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GEOLOGY OF THE 1 AR SHALL DISTRICT, BOULDER courrY, COLORADO 

I TRODUCTION 

~o.rshall j_s approximately 5 miles southeast of Boulder, 

Colorado . The area mappod is approximately two squaro miles . 

It is in sections 16, 17, 20, Md 21, tovmship 1 south , 

ran e 70 wost . Tho main ob,ioctivo ln this work wo.s the 

c onstruct:J.on or a structure contour map sho•:ing the com lex 

faul tod and f ld.od str ucture of the area. . T 10 ma ning i'JUS 

done by ,e<ns of closod stadia traver ses . Tho elevation of 

a point on the ""Ost end of Dnvidson mesa ,. as dote i ino by 

triangulation to tho top of the smoko stack of the Univer­

sity of Colorado heating lant . The elovation of tho top 

o this stack io 5556 foot . Other elevations in the aroa 

woro deter. ined rroN this point . 

ACLHJ\':LEOO !tEI'TS 

Jr , H.F. ·atts assisted in all of the field ~ork and 

gnve infor~ntion on tho s t ro.tiCI'a.PhY and structure th,t 

reutl.- expedited the t.·.rork . Credit is duo P.O. ~,orccster 

and · ·arrcn o. T ompson of the eology deportment of the 

University of Colorado for help l s 1.gr:;ostions and oupor­

vision . 

PHYSICAL CONDITIONS 

Relief and Elevations 

The relief is about 330 fe0t . The elovation of tho 

lo"est oint is 5509 feet, of the highest 5836 foot . 
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1:opo~ranlry 

There are large, flat-toryped nesa.s north and sou.th of 

Marshall. The meoa on the north is called Davidson mesa.. 

Tho one on the south is Lake rncsa . The tops of these mesa.a 

are about 300 feet highor· than. the- village of liltn"shall. 

DrE.dnue; e 

The area is drainod by south Boulder Creek. Marshall 

is in n large gulch , t;he hei1d of which is 1 1/2 milaa east 

of the village . T'nis guloh drains v,est into South Boulde:r 

Creek. 

outcrops 

The sandstones of the Laramie f'orrriat1on outcrop along 

tho tops and on tha sides of the ~esas . \,here the strata 

are lovel the snndston<c3s form caprockg . '!'ho most nrominent 

outc:r•ops aro on dip slopes and on the orodod limbs of the 

Marshall tmtieline . 

GEOLOGIC C olmI'lfI()NS 

Tho Laramie for·na. tion is the only formation outcropping 

in the uren. Four key hedo deaignated B, M, C, e.nd D, in 

ascending order, were selected for rranping the structure . 

Bods B and C t1re tho srune as those named by G. H. Eldridge 

in the Denver Bo.sin Monograph . Eldridge evidently did n•>t 

recognise the existence of a bed D ohove bed C in the sec­

tion at rrarshall . Bed M is an abbreviation of "median sa.nd­

stonen w1'.ich is in the rnic1dle of the coal measures . These 
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beds aro mo$t easily identified by their ponition in the 

section. Tha lithologic cho.:ractoristics of' the Laramie bods 

vary too much to perm:tt sat:tnfe.ato.ry oorrela.tio11s based on 

those foa.tures. Hov:eve:r; a 'brief c1esc:ription of the key 

bede: follows. 

The top of bed B is apnroxir'ately 100 feet atove the 

base of the Lararnio forme,tion. Bed B is a f:lne- grained, -
massive, \17hite sandstone composed almost entil·ely of quartz 

grains. It ·eathers into siemi-sph-eroide.1 or pillow ... shs:oed / 

for ns. The bost e:xposu.re of sandstone B in the ar('.)e. is at 

tho baso of the -;mot end of Fe l mont Bluff' where it forms a 

forty foot sandstone scarp .. 

At Bolrnont '3luff there is a two foot coal bed ,just 

ab".'.>Ve the top of bed B. Between this coal and the base of 

bod !~ al"ovo are 22 feet of al tornating shales o.nc1. sandstones. 

Bod rt is n fino- r;rained , white sandstone about 10 feet 
-

thick. It is conmosad of several layers 6 to 12 inches 

thicl . Sarro la7rnrs co:ntaln consider·n ble iron oxid~ . 

In the 111.-.rsl:o.ll district tho wor {able coal heds, two 

in nur•1bcr, s.rc betvitmn beds 1-i! and C. The lower coal bed, 

tvm feet thick e.t Belmont Blu.f'f and four feet t hick at the 

Pinecliff mine, is t vro feet nc'oVe the top of bed M at both 

placos . Tne uppor coal bed, 6 foet thick at Belmont Bluff' 

and at the P1necliff mine , is 15 .feet ubove the lo\•·e:t• coal 

and 15 feot belo\7 the top of sandstone C at hoth places . 

The intervoning bedo are alterrircting shalos nnc1 friable 
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sandstones . These beds are shown in detail in the columnar 

s.ections. 

Bed C is a nedium to course grained, quo.rtzitic cand­

stone. It is normnll:'" ::hite but come layers contain mu.ch 

iron oxide. It is appro.xinately six feet tl1ick. The upper 

V surface of C is covered r:ith large ripple mo.rlrn. The dis­

tance .from C""est to crest of the :ripples ls ahout 4 inches . 

I most placoo thls rip le 1no.rkod surface 1s coated vdth a 

lay r of' iron oxide n:onroximo.tely 1/4 inch thick . Tho best 

ex.post res of bed C aro in dip slopes on tho southwest and 

soutl east lim.bs of the foarshall anticline. 

Bed D rents on top of be-d C. Lithologically bed Dis 

alr:,ost identical vJith bed B. Rernnants of bed D cap 11elmont 

Bl ff and Davidson mesa. Bed D is conmlete in the section 

on tho north sic.le of Davidson r'iese., ,~,hero the ver•tical dis­

tance between the top o.f bed D and the top of bed C is 94 

foot. The vertical distance fr-om the top of bod C to the 

top of the upper coal bed is 30 feet . 

Te soct:ton near the Pineoliff mine is well exooscd. 

rorr' ed r1 to tb0 ton of bod. C tho section is almont idem-

tical with thnt o.f Folr:iont Bluff . Tho interval 'between the 

ton of bod. B and the base of bed p;,1 is 9 feet loss at tl:o 

Pinocliff mino thc.n [•t l olmont Bluff ~ At '11ony 4 s mine tho 

interval retwoon the tory of bod M nnd tho top of lod C is 

30 foet. At Belmont Bluff tho so.mo interval is 41 feet . 

Structure 

The gonoral strike of t;he becfo in the r!::n•shall dis-
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trict is npu:ro.ximately N. 40° E.; the :regional dip is south­

easto:r-ly but 1s locally modified by folding a.11.d faulting. 

The princii,e.l structu.ral feature of the region is a system 

of fa.ul ts composed of three !'!1a,ior faults and two b1"11nch 

faults . !!inor struc.tu1"'al fon.turos a.re a northwest Plunging 

anticline, a southeast plunging syncl:tne, and a soutlw.rest 

plunging anticline . The southwest plunging anticline v1hich 

is called tho Marshall anticline is the most prominent f'old 

in the area. 

The Faults ...... 

The genoral trend of the faults is N. 40° E. The 

c ourses of the faults are independent of topography, v:hich 

condition indicates that tha fault pl~n~w a:re vertical or 

very steeply inclined. The faults are parallel to ouch 

other and the upthrovm block is t in ea.ch place, east -of' the 

fault. Th.e thrcn alonr; the faults varies fl•om a f'En" feet 

to 280 foet. 

From north to south across tho district the ma.jar faults 

are: t!le lrox fault, the Bel:nont fault, and the Gorham. fa~.1lt . 

Tt10 branch faults diver•ge from the 0•1 storn ei;tcmoion of t.he 

Gor1nn fl:1.ult; the vros tern h:ranch is called the Ross Pault, 

the eastern ·trrnnch is not narred. The Pox fa.ult ·was named 

by loco.1 coal mlners . The other faults v1ere named by Mr. 

H.F. ratts. 

The Fox fault extends a.round the west a.11.d northv~est 

sides of Do.vidson mesa. The Fox fault is manifest r:y the 
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repetition of beds C and D wost of the fault line. On the 

west, dovmthrovm, block, bod D ou.tcrops as a pron1in0nt 30 

foot scarp of t1hito snndstone at the foot of' Davidson mosa. . 

A remn.nn.t of bed D caps Davidson mesa east of the fault. 

Tlio throvr of the fault on the north side of Davidson :mosa 

is 260 feet . Southwest of Davidson mess., the !-?ox fault 

dies out at the bo.se of Lake mesa where bed D extends un­

broken aero rm the fault line . • Northeast of Davidson mosa, 

G. IL Eli1ridgc maps the Fox fault rts bending slightly rtest­

,mi•d a.nd pasn:t.ng 1/2 mile v;est of Burnt Butte. 

Tb e Eelmont fault is test disclosed at tho base of' 

Belmont Pluf-f.' whore sandstone D, northwest of tho fault, is 

faulted belo't"r bed 13 whioh for:ms t.i11o forty foot clif'f at tho 

wost ond of :Belmont Bln.ff. Tho thr•o·i:. here is a.tout 280 

feet . To the southwest, the fault :ts indicated by the 

pr•esonce of' di-p slopes of sandstone O on tho north side of 

Lal:r.e mesa. and on tho flat a.t the foot of the mesa. This 

fault •uo.s traced sonthr 0st to a polni; north of the High Visvr 

mine \7h01"e it disa:onem~s uador stream grrvols in the valley 

of So· th Bot' lder Creek . T'.o.e throw near the Rif)l View mine 

is 140 foot. No1"tl:1oe.st of i elrnont Bluff, the 13el-rno:nt fa.ult 

is disnlaycd us a fault line scarp of sandstone C extending 

along tho V'titJt side of an a':1nhitheatre eroded into the south 

side of Davidson mesa . The th:t•ow along this scarp is 30 to 

50 feet, diminishing to the northeast. Or::. bhe northern: edge 

of tho top of Davidson mesa the throw is lens than ten feet . 
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Tho ye.ult dies out here . 

J The Gorham fa.ult is best revealed nea1 ... the si tea of the 

old Gorham and Cracker,iack mines where it is a strike fault 

parallel to tho north side of Lake mesa . South of the 

fault , bed B, outcropping on the hill side above the old 

Cracker ;lack on try ., is fs.ul ted up above bed C ,·1hich , north 

of the fault, cnps Belmont Bluff . The throw is about 150 

feet . Southwest of the Crackerjack entry the Gorham f'ault 

oxtends along a broad shelf nearly to the top of Lake mesa . 

It ct•osses a shoulder of' the mesa and runs between the 

Premier and High View mines on the west slope of Lake me sa . 

The throw here is about 80 feet dot<ermlned from the rela­

tive elevations of the c,.>al bod in the Premier a.nd Hi gh 

View mines . An attempt was ma.de to trace the Gorham fault 

southwest of' the P1•emier e.nd High View mines . A compass 

bearing takon sonth along the trend of tho fault inter­

sected the mouth of Coal Creok Canon , 4 1/2 miles south-

west of the Premier mine , where slickcnsides occur which 

correspond in direction vdth the above boa.ring . Further­

more, an outlier of Fountain sandstone outcrops h<:n•e, east 

of its nor-mo.l position . Al though the evidence is meagre , 

it suggests ,that the Gorham fault intersects the foothills 

formations near the mouth of Coo.1 Creek Canon . This may 

help explain tho vertical sediments at the mouth of Coal 

Crook Canon . Northeast of the Cracker.jack op~ning , the Gor• 

ham fa.ult cuts through the south limb of the ~.1arsha11 anti­

cline . Here southeastvm!'d dipping beds of sandstone M are 
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ropeated south of tho fault . Tho twow is approximately 

190 .feet. At first the Gorham fault was mapped as follow­

ing the ropeatod bod of sandstone M across the road and 

past tho New Ross mine . This interpretation had to be aban­

doned hecause several points south of tho fault line had 

very high datum elevations compared with noarby points . For 

this reason, the Gorha.m fo.ul t is mapned as cutting through 

bed !.1 south of the new Ross m;ne and continuing to the east. 

The strike of bad M is markedly diffe1•ent on the two sides 

of this fault . The eitension of tho Gorham fault eastward 

is dashed on the map "tec1:1use positive evidence could not be 

obtained. Hov10vor , thls interpretation is nrobably correct. 

The Ross fault is a branch fault diverging £rom the 

Gorhc.I fault near tho site of the Cracke:rje.ck entry. This 

fo.ul t is. indicated by tho renoti tion of sou theastv:nrd dip­

ping C beds east of the fault line. This f'ault apparently 

dies out ra)idly to the northeast becauso the bods on the 

north side of Davidson mesa. are unbroken. However, at tho 

Northern mine , on tho nol'•tb sido of~ Davidson mesa , bed M is 

locally deorcssod 30 feet. This depresslon may be the re­

sult of the Hoss fa.ult dying out in a. fold . 

Tho eastward t ranch of the Gorham fa:ul t divorges from 

the main fault near the Gorham opening. The triangular 

block between the Gorha.'11 fault and this branch fault is up­

thro m approximately 50 feet. 

Attitude of Beds in the Individual Fault Blocks•-

The beds in the fault block limited on the southeast 
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of the block; dip ?0 s. 50° E. Southwest of the termin­

ation of the Fox fault, near the foot of Belmont Blurr, 
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t e dip of t1c beds gradually ap0rocches east. On the north 

side of Lake mesa, 800 feet south of the Eldorado mine, the 

d.in is 3 or 4 degreen east. This cha.nee of dip forms a 

shallow syncline pltmzing to the southeast. 

Tho block betv,oen the Fox and Belmont faults is part 

of t 10 soutlwrc'1t limb of the Ma.r•shs.11 anticline. Tho beds 

dit> a.pp1"'oxi:.10.tely 10° s . 20° w. In the northeastern part 

of. this block; alone the top and north aide of the Marshal l 

anticline, tho beds di gently northwest. 

In the fn 1 t block betvreen tho Belmont fe.ul t and tho 

Ross an Gorham faults, t~1c bods in the northern ond of tho 

bloc have he s me di as thJS(,l in the block bettreen the 

Fox s.n Belmont faults . Along the northern end of t..he Ross 

fa.ult, the beds dip 40° s. 30o E. forming the southw0st lL,ib 

of the Marshall anticline. So thv:est of Belmont Bluff, near 

the Pinocliff 1ne, tho beds dip at a. slight angle S. 60° E. 

Farther to the southwest, near the High V5.eYJ mine, the dip 

is practically cuo co.st. These dips indicate tho pr•esence 

of a so1.,tthoast l• nging syncline nnd a north'li'/ost plunging 

anticline in the noutl-iorn two-thirds of this block ( see map). 

In the block bet\"loen tho Ross fault and the ea.stern 

brnnc1 of t10 Gorhan fault the beds dip 41° s. 40o E. The 

strc.ta a1~0 a rc-::>ctition of noutheustr1nrd- dipping beds of 

t -O oouthoa.st li:nb of tho rnrshall anticline . 

• 
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In the triangular block between the eastern extension 

of the Gorha.'11 fault and the eastern branch i's.ult~ the beds 

dips. 00° E. at an angle of 60 d~grees or more. 

8011theast of the Gorhar.t1 fault, the beds near the old 

Gorham entry dip 39° s. 35° E . These beds are a repetition 

of: those of the southonst limb of the Marshall anticlinG .. 

Sou thwost of the Cracker Jack rnine opening, the dip of the 

beds gradually approaches s. 60° E. The dip angle is 38 

degrees. 

Structural History 

The structures at Mnrshnll are part of the structure 

of the Front Range . The following quotation by T.s. 

Lovering3 outlines the major structural features of a por­

tion of tho Fr•ont Range wost of Boulde:r , Colorado .. 

nThe history of faulting in the region suggests a 
somewhat varied response to nearly horizontal com­
pression applied from the west- southwest . The ea:r-ly 
northwesterly faults, by virtue of their relations to 
the ochelon folds farther north, suggest comnression 
under sufficient loads to cause folding aceomnanied 
by faultinc . The later fractures furnish evidence 
that com:Jression e:tl;her was focuss~d on the region nee.r 
Boulder or lingered for a longer pe1"iod of time in this 
locality than elsewhere. The discontinuous shear 
faults sufmest fracturing undel" a lighter load than 
that rhich existed during the epoch of northwesterly 
faulting. The development of these two kinds of defo~ ... 
mo.tion and the resulting fractures can best be pic­
tured as follows: As the persistent north·ceste~ly 
faults associated with the folding are found both north 
and south of the mineral belt and are plainly related 
to tho earlier stages of mounta.in formation, they may 
be consid0red the results of failure at the edge of the 
region of folding that \:as produced by the uplift of 
the Front Range during the Le.rrunide revolution; the 
northeasterly shear f'.ractures are localized in the 
mineral bolt and a.re nrobably the result of relatively 
\7estward r.10Ver!'.lent of tho wedgo ... shaned mineralized area 
during long-continued compression. Failure along the 
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northwest side of tho wedge produced the northoasterl? 
shear faults , and failure along the southern edge p:ro­
dueed the late eastorly fractures.u 

Lovering believes the two fault systems are the earliest 

Tertiary fractures in the region. They aro clearly older 

than Eocene porphyry stocks which cut them. 

The faults at Marshall are parallel with the north­

ensterly faults in the mineral belt and with the direction 

of sehistos:l. ty in the pre-Cambrian rocks of the Ward, Gold 

115.11 • and J imtov·n districts. The Marshall :fau.1 ts aro 

probably mer1bers of the northeasterly system of faults 

which Lovor:tng describes. 

The va-iter believes that the so.mo sequence of events 

took place 111 the Marshall distz•ict as in the rogion which 

Lovering discusses . P:rofour1d modific a.t.ion of the south­

easterly regional dip in the area between the Fox a..'11.d the 

Gorham faults, in the writer's opinion, indicates two move­

ments i :h the structural history of the 1r!a1•shall district . 

These movements were p:i:•obt1.bly, as Lovering beli.eves , phases 

of one great U)lii't. The southeasterly regional dip a:nd 

the structt1res ;··i th southeastwar d- trending axes a.re the 

results of the onrly movements which produced the north­

v1eatwurd-trending faul ta and echelon folds farther north 

a.long the foothills a.'ld in the mineral helt. Late-r move-­

men ts produced the W1rshall anticline and the system of 

northeastward- trending faults which tra..."'lsect the anticline . 
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PREVIOUS WORK DOME IN THE AREA 

G.H. Eldridge1 mapped the Fox fault correctly as the 

northern fracture of the Marshal l subsystem of' faults . He 

r.na.pped the other faults as branches given off from the 

southeastern side of tho Fox fault. The present work shows 

that his terminal cross fault a.cross Davidson mesa is non-. 

existent because unbroken beds extend acr·oss its course .. 

He recoe-.,nizod the faul tod origin of' Belmont Bluff . I1ow ... 

ever, he put his 0 Bluff faultn a.long the br•ow of the bluff 

and not sou.th of it where the Fox fa.ult actually occurs . 

His failure to trace the faults correctly was probably due 

to his correlation of sandstone Bat tho base of Belmont 

Bluff with the outcrops of sandstone I) near tho base of t he 

blu.ff and on the north side of Davidson mesa . 

N .M. Fenneman2 folloi·rs Eldridge almost exactly in map­

ping the .fe.ul ts . H:ls v;ork was little more than replotting 

the lines previously traced by Eld.ridg~ . 

Hugh F. watts told tl1e writer that ho first traced the 

f'a.ults ool"rectly a.bout 1910. He plotted thoir cou1:>ses on a 

large scale base mup and made numerous structure pro.files 

using a hand level. 
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