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Map Unit Properties Table for Wind Cave National Park 
 

Age Map Unit (Symbol) Description Mineral Resources Paleontological Resources Suitability for 
Development/Recreation 

Q
U

A
TE

R
N

A
R

Y
 

(H
ol

oc
en

e 
an

d 
Pl

ei
st

oc
en

e)
 Alluvial deposits (Qal)  Mud, silt, sand, and gravel; fluvial deposits; maximum thickness 10 m (33 ft) Gravel deposits None documented Local aquifer where saturated; active 

gullying in Highland Creek drainage 

Landslide deposits (Ql)  Small colluvial deposits typically along escarpments of Pierre Shale  None documented None documented Unsuitable 

Colluvium or talus (Qc)  Angular blocks and debris masking bedrock; maximum thickness 10 m (33 ft) None documented None documented Generally not an aquifer, even when 
saturated 

Terrace gravel and alluvial-fan 
deposits (Qt)  

Gravel, sand, and silt; some higher elevation terrace deposits could be of Pliocene age; four alluvial terrace levels and 
numerous alluvial fans in Highland Creek drainage; maximum thickness 30 m (100 ft) 

Well-rounded gravel in Highland Creek 
drainage 

Bison vertebra and charcoal (Ponderosa 
pine) in Highland Creek drainage 

Potential for landslides on north- and 
east-facing scarps 
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 White River Group (Tw) Silty claystone and poorly indurated sandstone, arkose, and conglomerate; gravel at higher elevations; divided into Brule 
(top) and Chadron (base) formations; maximum thickness 120 m (390 ft) 

Gravel deposits, skarns Bones of rhinoceros and early horse; 
remains of tortoise, deerlike mammal, and 
unidentified carnivore 

Minor aquifer where saturated 
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Pierre Shale (Kp)  Dark-gray to black shale; maximum thickness 500 m (1,640 ft) Concretions Teepee buttes underlain by fossiliferous 
limestone formed by methane-rich spring 
deposits 

Bentonite beds 

Niobrara Formation (Kn)  Gray to yellowish-tan, thin-bedded limestone and calcareous shale; thickness 60–100 m (200–330 ft) None documented None documented 

Carlile Shale (Kc)  Gray shale and a few tan siltstone and resistant sandstone beds; thickness 100–200 m (330–660 ft) None documented None documented 

Greenhorn Limestone (Kg)  Light-gray to tan, thin-bedded limestone and calcareous shale; thickness 70–120 m (230–390 ft) None documented None documented 

Belle Fourche Shale (Kb)  Gray to black shale; thickness 70–200 m (230–660 ft) Concretions None documented 

Mowry Shale (Km)  Dark-gray shale, locally somewhat siliceous; thickness 40–70 m (130–230 ft) Lead and manganese Fish scales 

Skull Creek Shale (Ks) Dark-gray to black shale; underlies minor valleys where Newcastle Sandstone is present; thickness 55–80 m (180–260 ft) Iron-stained concretions None documented None documented 

Fall River Formation (Kf) Sandstone interbedded with gray to dark-gray shale near top; thickness 35–70 m (115–230 ft) Uranium None documented Landslides on north- and east-facing 
scarp of hogback; major regional aquifer

Lakota Formation (Kl)  Sandstone, mudstone, and shale; upper part is hard siltstone; thickness 85–150 m (280–490 ft) Uranium Petrified wood Major regional aquifer 
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Morrison Formation and Unkpapa 
Sandstone, undivided (Jmu) 

Morrison Formation: Shale and sandstone; minor limestone; maximum thickness 50 m (160 ft) 
 
Unkpapa Sandstone: Fine-grained eolian (windblown) sandstone; lenses out to the west; thickness as much as 85 m (280 ft). 

None documented Morrison Formation: Known worldwide 
for skeletons of large dinosaurs, especially 
giant sauropods; significant for 
reconstructing Late Jurassic, predominately 
terrestrial ecosystem throughout the 
Western Interior 

Very small slumps (Ql) in Jurassic rocks 

Sundance and Gypsum Spring 
formations, undivided (Jsg). 

Sundance Formation: Interbedded shale, siltstone, and sandstone; thickness 70–160 m (230–525 ft) 
 
Gypsum Spring Formation: Gypsum and shale; maximum thickness 25 m (80 ft) 

Gypsum None documented Very small slumps; readily eroded 
 
Sundance Formation: Locally 
productive aquifer where saturated 
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 Spearfish Formation (^Ps) Red shale and siltstone, minor limestone and gypsum; collapse structures (limestone-dolomite breccias) produced by the 

solution of anhydrite in early Cenozoic; thickness 70–275 m (230–900 ft) 
Gypsum None documented Minor deformational structures (e.g., 

small thrust faults, minor folds, 
dolomite breccia, and pull-apart 
structures [in gypsum]); readily eroded 
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Minnekahta Limestone (Pm)  Pinkish-gray, thin-bedded limestone; thickness 10–18 m (33–60 ft) Calcite and anhydrite crystals; source 
for crushed rock, ballast, riprap, and 
building stone; used for cement and 
lime 

Pelecypod shells, gastropod casts, 
fragmentary fish remains, possible algal 
structures 

Minor deformational structures (e.g., 
small thrust faults, minor folds, 
dolomite breccia, and pull-apart 
structures [in gypsum]); subsidence 
structures from dissolution of anhydrite; 
aquifer 

Opeche Shale (Po) Maroon shale and siltstone; thickness 20–40 m (66–130 ft) None documented None documented Unknown 
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Minnelusa Formation (*hm) Red, thin-bedded sandstone, limestone, and minor shale; fills paleokarst features in upper Pahasapa Limestone; collapse 
structures (breccias) produced by the solution of anhydrite in early Cenozoic under humid conditions; persistent layer of red 
mudstone marks Pennsylvanian-Permian boundary; correlative to Amsden Formation in Wyoming; forms irregular slopes 
and low ledges at surface; thickness 120–200 m (395–660 ft) 

Sand used for glass manufacturing; 
accessory minerals in sandstone: zircon, 
tourmaline, leucoxene, carbonate, 
pyrite with anhydrite, and fluorite 

Foraminifera confirm Permian age of upper 
red mudstone layer, conodonts 

Sandstone intervals are good aquifers; 
too thinly bedded for cave development; 
extensive faults and folds (reflect 
structure of underlying Pahasapa 
Limestone); areas of solution and 
collapse regionally 
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Pahasapa Limestone (Mp) Thickest limestone layer in Black Hills; mainly thick-bedded dolomitic limestone; reeflike bluish limestone in uppermost 
part; correlative with Madison Limestone of Wyoming and Montana, Leadville Limestone of Colorado, and Redwall 
Limestone of Arizona; thickness 80–210 m (260–690 ft) 
 
Upper unit: Massive limestone characterized by pre-Pennsylvanian caves and solution pockets; smooth arched ceilings and 
walls in cave, very little boxwork; prominent cliffs at surface 
 
Middle unit: Chert beds separate upper and middle unit; pre-Pennsylvanian solution pockets and fossils near top; 
predominantly bedded limestone and dolomite; low, wide rooms and passages in upper beds in cave, much boxwork; 
irregular fissures in lower beds; slopes with low ledges at surface 
 
Lower unit: Massive, limy dolomite; boxwork, prominent fissure passages, wall coatings of calcite crystals in cave; prominent 
cliffs at surface 

Chert beds; calcite spar lining in cave 
and many smaller cavities lined with 
calcite; mined for limestone and 
dolomite; gold and silver in dolomitic 
zones 

Fossil shells (brachiopods and gastropods), 
colonial corals, burrows 

Contains nearly all Black Hills caves; 
forms steep-walled cliffs in canyons; 
regional aquifer; feebly thermal/highly 
mineralized hot springs 
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Englewood Limestone (MDe) Impure lavender limestone; thickness about 9 m (30 ft) None documented Uppermost 2.4 m (8 ft) highly fossiliferous Unknown 
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 Deadwood Formation (O_d) Glauconitic sandstone, shale, siltstone, and conglomerate; thickness about 9 m (30 ft) Silica None documented Aquifer; extensive minor faults and folds
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Harney Peak Granite (Xh) Layered granite, pegmatitic granite, and pegmatite; consists of hundreds of intrusions, more than 24,000 separate bodies of 
pegmatite and granite 

Pegmatite contains tourmaline, biotite, 
feldspar, and beryl 

None documented Numerous faults of diverse types and 
ages cut Precambrian rocks in the Black 
Hills 

Metagabbro (Xgb) Predominantly sill-like bodies of dark-green amphibolite, actinolite schist, or greenstone; though not lithologically distinct, 
minor chemical differences in selected samples indicate at least two distinct ages; highly variable thicknesses up to 305 m 
(1,000 ft) 

None 

Distal metagraywacke (Xgwd) Grayish-tan and siliceous schist; calc-silicate lenses developed from former concretions; exceeds 3,600 m (11,810 ft) in 
thickness 

Garnet, staurolite, and sillimanite   

Proximal metagraywacke (Xgwp) Light-tan, thick-bedded quartzose schist; total thickness about 2,200 m (7,220 ft) None 

Metagraywacke unit 2 (Xgw2) Middle part of Xgw (greenish-gray to grayish-tan siliceous schist); lithologically similar to Xgw3 (gray to tan siliceous schist); 
may be as much as 2,000 m (6,560 ft) thick 

None   

Metamorphosed younger alkalic 
basalt, tuff, and volcaniclastic rocks 
(Xby) 

Pillowed chloritic greenstone or amphibolite, and layered amphibole schist and amphibole-bearing or biotite-rich schist; 
intertongues with tuffaceous shale, tuff, and volcaniclastic rocks (unit Xtv) that have U-Pb zircon age of 1,884±29 million 
years; maximum thickness 1,000 m (3,280 ft) 

Sulfide minerals or graphite 

Metamorphosed quartzite, debris-
flow conglomerate, pelite, and 
graywacke (Xqc) 

Heterogeneous, gray to tan quartzite, metaconglomerate, and phyllite or schist; thickness 30–700 m (100–2,300 ft) Garnet, staurolite, andalusite, and 
sillimanite 

  

Metamorphosed quartzite and pelite 
(Xqs) 

Interbedded quartzite, grayish-tan schist, and phyllite; maximum thickness 1,200 m (3,940 ft) Metamorphic-grade quartzite and 
sillimanite schist 

Metamorphosed black shale (Xbs2) Thin-bedded, dark phyllite, biotite schist, or garnet schist, depending on metamorphic grade; maximum thickness 700 m 
(2,300 ft) 

None   

Metamorphosed carbonate-facies, 
iron-formation (Xif) 

Banded metachert containing ankerite and siderite, and schist; average thickness about 25 m (80 ft) Cummingtonite-grunerite and garnet; 
locally sulfide-rich and graphitic 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Frutiger-Black
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldItalic
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightItalic
    /FrutigerLTStd-Black
    /FrutigerLTStd-BlackItalic
    /FrutigerLTStd-Bold
    /FrutigerLTStd-BoldItalic
    /FrutigerLTStd-Italic
    /FrutigerLTStd-Light
    /FrutigerLTStd-LightItalic
    /FrutigerLTStd-Roman
    /FrutigerLTStd-UltraBlack
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /NPSRawlinson
    /NPSRawlinson-Bold
    /NPSRawlinson-BoldItalic
    /NPSRawlinson-Italic
    /NPSRawlinsonOT-Bold
    /NPSRawlinsonOT-BoldItalic
    /NPSRawlinsonOT-Book
    /NPSRawlinsonOT-BookItalic
    /NPSRawlinsonOTCond-Bold
    /NPSRawlinsonOTCond-BoldItalic
    /NPSRawlinsonOTCond-Book
    /NPSRawlinsonOTCond-BookItalic
    /NPSRawlinsonOTCond-Heavy
    /NPSRawlinsonOTCond-HeavyItalic
    /NPSRawlinsonOTCond-Medium
    /NPSRawlinsonOTCond-MediumItalic
    /NPSRawlinsonOT-Heavy
    /NPSRawlinsonOT-HeavyItal
    /NPSRawlinsonOT-MedItalic
    /NPSRawlinsonOT-Medium
    /NPSRawlinsonOTOld-Bold
    /NPSRawlinsonOTOld-BoldItalic
    /NPSRawlinsonOTOld-Book
    /NPSRawlinsonOTOld-BookItalic
    /NPSRawlinsonOTOld-Heavy
    /NPSRawlinsonOTOld-HeavyItal
    /NPSRawlinsonOTOld-MedItali
    /NPSRawlinsonOTOld-Medium
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


