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MAP SYMBOLS 
Form a tion conta ct— Da shed where a pproxim a tely loca ted 
Fa ult— Da shed where a pproxim a tely loca ted, dotted where concea led; block on the ha nging wa ll of reverse 

fa ult; ba r a nd ba ll on downthrown block; a rrows indica te rela tive direction of oblique-slip m ovem ent 

Fra cture or possible fa ult— Da shed where a pproxim a tely loca ted, dotted where concea led 
Fa ult Z one— Cha ra cterized by brittle deform a tion; fa ult breccia , ca ta cla stic m a teria l, a nd a ltera tion is 

com m on 
Anticline— Da shed where a pproxim a tely loca ted; a rrow on end indica tes direction of plunge; on 

a sym m etrica l structure shorter a rrow indica tes steeper dipping lim b tra ce of a xia l pla ne a s determ ined by 
field m ea surem ents a nd a eria l photo interpreta tion 

Syncline— Da shed where a pproxim a tely loca ted, dotted where concea led; a rrow on end or a long a xis 
indica tes direction of plunge 

Strike a nd  d ip of inclined  be d d ing — W ith a ngle of dip 
Strike a nd  d ip m ea sure m ents from  Nicoll, 1963— W ith a ngle of dip 

Strike a nd  d ip of overturned  bed d ing — W ith a ngle of dip 
 

DESCR IPTION OF MAP UNITS 
 
Qua terna ry surficia l d eposits 
 
 Alluvia l d eposits (Holocene)— Unconsolida ted to poorly consolida ted cla y, silt, sa nd, a nd gra vel, m a inly in 

flood pla ins a nd lower strea m  terra ces. Alluvia l m a teria l is derived from  a ll loca l geologic units. T hickness 
a pproxim a tely 0 to 50 feet (15 m ) (Nicoll, 1963) 

 
 Wind blown sa nd  d eposits (Holocene)— Active a nd sta bilized dunes, m a de up of very fine- to fine-gra ined 

sa nd sourced by Ca sper Form a tion sa ndstones. Buff to gra y to reddish, loca lly covered with pa tchy 
vegeta tion. Dunes a re prim a rily deposited a round vegeta tion, bedrock outcrops, a nd in sm a ll wa shes. 
T hickness 0 to 10 feet (3 m ) (Nicoll, 1963) 

 
  Mixed  a lluvium  a nd  colluvium  (Holocene/Pleistocene)— S a nd, silt, cla y, a nd gra vel deposited a long 

interm ittent strea m s; includes slope wa sh a nd sm a ller a lluvia l fa n deposits tha t coa lesce with a lluvium . 
T hickness 0 to 50 feet (15 m ) (Nicoll, 1963) 

 
 Old er a lluvia l fa n d e posits (Pleistocene)— Poorly sorted cla y, silt, sa nd, a nd gra vel; crudely bedded to non-

bedded with som e com ponent of debris flow. Includes boulders a nd cobbles of loca l geologic units. 
Currently ina ctive a nd dissected, often occurring a s erosiona l rem na nts. T hickness 0 to 10 feet (3 m ) 
(Nicoll, 1963) 

 
 Old er terra ce d eposits (Pleistocene)— Beds of course sa nd a nd gra vel with occa siona l boulders a nd lenses 

of silt a nd cla y. Resista nt lim estone a nd gra nite m a teria l occur a s rounded, well-wea thered boulders a nd 
gra vels. Often occur a s erosiona l rem na nts ra nging from  20 to 300 feet (6 to 91 m ) a bove present strea m  
flood pla ins. S om e rem na nts m a y a ctua lly be older a lluvia l fa n rem na nts. T hickness 0 to 10 feet (3 m ) 
(Nicoll, 1963) 

 
Tria ssic, Perm ia n, a nd  Pennsylva nia n se d im e nta ry rocks    
 
 Chug wa ter Form a tion (Tria ssic a nd  Perm ia n)— Red sha le a nd siltstone with interbedded red to sa lm on to 

buff, fine-gra ined sa ndstone in upper pa rt. Lower pa rt of section conta ins red sha le a nd ca lca reous siltstone, 
interbedded with thin to thick gypsum  beds, loca l solution breccia , a nd ba nded wa vy gypsiferous lim estone 
som etim es m ista ken a s pa rt of the Forelle Lim estone. T his pa rt of the Chugwa ter Form a tion, a long with the 
underlying Forelle Lim estone a nd S a ta nka  S ha le, is m a pped a s Goose Egg Form a tion west of the La ra m ie 
Ba sin. T hickness 660 to 1000 feet (201 to 305 m ) (Nicoll, 1963) 

 
 Forelle Lim estone (Perm ia n)—  Gra y to purple, thin-bedded, spa rsely fossiliferous, resista nt lim estone 

loca lly interbedded with red siltstone a nd thin gypsum  beds. W a vy outcrops of a lga l dom e structure a nd 
m ore crinkly contorted bedding com m on (Nicoll, 1963). Outcrops a s low, broken, sm a ll ridges a nd highly 
fra ctured beds. T hickness 4 to 20 feet (1 to 6 m ) (Nicoll, 1963) 

 
 Sa ta nka  Form a tion (Perm ia n)—  Red siltstone a nd sha le tha t is often ba nded with white a nd ocher colored 

zones, a nd buff to ora nge to red fine-gra ined soft sa ndstone with distinct ripple m a rks com m on nea r the 
ba se of the unit. Unconform a bly overlies the Ca sper Form a tion. Conta ct with Ca sper Form a tion ca n be 
difficult to discern though cha nges in gra in a ngula rity a nd ripple size a re com m on a long the conta ct 
bounda ry. T hickness 75 to 260 feet (23 to 79 m ) (Nicoll, 1963; V er Plog, 1999a ) 

 
 Ca sper Form a tion (Perm ia n a nd  Pennsylva nia n)— Buff to reddish, ca lca reous to qua rtzitic, very fine- to 

course-gra ined, well-cem ented sa ndstone interbedded with thin buff to purplish-gra y lim estone a nd 
dolom ite beds, usua lly m icritic a nd loca lly fossiliferous. S a ndstone often exhibits la rge-sca le festoon cross-
bedding with siliceous fra cture fill a ssocia ted with fa ulting a nd loca l stresses. W ithin the m a p a rea  Ca sper 
Form a tion outcrops a s distinct resista nt ridges, a nchoring a bunda nt vegeta tion a nd thick brush. T hickness is 
highly va ria ble within the La ra m ie Ba sin, thinning towa rd the southwest. W ithin the m a p a rea  thickness is 
100 to 250 feet (30 to 79 m ) (Nicoll, 1963) 

 
 Founta in Form a tion (Pennsylva nia n)— Course-gra ined pink to red to purple sa ndstone a nd a rkose, with 

som e conglom era tes, fossiliferous lim ey-sa ndstones, siltstones, sha les, a nd thin lim estone lenses. Blotchy 
pink-red iron sta ining is com m on on a rkosic, resista nt, ridge form ing portions of the form a tion.  
Interfingers with a nd underlies Ca sper Form a tion. T hickness is va ria ble within the La ra m ie Ba sin, 
thickening towa rd the southwest. W ithin the m a p a rea  thickness is 10 to 400 feet (3 to 122 m ) (Nicoll, 
1963) 

 
Mid d le Proterozoic g ra nitic a nd  m eta m orphic rocks 
 
 Monzod iorite d ike (Mg -rich)— Fine-gra ined, brown to purple-bla ck, highly fra ctured a nd wea thered 

m onzodiorite dikes tha t outcrop linea rly for hundreds of m eters to several kilom eters through the S herm a n 
ba tholith. Dikes a re predom ina tely sub-vertica lly oriented, which ca n be ea sily seen in the field a s vertica l 
to nea r vertica l jointing within the dike. Monzodiorite dikes conta in m ega crystic a lka li feldspa rs tha t 
displa y thin rim s of pla giocla se. Pla giocla se xenocrysts a ssocia ted with sm a ll, round qua rtz gra ins a nd 
hornblende a re seen in ra ndom  loca tions in the field (Frost, a nd others, 1999). T wo va rieties of 
m onzodiorite dikes ha ve been recognized within the S herm a n ba tholith tha t include a n Fe-rich com m ingled 
body a nd a n Mg-rich body tha t ha s less intera ction with loca l country rock (Edwa rds, 1993). Mg-rich dikes 
a re com m on within the a rea  of the qua dra ngle. Monzodiorite dikes in the qua dra ngle conta in xenocrysts a s 
described a bove, in a ddition to pla giocla se a nd perthite tha t show obvious com positiona l zoning. Abunda nt, 
very sm a ll, needle-sha ped a pa tite a re perva sive throughout the sa m ple a nd ca n be seen in thin section.  

  Ma jor Pha ses include pla giocla se (som e a s m yrm ekite), perthite, m icrocline, biotite (som etim es a ltered to 
chlorite), hornblende, qua rtz, a nd orthocla se. 

  Minor Pha ses include a pa tite, epidote, ilm enite, m a gnetite, a nd tita nite. 
  T he m onzodiorite dikes ha ve not been da ted using m odern isotope concordia m ethods. However, 

m onzodiorite dikes cross-cut S herm a n Gra nite, Lincoln Gra nite encla ves a nd dikes, a nd porphyritic gra nite 
indica ting a  post-S herm a n ba tholith em pla cem ent history.   

 
 Leucocra tic d ike— Fine- to la rge-gra ined, sub-round to a ngula r crysta l structures of qua rtz, pla giocla se a nd 

m icrocline with sm a ll a m ounts of m a fic m inera ls. S om e outcrops show loca lized m a fic m inera l 
concentra tions a long gra in bounda ries of prim a ry qua rtz a nd pla giocla se crysta ls. Leucocra tic dikes ra nge 
from  fine- to sm a ll-gra ined, pink-red, gra nitic, la te-sta ge ba tholith injections to la rge-gra ined, m a turely 
inner-grown crysta l structures tha t consist of la rge qua rtz a nd a lka li feldspa r gra ins. Hydrotherm a l fluid 
a ltera tion is evident in the la rger crysta l structure dikes a s hem a tite-sta ining a nd epidote. Altera tion ca n 
a lso be seen a s seconda ry, subgra in qua rtz growth within the la rger crysta l structure a nd especia lly a long 
fra ctures within crysta l fa ces. 

  Ma jor Pha ses a re pla giocla se, qua rtz, m icrocline, perthite, a nd biotite. 
  Minor Pha ses a re a pa tite, zircon, hornblende, ilm enite, a nd fluorite (Frost, a nd others, 1999).  
  T he a ge of the leucocra tic dikes is sim ila r to tha t of the Lincoln Gra nite a nd in m a ny ca ses the two a re 

com positiona lly sim ila r. T he a ge of the fine-gra ined leucocra tic dikes is a ssum ed to be sim ila r to the 
Lincoln Gra nite a t 1,430 + 2.6 Ma  (Mega -a nnum  or m illion yea rs before present) by U-Pb da ting (Frost, 
a nd others, 1999). T he a ge of the la rger-gra ined leucocra tic dikes is unknown, but field rela tionships 
suggest la te-sta ge ba tholith em pla cem ent a s a  pa rtia lly differentia ted end m em ber of the S herm a n ba tholith. 

 
 Lincoln Gra nite— Medium - to sm a ll-gra ined, equigra nula r, ora nge-red to ora nge-gra y, biotite gra nite tha t 

outcrops in horizonta l sheets with resista nt ca ps tha t crea te hills, dom es, a nd high ridges tha t tend to 
outcrop a bove S herm a n Gra nite. S om e Lincoln Gra nite occurs a s dikes a nd sm a ll inclusions/encla ves in the 
a dja cent S herm a n Gra nite. Lincoln Gra nite is genera lly less a bunda nt tha n S herm a n Gra nite. Lincoln 
Gra nite is a  m ore evolved pha se of the S herm a n ba tholith with grea ter silica  a nd less iron enrichm ent. T he 
Lincoln Gra nite is cla ssified a s a  ferroa n a lka li-ca lcic pera lum inous gra nitoid (Frost, a nd others, 2001). 
Conta cts with the S herm a n Gra nite a re genera lly sha rp. Conta cts with the porphyritic gra nite a re m ingled to 
sha rp. T he Lincoln Gra nite wa s na m ed a fter the Lincoln Monum ent tha t is present on the sum m it of the old 
Lincoln Highwa y a nd Intersta te 80 (Edwa rds, 1993). 

  Ma jor Pha ses a re qua rtz, pla giocla se, m icrocline, perthite, biotite, hornblende, a nd ilm enite. 
  Minor Pha ses a re a pa tite, zircon, m yrm ekite.  
  Loca lly a long fra ctures a nd fa ults the Lincoln Gra nite includes very sm a ll needle-like a pa tite a long with 

tita nite, epidote, a nd m inor hem a tite a nd chlorite a s a ltera tion products. S om e sa m ples include isola ted 
a lka li feldspa r m ega crysts tha t m a ke up less tha n 1 percent of the rock (Frost, a nd others, 1999). 

  T he Lincoln Gra nite ha s been da ted a t 1,430 + 2.6 Ma  by U-Pb da ting (Frost, a nd others, 1999). 
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 Ma fic bod ies, pod s, a nd  d ikes (Fe-rich)— A sm a ll num ber of Fe-rich pods occur in the qua dra ngle a long 
W illow Creek on the ea stern edge of the m a p a rea  a nd a s dikes a long the northwestern tip of Boulder Ridge 
on the western edge of the m a p a rea . T hey a re strongly com m ingled with loca l porphyritic gra nite a nd 
Lincoln Gra nite a nd a re genera lly em pla ced a s encla ve-like dike fea tures. S om e field sa m ples conta in sm a ll 
inclusions of S herm a n Gra nite a s well a s m ega crystic pla giocla se. In thin section the m ega crystic 
pla giocla se a ppea r to be xenocrysts. Field rela tionships suggest dike/pod em pla cem ent during ba tholith 
cooling. 

  Ma jor Pha ses include pla giocla se, perthite, biotite, qua rtz, a nd orthocla se. 
  Minor Pha ses a re tita nite, a pa tite, ilm enite, m a gnetite a nd zircon. 
  T he m onzodiorite dikes ha ve not been directly da ted using m odern isotope m ethods. Field rela tionships a s 

described a bove suggest a  sim ila r intrusive a ge to the S herm a n a nd porphyritic gra nites in the ra nge of 
1,430-1,433 Ma  (Edwa rds, 1993). 

 
 Porphyritic g ra nite— Medium -gra ined, ora nge-gra y to brown biotite-hornblende gra nite with 0.4 to 1.6 in (1 

to 4 cm ), ora nge-pink a nd pink-gra y perthitic m icrocline, a nd som e pla giocla se phenocrysts tha t show 
ra pa kivi-texture of pla giocla se a nd qua rtz rim s. S om e outcrops of porphyritic gra nite show orienta tion of 
phenocrysts in a  single stress direction tha t rela tes to loca l em pla cem ent deform a tion. T he porphyritic 
gra nite, na m ed by Edwa rds (1993) is considered a  m oda l com position end m em ber between the S herm a n 
a nd Lincoln Gra nites (Frost, a nd others, 1999). S a m ple loca tions a long W illow Creek include 
hydrotherm a lly a ltered ra pa kivi-texture where the perthitic cores ha ve been a ltered to a  very fine-gra ined, 
fea thery m a ss of sericite. Epidote a nd m inor chlorite a re a lso seen a s a ltera tion products. Biotite exhibits 
m odera te to hea vy chloritic a ltera tion with fine-gra ined, seconda ry qua rtz growth tha t dela m ina tes clea va ge 
pla ins. Hem a tite-rich fluid is evident on crysta l fa ces within the rock a nd is a ssocia ted with cross-cutting 
qua rtz veins. 

  Ma jor Pha ses of the porphyritic gra nite a re perthitic m icrocline, pla giocla se, qua rtz, biotite, hornblende, 
a nd in hydrotherm a lly a ltered sa m ples, epidote a nd chlorite. 

  Minor Pha ses include ilm enite, a pa tite, zircon, tita nite, pigeonite, a nd in hydrotherm a lly a ltered sa m ples 
sericite, hem a tite a nd hydrotherm a lly a ssocia ted seconda ry qua rtz. 

  T he porphyritic gra nite ha s been da ted a t 1,430-1,433 Ma  by m oda l com position a ssocia tion between the 
Lincoln a nd S herm a n Gra nites respectively (Frost, a nd others, 1999). 

 
 Sherm a n Gra nite — Medium - to coa rse-gra ined, pink to reddish-ora nge, biotite-hornblende gra nite tha t 

outcrops in rounded to cra ggy m ounds a nd m ore com m only a  thick wea thered grus. T he S herm a n Gra nite 
ha s a  subporphyritic gra nula r texture, exhibiting m ega crystic m icrocline rim m ed in pla giocla se resulting in 
ra pa kivi-texture in som e loca tions. S herm a n Gra nite is the m ost com m on pha se of the S herm a n ba tholith. It 
is the less evolved pha se of the S herm a n ba tholith with lower silica  a nd grea ter iron concentra tions.  T he 
S herm a n Gra nite is cla ssified a s a  ferroa n a lka li-ca lcic m eta lum inous gra nitoid (Frost, a nd others, 2001). 
Conta cts with both the Lincoln Gra nite a nd the porphyritic gra nite tend to be sha rp.  

  Ma jor Pha ses a re m icrocline, pla giocla se, qua rtz, hornblende, biotite, a nd ilm enite. 
  Minor Pha ses include zircon a nd a pa tite, a nd in som e loca tions a ugite, pigeonite, a nd fa ya lite. 
  T he S herm a n Gra nite ha s been da ted a t 1,433 + 1.5 Ma  by U-Pb da ting (Frost, a nd others, 1999). 
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Introduction 

  The Best Ranch 1:24,000 Quadrangle contains sixteen distinct geological units ranging from Quaternary to Middle 
Proterozoic in age. Several units have unique characteristics, alterations, or features when compared to type sections or outcrops 
and require further geological description. This report includes thin section, hand sample, and outcrop pictures and analysis. 

  Thin sections were prepared by Spectrum Petrographics (Vancouver, Wa), interpreted by Bagdonas, D.A. and Mclaughlin 
J.F. Thin section were photographed by Bagdonas, D.A. and Mclaughlin J.F. using a Nikon Optiphot‐P01 microscope equipped with a 
Nikon Coolpix 4300 digital camera. 

  Hand samples were collected, prepared, analyzed, and photographed by Bagdonas, D.A., Mclaughlin J.F., and Ver Ploeg, A.J. 
Outcrop photographs were taken by Bagdonas, D.A., Mclaughlin J.F., and Ver Ploeg, A.J. 

 

Location: 

The Best Ranch 1:24,000 Quadrangle is located on the southern edge of Albany County, Wyoming, located in the Townships 12 and 
13 North, and Ranges 72 and 73 West. 

Accessibility: 

  Access to the Best Ranch 1:24000 Quadrangle, Wyoming is possible by U.S. Highway 287 approximately 14 miles south of 
Laramie, Wyoming. Albany County Road 316 and Albany County Road 31 (which provides access to Albany County Road 319) all 
provide access to the quadrangle west of U.S. Highway 287. The intersection of U.S. Highway 287 and Albany County Road 316 is 
located 16.5 miles south of Laramie, Wyoming on the west side of U.S. Highway 287. The intersection of U.S. Highway 287 and 
Albany County Road 31 is located 17.6 miles south of Laramie, Wyoming on the west side of U.S. Highway 287. The intersection of 
Albany County Road 31 and Albany County Road 319 is located 3.2 miles southwest along Albany County Road 31. Much of the area 
covered by the Best Ranch 1:24000 Quadrangle is on private land. Permission from the land owner must be obtained before 
entering private lands. 
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Geological Data 

Forelle Limestone 

Sample 10BR4 plane‐polarized light at 5X magnification: 

Forelle Limestone (Permian) 

Thinly bedded, limestone that is interbedded with siltstone 
and some gypsum veins. The limestone contains some small 
fossil fragments. 

Thin bedding is shown as two larger grain size beds that go 
through the image from the top left to the bottom right.  

The gypsum rich vein is the distinct lightly colored band on 
the right margin of the image, that cross cuts depositional 
bedding. 

 

 

 

Sample 10BR4 cross‐polarized light at 5X magnification: 

Forelle Limestone (Permian) 

Thin beds of siltstone with darker quartz rich bands. Quartz 
grains are  subrounded to subangular. There are two bands in 
the image that layer the sample from top left of the image to 
bottom right where they are cut by a gypsum vein. The 
matrix surrounding the siltstone bands is primarily 
calcareous. 

The gypsum‐rich vein on the right margin of the image is 
highly birefringent, lacking in quartz relative to the sample 
and cross cuts depositional bedding. 

 

 

Hand Sample 10BR4 of Forelle Limestone shows wavy algal 
dome structure and minor crinkly, contorted bedding that is 
commonly seen in the field. 

Thin red siltstone layers and lenses were deposited between 
the calcareous layers. Siltstone layers are bedded in a similar 
manner to calcareous layers. 
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Outcrop of Forelle Limestone. The limestone outcrops as low, 
broken, small ridges and domes, as highly fractured beds. 
Note hammer for scale. 

Outcrop and sample location of 10BR4 is located in T 13 N., R 
73 W., Sec. 7, SSW along Albany County Road 316 (Sportman 
Lake Road). 

 

 

 

 

 

 

Satanka Formation (Permian) 

 

Sample 10BR19 plane‐polarized light at 5X magnification: 

Lower Satanka Formation (Permian) 

Angular and subangular, small to medium quartz grains in a 
calcic cement matrix. Larger quartz and microcline grains are 
common in the sample. 

Iron concretions are darkly cemented regions around smaller 
angular grains of quartz. Areas of iron concretion have less 
calcareous material than the rest of the sample. 

 

 

 

 

Sample 10BR19 cross‐polarized light at 5X magnification: 

Lower Satanka Formation (Permian) 

A few larger grains of undulatory quartz and microcline are 
present in thin section. The undulatory quartz is a variable 
gray mass in the upper right of the image, while the 
microcline with minor scotch plaid twinning is located in the 
lower left of the image. 

The calcic cement is very fine grained, highly birefringent, 
granular texture matrix around the quartz and microcline 
grains. 
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Sample 10BR18 plane‐polarized light at 5X magnification: 

Altered lower Satanka Formation (Permian) 

Lower Satanka Formation sandstone located in close 
proximity to faults and fractures which experienced siliceous 
and iron oxide fluid alteration.  

The iron‐rich siliceous fluid is very fine grain, rounded, quartz 
grains with silica and iron cement and iron banding in the 
center of the veins. The portion of the sample that has had 
less fluid alteration still primarily contains calcic cement. The 
top 2/3 of the thin section is altered. 

 

 

 

Sample 10BR18 cross‐polarized light at 5X magnification: 

Altered lower Satanka Formation (Permian) 

In cross polarized light the, calcic cement of the less altered 
material is a highly birefringent ground mass around 
subrounded quartz grains. The lower portion of the image is 
less altered.  

The top of the thin section lacks calcic cement and is 
cemented with silica and iron oxides. Fluid flow is evident as 
siliceous cement and iron oxide deposits oriented in a similar 
direction to fractures. 

 

 

 

Outcrop of Satanka Formation where it contacts the Casper 
Formation. The Green line designates the contact between 
the two formations. Satanka Formation is above the line, 
while Casper Formation is below.  

More resistant sandstone of the lower Satanka formation is 
underlain by Casper Formation sandstone resulting in a 
protruding overhang. 
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Casper Formation (Permian and Pennsylvanian) 

 

Sample 10BR3 plane‐polarized light at 5X magnification: 

Casper Formation (Permian and Pennsylvanian) 

The Casper Formation consists primarily of fine grain, 
subrounded quartz grains in a calcic cement matrix. Iron 
concretions are seen on the margin of many quartz grains as 
thick opaque rims and as dark iron within the matrix of the 
sample. 

One large iron concretion is on the right side of the thin 
section with several smaller iron concretions along the top 
and left edge. 

 

 

 

Sample 10BR3 cross‐polarized light at 5X magnification: 

Casper Formation (Permian and Pennsylvanian) 

In cross‐polarized light, the iron stained rims of the quartz 
grains are obvious as thick opaque margins. The calcic cement 
is very fine grained and lacks some birefringence due to iron 
staining. A few small plagioclase grains are seen in the sample 
as variably twinned grains. 

 

 

 

 

 

Outcrop of Casper Formation sandstone and sample location 
10BR3. The sandstone outcrops as large, meter scale festoon 
cross‐beds. Iron concentration varies in the field from 
outcrop to outcrop, from red‐to‐pink iron‐rich deposits to 
white and yellow iron poor deposits.  

Relic fractures are filled with calcic cement with partial iron 
replacement in iron rich beds. Along more recent faults and 
fractures, the cement is siliceous and rich in iron oxides. 
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Sample 10BR20 plane‐polarized light at 10X magnification: 

Altered Casper Formation (Permian and Pennsylvanian) 

This sandstone is located in close proximity to fractures and 
faults. Calcic cement has been replaced with silica from a 
silica‐rich fluid alteration event. A noticeable lack of iron 
staining is evident in thin section. This sample location was 
probably lacking significant iron saturation prior to fluid 
alteration. This resulted in less iron oxide mobilization during 
alteration, as compared to other a outcrops in the map area. 

  

 

 

 

Sample 10BR20 cross‐polarized light at 10X magnification: 

Altered Casper Formation (Permian and Pennsylvanian) 

Siliceous fluid alteration is identified as a very fine grain, 
rounded, quartz rich vein that cuts the image diagonally from 
top left to bottom right. 

The larger rounded and subrounded grains of the sandstone 
have had the matrix of calcic cement replaced with silica 
cement during the fluid alteration. 

 

 

 

 

Fountain Formation (Pennsylvanian) 

Sample 10BR1 plane‐polarized light at 5X magnification: 

Fountain Formation (Pennsylvanian) 

Angular and subangular, fine grained, quartz and plagioclase 
grains that are heavily iron stained around the rims and 
cemented with a calcic matrix. Some larger arkosic, quartz, 
and limestone shell fragments are included. 

Iron concretions are evident as darkly cemented areas, 
especially on the left margin of the image. 
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Sample 10BR1 cross‐polarized light at 5X magnification: 

Fountain Formation (Pennsylvanian) 

In cross‐polarized light, the calcic cement is evident as highly 
birefringent ground mass between small quartz and arkosic 
grains. The calcic cement inner grows many crystal margins. 

A large plagioclase grain is seen with basic twinning in the 
center of the image. Margins of the plagioclase grain exhibit 
calcic cement that is beginning to invade the structure of the 
grain.  

 

 

 

 

Hand Samples 10BR1 of Fountain Formation 

Hand samples of 10BR1, an arkosic, fine to medium grained 
sandstone that exhibits mottled iron spotting and layering, as 
well as lenses of shell fragments and larger‐grained sands. 

 

 

 

 

 

 

 

 

Outcrop of Fountain Formation where sample 10BR1 was 
collected. It is arkosic sandstone with mottled iron staining 
and lenses of larger grain sands and shell fragments. 
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Outcrop of Fountain Formation and sample locations for both 
10BR1 and 10BR2. 

Sample 10BR1 was taken from the ledge‐forming meter thick 
band of arkosic sandstone. Up section from the arkosic 
sandstone is a thinly bedded limey sandstone. It is seen as a 
thin, ledge forming band above the dominant ledge, and is 
the source locality for sample 10BR2. 

 

 

 

 

 

 

Sample 10BR2 plane‐polarized light at 10X magnification: 

Fountain Formation (Pennsylvanian) 

Medium grained, rounded to well‐rounded calcic fragments 
including shells and oolitites. Some smaller subrounded to 
subangular quartz grains are seen in thin section. 

Calcic cement makes up the matrix of the sample. 

 

 

 

 

 

Sample 10BR2 cross‐polarized light at 10X magnification: 

Fountain Formation (Pennsylvanian) 

As seen in cross polarized light, the sample is predominately 
calcic. Only a few quartz grains and iron stains are seen. 

Quartz grains are located along the margins of the image as 
white‐to‐gray subangular grains.  
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Outcrop of Fountain Formation where sample 10BR2 was 
collected. 

The outcrop contains limey shell fragments in thin laminar 
bedding throughout this member of the Fountain Formation. 
There is very little siliceous material in this sample. 

 

 

 

 

 

 

 

Monzodiorite dike (Mg‐rich) 

10BR17 plane‐polarized light at 5X magnification: 

Magnesium‐rich monzodiorite dike 

Magnesium rich monzodiorite dikes contain tabular 
xenocrysts of compositionaly zoned plagioclase and perthite. 
Abundant, very small, needle‐shaped apatite are pervasive 
throughout the sample and are seen in thin section.  

  Major Phases include plagioclase (some as 
myrmekite), perthite, microcline, biotite (sometimes altered 
to chlorite), hornblende, quartz, and orthoclase. 

  Minor Phases include apatite, epidote, ilmenite, 
magnetite, titanite, and zircon. 

 

 

10BR17 cross‐polarized light at 5x magnification: 

Magnesium‐rich monzodiorite dike 

In cross polarized light the large tabular xenocryst of 
plagioclase is seen in the right portion of the image. 

Alteration of the sample is evident as abundant epidote, iron‐
oxide staining, chlorite, and in some cases, minor secondary 
quartz that was carried by a silica rich fluid. 
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Outcrop of magnesium‐rich monzodiorite dike and sample location for 
10BR11. 

The sub‐vertical orientation of jointing in the outcrop is representative of the 
near vertical emplacement orientation of the magnesium rich dikes in the 
map area. This orientation is also similar to magnesium rich monzodiorite 
dikes throughout the Sherman batholith. 

 

 

 

 

 

 

 

 

Lincoln Granite 

Sample 10BR11 plane‐polarized light at 5X magnification: 

Lincoln Granite 

  Major Phases include quartz, plagioclase, microcline, 
perthite, biotite, hornblende, and ilmenite. 

  Minor Phases include apatite, zircon, myrmekite. 

 

 

 

 

 

 

Sample 10BR11 cross‐polarized light at 5X magnification: 

Lincoln Granite 

Quartz and plagioclase are abundant in the upper right 
portion of the image.  

The bottom left portion of the image contains larger 
hornblende grains with smaller biotite and ilmenite grains 
inner grown on the hornblende margins.   
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Outcrop of Lincoln granite contacting the Sherman granite. 
The Lincoln granite makes up the top half of the outcrop and 
is seen as a distinctly finer‐grained, blocky granite. 

Contacts of Lincoln granite with Sherman granite are 
generally sharp.  

 

 

 

 

 

 

Monzodiorite dikes and pods (Fe‐rich) 

Sample 10BR13 plane‐polarized light at 5X magnification: 

Iron‐rich monzodiorite 

Iron rich dikes and pods are commingled with Porphyritic 
granite and Lincoln granite and are generally emplaced as 
enclave‐like dike features. 

  Major Phases include plagioclase, perthite, biotite, 
quartz, and orthoclase. 

  Minor Phases include titanite, apatite, ilmenite, 
magnetite and zircon. 

 

 

 

Sample 10BR13 cross‐polarized light at 5X magnification: 

Iron‐rich monzodiorite 

The iron rich monzodiorite dike has been cross cut by a 
leucocratic vein during late stage batholith cooling.  

The leucocratic vein is primarily quartz and iron oxides. 
Margins of the vein are primarily iron oxides that have 
leached from the country rock into the vein during later 
alteration. 
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Outcrop of iron‐rich monzodiorite dike where leucocratic material similar to 
the Lincoln granite has intruded the dike. 

 

 

 

 

 

 

 

 

 

 

Porphyritic Granite 

Sample location 10BR8. 

Porphyritic granite   

Major Phases of the Porphyritic granite include perthitic 
microcline, plagioclase, orthoclase, quartz, biotite, and 
hornblende. 

  Minor Phases include ilmenite, apatite, zircon, 
titanite, and pigeonite. 

 

 

 

 

 

Outcrop of Porphyritic granite, Sample location 10BR14 that 
has undergone moderate hydrothermal alteration. 

Much of the Porphyritic granite in the map area has 
undergone some degree of hydrothermal alteration. 
Alteration increases as outcrops become more proximal to 
major faults. 

 



    S t a t e   M a p   2 0 1 0 ‐ 0 1    

15 
 

 

Sample 10BR8 plane‐polarized light at 5X magnification: 

Porphyritic granite  

  Major Phases of the Porphyritic granite include 
perthitic microcline, plagioclase, quartz, biotite, and 
hornblende. 

  Minor Phases include ilmenite, apatite, zircon, and 
titanite. 

 

 

 

Sample 10BR cross‐polarized light at 5X magnification: 

Porphyritic granite 

Hydrothermally altered rapakivi texture where perthitic cores 
have been altered to a very fine grain, feathery mass of 
sericite. Epidote and minor chlorite are also identified as 
alteration products. Biotite exhibits moderate chloritic 
alteration with fine grain, secondary quartz growth that de‐
laminates cleavage plains. Hematite rich fluid is evident on 
crystal margins. 

 

 

 

 

Sample 10BR14 plane‐polarized light at 5X magnification: 

Severely altered Porphyritic granite 

  Major Phases of the Porphyritic granite are perthitic 
microcline,  plagioclase, quartz, biotite, hornblende, and in 
hydrothermally altered samples, epidote,  and chlorite. 

  Minor Phases include ilmenite, apatite, zircon, 
titanite, and in hydrothermally altered samples sericite, 
hematit, and hydrothermally associated secondary quartz. 
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Sample 10BR14 cross‐polarized light at 5X magnification: 

Severely altered Porphyritic granite 

Perthitic cores have large amounts of feathery sericite while 
rapikivi rims have been altered to epidote, chlorite, and 
secondary quartz. Small plagioclase and quartz inclusions are 
abundant in perthitic porphryoclasts. Iron staining is 
noticeable as dark colored areas both in and around 
plagioclase and perthite grains. 

 

 

 

 

 

Sherman Granite 

 

Sample 10BR7 plane‐polarized light at 5X magnification: 

Sherman granite 

  Major Phases include microcline, plagioclase, 
perthite, quartz, hornblende, biotite, and ilmenite. 

  Minor Phases include zircon and apatite, and in 
some locations fayalite. 

 

 

 

 

Sample 10BR7 XP 5X 

Sherman granite 

The Sherman granite has a subporphyritic granular texture, 
exhibiting megacrystic microcline and perthite rimmed in 
plagioclase, some orthoclase, and quartz. Rapakivi‐texture is 
common in Sherman granite. 
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Additional Geological Data 

 

Uplifted Fountain Formation limestone bed. Outcrop of Fountain formation that was tilted or folded by reverse faulting.  


