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      DESCR IPTION OF MAP UNITS 
Ce nozoic 
 
Qa  Alluvium  (Holoce ne )—U nconsolidated to poorly consolidated clay, silt, sand, gravel, cobbles, and 

boulders, mainly in flood plains and low er stream terraces. Alluvial material is derived from all local 
geologic units. T hick ness approximately 0 to 8 m (25 ft) 

 
Qa c Mixe d a lluvium  a nd colluvium  (Holoce ne  a nd Ple istoce ne )—Sand, silt, clay, and gravel deposited along 

intermittent streams; includes slope w ash and smaller alluvial fan deposits that coalesce w ith alluvium. 
T hick ness approximately 0 to 8 m (25 ft) 

 
Me sozoic 
 
*f Founta in Form a tion (Pe nnsylva nia n)—Coarse-grained pink  to red to purple sandstone and ark ose, w ith 

some conglomerates, fossiliferous limey sandstones, siltstones, shales, and thin limestone lenses. 
Blotchy pink -red iron staining is common on ark osic, resistant, ridge-forming portions of the formation. 
T hick ness is variable w ithin the L aramie Basin (up to 150 m; 500 ft), thick ening tow ard the southw est, 
but is generally less than 30 m (100 ft) w ithin the map area, representing the low est part of the 
formation 

 
Pa le ozoic 
 
Dki Kim b e rlitic dia tre m e s (De vonia n)—Porphrytic, brecciated, k imberlitic intrusive masses and dik es. 

Kimberlite outcrops are subtle but differ from country rock  outcrops by their light blue to gray color 
(blue ground) and often a difference in vegetation—usually grassy, w ith few , if any trees. Mineral 
phases include olivine, enstatite, almandine and pyrope garnet, diopside, picroilmenite, and phlogopite; 
many are diamondiferous; matrix is usually finely crystalline and dominated by serpentine and lesser 
amounts of carbonate, olivine, perovsk ite, and phlogopite. Some contain xenoliths of low er Paleozoic 
sedimentary rock s (Silurian and Ordovician). Mantle-derived nodules of peridotite, eclogite, 
carbonatite, granulite, and pyroxenite have been found in many k imberlites of the State L ine District 
(Hausel and others, 1979; Hausel and Sutherland, 2000) 

 
Middle  Prote rozoic 
 
Yln Lincoln Gra nite —Medium- to fine-grained, equigranular, orange-red to orange-gray, biotite granite that 

crops out in horizontal to moderately dipping sheets that tend to cap resistant hills, domes, and high 
ridges above the Sherman Granite. Some L incoln Granite occurs as dik es and small inclusions/enclaves 
in the adjacent Sherman Granite. Major phases include quartz, microcline, plagioclase, perthite, biotite, 
and hornblende; minor phases include apatite, zircon, ilmenite, magnetite, and myrmek ite. L incoln 
Granite is generally less abundant than Sherman Granite and is a more evolved phase of the Sherman 
batholith w ith relatively high silica content and low  iron enrichment. Contacts w ith the Sherman Granite 
are generally sharp. Contacts w ith the porphyritic granite are mingled to sharp. Some samples include 
isolated alk ali feldspar megacrysts that comprise less than 1 percent of the rock  (Frost and others, 1999). 
T he L incoln Granite has been dated at 1,430 ± 2.6 Ma by U -Pb dating (Frost and others, 1999) 

 
Ym d  Ma fic dike —Mafic dik es cross-cut the Sherman Granite across the entire mapping area, and are most 

prevalent in the w est half of the map. T hese dik es consist of diabasic to monzodioritic rock s w ith 
similar compositions that fall w ithin the range of Mg-rich mafic rock s described by Frost and others 
(1999). In places, the dik es have diabasic cores that grade into monzodiorite at the dik e margins. Minor 
comingling w ith porphyritic granite is observable. Major phases include plagioclase, biotite, perthite, 
quartz, and orthoclase; minor phases include apatite, ilmenite, magnetite, zircon, and titanite. Some field 
samples contain small inclusions of Sherman Granite as w ell as megacrystic plagioclase that appear to 
be xenocrysts in thin section. T he mafic dik es are typically oriented parallel to pervasive faults and 
fractures that trend 340° and 350°. Field relationships suggest dik e emplacement during batholith 
cooling. T he mafic dik es have not been directly dated using modern isotope methods. Field 
relationships as described above suggest a later intrusive age than the Sherman Granite and similar age 
to L incoln and porphyritic granites in the range of 1,430 to 1,433 Ma (Edw ards, 1993). Some dik es 
compiled from Hausel and others (1981) 

 
Ym  Monzodiorite —Fine-grained, brow n to purple-black , highly fractured and w eathered monzodiorite that 

crops out as elongate pods, typically cutting the Sherman Granite, and spatially associated w ith the 
porphyritic granite. Major phases include plagioclase (some as myrmek ite), biotite, quartz, and 
orthoclase; minor phases include apatite, epidote, ilmenite, magnetite, and titanite. Sparse megacrystic 
plagioclase megacrysts are present at some locations, as are alk ali feldspar megacrysts that can display 
thin rims of plagioclase. Plagioclase xenocrysts associated w ith small round quartz grains and 
hornblende are seen in random locations in the field (Frost and others, 1999). T w o varieties of 
monzodiorite bodies have been recognized w ithin the Sherman batholith that include an iron-rich 
commingled body and a magnesium-rich body that had less interaction w ith local country rock  
(Edw ards, 1993). T he magnesium-rich monzodiorite bodies are apparently the most abundant variety 
w ithin the map area. T he monzodiorite bodies have not been dated using modern isotope methods. 
How ever, monzodiorite bodies w ithin the mapping area cross-cut Sherman Granite, L incoln Granite 
enclaves and dik es, and porphyritic granite, but are also cut by L incoln Granite dik es and exhibit 
gradational contacts and comingling w ith the porphyritic granite 

 
Yp Porphyritic g ra nite —Medium-grained, orange-gray to brow n biotite hornblende granite w ith 1 to 4 cm (0.4 

to 1.6 in), orange-pink  and pink -gray perthitic microcline, and some plagioclase phenocrysts that show  
rapak ivi texture of plagioclase and quartz rims. Major phases include perthitic microcline, plagioclase, 
quartz, biotite, hornblende; minor phases include ilmenite, apatite, zircon, titanite, and pigeonite. T he 
porphyritic granite crops out as large irregular bodies and as thin dik es that cut the Sherman Granite. 
Some outcrops of porphyritic granite show  orientation of phenocrysts in a single stress direction related 
to local emplacement deformation. T he porphyritic granite (named by Edw ards, 1993) is considered a 
compositional intermediate betw een the Sherman and L incoln Granites (Frost and others, 1999). 
Hematite-rich fluid is evident on crystal faces w ithin the rock  and is associated w ith cross-cutting quartz  
veins. T he porphyritic granite has been dated at 1,430 to 1,433 Ma by modal composition association 
betw een the L incoln and Sherman Granites, respectively (Frost and others, 1999) 

 
She rm a n Gra nite —T he Sherman Granite is subdivided into the main phase, and the inner and outer cap 

rock  phases, both associated w ith the Virginia Dale intrusion 
 
Ys Ma in pha se —Coarse-grained, pink  to reddish-orange, biotite hornblende granite that crops out in rounded 

to craggy mounds and more commonly a thick  w eathered grus. Major phases include microcline, 
plagioclase, quartz, hornblende, biotite, and ilmenite; minor phases include zircon and apatite, and in 
some locations augite, pigeonite, and fayalite. T he Sherman Granite has a subporphyritic granular 
texture, exhibiting megacrystic microcline rimmed in plagioclase resulting in rapak ivi texture in some 
locations. T he main phase of Sherman Granite is the most common phase of the Sherman batholith, and 
has previously been mapped as the T rail Creek  Granite (Eggler, 1968; Hausel and others, 1979). Near 
its contact w ith Early Proterozoic biotite gneiss, the main phase of the Sherman Granite is medium- to 
coarse-grained, but the overall texture is similar to that of the main phase elsew here in the mapping 
area. T he Sherman Granite is a relatively primitive phase of the Sherman batholith w ith low silica and 
high iron concentrations. Contacts w ith both the L incoln Granite and the porphyritic granite tend to be 
sharp. Epidote, hematite, and calcium-enrichment associated w ith hydrothermal alteration are present 
near its contact w ith the porphyritic granite and the biotite gneiss. T he Sherman Granite has been dated 
at 1,433 ± 1.5 Ma by U -Pb dating (Frost and others, 1999) 

 
Ysi Inne r ca p rock pha se —Pink ish-gray, porphyritic, biotite monzogranite. Foliation defined by oriented, 

tabular, microcline phenocrysts, biotite-rich streak s, and oriented tabular inclusions (Eggler and 
Braddock , 1988). Major phases include microcline, plagioclase, quartz, biotite, and magnetite; minor 
phases include apatite, zircon, allanite, titanite and fluorite (Eggler, 1968). Contact w ith the outer cap 
rock  phase can be sharp locally, but is generally gradational. (Eggler and Braddock , 1988). Contact w ith 
the Sherman Granite is sharp 

 
Yso Oute r ca p rock pha se —Composition is nearly identical to the inner cap rock , but finer-grained w ith more 

abundant biotite streak s and a higher average color index (Eggler, 1968). Phenocrysts are generally 
smaller than in the inner cap rock  phase, but not alw ays present. When present, the phenocrysts can be 
oriented (Eggler and Braddock , 1988) 

 
Ea rly Prote rozoic 
 
Xb g  Biotite  g ne iss—Gray, pink , or red, medium-grained; composed mostly of quartz, plagioclase, and 

microcline. Biotite constitutes 10 to 20 percent of rock  and occurs as anastomosing seams and elongate, 
flattened discoid groups that are uniformly distributed. Contacts w ith adjacent rock s are generally 
concordant to foliation, but locally discordant (Eggler and Braddock , 1988). Major phases include 
quartz, plagioclase, microcline, and biotite; minor phases include sparse garnet and opaque oxides. 
Sample 12DC-1 w as dated by U -Pb at 1,771 ± 6 Ma. Sample location noted on map 

 

         MAP SYMBOLS 
Certain — Es tim ated location  <25 m  

  Defin ition s : Approxim ate— Es tim ated location  25-100 m  
In ferred— Es tim ated location  >100 m  

Form a tion conta ct—Continuous w here certain; long dash w here approximate; short dash 
w here inferred; queried w here identity or existence uncertain 

Fa ult—Continuous w here certain; long dash w here approximate; short dash w here inferred; 
dotted w here concealed; queried w here identity or existence uncertain; block  on hanging 
w all of reverse fault; bar and ball on dow nthrow n block  (fault type unk now n); arrow s 
indicate direction of movement on oblique-slip fault 

Fra cture  or possib le  fa ult—Continuous w here certain; long dash w here approximate; short 
dash w here inferred; dotted w here concealed; queried w here identity or existence uncertain. 
Sometimes occupied by minor dik es 

She a r zone —Characterized by brittle deformation and fault breccia; alteration is common 
Syncline —L ong dash w here approximate; arrow  on end or along axis indicates direction of 

plunge 
Dike —Continuous w here certain; long dash w here approximate 
 Lincoln Gra nite  
 Ma fic 
 Porphryitic g ra nite  
Strike  a nd dip of incline d b e dding  
Strike  a nd dip of joint 
Strike  of ve rtica l joint 
Strike  a nd dip of folia tion 
Strike  of ve rtica l folia tion 
Strike  a nd dip of folia tion m e a sure m e nt from  Eg g le r (1968) 
Strike  of ve rtica l folia tion m e a sure m e nt from  Eg g le r (1968) 
Sa m ple  loca tion—Show ing sample name (refer to accompanying report for analyses) 

NOTICE FOR  OPEN FILE R EPOR TS PUBLISHED BY THE WSGS 
 

T his WSGS Open File Report has not been technically review ed or edited for conformity w ith WSGS standards or 
Federal Geographic Data Committee digital cartographic standards. Open File Reports are preliminary and usually 
require additional fieldw ork  and/or compilation and analysis; they are meant to be a first release of information for 
public comment and review . T he WSGS w elcomes any comments, suggestions, and contributions from users of the 
information. 
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