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CHAPTER I 

INTRODUCTION 

Purpose of Study 

The study of the V/hitehorn stock and sui'̂ rounding 

area was undertaken to provide a detailed geologic map, 

to describe the stratigraphy, to determine the structure, 

and to work out the Tertiary geologic history. A petro-

graphic and geochemical study of the igneous intrusion 

was made to determine the mode of emplacement. 

Location 

The V/hitehorn Stock area, which consists of I30 

square miles, is located northeast of Salida, Colorado, 

in portions of Chaffee, Fremont, and Park Counties 

(Figure I), The area is bounded on the north by 38*̂  14-5' 

north latitude and on the south by 38^ 32' north lati

tude. The eastern boundary follows the course of Badger 

Creek and the western boundary is composed of 106° west 

longitude and the San Isabel National Forest boundary. 

The area is easily accessable by Chaffee County Road 

180, which turns off State HighxNray 291 just north of 

Salida. County Road I80 joins Fremont County Road I80 

and traverses the entire area from west to east. 

Chaffee County Road 53 enters the area from the north. 
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Figure 1 . Index map of Whitehorn Stock a r e a . 



leaving U. S, Highway 285 at Trout Creek Pass and inter

secting County Road 180 about l8 miles to the southeast. 

Previous Investigations 

No detailed investigation of the V/hitehorn stock 

has previously been made although cursory treatment is 

given in papers written about adjoining areas. Osborn 

and Rainwater (19314-) and Van Diver (1958) studied the 

Calumet Mine area which borders a portion of the v̂ estern 

contact. Thompson (1956) investigated the Bassam Park 

area adjoining to the north. Thayer (1959) and Quinlivan 

(1959) reported the geology of the Steer Creek and Her

ring Park areas respectively, which border the stock on 

the east. Bhutta (1951-1-) made a reconnaissance map of 

the V/hitehorn area although his principal concern was 

the geologic history and occurrence of non-metallic ore 

deposits. Harris and IJilbanks (1966) studied variations 

in zircon crop measurements from the V/hitehorn stock. 

Skipp (1956) reported the geology of the Dead Horse 

Creek area in the southwestern portion of the Vihitehorn 

area. 

General Geologic Setting 

The Whitehorn stock occurs in the steeply dipping, 

northwesterly trending Pleasant Valley syncline which 



is flanked on the east by the Reagal anticline and 

Steer Creek anticlinal nose. The eastern limb of the 

Sangre De Cristo anticline crosses the Arkansas River 

near V/ellsville, Colorado, to becoine the western limb of 

the Pleasant Valley syncline, and both limbs of the 

syncline extend north into the Mosquito Range. The 

Arkansas River valley separates the VJhitehorn Stock 

area from the Sewatch Range to the west. 

Sedimentary rocks within the VJhitehorn Stock area 

consist of Car.ibrian Sawatch Quartzite; Ordovician Mani

tou Dolomite, Harding Quartzite, and Fremont Formation; 

Devonian Chaffee Formation; Mississippian Leadville 

Limestone; Pennsylvanian Molas, Kerber, Belden, and 

Minturn Formations; and Quaternary alluvium. Igneous 

rocks consist of Precambrian and Tertiary intrusives 

and Tertiary volcanics. Precambrian metamorphic rocks 

are also present. The topography of the area is charac

terized by high northwesterly trending ridges of V/hite

horn stock and Pennsylvanian sedimentary rock and by low 

rounded hills of Precambrian granite. Intermittent 

streams originating in upland meadows dissect the area. 

Badger Creek flovjs year-round and has a steep vjalled 

valley. 

Methods of Investigation 

Field work was undertaken during the first half of 



the summer of 1966 and four return'trips totaling l5 

days were made to the area during 1966 and I967. Field 

data were plotted on United States Geological Survey 

aerial photographs enlarged to a scale of 1:62,500 and 

later enlarged to a scale of 1:22,300 and transferred 

to a base map compiled from the United States Geological 

Survey, Cameron Mountain Quadrangle topographic map. 

Samples collected in the field were studied in the 

laboratory by optical petrographic, wet chemical and 

flame photometric methods. The National Research 

Council (1914.8) Color Chart was used as the standard for 

all color descriptions. Igneous rock names are based 

on the classification given by V/ahlstrom (1955). 



CHAPTER II 

STRATIGRAPHY 

Cambrian System 

The Precambrian crystalline rocks of the area are 

unconformably overlain by the Cambrian Sawatch Quartzite 

and the Ordovician Manitou Dolomite. In the Wellsville 

area to the south, a six-foot thick, pale blue, bedded 

clay overlies an irregular Precambrian surface. At the 

top of the clay is a 2 to 3-inch zone of rounded quartz 

pebbles which probably is a lag gravel. This clay 

horizon is believed to represent a xveathered zone formed 

prior to deposition of the Ordovician Manitou. No 

identifiable Sawatch Quartzite was found at the V/ells

ville area. 

Four to five feet of Sawatch Quartzite are exposed 

in the vicinity of the M oc S Quarry located in section 

3l|- T.5ON. R.9S. The Cambrian rock at this locality is 

a granular quartzite with a thin conglomerate bed at 

its base. The rock is dark to light gray and the 

rounded pebbles in the conglomerate are gray to white 

quartz. Sawatch outcrops are covered north of the 

quarry, but loose float indicates that the Sawatch was 

deposited for at least 3 miles north of the quarry. 



Thompson (1956) reported a maximum of 12 feet of Sav/atch 

in the northeast corner of Bassam Park. No Saî ratch 

Quartzite was found in the eastern portion of the V/hite

horn Stock area or at Trout Creek Pass fifteen miles 

to the north and only isolated patches of Cambrian 

exist to the south. Behre (1932), from a collection of 

fossils in the V/eston Pass mining district, assigned 

the Sawatch an Upper Cambrian age. 

Ordovician System 

Manitou Dolomite 

The Manitou consists of approximately 197 feet of 

light to medium gray, massive to thin-bedded calcareous 

and cherty dolomites. At Wellsville, 207 feet of 

Manitou were measured and 190 + 5 feot were measured at 

Trout Creek Pass. In the eastern half of the area, 

Thayer (1959) measiired l85 feet of Manitou in section 

II4. T,5lN. R.IOE. and Quinlivan (1959) measured approx

imately 181 feet of Manitou in section 36 T.l5S R.76VJ. 

The lower part of the Manitou Dolomite is characterized 

by \>±Lite, brovm and black chert stringers and nodules, 

and the upper part is more sandy xrrith less chert. The 

Manitou is generally covered with soil and Harding Sand

stone float. V/est of the Calumet Mine, the Manitou has 

been slightly marmorized by proxijiity to the V.'hitehorn 
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stock and several large sills. An early Ordovician age 

has been assigned to the Manitou based on paleonto-

logical evidence (Ulrich, Foerste, and Miller, I9I4.3). 

Harding Sandstone 

The Harding Sandstone is a white to light brovni to 

grayish-orange, coarse to very fine-grained, thin to 

massive bedded, highly indurated quartzose sandstone. 

The Harding disconformably overlies the Manitou, the 

lower one foot exhibiting a sequence of quartzose gravel 

conglomerate and iron-stained clays containing more 

quartz pebbles and gravels. In outcrop, the Harding is 

cliff forming with a blocky appearance resulting from 

joints perpendicular to the bedding. Throughout the 

area the Harding is easily recognized and serves as a 

good marker bed. V/here erosion has removed the over

lying Chaffee Formation, a flatiron-type topography 

develops on the dip slope of the Harding. Approximately 

65 feet of Harding occurs in the VJhitehorn Stock area 

with a slight thickening from north to south. From in

vertebrate fauna. Sweet (1951-1-) assigned a middle Ordo

vician age to the Harding. 

Fremont Dolomite 

The Fremont Dolomite is subdivided into two distinct 



members based on different lithologies and faunal 

assemblages. Sweet (19514-) proposed the name Priest 

Canyon Member to describe the upper sequence of thin-

bedded, argillaceous, fine-grained dolomite which 

overlies the lower massive dolomite member. Both mem

bers are recognized in the V-Oiitehorn Stock area and 

together comprise about 213 feet of Fremont. Thayer 

(1959) reports the lovier massive member at Badger Creek 

to be II4.6 feet thick while the Priest Canyon Member, at 

the same locality, is 67 feet thick. The Priest Canyon 

Member forms gentle grass covered slopes whereas the 

lô Ĵer massive dolomite supports steep slopes and cliffs. 

Minor chert stringers and nodules occur in the upper 

portion of the massive member. Both the upper and lower 

contacts are unconformable and the contact betv:een the 

two members appears to be gradational, although Thayer 

(1959) suggests the possibility of a disconformity 

between the lower massive member and the Priest Canyon 

Member. Thompson (1956) reports that the Priest Canyon 

Member is absent at Bassam Park in the northern V/hite

horn area as a result of erosion during late Ordovician 

time. The Fremont is light bluish-gray to medium gray, 

fine-grained dolomite with the Priest Canyon Member 

being slightly more argillaceous. The Fremont has been 

extensively marmorized on the western flank of the 
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Pleasant Valley syncline as a result of contact meta-

morphism. The iNrhite marble is medium to coarse grained 

with distinctive mediujii bluish-gray banding (Pigiu'̂ e 2). 

Walcott (1892) listed 56 invertebrate species frora 

the Fremont near Canon City and concluded that the 

entire fauna was Late Ordovician. Recent work by Sv/eet 

(1951-M 1955) indicates that the upper Fremont is Late 

Ordovician whereas the lov;er portions are early Late 

Ordovician, 

Figure 2, Banded Marmorized Fremont 
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Devonian System 

Elbert Formation 

No rocks of Silurian age are knoxvn to outcrop in 

the V/hitehorn Stock area. Lower Devonian argillaceous 

carbonates were termed as Elbert Formation by Thompson 

(1956). Gableman (1952) and Skipp (1956) applied the 

term ''Fairview Facies" for the same carbonate sequence 

in the Dead Horse Creek area in the southern portion of 

the area. In the Bassam Park area, the Elbert consists 

of 60 feet of light to mediura gray, grayish-red and 

light olive, fine to medium-crystalline, laminated to 

thin-bedded argillaceous dolomites (Thompson, 1956). 

Bryant (1936) dated the Elbert Formation as Late Devon

ian on the basis of fish fragments in the lower 20 feet. 

In Plate I, no Elbert Formation is shovjn south of sec

tion 16 T.5IN. R.9E.; however, this division is 

arbitrary and Elbert age rocks may extend southward. 

Chaffee Formation 

Kirk (1930) described the Chaffee Formation from 

rocks previously designated as Mississippian in age. 

Prior to Kirk's work, the Parting and overlying Dyer 

were considered members of the Leadville Limestone. 

Emraons (1836) applied the term "Parting Quartzite" to 
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describe a ten to seventy foot i^ite quartzite between 

the "Blue" and "V/hite" limestones at Leadville, Colorado. 

The Parting Member of the Chaffee Formation uncon-

formably overlies the Fremont at most localities. The 

lower Chaffee is variable in lithologic character in 

the VJhitehorn Stock area and considerable stratigraphic 

controversy has appeared in the literature as a result 

of differences from the Parting type section near V/ells

ville. At no locality in the V/hitehorn Stock area was 

the Parting observed to be predominately quartzite and 

at most localities consisted of sandy dolomites, argil

laceous dolomites, thin shales, and scattered quartzites. 

The quartzites are quite variable in thickness and pinch 

out laterally. Generally the quartzites occur in the 

upper portion of the Parting. 

The transitional contact between the Parting and 

Dyer is recognized by the lithologic change frora darker 

quartzite and sandy dolomite to a grayish-yellow dolo

mite. The Dyer Member is dense, thin-bedded dolomite 

with scattered chert nodules near the middle portion. 

The total thickness of the Chaffee in the area is 

about ll|.5 feet. The Parting ranges in thiclcness from a 

minimum of 12 feet at Bassam Park reported by Thompson 

(1956) to a maximum at V/ellsville of 56 feet measured 

by Hold (1950). The differences in thiclmess of the 
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Dyer resulted from erosion prior to deposition of the 

Mississippian Leadville Limestone, 

The age of the Parting Member of the Chaffee Forraa

tion is not vjell defined; however, vertebrate assemblages 

indicate a Late Devonian age (Chronic, I96I). The Dyer 

is also believed to be Late Devonian although Thompson 

(1956) indicated that sedimentation was apparently con

tinuous from Dyer to Leadville time and that the Upper 

Dyer may be Mississippian in age. 

Mississippian System 

The Leadville Limestone unconformably overlies the 

Devonian Chaffee at most localities in the V/hitehorn 

Stock area. The contact appears as a thin calcareous 

shale with scattered limestone or dolom.ite pebbles de

posited on an irregular erosional surface. 

Levering and Tweto (I9I.1J4.) described a l5 foot 

basal Leadville age quartzite north of Leadville, Colo

rado, and called it the Gilman Sandstone Member. No 

basal sand is found overlying the Dyer in the V/hitehorn 

Stock area; however, nujaerous equivalents of the Gilraan 

Member have been proposed (Rold, 1950; Skipp, 1956; 

Thayer, 1959; Quinlivan, 1959). The basal Leadville in 

the area varies from a dark gray limestone breccia in a 
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sandy limestone matrix to a light gray limestone. The 

Leadville is characterized by dark to light gray, mas

sive to thin-bedded limestone. The upper part of the 

Leadville contains considerable black irregular chert 

nodules. An erosional unconformity marks the top of 

the Leadville and collapse breccias consisting of 

angular chert, dolomite, and limestone fragments in a 

sandy limestone matrix indicate the development of an 

extensive Karst topography prior to deposition of Penn

sylvanian sediments. Along western margins of the 

V/hitehorn stock, the Leadville has been extensively 

metamorphosed to a skarn or marble. Girty (I903) as

signed an Early Mississippian age for the Leadville 

Limestone in the Salida area based on an extensive sur

vey of all Carboniferous formations and fauna in the 

state. 

Pennsylvanian System 

Molas Formation 

The Leadville Limestone in the eastern part of the 

area is unconformably overlain by 20 to 30 feet of 

poorly-exposed iron-stained clays and shales containing 

thin beds of black and red chert nodules. This has been 

assigned to the Molas Formation. No Molas or any 
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equivalent was seen in the western half of the area 

where the Leadville is slightly thicker. 

Most writers believe that the Molas was derived 

from erosion and weathering of the underlying Leadville. 

No fossils of definite Molas age have been identified 

and I-furray (1958) states: 

The genesis of the Molas relates it more 
closely to the Leadville than the overlying Pemi-
sylvanian rocks, but for cartographic and 
subsurface purposes, it is more difficult to 
separate from the Pennsylvanian sediments than the 
Mississippian. Therefore, the Molas is discussed 
with the Pennsylvanian sediments although it may 
be of Mississippian age. 

Kerber Formation 

Brill (1952) described about 200 feet of Kerber 

Formation in the V/ellsville area and from 100 to 300 

feet of similar beds in the lower Pennsylvanian of South 

Park. In the V/ellsville area Brill (1952) described the 

Kerber as "dark gray illitic shale, brovjn sandstones and 

thin seaxas of coal", 'The Kerber is exposed along the 

western flanlc of the Pleasant Valley syncline as darl: 

gray to bro-wnish-gray graphitic sandstones, silts tones, 

and shales. In the eastern half of the area no equiva

lent Kerber Formation was recognized. Brill (1952) 

states that the age of the Kerber is not knoim but that 

it may be Morrowan or Atokan, 
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Belden Formation 

Stough (1956) assigned the naiae Belden to l\l]l[. 

feet of red sandstone and shale interbedded with gray 

fossiliferous limestone and shale overlying 300 feet of 

Kerber near V/ellsville, The top of the highest fos

siliferous Ifjnestone in this predominately marine 

sequence marks the contact with the overlying Minturn 

arkoses and shales. Brill (1953) shows, in a regional 

isopachous map, approximately l500 feet of Belden in 

the vicinity of Herring Park. The formation thins from 

north to south in the V/hitehorn Stock area. The lime

stone beds in the Belden make this formation useful in 

areas where metamorphism has destroyed the lithologic 

character of less resistant beds. Quinlivan (1959) 

collected fauna from the Belden at Herring Park and 

assigned a probable Desmoinesian age to the formation. 

Minturn Formation 

The Minturn crops out in the extreme eastern por

tion of the 1/liitehorn Stock area and consists of dis

continuous beds of arkosic grits, sandstones, con

glomerates, and shales. Overlying the clastic unit. 

Brill (1952) reports about l\.$0 feet of gray sandstones 

and shales, black shale, dolomite, and gypsum for which 
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he proposed the name Sv/issvale Gypsum Member of the 

Minturn Formation, No equivalent formation was ob

served in the V.'hitehorn area. No Minturn was 

recognized on the eastern or v/estern flank of the 

Pleasant Valley syncline near the stock as the rock 

has been altered by metajraorphism. Most authors assign 

a Desmoinesian age to the Minturn Formation. 

Tertiary System 

V7ag on tongue Form.ation 

The V/agontongue Formation is exposed as a prominent 

hill in section 26 T,l5S, R,76VJ, and is composed of 

white to pale yellowish-orange conglomerate, sandstone, 

and sandy clays. Many of the poorly consolidated 

sediments consist of ash, pumice, and pebbles of vesic

ular lava. Stream cross-bedding indicates a fluvial 

origin and thicknesses up to 300 feet are exposed in 

section 10 T,5lN. R,10E, From fossils found in the 

V/agontongue Formation, De Veto (1961), assigned a Late 

Miocene or Early Pliocene age to the formation. 

Trutnp Format ion 

The Trujnp Formation consists of poorly cemented 

gravels derived from older rocks in the area. Stark 
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(I9I4.9) observed that the Trurap occupied an overlying 

valley fill relationship to the Wagontongue Formation; 

however, De Vote (196[i.) found that the Trump inter-

tongued with the Uagontongue, and they \-iere deposited 

contemporaneously. Much of the Triuap and V/agontongue 

Formations are mapped as Tertiary undivided in 

Plate I, 

Quaternary Syst_em. 

Alluviujfi and talus cover many of the low lying 

aji'eas adjacent to the stock, but stock is v/ell exposed 

\̂?ith the patches of alluvium confined to stream beds. 

The steep west side of Badger Creek is covered in a fev; 

aî eas by long talus slopes composed of stock material. 

Herring Park is the largest alluvi-uji covered area, and 

no outcrops are found over about 2 square miles 

(Plate I). The alluvium consists of poorly stratified 

sand, clay, and boulders of variable composition. 

file:///-iere


CliAPTER III 

IGNEOUS AND METAMORPHIC ROCKS 

Precambrian 

Metamorphic Rocks 

Precambrian rock in the V/hitehorn Stock area crops 

out in three localities. The central portions of the 

Coffman Ridge and Steer Creek anticlines consist of 

coarse-grained granitic gneiss. The third area of Pre

cambrian rock is located between the western flank of 

the Pleasant Valley syncline and the Arkansas River. 

The latter area consists of granitic gneiss, hornblende 

gneiss, gneissic quartz monzonite, quartzites, chlorite 

schists, phyllites and numerous other metamorphic 

rock types. The clearly metamorphic rocks__have_been 

folded^ into a series of distorted isoclinal folds 

trending northeast. 

Igneous Rocks 

The gneissic granite in the V/hitehorn Stock area 

is coarse-grained porphyritic with roujided pinkish-gray 

microcline phenocrysts up to tv/o inches in length in a 

matrix of oligoclase, q_uartz, biotite, and hornblende. 

Minor minerals are magnetite, zircon, and apatite. 

19 
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On weathering, the gneissic granite disintegrates into 

pale reddish-brox-m rounded hills. All of the Pre

cambrian rocks in the V/hitehorn area are injected in 

varying degrees by stringers and dikes of granite and 

pegmatite. Several large pegmatites have been ex

ploited for mica, beryl and albite. The largest Pre-

cainbrian pegmatite is located in section 3^ T.5l N. 

R.9E, and was described by Van Diver (1958) 3-s a fuji-

nel shaped plug of white dense rock approximately 600 

feet wide and 600 feet deep. Bordering the albite plug 

is a zone of microcline-muscovite graphic granite; 

hov:ever the extent of this zoning is not known. 

Tertiary System 

V/hitehorn Stock 

Shape of Intrusion 

The V/hitehorn stock occurs in the trough of the 

Pleasant Valley symcline and is divided by a volcanic 

debris filled valley. Enclosing sediments are Pennsyl

vanian in age and dip steeply into and underneath the 

stock. One large sill in sections 26,27,314- and 35 

T,5lN. R,9E, is enclosed in Devonian and Mississippian 

age carbonates. In the northern portion of the stock 

the intrusion is slightly discordant and erosion has 
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left remnants of stock material resting on Pennsyl

vanian sediments. The disconformity of the intrusion 

is reflected in the increased thiclmess of Pennsyl

vanian sediments to the north and south of section 

27 T,5lN, R,9E. where 200 feet of Pennsylvanian 

separates the stock from the Leadville Limestone, 

Pennsylvanian thicknesses in excess of 2000 feet sepa

rating the stock from the Leadville are common in many 

areas , 

The elongate outline of the stock, paralleling 

the axis of the Pleasant Valley syncline, and the 

attitude of the enclosing Paleozoic rocks, suggest an 

overall shape approxiraating a deeply eroded lopolith. 

Folding and reverse faulting were probably contempo

raneous with the intrusion. At many localities the 

metamorphosed sediments at the immediate contact have 

been brecciated and contorted, suggesting a forcefully 

injected magma along fractures or fault surfaces (Fig

ure 3). 

Description of_ Rock Types 

Megascopically the rocks of the V/hitehorn stock 

are light to dark gray, fine to medium grained, gran-

odiorites, tonalites and diorites. Microscopically, 

rocks of granite, granodiorite, tonalite, quartz 
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Figure 3. Brecciated and contorted contact between 
V/hitelioî n stocl: and Pennsylvanian sediments in 
secbion 35 T.51N. R.9E. 

Figujn 'o [;.. V/Iiitehorn stock showing large sheets p ro 
duced by join:;lng--?rimeiry j o i n t s 50^ S.60O /̂, and 
secondary j o i n t s 85^ S.85^ V/. 
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gabbro, and gabbro composition v/ere identified (Appen

dix A). Generally the rock is equigranular and rarely 

porphyritic. Near the borders of the intrusion, 

angular xenoliths with sharp contacts are common, and 

only slight_„ assimilation has occurred. The igneous 

rocks are sheeted by inclined joint planes at many lo

calities (Figure [|.). Aplites, granitic _dilces, and 

pegmatites occur as irregular pods and fractuî e fillings 

and are probably late stage differentiates. A single 

pegmatite dike, cutting Pennsylvanian rocks in section 

35 T,N, R.9E,, consists of xylite albite and scattered 

biotite. Textures and compositions are quite variable, 

and intrusion appears to have occurred in a series of 

pulses.J Boundaries between the different rock types \( 

I within the stock are relatively sharp, but no detailed î  

I map is available, f 

Microscopically, the roc]-: is hyp au torn or phi c gran-

ular to porphyritic, Trachitic textures are present in 

many of the fine-grained rocks, and v̂ ell developed flow 

lines__are seen "streaming" around larger crystals. 

Composition ranges from granite to gabbro; however, 

most rock types fall in a granodiorite-tonalite cate

gory (Appendix A), .The main constituents consist of 

andesine-labradorite, quartz, albite, and orthoclase 

in order of decreasing importance. Accessory minerals 
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include b i o t i t e , hornblende, magnetite, zircon, augi te , 
n 

sphene, and p y r i t e . .Deuteric alternation is prevalent 

in many of_the rocks near the eastern boundary of _bhe 

stock, especially in the more basic^ocks. The effects 

of deuteric alteration are most pronounced on augite. 

plagioclase and hornblende, jAlteration products include 

magnetite from hornblende and biotite, biotite from 

hornblende, sericite and kaolinite from feldspar, and 

hornblende frora augite./ Plagioclase crystals are 

elongate euhedral to subhedral, weak to strongly zoned, 

and sharply twinned by Carlsbad albite laws. Occasion

ally irregular masses of albite, containing inclusions, 

can be seen replacing andesine-labradorite crystals and 

may represent a late stage albitization. Orthoclase 

commonly is euliedral and occasionally forms graphic 

intergro-wths with quartz. Biotite is green or brovm 

and forms short platy crystals with ragged terminations, 
7 

suggesting possible solutj^n. Hornblende forms euhedral 

to subhedral crysbals and ranges in color from dark to 

light green. Magnetite occurs as octahedral and an-

hedral masses, the latter being secondary after biotite 

and hornblende. Zircon v;as eiihedral in all saraples 

examined. Sphene and pyrite occurred as euhedral and 

subhedral crystals. Occasionally euhedral apatite was 

recorded. 
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V/herever a bimodal distribution of plagioclase 

occurs, the smaller crystals shox; a markedly lox-;er 

anorthite percent. Zoned plagioclase eydiibited a 

slightly higher anorthite percent in the core than_s.t 

the border. | Field evidence indicates that the more 

basic rocks occur near the eastern boundary, suggesting 

that intrusion began in the eastern iportion and con-
I 

t i n u e d westv/a: r 
~ ^ : * ^ 

Undigested xenoliths and a relatively narrox>f con

tact metamorphic aureole, generally no more than one 

hundred yards wide, strongly suggests that assirailation 

was a minor process in making space for the stock. The 

composition, textures, and size of the intrusion ^̂  

strongly suggest that insuffjLcient heat could havê  ^QQQII 

I supplied for widespread assimilation. 

No exact date of intrusion is knox̂ n̂ for the V/hite

horn stock although contact relationships to Eocene are 

faults and Pennsylvanian sediments establish an Early 

Laramide age. Intrusion vjas probably contemporaneous 

with folding and occurred in several pulses. 

Dikes and Sills 

The largest sill in the V.'hitehorn Stock area 

occu-Ts in sections 27, 3iw ^^^ 35 T,5lN, R,9E, and is 

approximately 3 miles long and one mile x̂ ride. The sill 

(̂-V-
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is similar in composition to the stock and is classified 

as a granodiorite. In section 2 T,50N, R,9E, this large 

sill has arched the overlying sediments producing an 

exceptionally xvide 2000-foot outcrop of Leadville Lime

stone, Numerous small andesite sills and dikes occur 

in Pennsylvanian sedojnents adjoining and cutting across 

the stock. The contact relationships indicate that the 

andesite dikes and sills are post V/hitehorn stock age, 

but no definite age x̂ âs established. 

East of the stock in sections 21 and 22 T,5lN, 

R,10E., a dike sx/arm consisting of 10 to l5 foot v/ide, 

north-dipping dikes cut the Pennsylvanian sediments 

(Figure 5)« The composition and texture of the dikes is 

variable and ranges from fine-grained tonalite to por

phyritic granite. At one locality, large inclusions of 

Precambrian granite x-jere included in the dike rock 

(Figure 6), 

Pegmatites are generally irregular elongate masses, 

but occasionally form dikes along fractures (Figure 7). 

Micrographic textures x̂rere found in all Tertiary pegma

tites examined with quartz and albite in about equal • 

proportions, 

£ontact^ Metamorphism 

Contact metaraorphism x-jas relatively weak in most 
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Figure ^ * North dipping di.kes catting Pennsylvanian 
sediments in section 22 T,5lN. R.IOE. 

Figure 6. Tertiary .dike x;ith inclusion of Precambrian 
granite in section 21 T,5l̂ '. R,10E. 
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localities in the VJhitehorn Stock area, except where 

heat x̂ âs distributed by dikes and sills related to the 

stock. The Calujaet Mine area is located between the 

stock and the largest sill in the area, and metamorphism 

at this locality was intense. At the Calumet mine, the 

Leadville Limestone was extensively altered to and re

placed by actinolite, tremolite, diopside, epidote, mag

netite, hematite, and minor pyrite and chalcopyrite, 

North and south of the mine, metamorphism decreases to 

marmorization and finally can no longer be detected. 

The Pennsylvanian sediments near the Calumet mine are 

metamorphosed to skarn and consist of sillimantite, 

tremolite, actinolite, spidote, quartz, almandite garnet, 

chlorite, serpentine, hornblende biotite, and feldspar. 

The intrusive rock near the Calumet mine has been exten

sively bleached. 

V/here no sills or dikes are present, metamorphism 

is less intense and Pennsylvanian sediments are altered 

to slates, quartzites, graphite sandstones, mica schists, 

and marbles. 

Basalt Porphyry Lava 

The eastern boundary of Herring Park is marked by 

a I4.OO foot high erosional remnant of basalt porphyry 

(Figure 8). The lava flox̂ 7ed over a surface vjith at 
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Pigui'e 7. Dike cutting Pennsylvanian--Stock' contact in 
section 35 T,5lN. R.9.'î'« 

Figure 8. Basalt porphyi^y erosional tremnant on east 
side of Herrin'^ Park, 
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least 300 feet of relief, and outcrops of Fremont occur 

at approximately the same maximum elevation as the 

basalt, Tx-70 smaller outcrops of basalt occur south and 

east of the larger mass. 

Megascopically the basalt is dark gray to light 

bluish-gray v:ith light gray spots about 25 mra, in diam

eter. The lox-jer flox-i rock is dense but becomes more 

vesicular upx«jard. The upper surface of the flox̂ ^ is 

covered with a light brovaiish gray to brox̂ mish gray 

scoraceous basalt with excellent flow lines. 

Phenocrysts are euhedral to subhedral augite and 

olivine crystals up to 50 min in length and are aligned 

to the direction of flovj. Olivine vjas determined to be 

83?̂  forsterite in the dense lox-/er basalt and 72/̂  fors-

terite in the scoraceous surface material (Harris, 1967, 

personal comanunication). The groujidraass is composed of 

plagioclase microlites. Many of the olivine crystals 

are riinraed v/ith a reddish-brown material, probably 

iddingsite. As much as 15)^ olivine is present in most 

samples. 

Field evidence indicates that the basalt porphyry 

was extruded prior to extrusion of the trachyte porphyry. 

Stark (19l!-9) found similar basalts associated x̂jith the 

Thirty-nine Mile andesites of southern South Park x-jhich 

have been dated as early Oligocene. 
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Trachyte Porphyry 

Trachyte porphyry lavas are found in the eastern 

half of the V/liitehorn Stock area. The trachyte is mod

erate red to light bluish-gray and has accumulated to 

thicknesses of at least 1̂.00 feet. Plow lines indicate a 

predominate east to x̂rest flow direction and flows moved 

up existing creek beds. 

Megascopically the trachyte is vesicular with pheno

crysts of sanidine, plagioclase, and small amounts of 

biotite. Chalcedony is commonly found filling vesicules. 

Stark (I9I4.9) noted similar trachyte flows associated with 

Oligocene age sediments; hox̂ rever, Thayer (1959) suggests 

a more recent date for the trachyte flows, possibly 

Miocene or Pliocene. 

Oligocene Tuffs 

A large mass of tuff breccia, mapped as Tertiary 

undivided, occupies an erosional valley between the nor

thern and southern portion of the V/hitehorn Stock. Sev

eral small hills of tuff are located near the western 

terminus of the larger mass and are probably directly 

related. The rock is yellovdsh-gray to gray and, in 

exposures along Ute Creek, is up to 550 feet thick 

(Figure 9). 

Megascopically the tuff contains large grains of 
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feldspar and quartz. Most of the feldspar is weathered 

to clay. Black vitrophyric shards are aligned to the 

flox>7 direction giving the rock a streaked appearance in 

hand specimen. Rounded pebbles of trachyte and pumice 

are common. Van Diver (1953) described the rock as a 

welded rhyolite tuff breccia. The age of the rhyolite 

tuff in the \̂ /hitehorn Stock area is probably Oligocene , 

Similar rhyolite tuffs near the Arkansas River yielded 

a K-Ar age date of 3̂4- million years t 3 million years 

(analysts: Thomas, Marvin, Elmore and Smith), 



CH/\.PTER IV 

GEOCHEMICAL INVESTIGATION 

The Geochemistry of Potassium and Rubidium 

The geochemical behavior of potassium and rubidium 

makes these elements useful in certain petrographic 

problems. Rubidium rarely, if ever, forms minerals of 

its own, but is almost exclusively found in potassium 

minerals. Sodivim minerals may admit rubidium, but, due 

to the difference in ionic radii, amounts are small. 

Concentration of rubidixjm in acidic to intermediate ig

neous rocks ranges from ten to several hundred parts per 

million. Because of rubidium's larger ionic size rela

tive to potassiura, rubidium is rejected from crystals of 

early formation and concentrated in the mother liquor, 

the bulk concentrating in the feldspar and mica groups. 

During magmatic fractionation, there is a tendency for 

the K/Rb ratio to decrease. \ 

In coexisting potassî um minerals in equilibrium, the 

mineral vath lattice sites having the higher coordina

tion number has the lowest K/Rb ratio. In this respect 

it should be noted that the coordination for potash 

feldspar is 8 to 9 whereas biotite has a coordination 

number of 12 for the alkali metal sites. Tauson (1965) 
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noted that the value Rb x 1000/K is li,[\. for potash 

feldspars and 19.3 i'or biotites. Thus, as much as i|..5 

times more rubidium atoms may occur in biotites for the 

same ni;miber of potassium atoms compared with potash 

feldspars. For this reason, and to eliminate local dif

ferences in mineralogy over much larger areas, a separate 

mineral phase analysis is superior to a whole rock 

analysis, 

Ahrens and Taylor (1961) state that rubidium should 

be detectable in rocks with potassium concentrations 

greater than 1/b, suggesting that a useful check could 

be made by plotting rubidium versus potassium. The K/Rb 

ratio for comraon terrestrial rock types usually rar̂ ges 

from 160 to 300, Extremely low K/Rb ratios are gen

erally expected in highly fractionated rocks such as 

pegmatites, but many e:̂ amples which do not fit this pat

tern have been recorded. Abnormally high K/Rb ratios 

are more difficult to explain because fractionation 

tends to produce enrichment in rubidium, 

V/ithin the range of "normal" terrestrial rocks it 

appears that petrographic units do not have character

istic K/Rb ratios, Heier and Adams (I96I4-) find varia

tions related to (1) loose petrographic definitions, 

(2) differences in analytical methods, and (3) real 

variations. One possible error could arise if rocks 
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of significantly different ages were compared. Here an 

error of up to 25/̂  could arise from radioactive decay 

of Rb°'̂  to Sr̂ '̂ , producing high K/Rb ratios in the older 

rocks. The abundance of radioactive potassium in rocks 

is so small that the effect of radioactive decay would 

be small in comparison to rubidium. 

Butler (1962), in a study of the Younger Granites 

of Northern Nigeria, obtained K/Rb ratios for 70 gran

ites. The late stage albite-riebeckite-granites had 

K/Rb ratios below 30 while early stage rocks such as 

calcium-amphibole-granites had K/Rb ratios up to 330; 

biotite granites had intermediate ratios. The K/Rb 

ratios also decreased progressively v/ith time of em

placement for most of the complexes studied. Butler 

(1962) believes the mode of fractionation or differen

tiation that produced large composite intrusions also 

operated to produce the smaller intrusions. 

It x̂ rould appear that the variation of the K/Rb 

ratios in a complex intrusion is controlled by the 

origin of the magma. Two possibilities exist: (1) Es

sentially early stage eutectic melts of crustal material 

could exhibit lox-zer K/Rb ratios than late stage melts 

of crustal material. Thus, if the source of the magma 

were crustal material, late forming minerals enriched 

in potassium and rubidium xvould be first to melt. The 
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high mobility of the alkalies at elevated temperatures 

and pressures also tend to concentrate potassium and 

rubidium in the early stage parent magma. If successive 

tapping of the parent magma during formation occurs, 

early stage intrusions should have low K/Rb ratios, But

ler (1962) states that the order of intrusion of a series 

of igneous rocks is not necessarily the sarae as the 

order of production of their successive fluid parents, 

(2) If the origin of the magma were a large homogeneous 

melt undergoing successive fractionation, then early 

stage intrusive material should have high K/Rb ratios and 

late stage intrusive material should have loxv K/Rb ratios. 

In each case, changing K/Rb ratios may be used to indi

cate the order of intrusion, Pleier and Taylor (1959), 

believe that an increase in rubidium relative to potas

sium in a sequence of granites indicates the order of 

intrusion. 

Sampling Proced-ui?e 

Samples were collected on several traverses at ap

proximately 300 foot intervals. Additional saraples x\rere 

collected at abrupt lithologic changes. Fresh rock was 

taken at all localities and basic dike samples were not 

included. T\-jo traverses selected for study v/ere across 

the length and width of the stock at approxiraately the 

greatest dimensions (Figure 10). 
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cation ffy 
4Bmi. 

Figure 10. Locations of analyzed samples. 
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Analytical Procedure 

A geochemical study of the distribution of potas

sium and rubidium in the 25 samples from the two 

traverses was made utilizing wet chemical and flame 

photometric methods. V/hole rock samples of approximate

ly 5 lbs. each, were crushed and ground to less than 80 

mesh. After a process described by Horstman (1956), the 

alkali metals and magnesium were separated from the 

other rock constituents by a sulfuric and hydrofluoric 

acid decomposition. Three evaporations were required to 

remove the last traces of fluoride. The residue was 

taken into solution with 80 ml. of deionized water. 

Cations xvith the exception of magnesium, calcium, and 

the alkali metals were removed by precipitation with 

solid calcium carbonate. The excess calciura was removed 

from the filtrate by precipitation of the sulfate in 

95^ ethyl alcohol. Precipitation was carried out at a 

pH of 7.6 to J,Q to minimize coprecipitation of the less 

soluble alkali sulfates. Several drops of bromothymol 

blue pH indicator were used in each sample. Excess 

calciura was removed to prevent spectral interference 

with lithium. Alcohol was removed from the final 

filtrate by evaporation and the salts dissolved in a 

standard solution containing 90 ppm lithium to a final 
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volume of 25 ml. In addition to the unknovm saraples, 

two standards (G-1 and V/-1) were run to establish a 

calibration curve. 

Flame photometric determinations for rubidium and 

lithiura vrere made with a Jerrell-Ash flame emission 

spectrophotometer using an air-hydrogen flarae. Potas

siuia determinations were made with a Beckman model 105 

flame photometer using a propane-air flame. Instrument 

settings are listed in Table 1. 

TABLE 1-INSTRUI-IENT SETTINGS 

Slit V/idth 

Phototube 

Wavelength 

Gas Pressure 

Air Pressure 

Chart Speed 

Rubidium 

10 microns 

Blue 

7.5 psi 

10 psi 

Fast 

Lithiura 

10 microns 

Blue 

3232 S. 

7.5 psi 

10 psi 

Fast 

Potassium 

filter 

Red 

7665 X 

15 psi 

15 psi 

Direct readin 

The flame emission spect ra of rubidiura cons i s t s of 

tv70 strong double ts . The pa i r of l i n e s in the red r e 

gion occuj? a t 730 mu and 795 î Ĥ* ^^^ ^̂ ® blue doublet 

a t li^O.l mî  and I421.I mî  (Dean, I960) . The doublet in 

the red reg ion i s s t ronger and l e s s in te r fe rence is en

countered from calcium and sodium. As no red s e n s i t i v e 

phototube was a v a i l a b l e , the doublet in the blue reg ion 
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was used. A sodium continuura from 602 to 36O mL\ i n t e r 

f e r e s with the rubidium s p e c t r a l l i n e a t [\20,1 m[\. Cor-

r e c t i o n for t h i s in te r fe rence was made by using G-1 and 

V/-1 for a c a l i b r a t i o n curve (Figure 11) . 

I n t e r p r e t a t i o n of Resul ts 

Values for the twenty-five samples are given in 

Table 2 . Most of the K/Rb r a t i o s f a l l wi thin the range 

of 160 to 235. Horstman (1957) noted t ha t rubidium i s 

l o s t r e l a t i v e to potassiuia a t an igneous contact and 

immediately ins ide the i n t r u s i o n . The prefer red ion, 

potassium, i s r e t a i n e d and the t race ion i s removed 

from the rock under a temperature g r a d i e n t . Thus, a 

high value for IIR-29A could have r e s u l t e d frora i t s 

proximity to the con t ac t . 

Values obtained from the southern por t ion of the 

stock have K/Rb r a t i o s comparable to those of the north-

ern po r t ion suggesting a cororaon o r i g i n . The average 

K/Rb value excluding 14R-29A, 23B, and 26 i s 192. As-

suiaing t h i s value to be about the normal K/Rb r a t i o for 

t h i s s tock, Butler (1962) s t a t e s tha t rock emplaced a t 

the beginning of a cycle of a c t i v i t y inva r i ab ly has a 

normal or near normal K/Rb r a t i o , but a s tock in t ruded 

a t a l a t e r stage tends to have lox>jer K/Rb r a t i o s . 

MR-23B and MI?-26 have s u b s t a n t i a l l y lower values for 

I* £' 
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TABI.S 2-POTASSIUM AND RUBIDIUI-I VALTOS 

Sample ppmRb ppmK K/Rb 

MR-9 107 209211. 195 
MR-10 83 179ll2 216 
MR-IIC 55 99778 178 
MR-13 125 2014.81 .̂ I6k 
MR-lij. 59 11000 186 
MR-16 108 19067 177 
MR-19 91 19018 209 
MR-20 88 20778 236 
MR-21 100 23173 232 
MR.22 117 231̂ -67 201 
MR-23B 53 I4-938 93 
MR-26 kl 5036 107 
MR-27 135 2312i|. 169 
MR-29A 71 19018 268 
PO-15 106 19702 186 
PQ-IIL 112 19067 170 
FO-13 106 20I}.36 193 
Fd-8 106 20337 192 
FO-i 125 23076 185 
J R - I l 1114. 21267 187 
VM-19 122 22733 186 
CR-5 $k. 11880 220 
MR-15 113 2I1.OOK 212 
SMC-6 120 19308 161 
S ta -19 Ik^ 251 -̂18 179 
G-1 220 14-2337 192 
W-1 22 5622 256 
G-1-::- 220 i|.Ol87 I83 
U-1-::- 22 5622 ^ 256 
MR-llC-:c- 59 901̂ 11. 153 
MR-19-"- 92 18529 201 
MR-22-"- III4- 22000 193 
MR-23B-::- 50 5671 113 
MR-26-::- ' kh ^^96 lOli. 
-::- Second Run 
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both potassium and rubidium, and field relationships 

indicate a later intrusion. Of the remaining 22 sam

ples, high Iv/Rb ratios are associated XNrith the early 

; stage intrusions near the eastern portion of the stock. 

Rocks in this area are considerably more basic. Low 

: K/Rb ratios are found in areas v/here the principal rock 

types are granodiorites or biotite-granites. 

fl P̂ G<̂ isiô  and Accuracy 

i 

Accuracy is determined to be v/ithin approximately 

6^ (Table 3) of the recommended values for G-1 {^,1^3% 

i K2O) and V/-1 {,6kf° K^O). Rubidiuia values of 220 ppm 

and 22 ppm v/ere used for calibration curve (Figure 11). 

These values correspond to G-1 and v:-l respectively 

(Ahrens and Fleischer, I960). 

In addition to the tv/enty-five unknown, five identi 

cal samples (MR-llG, 19, 22, 23B, and 26) were rîin a 

second time. Maxiraum difference for rubidium was found 

to be t 7.5/̂ . The nature of the chemical separation of 

the alkalies would appear to give slightly lov/ results. 

TABLE 3-PERCENT DEVIATION 

% deviation 

G-1 3.05 
V;-l 2.86 
G-1-::- 5.81 
W-1-::- 2.86 
-::- Second Run 



CHAPTER V 

STRUCTUI^AL GEOLOGY 

Folds 

The three major folded structures in the Vihitehorn 

Stock area are the northv/esterly-trending asymmetric 

Pleasant Valley syncline, Coffm.an Ridge anticline, and 

Steer Creek anticlinal nose (Figure 12). The Pleasant 

Valley syncline is the largest continuous fold and forms 

a southeasterly-plunging trough in T.l5S. R.77W. The 

v/estern limb can be traced along the x̂ restern edge of the 

stock to l/ellsville where the limb crosses the Arkansas 

River to become the eastern limb of the Sangre De Cristo 

anticline (Gableman, 1952). At V/ellsville, several 

smaller folds are superimposed on the larger Pleasant 

Valley syncline as a result of thrust faulting and are 

discussed by Rold (1961). 

The eastern limb of the Pleasant Valley syncline 

forms the x̂ restern flank of the Coffman Ridge anticline 

and is broken in several places by reverse faults. Most 

dips along the eastern flank of the syncline are steeper 

than those on the western flank, ranging from 30^ to 

near vertical. At least txN/o large reverse faults break 

the eastern limb of the Pleasant Valley syncline and dips 

kk 
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Figure 12. Tectonic Map of the Whitehorn Stock 
and Surrounding Areas. 
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are steepest near these faults. 

The Coffman Ridge anticline, also called the 

Reagal anticline by Quinlivan (1959), plunges south-

eastv/ard forming a nose just south of Herring Park. The 

eastern limb of the anticline extends northwestward to 

Trout Creek Pass where it is broken by the Mosquito-

V/eston faults. Quinlivan (1959) described a smaller 

fold developed on the eastern anticlinal limb in sec

tion 23 T.15S. R.76W. The anticlinal nose is truncated 

by the V/hitehorn stock in sections 8 and 9 T.51N, 

R.IOE, and is partially obscured by Tertiary volcanics 

(Plate 1). • ' 

The northwesterly-plunging Steer Creek anticlinal 

nose was studied in detail by Thayer (1959) and appears 

to be directly related to the Coffman Ridge anticline. 

The western flank of the anticline is broken by the 

east-dipping Pleasant Valley reverse fault and the 

eastern flank extends belov/ Tertiary volcanics to the 

s outh. 

Folds in the Vihitehorn Stock area are part of a 

larger belt of Laramide northv/est-trending thrust and 

reverse faults and asyrometrical folds, v/hich form the 

western border of the V/et Mountains and eastern bound

ary of the Mosquito and Sangre De Cristo ranges. The 

northv/esterly-trend of the eastv/ard dipping axial plane 

,<« 
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and the east dip of the reverse faults suggest south-

westward directed forces. 

Faults 

The principal faults affecting the Vihitehorn Stock 

area are the northx^/esterly-trending Mosquito-V/eston, 

East Bassam, Bassam Park, Pleasant Valley and Badger 

Creek faults (Figure 12). Several faults in the V/ells

ville area are described by Rold (I96I) and are referred 

to as the V/ellsville fault zone in this paper. Numerous 

minor faults occur in the V-hitehorn Stock area, some 

shov/ing strike-slip movement. Badgley (I960) states 

that initial Laramide stress applications (N 80 E - S 

80 V/) created strong conjugate shear joints x%rhich, in 

many instances, developed into strike-slip faults trend

ing N 70 W and N 55 E. The trend of these minor faults 

suggest a relationship to the structural trends found 

in the Precambrian to the south and southx>/est. 

The Mosquito-V/eston faults do not occur in the 

Vihitehorn stock area but are probably genetically re

lated to the other faults to the south. The Bassam Park 

and East Bassam faults break the western flank of the 

Coffman Ridge anticline and can be traced southxvrard into 

section 33 T.l5S. R.76V;. The east-dipping Bassam Park 

reverse fault can be traced along the eastern edge of 



Bassam Park. The East Bassam Park fault offsets the 

Bassam Park fault to the south and is a low-angle re

verse fault dipping eastv/ard. A continuation of the 

Bassam Park fault in sections 19 and 20 T.l5S. R.76W. 

has caused unmet amor phosed Lox̂ er Paleozoic rocks to be 

in contact with the stock and Pennsylvanian formations. 

At least 600 feet of displacement has been recorded. 

The Badger Creek fault was described by Quinlivan 

(1959) in section 2 T.5IN. R.IOE. where the Leadville 

and Middle Manitou are in contact. A minimum strati-

graphic throw of 500 feet produced by the N.[|.5 W. trend

ing Badger Creek reverse fault suggests a relationship 

to the Bassam Park fault although Tertiary volcanics 

prevent direct correlation. 

Another major reverse fault was found to lie along 

the northeastern edge of the V.'hitehorn stock along the 

v/estern boundary of Herring Park (Figure I3). Precam.-

brian rock in contact with Pennsylvanian sediments 

indicates at least 300 feet of displacement. The south

ern extension of the fault is obscured in section 33 

T.15S. R.76V/. but the fault trend and absence of the 

Loxver Paleozoic rock in section 8 T.5IN. R.IOE. indi

cates that the v/estern flank of the Coffman Ridge 

anticlinal nose v/as broken by this fault. Dips in the 

Pennsylvanian sediments are steep ranging from 50^ to 
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Figuî e 9. Oligocene rhyolite tuff breccia along Ute 
Creek, section 7 T.50J:. R.9̂ '̂ . 

Figure I3. Precamb.rian roc]: faulted into contact with 
Penn5jylvanian rock, section 2Q) T.l5S. R.76I/. 
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60 and dolomite breccias are found as float at several 

localities. 

The Pleasant Valley east-dipping high-angle reverse 

fault v/as described by Burbank and Goddard (1937), Gable

man (1952), and Thayer (1959). Gableman (1952), states 

that the fault can be traced northward from the V/et 

Mountain valley, diagonally across Badger Creek to the 

southv/est edge of South park, and that: 

Precambrian rock has been brought up against 
Permian sediments on the west. The sediments 
have been dr-agged into a vertical position by 
fault movement. 

In the Steer Creek area 800 feet of stratigraphic 

throw was noted by Thayer (1959). The Pleasant Valley 

fault appears to die out in Pennsylvanian sediments in 

section l5 T.51N. R.IOE. 

The V/ellsville fault zone, composed of the Lofgren, 

V/ells Gulch and V/ellsville reverse faults, trends north-

v/est (Rold, 1961). Associated v/ith the reverse faults 

are northeast trending vertical shear faults. Tv/o small 

folds, the Lofgren anticline and Uellsville syncline, 

appear to be related to drag along the reverse faults 

in the area. All of the structures in the V/ellsville 

fault zone occur on the v/est flank of the larger Pleas

ant Valley syncline. An unusually thick Lov/er Paleozoic 

outcrop occurs in T.I4.9N. R,9E. north of the Arkansas 
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River as a result of repeated sequences caused by the 

V/ellsville faults. 

The Pleasant Valley, Bassam Park and East Basssm 

Park faults occur on the steeply dipping eastern limb 

of the Pleasant Valley Syncline and represent the late 

intense stages of "range-and-valley" folding. The 

V/hitehorn stock is not broken by any of the principal 

faults although the unmetamorphosed Paleozoic carbonates 

near the Bassam Park fault strongly suggest post-

intrusion movement along this fault. 



CHAPTER VI 

SU1#IARY OF MSSOZOIC AND TERTIARY 

GEOLOGIC HISTORY 

Uplift during Late Cretaceous or Early Tertiary 

time, initiating the Laraiaide revolution, raised the 

V/hitehorn Stock area from the sea and erosion began 

stripping about 19,000 feet of rock (De Vote, 1961".). 

Vertical uplift may have preceded lateral compression 

x̂ ;hich acted principally tov/ard the x̂ /est. The Pleasant 

Valley syncline and Coffman Ridge anticline v/ere folded, 

and reverse faulting occurred duj?ing the more intense 

stage of Early Laramide deformation. The age of the 

early phases of Lararaide deformation is given by De Veto 

(I96I4-) as Late Cretaceous or Early Tertiary, after the 

discovery of Paleocene or Eocene formations unconformably 

overlying the Precambrian core of the Coffman Ridge anti

cline and the Ilosquito-'.Jeston faults. Most of the Early 

Laramide structures trend nor thv/est. 

North trending structxires, such as the Antero 

syncline, x̂/ere formed in Late Oligocene (De Veto, I96I4.), 

The Mushroom Gulch syncline north of the area trends 

east-x̂ /est and deforms Oligocene rocks giving evidence of 

a second phase of Laramide deformation (De Voto, I96I4.). 
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Throughout the Tertiary, the area x̂/as characterized' 

by volcanic activity. Large volumes of pyroclastic 

material and some lava flows accumulated from volcanic 

centers east of the area and from smaller centers on 

the west side of the Vihitehorn stock. In one small 

volcanic center, just west of the area in sections 27, 

28, 33 and 2,l\. T.51N. R.8E. near Brox̂ fns Canyon, a K-Ar 

age date of 31-1- million years (i 3 million years) was 

obtained for a black vitrophyric welded tuff (Van 

Alstine, 1965). 

Miocene tilting of the South Park basin promoted 

trenching of southward flov/ing streams and the V/agon

tongue beds were laid doxvn against the flanks of stream 

beds cut in volcanics and Paleozoic rocks (Quinlivan, 

1959). The Trump conglomerate was deposited as alluvial 

fan material at the same time as the V/agontongue beds 

(De Voto, 1961). No evidence of Pleistocene glaciation 

was seen in the Vihitehorn area. 

Intrusion of the I.hitehorn stock and its associated 

dikes and sills probably occurred during the intense 

stage of the Early Lararaide deformation. 



I 
CHAPTER VII 

CONCLUSIONS 

1. Northv/est trending structures originated in Late 
Cretaceous or Eocene time from westward directed 
compressional forces. East dipping reverse faults and 
assymmetrical folds resulted from these forces to pro
duce a "ridge and valley" topography. 

2. East-west trending structures developed during 
Oligocene time or later and are probably related to 
recurrent movement along Precambrian structures. 

3. The Vihitehorn stock v/as intruded during the intense 
stage of the Laramide revolution and occupied the 
trough of the Pleasant Valley syncline. 

I4.. Intrusion occurred as a series of pulses contem
poraneous v:ith faulting and folding. Early stage in
trusions were more basic and are represented by rock in 
the eastern portion of the stock. Late stage intrusions 
were more alkaline and are represented by rocks in the 
western portion of the stock. 

5. East dipping reverse faults are probably related to 
the Mosquito-V/eston faults to the north and the Pleasant 
Valley fault to the south. 

6. An optical petrographic and geochemical investiga- ' 
tion indicates that the 'ihitehorn stock is not homo
geneous and represents more than a single intrusion. 

7. Intrusion was by forceful injection rather than 
large scale assimilation of country rock, 

8, The geologic map of the Vihitehorn Stock area 
(Plate I) is a detailed representation of the distri
bution of paleozoic and Tertiary formations occuin̂ ing 
over approximately 137 square miles, northeast of 
Salida, Colorado. 
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APPENDIX A 

Modal Ana lys i s of Vihitehorn Stock Samples 
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An>̂  P l a g , Or t h e . Qtz . B io , Aiaph, Mag, Other 

• 
MR-22 
FQ-1 
Sta-lIi.B 
JR-9 
r4R-5 
Ml^-6A-pe 
MR-6B 
MR-llB 
14R-11C 
I-ffi-12 
MR-lLj. 
MR-17A 

MR-17B 
MR-17D 
FQ-15 
Sta-li4X) 
MR-29A 
MR-18 
MR-21 
FQ-0 
SMC-10 
Sta-22 
MR-23A 
MR-26 

k9 
k9 
61 
50 
31^ 

gma t i t e 

^^ 50 

52L, 
38s . 
55 

k9 
peg. 

60 
61 
56 
k3 

peg . 
67 
k9 

314-.5 1 1 . 5 5.5 19 .0 
2I4..O 36 .0 22 .0 7 .5 
60 .5 13 .5 1.0 Ii-.O 
5 7 . 5 15 .0 9 .5 2 . 0 
porphyry-ground mass too 
5 0 . 0 6 .0 14.2.0 2 . 0 
2 9 . 0 13 .5 li^-.o 1 3 . 5 I4-2.O 
1^0.5 
5 1 . 0 
l\2.0 
1 8 . 5 

69.0 
3 2 . 5 
35 .8 

3 .0 
37 .0 
61 .0 
i]-9.7 
14-8.5 

t r 
39.0 
33.8 
35.0 

18.0 
19 .5 
11.0 
11 .0 
5 0 . 5 

2li-.5 
26 .8 
33 .3 

I^-.O 
5.0 

22 .3 
26.0 
-50 
16 .0 
3l.k 
38 .0 

7 .0 
16.0 

7 .5 
3 .0 

Ill-.O 

18 .0 
III.. 6 
25 .0 

9.0 
1.3 
k.3 
7.0 

-50 
9.0 

30.9 
9.5 

23 .5 
8 .5 
8 .5 
9 .0 
1.0 

1.0 
6.0 
8.I4. 

26.0 
9.0 

10.0 
12 .3 
10 .0 

t r 
13 .0 

.5 
12.5 

23 .0 6 .0 Tr , 
k.5 k'O 2 

1I1..5 7 .5 - -
12 .0 3 .0 1.0 
f i n e f o r i d e n t . 

2I1-.5 
li.o 

10.0 
16 .5 
27.0 
12 .0 
30 .0 
17.0 

8.2 
1.3 
k.O 
8.0 
8.0 
3 .0 

5.5 
k.5 
2 . 5 
2 . 5 
5 .0 
1.5 

1.5 
3 .0 
3 .0 
1.0 
5 .3 
1.3 
5.5 

1.0 
3 .0 
3 .0 
3 .0 
3 .0 

.5 
3.2 
8.3 

37.0 
9.3 
2 .0 

19.0 

h'>5 

3.0 

1.0 

1.0 
3.h 
tr 
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APPENDIX B 

Rubidium and Lithiura Intensities 

Sample 

MR-9 

1^-10 
MR-llC 
MR-13 
Mi^-iii 
MR-16 
MR-19 
MR-20 
MR-21 
MR^22 
I^-23B 
MR-26 
MR-27 
I-L1-29A 
FQ-15 
FQ-II]. 
FQ-13 
FQ-8 
FQ-1 
JR-11 
^^-19 
CR-5 
-15 

SMC-6 
Sta-19 
G-1 
V/-1 
G-1-::-
V/-1-::-
MR-llC-;:-
1^-19-"-
MR-22-::-
MR-23B-::-
MR-26-::-

Rb I n t e n s i t y 

k3.o 
36 .0 
2 9 . 0 
k2.5 
27 .0 
11-2.5 
37 .5 
3 6 . 5 
11-1.5 
10 .̂5 
2 5 . 0 
22 .0 
1|3.5 
30 .0 
11-2.5 
11-2.5 
k2.0 
k3.o 
11-7.0 
1^2.5 
1̂ 5.5 
2 3 . 5 
11-1.5 
W.5 
5 1 . 5 
85 .0 
13 .0 
86 .0 
1 2 . 5 
3 0 . 0 
39 .5 
1^7.0 
2 6 . 5 
22.5 

Li I n t e n s i t y 

59.5 
5 8 . 0 
62 .0 
6 1 . 0 
51 .̂5 
55.5 
59.5 
59 .0 
60 .5 
57 .0 
51^.0 
5 2 . 0 
56 .0 
5I4-.0 
5 3 . 0 
57 .0 
57.5 
5 9 . 0 
53.5 
56 .0 
57.5 
5 0 . 0 
55 .0 
55.5 
58.5 
72 .5 
5 0 . 0 
68 .0 
1}.6.0 
61 .0 
6 0 . 0 
6 2 . 0 
59.5 
55.0 

Rb I n t e n s i t y 
Li I n t e n s i t y 

.729 

.620 

.I4-69 

.799 

.14-96 

.723 

.630 

.620 

.683 

.780 

.I4-63 

.1{-21|-

.775 
..556 
.73I4-
.7I4-5 
.730 
.730 
.805 
.760 
.791 
.I1-70 
.755 
.781. 
.831 

' 1.175 
.260 

1.261 
.272 
.493 
.659 
.759 
.l|i^6 
.liio 

-:<• Second Run 




