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DESCRIPT ION OF MAP UNIT S 
 
Quaternary surfic ial d eposits 
 

Qa Alluvial d eposits (Holocene)—U nconsolidated to poorly consolidated clay, silt, sand, and gravel, 
m ainly in flood plains and lower stream  terraces. Alluvial m aterial is derived from  all local 
geological units. Thick ness approxim ately 0 to 50 feet (15 m ) (Nicoll, 1963) 

 
 T errace d eposits (Holocene and  Pleistocene)—Beds of coarse sand and gravel with occasional 

boulders and lenses of silt and clay. Include fragm ents of weathered granite and lim estone cobbles, 
predom inance varies depending on feeding stream  source. Occur along present drainages, a few 
feet (0.6 m ) to over 35 feet (11 m ) above m odern floodplains. Thick ness approxim ately 0 to 10 
feet (3 m ) 

 
Qs Wind blow n sand  d eposits (Holocene)—Active and stabilized dunes, m ade up of very  fine to fine-

grained sand sourced by  Casper Form ation and Fountain Form ation sandstones. Buff to gray to 
reddish, locally covered with patchy vegetation. Dunes are prim arily deposited around vegetation, 
bedrock  outcrops, and in sm all washes and topographic lows. Thick ness 0 to 15 feet  (5 m ) 
(Nicoll, 1963) 

 
Qac Mixed  alluvium  and  colluvium  (Holocene and  Pleistocene)—Sand, silt, clay, and gravel deposited 

along interm ittent stream s; includes slope wash and sm aller alluvial fan deposits that coalesce with 
alluvium . Thick ness 0 to 50 feet (15 m ) (Nicoll, 1963) 

 
Qg p Gypsite d eposits (Holocene and  Pleistocene)—U nconsolidated clay-sized gypsum  interbedded with 

red clay, sand, gravel, and lim estone cobbles. Located in proxim ity to faults, probably related to 
fluid m ovem ent and erosion of gypsum  beds of the lower Chugwater Form ation and Satank a 
Form ation. Thick ness approxim ately 0 to 9 feet (2 m ) 

 
Qof Old er alluvial fan d eposits (Pleistocene)—Poorly sorted clay, silt, sand, and gravel; crudely bedded 

to non-bedded with som e com ponent of debris flow. Include boulders and cobbles of local 
geologic units. Currently inactive and dissected, often occurring as erosional rem nants. Thick ness 
0 to 10 feet (3 m ) (Nicoll, 1963) 

 
Qot Old er terrace d eposits (Pleistocene)—Beds of course sand and gravel with occasional boulders and  

lenses of silt and clay. R esistant lim estone and granite m aterial occur as rounded, well-weathered 
boulders and gravels. Often occur as erosional rem nants ranging from  20 to 300 feet (6 to 91 m ) 
above present stream  flood plains. Som e rem nants m ay actually be older alluvial fan rem nants. 
Thick ness 0 to 10 feet (3 m ) (Nicoll, 1963) 

 
Low er Cretaceous sed im entary rocks 
 

Kcv Cloverly Form ation (Low er Cretaceous)—Basal tan to white coarse-grained sandstone and chert 
pebble conglom erate, locally crossbedded and overlain by variegated buff and purple claystones 
interbedded with thin black  shale beds, and an upper gray to buff to brown, fine- to coarse-grained 
sandstone, crossbedded in lower part of the form ation. Thick ness 100 feet (30 m ) (V er Ploeg and 
Boyd, 2007) 

 
Jurassic sed im entary rocks 
 

 Morrison Form ation (Upper and  Mid d le Jurassic)—Pale-green, olive-green, blue-green to m aroon, 
and chalk y white variegated calcareous and bentonitic clay stones interbedded with thin drab 
lim estones and buff, non-resistant sandstones. Lim estone locally contains orange to brown chert 
inclusions.  Includes about 50 feet (15 m ) of Sundance Form ation at the base; olive-drab, 
glauconitic sandstone and shale not m apable due to poor exposures. Thick ness 350 feet (107 m ) 
(V er Ploeg and Boyd, 2007) 

 
 T riassic, Perm ian, and  Pennsylvanian sed im entary rocks   
 
  Ch ug w ater Form ation (T riassic and  Perm ian)—R ed shale and siltstone with interbedded red to 

salm on to buff, fine-grained sandstone in upper part. Lower part of section contains red shale and 
calcareous siltstone, interbedded with thin to thick  gypsum  beds, local solution breccia, and 
banded wavy  gypsiferous lim estone som etim es m istak en as part of the Forelle Lim estone. 
Includes approxim ately 150 feet (46 m ) of Jelm  Form ation in upper section as a yellow to salm on-
pink  m assive sandstone, with large-scale crossbedding, interbedded with thin partings of red 
siltstone, claystone, and shale. This unit was m apped separately by V argas (1974). The lower part 
of the Chugwater Form ation, along with the underlying Forelle Lim estone and Satank a Shale, are 
m apped as Goose Egg Form ation west of the Laram ie Basin. Thick ness 800 feet (244 m ) (V er 
Ploeg and Boyd, 2007) 

 
  Forelle Lim estone (Perm ian)—Gray to purple, thin-bedded, sparsely fossiliferous, resistant lim estone 

locally  interbedded with red siltstone and thin gypsum  beds. W avy  outcrops of algal dom e 
structure and m ore crink ly contorted bedding com m on (Nicoll, 1963). Crops out as low, brok en, 
sm all ridges and highly fractured beds. Thick ness 4 to 20 feet (1 to 6 m ) (Nicoll, 1963) 

 
  Satanka Form ation (Perm ian)—R ed siltstone and shale that is often banded with white and ocher 

color zones, and buff to orange to red fine-grained soft sandstone with distinct ripple m ark s 
com m on near the base of the unit. Gypsum  occurs in the Satank a Form ation as lenticular beds 
occurring as thick  as 17 feet (5 m ) (Darton and Siebenthal, 1909). Karst/sink hole erosional 
structures associated with fluid flow in faults occur in the Satank a Form ation on the northern 
portion of the m ap. U nconform ably overlies the Casper Form ation. Contact with Casper 
Form ation can be difficult to discern though changes in grain angularity and the occurrence of 
ripple m ark s in the Satank a indicate the contact boundary. Thick ness up to 260 feet (79 m ) (Nicoll, 
1963; V er Ploeg and Boyd, 2007) 

 
  Casper Form ation (Perm ian and  Pennsylvanian)—Buff to reddish, calcareous to quartzitic, very  

fine to course-grained, well-cem ented sandstone interbedded with thin buff to purplish-gray  
lim estone and dolom ite beds, usually m icritic and locally fossiliferous. Sandstone often exhibits 
large-scale festoon cross-bedding with siliceous fracture fill associated with faulting and local 
stresses. W ithin the m ap area siliceous-filled Casper Form ation crops out as distinct resistant 
ridges, anchoring abundant vegetation and thick  brush. Thick ness is highly variable within the 
Laram ie Basin, thinning toward the southwest. W ithin the m ap area thick ness is 120 to 200 feet 
(37 to 61 m ) (Maughan and W ilson, 1963) 

 

  Fountain Form ation (Pennsylvanian)—Coarse-grained pink  to red to purple sandstone and ark ose, 
with som e conglom erates, fossiliferous lim ey  sandstones, siltstones, shales, and thin lim estone 
lenses. Blotchy  pink -red iron staining is com m on on ark osic, resistant, ridge-form ing portions of 
the form ation. Conform ably  underlies Casper Form ation within m ap area. Thick ness is variable 
within the Laram ie Basin, thick ening toward the southwest. W ithin the m ap area thick ness is 400 
to 500 feet (122 to 152 m ) (Nicoll, 1963) 

 
Mid d le Proterozoic g ranitic and  m etam orph ic rocks 

   Monzod iorite d ike (Mg -rich )—Fine-grained, brown to purple-black , highly  fractured and weathered 
m onzodiorite dik es that crop out linearly  for several hundred feet to several m iles (hundreds of 
m eters to several k ilom eters) through the Sherm an batholith. Dik es are predom inately  sub-vertical, 
which can be easily  seen in the field as vertical to near vertical jointing within the dik e. 
Monzodiorite dik es contain m egacry stic alk ali feldspars that display  thin rim s of plagioclase. 
Plagioclase xenocry sts associated with sm all, round quartz grains and hornblende are seen in 
random  locations in the field (Frost and others, 1999). Two varieties of m onzodiorite dik es have 
been recognized within the Sherm an batholith that include an Fe-rich com m ingled body  and an 
Mg-rich body  that has less interaction with local country  rock  (Edwards, 1993). Mg-rich dik es are 
com m on within the m ap area. Monzodiorite dik es on the m ap area contain xenocry sts as described 
above, in addition to plagioclase and perthite that show obvious com positional zoning. Abundant, 
very  sm all, needle-shaped apatite are pervasive throughout the sam ple and can be seen in thin 
section. 

  Major phases include plagioclase (som e as m y rm ek ite), perthite, m icrocline, biotite (som etim es 
altered to chlorite), hornblende, quartz, and orthoclase. 

   Minor phases include apatite, epidote, ilm enite, m agnetite, and titanite. 
   The m onzodiorite dik es have not been dated using m odern isotope concordia m ethods. However, 

m onzodiorite dik es cross cut Sherm an Granite, Lincoln Granite enclaves and dik es, and 
porphy ritic granite, indicating a post-Sherm an batholith em placem ent history .   

Yld  Leucocratic d ike—Fine- to coarse-grained, sub-round to angular cry stal structures of quartz, 
plagioclase and m icrocline with sm all am ounts of m afic m inerals. Som e outcrops show localized 
m afic m ineral concentrations along grain boundaries of prim ary  quartz and plagioclase cry stals. 
Leucocratic dik es range from  fine to-sm all grained, pink -red, granitic, late stage batholith 
injections to coarse-grained, m ature inner-grown cry stal structures that consist of large quartz and 
alk ali feldspar grains. Hy drotherm al fluid alteration is evident in the larger cry stal structure dik es 
as hem atite staining and epidote. Alteration can also be seen as secondary , subgrain quartz growth 
within the larger cry stal structure and especially  along fractures within cry stal faces 

  Major phases are plagioclase, quartz, m icrocline, perthite, and biotite 
  Minor phases are apatite, zircon, hornblende, ilm enite, and fluorite (Frost and others, 1999)  
  The age of the Leucocratic dik es is sim ilar to that of the Lincoln Granite and in m any  cases the 

two are com positionally  sim ilar. The age of the fine-grained leucocratic dik es is assum ed to be 
sim ilar to the Lincoln Granite at 1,430 ± 2.6 Ma (Mega-annum  or m illion y ears before present) by  
U -Pb dating (Frost and others, 1999). The age of the larger grained Leucocratic dik es is unk nown, 
but field relationships suggest late stage batholith em placem ent as a partially  differentiated end 
m em ber of the Sherm an batholith 

Yln Lincoln Granite—Medium - to fine-grained, equigranular, orange-red to orange-gray , biotite granite 
that crops out in horizontal sheets with resistant caps that create hills, dom es, and high ridges that 
tend to outcrop above Sherm an Granite. Som e Lincoln Granite occurs as dik es and sm all 
inclusions/enclaves in the adjacent Sherm an Granite. Lincoln Granite is generally  less abundant 
than Sherm an Granite. Lincoln Granite is a m ore evolved phase of the Sherm an batholith with 
greater silica and less iron enrichm ent. The Lincoln Granite is classified as a ferroan alk ali-calcic 
peralum inous granitoid (Frost and Frost, 2010). Contacts with the Sherm an Granite are generally  
sharp. Contacts with the porphy ritic granite are m ingled to sharp. The Lincoln Granite was nam ed 
after the Lincoln Monum ent that is present on the sum m it of the old Lincoln Highway  and 
Interstate 80 (Edwards, 1993). 

  Major phases are quartz, plagioclase, m icrocline, perthite, biotite, hornblende, and ilm enite. 
  Minor phases are apatite, zircon, m y rm ek ite.  

  Locally  along fractures and faults the Lincoln Granite includes very  sm all needle-lik e apatite 
along with titanite, epidote, and m inor hem atite and chlorite as alteration products. Som e sam ples 
include isolated alk ali feldspar m egacry sts that m ak e up less than 1% of the rock  (Frost and others, 
1999). The Lincoln Granite has been dated at 1,430 ± 2.6 Ma by  U -Pb dating (Frost and others, 
1999) 

Ym fd   Mafic bod ies, pod s, and  d ikes (Fe-rich )—Fe-rich m afic bodies, pods, and dik es occur throughout the 
m ap area within the Sherm an batholith. They  are strongly  com m ingled with local porphy ritic 
granite and Lincoln Granite and are generally  em placed as enclave-lik e dik e features. Som e field 
sam ples contain sm all inclusions of Sherm an Granite as well as m egacry stic plagioclase. In thin 
section the m egacry stic plagioclase appear to be xenocry sts. Field relationships suggest dik e/pod 
em placem ent during batholith cooling. 

  Major phases include plagioclase, perthite, biotite, quartz, and orthoclase. 
  Minor phases are titanite, apatite, ilm enite, m agnetite and zircon. 
  The m afic bodies, pods, and dik es have not been directly  dated using m odern isotope m ethods. 

Field relationships as described above suggest a later intrusive age to the Sherm an Granite and 
sim ilar age to Lincoln and porphy ritic granites in the range of 1,430 to 1,433 Ma (Edwards, 1993) 

 
Yp Porph yritic g ranite—Medium -grained, orange-gray  to brown biotite hornblende granite with ½ to 1½ 

inch (1 to 4 cm ), orange-pink  and pink -gray  perthitic m icrocline, and som e plagioclase 
phenocry sts that show rapak ivi-texture of plagioclase and quartz rim s. Som e outcrops of 
porphy ritic granite show orientation of phenocry sts in a single stress direction that relates to local 
em placem ent deform ation. The porphy ritic granite (nam ed by  Edwards, 1993) is considered a 
m odal com position end m em ber between the Sherm an and Lincoln Granites (Frost and others, 
1999). Hy drotherm ally  altered outcrops have rapak ivi texture where perthitic cores have altered to 
very  fine grained, feathery  m asses of sericite. Epidote and m inor chlorite are also seen as 
alteration products. Biotite exhibits m oderate to heavy  chloritic alteration with fine-grained, 
secondary  quartz growth that de-lam inates cleavage planes. Hem atite-rich fluid is evident on 
cry stal faces within the rock  and is associated with cross-cutting quartz veins. 

  Major phases of the porphy ritic granite are perthitic m icrocline, plagioclase, quartz, biotite, 
hornblende, and in hy drotherm ally  altered sam ples, epidote and chlorite. 

  Minor phases include ilm enite, apatite, zircon, titanite, pigeonite, and in hy drotherm ally  altered 
sam ples, sericite, hem atite, and hy drotherm ally  associated secondary  quartz. 

  The porphy ritic granite has been dated at 1,430 to 1,433 Ma by  m odal com position association 
between the Lincoln and Sherm an Granites respectively  (Frost and others, 1999) 

 
Ys Sh erm an Granite—Medium - to coarse-grained, pink  to reddish-orange, biotite hornblende granite 

that crops out in rounded to craggy  m ounds and m ore com m only  a thick  weathered grus. The 
Sherm an Granite has a subporphy ritic granular texture, exhibiting m egacry stic m icrocline rim m ed 
in plagioclase resulting in rapak ivi texture in som e locations. Sherm an Granite is the m ost 
com m on phase of the Sherm an batholith. It is the less evolved phase of the Sherm an batholith with 
lower silica and greater iron concentrations. The Sherm an Granite is classified as a ferroan alk ali-
calcic m etalum inous granitoid (Frost and Frost, 1997). Contacts with both the Lincoln Granite and 
the porphy ritic granite tend to be sharp.  

  Major phases are m icrocline, plagioclase, quartz, hornblende, biotite, and ilm enite. 
  Minor phases include zircon and apatite, and in som e locations augite, pigeonite, and fay alite. 
  The Sherm an Granite has been dated at 1,433 + 1.5 Ma by  U -Pb dating (Frost and others, 1999) 
Xb Garnet-biotite felsic g neiss—Black  to gray ish-pink , fine-grained, feet (m )-scale folded, garnet-biotite 

felsic gneiss and biotite felsic gneiss. Com posed of quartz, plagioclase, biotite, garnet, alk ali 
feldspar, cordierite, and m inor zircon, sphene, and chlorite. V ery  fine-grained biotite is 
interlay ered with felsic bands rich in plagioclase, m icrocline, and quartz. Fine-grained biotite 
grains in m ica-dom ains orient sim ilar to elongate xenom orphic garnet. Garnet is com m on as 
poik ioblasts in leucosom e and quartzofeldspathic lay ers. Com positional banding parallels internal 
foliation of biotite. Banding form s isoclinal to tight folds with feet (m )-scale am plitude. Few inch 
(cm ) parasitic folds on fold lim bs are present. U nit is intruded by  Sherm an Granite and pigm atitic 
dik es related to late-stage Sherm an batholith em placem ent. Granitic intrusive m aterial parallels 
banding and folding, parasitizing gneissic structure within the contact m argin of the unit. U nit is 
interpreted as m eta sedim entary  rock  sy ndepositional with m etavolcanic gneisses described in 
relative proxim ity  to unit and therefore of sim ilar depositional age. Biotite felsic gneiss and 
garnet-biotite felsic gneiss have not been directly  dated using m odern isotope m ethods. Field 
relationship and com parative interpretation suggest an age ~1,743 to 1,610 Ma with the y ounger 
age preferred for m etam orphic age (Jones, and others, 2010; Prem o and Fanning, 2000) 

 
Black  to pink ish-gray  to reddish, fine- to m edium -coarse-grained biotite-hornblende felsic gneiss 
and biotite-hornblende augen gneiss occur as feet (m ) scale lenses in garnet-biotite felsic gneiss 
and biotite felsic gneiss. Com posed of quartz, plag0ioclase, alk ali feldspar, biotite, and 
hornblende. Hornblende and biotite occur on rim s of ¼ to ¾ inch (0.5 to 2 cm ) quartz-feldspar 
porphy roclasts as augen and in very  thinly  banded m m -scale foliation lay ers. Based on outcrop 
study  of fabric orientation, unit is m ost lik ely  a m etaigneous rock  deform ed at a sim ilar age to 
garnet-biotite felsic gneiss and biotite felsic gneiss with a sim ilar com parative age of ~1,743 to 
1,610 Ma. It is unk nown if this unit relates to y ounger deform ed 1,433 Ma Sherm an Granite that 
m ay  have deform ed during batholith em placem ent 
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Form ation contact—Dashed where approxim ately located 
Fault—Dashed where approxim ately located, dotted where concealed; block  on hanging wall of 

reverse fault; bar and ball on downthrown block  of norm al fault; arrows indicate direction 
of oblique-slip m ovem ent 

Fracture or possible fault—Dashed where approxim ately located, dotted where concealed 
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shorter arrow on asym m etrical structure indicates steeper lim b, as determ ined by field 
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