 0- 4
Clay with sand ' 4- 8
Clay, gray 8-29
shale, -dark gray 29-33
D=9

lLocation: SE4iSwisy se¢, 8, I'. 101 N.," k. 59 W., Hanson County
Llevation: 1295 feet ;
Total depth: 47 feet

vepth to water: 10 feet

Jescription Jepth
S _ {feet): -
Clay, gray with silt and sand _ od _ It E
Clay, dark gray (shale?) o o . 9-24
Shale, dark gray " . 24=47
¢ =10

Location: SE{4SWi4 sec. 8, T. 101 N., L. 59 .., rlanson County
Elevation: 1295 feet

Total depth: 48 feet

Jepth to water: 29 feet

Jescription Jepth

(feet)
Clay, medium gray 0- 9
snale, dark ray with fine sand 9-29

Shale, dark zray 29-43
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o=11

Loocation: (North edyge of ithan, 1 block east of old 3tate Loute 37}
Nw'uSwis sec. 13, T. 101 N., R, €0 W., Davison County

Tlevation: 1337 feaet :

Tctal aepth: 91 feet

Depth to water: 21 feet

Descrintion Jepth
' (feet)
Slay, meaivm gray 0- 4
Marl, lizizt yellow, calcareous (Niobrara?) 421
shale, dark gray (Carlile) with fine sand 21-91

‘{The hcie abandoned because the drill encountered a cemented sandstone
bed at 51 feet}., -

' J.)"].(: . ' v .

I ocation: (West edge of Tthan, about 1 block east of U.S5. Jov't grain bins)
NS Wi sec. 13, T, 101 N., K. 60 W., Davison County

Elevation: 1337 feet

Total depth: 62 feet

depth to water: 20 feet

Descripticn : Jepth
(feet)
Clay, yellowish tan 0- 9
Sand and clay 9-14
Sand 14-19
Shale, dark gray 19-64
2-13

Location: (in Zthan at . Uster residence) 3wW4SWia sec. 13, T. 101 N.,
. 60 wW., LDavison County

Elevation: 1340 feet

Total depth: 75 feet

Jepth to water: 12 feet

Jescription Jepth

{(feet)
Clay, medium gray 0- 4
Clay, yellow tan with rock fragments (till) 4-24
Shale, dark gray 24-75

(iurill encountered cemented sandstone bed and had to abandon the hole).
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, =14

Location: (3/4 block ‘n'oi;t:hi of lumber yard at iithan) SEWSZ'A sec. 14,
T. 101 1., B. 60 ./., Davison County

Zlevation: 1342 17 feet

Total depth: 109 feet

Jepth to water: 29 feet

_wJescription Jepth

‘ {feet)
Zlay, gray with rock frayments (till) | 0- 8
Zlay, yellow (iNiobrara?) 8« 19
Shale, dark gray ' 19- 87
Sandstone, fine-grained cemented - 87- 89

Sandstone, fine-grained, lcosely consolidated and dark gray shale89-106
beds, sandstone contains water under slight artesian pressure
Sandstone, fine-grained, well-cemented 166~ 109
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AFFINDIX B

og of ith ity viell (new

Tthan City . ell

avison -County, 3. wak..

Tlevation: 1345 (topo. map)

Total depth: 320 feet

Jriller - Hertz orilling Co.

r.ogged by M. J. Tipton, Jec., 1959

Jepth
(feet)

0-150

150-15

wl

155-165

165-130

180-152

190-1°5

195-215

215-220

220-235

235-240

240-255

255-260

260-265

265-270

270-275

275-26

280-235

265-290

Description

no samples

ihale, dark jray mixed with fine sand and clay. Jome fine sand
size pyrite and a few mica flakes.

no samples

shale, lishtzray, reasy, tends to ball up, with pyrite dissemin-

- ated thirouzhout. 3orne calcite and a few lnoceramus prisms.

no samples

Shele, dark zray, flaky, with some pyrite and selenite. Iew

sizces fine sandstone, slijhtly jlauconitic. I'ew pieces darkto
light brown siltstone. Une sharks tooth.

no samples

same as above

no sample

same as above with some loose fine sand,
no sample

same as above

no sample

Shale, med. gray with occasional white specks.
no sample

same as above

no san:ple

ireenhorn Fformation (ic-loyz top 2838)

..imestone, cream colored, sucrose, with numerous broken
shells and Inoceramus prisms. Much dark zray shale as above.



290-315 no sample

Sioux _tartzite ..ash (?) (Z-loy top 296)

315-320 Sand, fine to ccarse, mostly pink quartz, subangular, loose,

mixed with some dark shale, limestone, and pyrite.
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About the South Jakota State Seological Survey

The 3outh Dakota Zeolozical Survey is a research and public service
azency for the Gtate of Jouth Uakota. Jince 1693 the JState Seoloyist has
been authorized to "make an actual zeologzical survey of the lands, and
earth, and the area beneath the surface of the lands.....'' of the 3State.
The purpose of the State Zeological Survey is to conduct field and labor-
atory studies of Jouth Jakota's zeology and mineral deposits, which are
the metals and non-metals, the mineral fuels includinz o0il and gas, and
zround water. The results of these studies are published in reports such
as this. '

The work of the 3tate Zeological Survey is continuous -- its research
and services are adjusted to the changing economy in order to serve 3outh
Jakota most effectively.

ZJor further information, address JOr. Allen . Agnew, State Zeologist
Jouth Dakota 3tate Geological Survey
Union Ruilding, University
Vermillion, South Jakota



