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Hydrogeologic Stratigraphic DE RIPTI F IT 2 1 0 2 4 6 8 10 KILOMETERS
Frathem - System Units Units SC ON OF UNITS VERTICAL EXAGGERATION X 5
Alluvium—Moderately to well-sorted clay, silt, sand, and gravel deposited by streams. Thick-
ness ranges from 0 to 50 feet (DeWitt and others, 1989). A local aquifer where saturated
-Oc Colluvium—Poorly to well-sorted, massive to stratified, clast-free to boulder rubble and talus
produced by mass wasting. Thickness ranges from 0 to 50 feet (DeWitt and others, 1989). EXPLANATION
v The hydrogeologic character of colluvial material varies considerably depending on the —=—= - - Fault—Dashed where approximated. Arrows show
= degree of sorting, and primary type of material. Generally not an aquifer even if saturated DISCUSSION relative vertical movement
z
& 3 Gravel deposits—Moderately sorted, heterogeneous, generally stratified, clay, silt, sand, and This report is a product of the Black Hills Hydrology Study, which was initiated in 1990 to assess the The six generalized sections illustrate the thicknesses and structural configuration of the
% well-rounded gravel of paleochannels, pediments, and stream terraces along former flood quantity, quality, and distribution of surface water and ground water in the Black Hills area of South Dakota hydrogeologic units in the Black Hills. Section A-A' was selected to show the northern flank of the Black
o Unconsolidated plains. Three Quaternary terraces are identifiable in the northern portion of the study area (Driscoll, 1992). This long-term study is a cooperative effort between the U.S. Geological Survey (USGS), Hills. Section B-B' extends across the northern portion of the Black Hills and illustrates the relations of
units 3 and between six and eight terraces in the southern portion (Kempton and Laury, 1994). Thick- the South Dakota Department of Environment and Natural Resources, and the West Dakota Water hydrogeologic units in the Spearfish area, across the Precambrian igneous and metamorphic units and the
O ness ranges from 0 to 60 feet thick (DeWitt and others, 1989). A local aquifer where saturated Development District, which represents various local and county cooperators. The map in this report is part Vanocker laccolith, and along the eastern flank of the Black Hills. Section C-C' was selected to show the
) . . ) of a series of 1:100,000-scale maps that are being produced for the study. Other maps include structure- relation of the hydrogeologic units in the Boxelder Creek drainage basin. Section D-D' extends from the
§ < Wind-blown deposits—Moderately to'well-so.rted, poorly to welI-straUﬁed, we'll-rounded, contour maps (altitudes of the tops of formations) for five formations that contain major aquifers in the western flank of the Black Hills, locally known as the Limestone Plateau, across the Precambrian igneous
& commonly calcarequs, and frgsted silt and fine to medlum-gralined sand. Thickness ranges study area, and potentiometric maps for these five major aquifers (the Inyan Kara, Minnekahta, Minnelusa, and metamorphic units, to the eastern flank of the Black Hills. Section E-E' extends from the southwest
from 0 to 50 feet thick (DeWitt and others, 1989). A local aquifer where saturated Madison, and Deadwood aquifers). portion of the Black Hills area, across the Precambrian igneous and metamorphic units, to the eastern flank INDEX TO SOURCES OF GEOLOGIC DATA
White River Group—Consists of the Brule and Chadron Formations. Sandstone, claystone The study area consists of the topographically defined Black Hills and adjacent areas located in of the Black Hills. Section F-F' extends southward from the Precambrian igneous and metamorphic units in
White River and siltstone with channel fillings and limestone lenses (Rahn, 1 985) Thickne;s ranges ’ western South Dakota. The Black Hills area is an elongated, dome-shaped feature, about 125 miles long the central Black Hills to the southern flank of the Black Hills. These cross sections were constructed from Map
o aquifer from 0 to 300 feet (DeWitt and others, 1989). A minor aqui feI where: saturated and 60 miles wide, which was uplifted during the Laramide orogeny (Feldman and Heimlich, 1980). The published map information and well logs. Data to delineate the configuration of the Precambrian units, Geology modified from areas
é S ’ ' oldest geologic units in the study area are Precambrian metamorphic and igneous rocks, which are exposed Tertiary intrusive units, White River aquifer, and unconsolidated units generally are very limited. These
é Tertiary Undifferentiated shallow intrusive igneous rocks—Includes rhyolite, latite, trachyte, and in the central core of the Black Hills. Surrounding the Precambrian core is a layered series of sedimentary sections are provided mainly to illustrate the approximate conditions at depth. They should not be used to 1 Cattermole, 1969, 1:24,000 2
intrusive phonolite (see DeWitt and others, 1989, for a more thorough description). The hydrogeo- rocks including limestones, sandstones, and shales that are exposed in roughly concentric rings around the predict depth to aquifers at specific locations.
e logic characteristics of these rocks vary with the degree of fracturing uplifted flanks of the Black Hills. The bedrock sedimentary units typically dip away from the uplifted Cattermole, 1972, 1:24,000 2
. . . ) ) ) Black Hills at angles that approach or exceed 10 degrees near the outcrops, and decrease with distance from Darton, 1902, 1:125,000 4
Kps | Pierre Shale to Skull Creek Shale, undifferentiated—Confining unit of shale, limestone, and the uplift. Many of the sedimentary units contain aquifers, both within and beyond the study area. REFERENCES
S sandstone containing t.he following f(?rmatlons listed Wlth their thickness in feet: Pierre Recharge to these aquifers occurs from infiltration of precipitation upon the outcrops and, in some cases, Cattermole. J.M.. 1969. Geologic man of the Ranid City West quadranele. Pennineton County. South Darton, 1919, 1:125,000 4,5
sequence < Shale, 1,200-2,700; Niobrara Formation, 80-300; Carlile Shale, 350-750; Greenhorn from infiltration of streamflow (Hortness and Driscoll, 1998). Artesian conditions generally exist within SR » Deolog P ~ap y q g'c, & ¥ D H 1 1-12
duence F tion. 225-380: Belle Fourche Shale. 150-850: M Shale. 125-230: N il . . . . . . . Dakota: U.S. Geological Survey Geologic Quadrangle Map GQ-828, scale 1:24,000. arton & O'Harra, 1909, 1:125,000 5
i confining unit ormation, 225-56U; belle Fourche shale, 1oU-6o1; Mowry Shale, 125-25U; Newcastle these aquifers where an upper confining layer is present. Flowing wells and artesian springs that originate 1972, Geologi f the Rapid Citv East quadranele. Penminet ’ Count é th Dakota: U.S :
2 Sandstone, 0-150; and Skull Creek Shale, 150-270; (modified from DeWitt and others, 1989). £ fined if d th ioh f the Black Hill » beologic map of the Rapid Lity Bast quadrangle, Fennington Lounty, Sou aKota: U.»S. 2 Darton & Paige, 1924, 1:125,000 1,2,3,4
% Where present, the Newcastle Sandstone is an aquifer if saturated rom”l?ﬁz 111111; i?qulhli: rri: a(r)itcs(IlI:)lgvlso glftrc?‘gns ofestI;ZIilpr: rl}Iig unift:s foicthe ;oiIhern (sheet 1) and southern Geological Survey Geologic Quadrangle Map GQ-986, scale 1:24,000. i
Z 3 heet 2 F ¢ th Blp  Hill Gp i dg It) howine the subsurf fth Darton, N.H., 1902, Geologic atlas of the United States, Oelrichs folio, South Dakota: U.S. Geological Darton & Smith, 1904, 1:125,000 4,5
S} 3 Kik | Inyan Kara Group—Sandstone and other clastic rocks of the Fall River Formation and Lakota (sheet 2) parts of the Black Hills area. Generalized sections showing the subsurface occurrence of these Survey, Washington D.C., 6 oversized pages, 6 pl., scale 1:125,000. DeWitt & others. 1989. 1:250.000 1.2.3. 4
o) o) - - L ) . - - units also are presented. The map was compiled at 1:100,000 scale from other published and unpublished ; . ’ . ’ ’ . ’ . CWItL & otners, » 149U, i
N < Formation. The Fall River Formation is 100-200 feet thick consisting of brown to reddish logi i di e from 1:24.000 to 1:500.000. b i i ) ) b 1919, Geologic atlas of the United States, Newell folio, South Dakota: U.S. Geological Survey,
2 I“Z:‘:i‘f:ra brown fine-grained sandstone, thin-bedded at the top and massive at the bottom. The Lakota %efogg(;(c)gla]git at ranged in scafe rom 1:24, " (tlo .'b . ’f Et 111110(51t y at lsca.es equal to or larger than Washington D.C., 7 oversized pages, 4 pl., scale 1:125,000. Gott & others, 1974, 1:48,000 4
= Formation is 35-700 feet thick consisting of yellow, brown, and reddish-brown massive to : 1’ : 1 ]63: Pndl?l‘?‘r.y solurftes or g;‘applng the I'SIZII ution of the 12/ rog:lr,eo.oztic units dW: r‘;’ 4 work th Darton, N.H., and OOHarra, C.C., 1909, Geologic atlas of the United States, Belle Fourche folio, South 5 Kalveis, 1982, 1:24,000 4
thin-bedded, sandstone, pebble conglomerate, siltstone, and claystone with local limestone, supplemented by additional site specific maps (see index to sources of geologic datw) and field work that Dakota: U.S. Geological Survey, Washington, D.C., 9 oversized pages, 4 pl., scale 1:125,000.
coal, and fossiliferous layers (DeWitt and others, 1989). A major regional aquifer OcuS”lfiheO;ltrtatei:;rI:;hiirj;iispcr?):/?éz thgl:a:ismpoi jéssi;;:ti?;ﬁé hydrogeologic units, which are based on Darton, N.H., and Paige, Sidney, 1924, Geologic atlas of the United States, central Black Hills folio, South Knechtel & Patterson, 1962, 1:48,000 )
Morrison Formation to Gypsum Spring Formation, undifferentiated—Semiconfining unit similarity in hydraulic properties. The hydrogeologic units include aquifers, semiconfining units, and Dartlc?lfkl(\)ltzll{: Ijmsd S;I?Iioe%lgillistlllm\,;yé vza;giln%zlcl)’l (I))';s';t?:socz;etrlslizzlejiiziess’taltispll.::dsceaﬁohztlfzosl I(())Og.outh Love & others, 1977, 1:250,000 5
= Jurassic- combines interbedded shale, sandstone, and gypsum of the following formations listed with confining units. Aquifers are units that commonly are used as sources of ground water. Semiconfining o gler T & . » =08 ’ Mapel hers, 1 1:
2] . C - - - . . . - . . . ) : Dakota: U.S. Geological Survey, Washington, D.C., 10 oversized pages, 6 pl., scale 1:125,000. 3 apel & others, 1959, 1:96,000 5
2 < Se;‘:‘gg‘zgﬁng < their thICkHeSS in feet: Morrison Formation, 0-2%0; Unkpapa Sapdstone, 0-225;.Sundance units contain some layers with low permeability. Confining units consist mainly of layers with low DeWitt. Ed. Redden. 1A Busher D;lvi d. and Wil’son A, B.. 1989. Geolosic ’ma (’) ¢ the Black IrIills area
= nit Formation, 250-450; and Gypsum Spring Formation, 0-45 (modified from DeWitt and others, permeability. Both semiconfining and confining units may contain rocks that are local aquifers, but these S ’ h ]’) K ’ d.W' P ',U S G, logical S T M 1’1 gI ot Series Map I 19’ 10 McGregor & Cattermole, 1973, 1:24,000 2
- 1989) Sandstones of the Sundance Formation are locally productive aquifers where saturated generally are not of regional importance. Olit 1 ;5(;)?0%“ yoming: U.S. Geological Survey Miscellaneous Investigations Series Map 1- ’ Redden. 1994. 1:100.000 2.3
(Kyllonen and Peter, 1987) i its i i i i ind- i _ scale 1:25U,U000. ) ) ‘ s .
Y The unconsolidated units 1ncIude allquum, colluvium, gravel depo§1ts and wind bIO\IVH deposits of Driscoll, D.G., 1992, Plan of study for the Black Hills Hydrology Study, South Dakota: U.S. Geological Redden. J.A.. South Dakota School of Mines and 2.3
&) . . . . . . Quaternary age, and gravel deposits of Tertiary age. All have the potential to be local aquifers where they . > J e ’
7 Soearfis RPs Spearfish Formation—Red silty shale interbedded with friable, red sandstone and siltstone, . . . . . . . . Survey Open-File Report 92-84, 10 p. Technol it 1998. 1:100.000
2 pearfish and sparse limestone layers. Lower portion contains massive gypsum (Robinson and are saturated. The White River aquifer consists of various discontinuous units of sandstone and channel Feldman. R.M... and Heimlich. R.A.. 1980. The Black Hills: K/H Geoloev Field Guide Series echnology, written commun., , 1:100,
= confining unit P e 1ayers. P JIve gypsum | sands along the eastern flanks of the Black Hills, which may produce water where saturated. The Tertiary e L ’ - o ’ Robi & others. 1964. 1:96.000 5
= others, 1964). Thickness ranges from 375 to 800 feet (Gries and Martin, 1985) . . . . . . . . Kendall/Hunt Publishing Company, Kent State University, Kent, Ohio, 190 p. obinson & others, » 1:90,
intrusive units are restricted to areas in the northern Black Hills, and generally are relatively impermeable. Gott. G.B.. Wolcott. D.E.. and Bowles. C.G... 1974. Stratieraphy of the Invan Kara Group and localization
; ; ; : : ~ - ~ Intrusive sills can increase bedding plane fracturing and often are associated with "perched" ground water. PR U T ’ Eraphy Y pé 4 Van Lieu, 1969, 1:48,000 5
Minnekahta Pmk | Minnekahta Limestone—Fine-grained, purple to gray laminated limestone. Thickness ranges . adng p £ . . p & ) of uranium deposits, southern Black Hills, South Dakota and Wyoming: U.S. Geological Survey
. aquifer from 25 to 65 feet (modified from DeWitt and others, 1989). Unit is locally fractured and Rocks of Mesozoic age include the Cretaceous-sequence confining unit, Inyan Kara aquifer, Jurassic- Professional Paper 763, 57 p. Wolcott, 1967, 1:24,000 3,4
%: J brecciated due to solution collapse (Gries and Martin, 1985). A major aquifer in the study area sequence semlcoqﬁnlgg unit, and the upper part of th(? Spearﬁsh conﬁm.ng unit. The Cretac.eous-sequence Greene, E.A., 1993, Hydraulic properties of the Madison aquifer system in the western Rapid City area,
> confining unit mainly includes shales of low permeability, such as the Pierre Shale and Carlile Shale, but South Dakota: U.S. Geolosical Survey Water-Resources Investieations Report 93-4008. 56
g Opeche Opeche Shale—Red siltstone and sandy shale, with local gypsum and anhydrite near the top. may contain minor aquifers, such as the Newcastle Sandstone. The Inyan Kara aquifer consists of . T & y . & N > 0P
fining uni G J.P., and Martin, J.E., 1985, C te out t f the Pal dM trata in th
confining unit Thick from 25 . . . . . . S . - ries, J.P., and Martin, J.E., , Composite outcrop section of the Paleozoic and Mesozoic strata in the
ickness ranges from 25 to 150 feet (DeWitt and others, 1989) sandstones in the Fall River and Lakota Formations and is a major aquifer in the Black Hills. The Jurassic Black Hills and surroundine areas. in Rich. EJ.. ed.. Geoloey of the Black Hills. South Dakota and
. . sequence semiconfining unit consists of shales and sandstones of the Morrison Formation, Unkpapa Wyoming (2d ed.): Geolo %cal So,ciet of :f\n.le;,rica.,Fiel J ﬁi] Guidebook Ame’rican Geolosical
z PPm erInelusa Formatlf)n—Varlably colored I)ut generally yeIlow to r.ed cross-stratified sandstone, Sandstone, Sundance Formation, and Gypsum Spring Formation. The overall unit is semiconfining because Inztitu teg ) 61-.29'2 g Y ’ P ’ g
5 limestone, dolomite, and shale of the Minnelusa Formation. Thickness ranges from 375 to of the low permeability of the interbedded shales; however, minor local aquifers do exist. The Spearfish Hortness. ] B P 2nd Driscoll. D.G.. 1998. Streamflow losses in the Black Hills of western South Dakota:
% J Minnelisa  J 1,175 feet (modified from DeWitt and others, 1989), most commonly between 400 to 750 feet confining unit consists of sandy shale, sandstone, and siltstone, with gypsum and local limestone layers. US ’G. 1’ ical S ’ W N R ; I ioations R 98-4116. 99 '
% 2 e (Gries and M.artin, 1985). Anhy.drite is common at depth, generally within the upper 2.0.0 feeet Local aquifers may exist where gypsum and anhydrite have been dissolved. KalveIs .J OEI(I 01g91§; SIcIirI/zl}Irveath; F:ﬁgf,ii Cn(\)lslslttlgastl:l?t; Diﬁ(cz)rtta' I-J S D,e arpi.ment of Agriculture, Soil
y < Z of the formation. Where. anhyd1.r1te has dissolved, Follapse-formed secpndary permeability Rocks of Paleozoic age include the lower part of the Spearfish confining unit, Minnekahta aquifer, Cor’lserva,t con S:arvice o lzorest Servive 1o Y : U.S. Dep g ,
S_j & creates the most productlye aquifer. Interbedded limestone and shale. n the. lower part of the Opeche confining unit, Minnelusa aquifer, Madison aquifer, Ordovician-sequence semiconfining unit, and Kempton. PD.. and Laurv. R L.. 1994 Terrac’es soIIIJtion collapse events, and late Quaternary history of the
Al formation forms a confining zone (Kyllonen and Peter, 1987). A major regional aquifer Deadwood aquifer. The Paleozoic units include four of the five major aquifers for the Black Hills area. lgall l,li\'/er.’Ho ) Sprin};s a.re.aI Fall ,River an d, Custer Coun tigs South 1’)ak0 ta. M.S. thesis ySou thegn
> Madison (Pahasapa) Limestone and Englewood Formation—Gray to buff and lavender lime- The Mll}nekah.ta Limestone consists of a lamlnatecI limestone. Although not pa.rtlcularly thick (25 to 6.5 Methodist’ University, Dalla;, Texas, in Agenbroad, L.D., anél Mead, J.I., ecIs., 1994, Thé: Hot Springs
= stone that is locally dolomitic. The Madison Limestone is 250 to 1,000 feet thick, and the feet), it is a reliable source of water around the perimeter of the Black Hills uplift. The Opeche confining Mammoth Site, a decade of field and laboratory research in paleontology, geology, and paleoecology:
3 Z oo Englewood Formation is 30 to 60 feet thick (modified from DeWitt and others, 1989). un.1t is a silty tq sandy shale .that generally 1rI1pe(.les grgund-water movement beIween the Mlnne.kahta and Rapid City, S. Dak., Fenske Printing Inc., 457 p.
2 E 3 aquifer Generally massive, upper third is karstic with caves, solution collapse and enlarged conduits aneIusa aquifers. The anelqsa Formation is a thick (375 tf) L175 fe.:et) untt O.f sandstgne, hmestone.:, Knechtel, M.M., and Patterson, S.H., 1962, Bentonite deposits of the northern Black Hills District,
3 2 resulting in extensive secondary permeability and creating the potentially most productive dqlﬁmlie,.an;l shale: Sands.tciges IIIj the uppelrdpart Olf) thebfopna(lltlolﬁ constltutza reglonall)t/; lm portanlt a?ulfer Wyoming, Montana, and South Dakota: U.S. Geological Survey Bulletin 1082-M, p. 893-1030.
=g aquifer in the Black Hills (Kyllonen and Peter, 1987). The lower portion of the Madison ;Vlt re. atively c;ogs1stenltly1e S ar%ek:lr 3116 § can .e 0 ;alﬁleMW erle seclgn ary. permea 1 “«‘( res?) tz dr(c)im Kyllonen, D.P., and Peter, K.D., 1987, Geohydrology and water quality of the Inyan Kara, Minnelusa, and
Limestone and the Englewood Formation form a lower confining zone (Greene, 1993). A racturing or so'ution enhancement. The lower portion of the Vinne usa Formation contains interbedde Madison aquifers of the northern Black Hills, South Dakota and Wyoming, and Bear Lodge Mountains,
major regional aquifer hm.e stone.: and shale,.;nd és a lowef; confining zone within the unit. However, for mapping purposes, the Wyoming: U.S. Geological Survey Water-Resources Investigations Report 86-4158, 61 p.
entire unit was considered an aquifer. iy .
Ordovici Whitewood Formation and Winnipeg Formation—Undifferentiated semiconfining unit consists The Madison aquifer is most productive in the karstic upper part of the Madison Limestone. Fractures LOVECJ'?;;SCIE;Z?::ST:’ggﬁ’ezgix(;grgxiﬁ'\zg dI\?vZ:ZIeCr};(;Igftlﬁ g:llzo(t);-th[i gegzgit)leicla(ll?ﬁf\?ex 2
- cequence ) of limestone and dolomite of the Whitewood Formation, thickness ranges from 0 to 235 feet, and solution openings in the limestone and dolomite increase the secondary permeability of the aquifer. Mig;cella?leous Figech Studies Ma M)I:-S g 3g scale 1:250.000 T £ y
Z5 semiconfining and shale with interbedded siltstone of the Winnipeg Formation, thickness ranges from 0 to The Englewood Formation, a limestone at the base of the Madison Limestone, is included in this unit Mabel. W.I. Robinson. C.S.. and ThIc)obal 1 PK. 1 95 0. Geolosic and structure cotour man of the northern
S8 umt 150 feet (modified from DeWitt and others, 1989). The unit is found in the northern and because of the hydraulic connection between the two units and relatively minor thickness of the Englewood pel, Wl P o T £ POt U
> < . f th d . . . . . and western flanks of the Black Hills, Wyoming, Montana, and South Dakota: U.S. Geological Survey
Q S western portion of the study area Formation in outcrop areas. The lower portion of the Madison Limestone and the Englewood Formation Oil and Gas Investigations Map OM-191, 2 pl
) . . o . . -191, .
Sz Deadwood Deadwood Formation—Brown to light-gray glauconitic sandstone, shale, limestone, and local generally may b.e ¢ onfining zones. . . . . . . . McGregor, E.E., and Cattermole, J.M., 1973, Geologic map of the Rapid City NW quadrangle, Meade and
aquifer basal conglomerate. Thickness ranges from 0 to 500 feet (modified from DeWitt and others, The Ordovician-sequence semiconfining unit consists of the Whitewood Formation (Red River Pennington Counties, South Dakota: U.S. Geological Survey Geologic Quadrangle Map GQ-1093
; far Formation) and Winnipeg Formation. The Whitewood Formation, where present, may contain a local ’ ’
1989). A major aquifer in the study area for b dom i m f liabl the adi i dwood aaui scale 1:24.000.
. ' ' N . ) aquifer, but seldom is used because of more reliable sources in the adjacent Madison or Deadwood aquifers. : . R
o Harnfey Peak Gran'lte—Pmk and tan coa.rse-gramed and pegmatitic muscovite granite. Charac- The shale layers of the Winnipeg Formation, where present, are confining zones in the unit. The Deadwood Rahr:ﬁ:’;’;;f iﬁiﬁ?ﬁg&fggﬁggigg& ﬂ;ﬁ;gdiéZfegiétzgosigu&?gl;g; m()?:i’el:i'i; fﬁélgfﬁliogy of
. é t?rlled’ gf?ochenncally ffom other .gramtes in the area by high concentrations of boron, beryl- Formation, which consists of sandstone, limestone, basal conglomerate, and shale, is fractured in areas Guidebook An’lerican Geological Ins)t/itute & 154- 1 7.8 & y ’ p
22 lium, lithium, and uranium (DeWitt and others, 1989) intruded by igneous sills and is missing in areas with massive igneous intrusions. Thus, the Deadwood ; £ » B 187170, . .
g5 . . . . fer is di " . s of the northern Black Hills where the maximum thicknesses also occur Redden, J.A., 1994, Structural contours and Phanerozoic structures in the Rapid City, South Dakota, A NORTH DAKOTA g
wE Undifferentiated metamorphosed phyllite and schist—Locally carbonaceous and tuffaceous. aquiter 1s discontinuous 1n parts of the nc ) His w naxmum thi ur. 1:100,000 scale quadrangle: U.S. Geological Survey Open-File Report 95-81. 3 3
& Geochemical and geophysical signatures vary with the tuffaceous zones having an anomalously The unit thins to the south, WIlICh limits its use in .the southern Black Hills. _ Robinson, C.S., Mapel, W.J., and Bergendahl, M.H., 1964, Stratigraphy and structure of the northern and < [ «3
> high copper concentration and a magnetic nature (DeWitt and others, 1989) Igneous and metamorphic rocks of Precambrian age are exposed throughout the central Black Hills western flanks of the Black Hills uplift, Wyoming, Montana, and South Dakota: U.S. Geological = StUdy Al'ea ]
Precambrian = Undiff ated i ks Geochemical si d hvsical d d and consist of the Harney Peak Granite, other igneous rocks, and a variety of metamorphosed igneous and Survey Professional Paper 404. 134 ’ ’ ’ g
igneous and ) n. 1 erentlatis. hlgneoll;s :‘;})c S_d ek(l)c enll;cgag ;lgmgg,re. an . gefop y51.ca nature vary depend- sedimentary rocks. These rocks are structurally complex and have a large variety of hydraulic properties. Van Lieu ? A 1969 Geolop R ma’ of th% Four Corners quadranele. Wyomine and South Dakota: U.S — g | S
=% meti';‘ﬁzphw ing on protolith (see DeWitt and others, or additional information) The Precambrian rocks constitute a lower confining unit to overlying sedimentary aquifers. However, Geol’og'icgl SurV;:y Mis cé; llanegus Investigations Ma;II 581 fs;ca’le 13{ 48 OO% e o
N . . . e . . . . . . . oqe . . - 3 . i .
% § Metamorphos.ed grayvyacke—ananly a medium- to dark-gray siliceous mica schist and im- ifrrlatchtzréZit?zlilldBleucIl?IIﬁllll:i;Il Czlaiﬁgsgzgocsl?sylerl(tIhI::Ei:rvaIZ?chrlI;Ily H} many outcrop areas. Numerous residents Wolcott, D.E., 1967, Geology of the Hot Springs quadrangle, Fall River and Custer Counties, South ole | I >
£2 pure quartzite (DeWitt and others, 1989) Y PP Dakota: U.S. Geological Survey Bulletin 1063-K, p. 427-442. £Ls SOUTH=DAKOTA =
EE . . . Q '
> 5 Undifferentiated metamorphosed sedimentary deposits—Includes conglomerate, quartz s %7
& % sandstone, siltstone, and dolomite protoliths. Parts are characterized geochemically by = o ‘,,,,1
< anomalously high uranium, chromium, and gold concentrations and other parts by anomalous E
gold, silver, and arsenic concentration. The latter zones are magnetic in nature (DeWitt and I| ~\4,~;\I <
others, 1989) \E*I"‘\ s
NEBRASKA 2
NOTE: Some thickness ranges given above are from the sources listed and from data on file at the
U.S. Geological Survey, Rapid City, South Dakota
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