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IN'i'RO!>UOTION. 

Purpose of the .in;vestie;ation. 

Thie thesis is v.iri tten fo.r the purpose of presenting 

the geology in general , and eepecia.lly the ~tructul"al 

features of the two Tertiary(?) intrusions that out-

crop within this area; to present a. :rather detailed 

topographic map of the area; and to enlarge upon the 

thesis written by Mr . Ernest F. . Wa.hlstJ."om on "The 

Geology of the Lake Albion Region" in 1933, whioh 

gives in excellent detail the petrology and mineralogy .. 

of the Camp Albion ore deposits . 

I..oeation ~ size .2[ ~ area. 

The area. that is under consideration in this report 

covers approximately f 1 ve and one half square miles and 

includes the greater portions of sections 12 and 13 

of township l north, range 74 west; and secti ons? and 

18 of township l north, range 73 west . Also the area 

includes the western half of section 17 , the northern 
-<t, 

quarter of section ta, and the northeast corner of' 

section 19 , and the southwest. corner .of aeotion 8 , a..ll 

of township 1 north, range 73 west . 

The area reported upon occupies all of the Green 

Lakes Valley except its very head , Albion Valley in 

the vicinity of Camp Albion, part of the Isabelle. 

Brainard Lakes Valley, and pa.rt of the high ridge 

that ia situated between Oreen takes and Isabelle 
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Valleys. The area. lies in the west ... central part 

of Boulder county. Colorado , and approaches within, 

at the nearest po1~t , one ... fourth of a mile of the 

. continental divide . 

the •high country" . 

Locally, this area is known as 

:M.ethods of investigation. 

In the field , mapping waa done by rneans of e. plane 

table and a telescopic alidade of the ttscoutff type . 

Pre .. es ta bli shed bench marks , made b-y the l.912 

survey of the watershed for the City of 'Boulder by 

Mann and Heentz, were uaed as a primary triangulation 

net . True north was established at night by sighting 

on Polarie e..nd !lelta Cassiopeia. 

netio declination of the area is fourteen and one half 

degrees to the eal!Jt , but the local magnetic declination 

is quite irregul~r due to the high iron content of 

the country rock. Hence , the plane tflble was 

oriented at each new station by taking, o. back sight 

on the previous station. Secondary traverse.a were 

run to make a oheck on, closure a.nd elevations. 

Observations of the strike and dip of joints and 1 

con ta.eta were made entirely td th the Brunton compass . 

In the labratory, hand specimens collected in 

the field were examined , e,nd thin ... s ,ecti ane ma.de 

from these hand specimens were studied under the 

polarizing microscope . · 

2. 
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PHYSICAL COlmlTIONS . 

Relief .a.nd Topog~aEhi. 

The area lies within one of the most rugged 

portions of the Front Range of the Rocky Mountains . 

over half of the area , aa shown on the ma1, ,. i a 

located in deep •U" shaped glacial valleys , while the 

remainder composes high ridges and flanks of mountains . 

There are tv,o glaoia.l valleys , both of which 

trand in an ea.at - west direction, and both terminate 

in glacial cirques just off of the western border of 

the map . The northernmost of these valleys , 

Isabelle Valley , i e about one .. quarter of a mile 

wide at the foot of Lake Isabelle. This pa.rt of the 

valley 1a a hanging bench with a aeries of lateral 

hanging benches on the southern side of L-1ke 

Isabelle. In the valley just above Lake Isabelle 

there 1e another hanging benoh whoee floor i~ about 

two hundred feet above the level of the lake. 

The lip of the hanging bench in which Lake Isabelle 

ie located forms a. natural dam which,. combined with 

a small artifi.oial dam,. impounds the waters of the 

lake. This lip forms the crest of a steep 150 foo t 

wall , a.nd the valley from the ba~e of this wall to 

the east becomes broader ,. mostly on the eide that ia 

south of the creel<:; to reach a vli.dth of about one ... 

half mile . a.nd continues to the east as a typical 

glacial valley for some two &nd a half miles pa.st 
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Long Lake to the lower end of Brainard Lake. Peat 

bogs are much in evidence a.long the floor of the 

valley between Lake Isabelle and Long Lake . 1':very­

where along thio valley from its head to the lower 

end of Brainard Lake the south wall is very much 

steeper than the north wall . In places , the south 

wall is a sheer cliff. Slopes of 1.500 feet 

vertically per 1, 000 feet horizontally were noted. 

The elevation of the upper part of the valley that 

was mapped is 11, 350 feet , and the lower part , below 

Lake Isabelle is 10,950 feet . 

The other valley. Green Lakes Valley, is seJ?erated 

from Isabelle Valley by the iwot • Navajo Ridge . 

Green ~kea Valley terminates to the east into Albion 

Valley. l.tike Isabelle Valley, this valley is a 

typical product of glaciation. It begins in a cirque 

on the continental divide between Arickaree e..nd 

Navajo Peaks . The valley 1a essentially a series of 

hangin benches . At the foot of the Third Green 

Lake . the valley is a proximately l , 500 feet wide . 

At thia point . the northern flank of the bench ia a 

sheer cliff about 800 feet high, and the southern 

flank io the steep north face of Mount Albion , which 

rises 1, 500 feet above the surface of the lake. 

The elevation of the up er limits of Green Lakes 

Valley is just over 12,000 feet . The valley is very 

narro 1 at its head. but broadens to the east , until 

at Ca.mp Albion it is about one - half mile wide . 

5. 



At Ca.mp Albion the valley has an elevati on of ll , 000 

feet . The valley continues from Camp Albi ?n to the 

south - east , and ie kno m as Albion Valley. It 

loses ite '0~ shaped form just belo r the lower end of 

Lake Albion , indicating that this present valley which 

connects Ca.mp Albion and Silver ke is not of glacial 

origin. 

Between Isabelle and Green Lakes Valleys there ic 

a high , narro , rather flat - topped ridge that is 

non • glaciated at its top . The ridge forms one of 

the most peculiar topographic features of t he area. 

It begins , at i t s western e tremity , at the top of 

Navajo Peak, whose elevation is 13, 400 feet , and 

continues for over five mileo t o i ts eastern extr&1lity 

which is a broad, dome - shaped mountain with rather 

gentle elopes . Thia mountain , \1hich has en elevation 

of 11 , 453 feet , is named Bald ountain on the ocky 

ountain ational Park sheet of the United States 

Gcolof$ical Survey, but locally it is known _&$ 

Niwot . This ridge orooses the entire map . 

ount 

The 

extreme eatern part , a.a ellolm on the map , is a narro , 

saw - toothed , sharp ridge , increaeing in elevation 

rather rapidly to the west as it nears its western 

c tremi ty at the top of :Uavajo Peak. The elevation 

of thio ridge on the w~atern margin of the map is 

just under 13, 000 feet . Thio is the highest point 

included in the area that as mapped with the plane 

table . F.xcept for the rugged weotern part , as 
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mentioned above . this ridge is remarkably emooth on 

top ,. and avera.geE; a little over a quarter of a mile 

in vlidth. ever widening to the eaat . The average 

elevation of this ridge across the map ie a little 

over 12,000-:feet. which is aoco:rda.nt wtth the 

elevation of the pronounced flat plateau which hangs 

so prominently between Mount Albion and Ki owa Peak-

There a.re five prominent moun~ain peaks t'ri. thin 

the immediate vicinity of the area, The highest ia 

Navajo Pea.k~ w1 th an elevation of 13, 400 feet., which 

1s the western tel'Illinua -of the above mentioned ridge. 

The next highest elevation i& Arieka.:J.'eo Peak,, 

elevation 13 , 147 feet . ,vhioh ia located just off o-f 

the aouth .. west corner of the map . J3o th Navajo 

and Arickaree Feaka are ·extremely rugged alpine peaks . 
' 

who owe their steep sides and Jagged ridges to the 

agents of glaciation. Both of these pealts are located 

on the continental divide and arc connected by a 

sharp ridge which forms the rtm of the cir.que at 

the head of Green Lakes Valley . 

elevation 13 , 004 feet ,, le shown on the ~p. The 

broken contours indicate that tll1e p~akWas not 

mapped with t.he plane table , but from an enla:tgement 

of the map of the region _published by the United 

Statee Geological Survey. Al though this peak i e 

named Kiovra Peak on the Geological Survey map and 

in ~lr . '!'.'fa.hlstrom's theaia , the local name is Mount 

Albion , and b-ea.ause it ia so prominent a feature on 



the sky ... line a.a seen from Camp Albion, the author 

proposes to call this mountain Dount Albion instead 

of Kiowa Peak. The fourth important peak in the 

vicinity 1 a the ont that is ehown on the Geological 

Survey map as Mount Albion, elevation 12. 596 feet • 

but since this peak can not be seen from Camp Albion . 

the author proposes to call it by its local name of 

Kiowa Peak. The fifth peak is Hount lfiwot, elevation 

11 . 463 feet , which is loce.ted several miles to the east t 

The topographic eimilarity between Kiowa. Peak 

and Mount Albion is to be noted. Their features 

a.re almost identical , and they are seperated by a 

remarkably flat plateau. which is one ... half to 

three - quarters of a inile wide.. This plateau ie 

accordant in ita elevation with the Niwot ... Navajo 

ridge ~ooated on the north aide of Green Lalcos 

Valley. 

It is evident therefore, that after the last of 

the Tertiary (1) intrusions were formed in the area, 

the region was reduced to a gently rolling pcneplain, 

the present remainenta of which a.re now known as the 

Flat - top Peneplain. This penepla.i.n now fonna 

ridges and mountain tope and cuts all rock formations . 

The vresen~ topography is due to post - peneplain 

glaciation. 

Drainage . 

Green Lakes Valley drains through five glacial 

lakes , which a.re numbered from stFirsttt at the head 
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of the valley to "Fifth* , which is located just we.st 

of Lake Albion, into Lake Albion, vthoee outlet, 

Albion Creek. flows southeast into Silver Lake at 

the headwaters of North Boulder Creek. 

Isabelle Valley drains through I,ong and '.Brainard, 

kea into Sou.th St . Verain Creek, which flov.ra to the 

northeast . 

Although all of the lakes a.re of glacial origin, 

Isabelle , Albion., Little Albion. the Fifth~ Fourth, 

and Third Green Lakea have had their capacity 1norea.a• 

ed by artificial dam.a . The water from these lakes 

is used for part of the \vater supply for the City . 
of Boulder and. for irrigation purposes , except the 

water from Isabelle Lake , which teused for irrigation 

alone . 

Glgo1ation . 

Glaciation has been by far the most important 

agent in . the formation of the present topogre.phy of' , 

the area. There have been at lea.et tivo etages of 

Pleistocene or younger glaciation ,, as evidenced by 

the fact that some of the glacial ma.to:rial 1n the 

vic1ni ty is much more ,1eathered than the glaeio.1 drift 

that ia deposited on top of it . This indioe,tes a 

longer period of time between the two periode of 
glaciation than th~ time elapsed since the la.st 

retreat of the 1ee. 

A remarkable feature of Green Lakes Valley is 



that it consists of a series of five hanging or 

tandem. bench.ea , formed by advances of the ice. 

The tandem benches have the appea,rence of being 

aepa.rate ci;rques,. and ~Y be called by . tb,e very 

appropriate name of ttcyclopean etairstt . 

There is nothing :remaining of the glacier that 

formed Green Lakee Valley, but Isabelle Glacier , 

now a small alpine or cliff glacier , may be the dying 

remainent of the powerful glaoi er the.t gouged out 

lea.belle Valley. 

Prior to the la.at stage of glaciation it is 

evident that Green Lakes Val.lay drained ®t into 

Silver Lake , but continued east paat the stte o;f 

University Ca.mp and over the course now occupied by 

Como a1:eek ,. as ie, eh.own by the fact tllnt. •eaet of 

Camp Albion the original glacial valley :La filled 

with glacial debr1s and a prominent pel:'ehed moi:aine 

controls the topography in sections 21, 22,: and 27 

of to,mahip l north, range 73 ilest. Como Creek. 

ao it fl.ows across this perched moraine, occupies a 

very shnllo•w valley, while about a mile below 

Univeroi ·ty Camp 1t flows through a deep gorge cut 

into hard schist. It is evident that this deep 

valley was not formed 'by the present Oomo Creek, 

but by the ancient stream that drained the original 

Green Lalcee and Albion Valleys . 
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Vegqtation. 

I oat of the area is aoove timberline \mere 

nothing gro s except a few lichens and grass ,;Jh.ere the 

rock decay has been sufficient to produce a. poor type 

of soil . Iowever, in the lower pa.rts of the valleys 

e.nd up their walls to an elevation of a.bout 10, '750 

feet the lodgepole pine (Pinue murrt.\Yano.) grows 

vrherever the glacial debris i e fine enough to allow 

it to to.kc root. Grass is tllick in the peat poga, 

and numerous arctic ... alpine :flowcro are found. 

Climate .. 

The climate is typi cal of the alpine zone. 

The preoi,pi ta.ti on is heavy• probably amounting to 

more than thirty incheo per year. Light summer 

ohowers occur a.lmo.st every day between J'une and 

mid - August . SnO\v flurries are common, even in 

mid - summer. In the winter a.nd. spring there ie a 

heavy onowfall . The v1ind blows a great deal of the 

time , generally from the west , a.n.d gales commonly 

reach unheard of velocities . The mean temperature 

is very low. Froot is not at all uncommon at night. 

even in mid ... summer. The mean annual temperature 

is only slightly above freezing . 

xposures. 

Exposures of bed rock, due to the lack of 

vegetation and rough ter~ain , are excellent. 

However, in many plaoes the bed rock is obscured by 
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enormous piles of talus and rock elides . Below 

Camp Albion glacial . debris i.a prevalent and lii.des 

much of the geology, In the flat v~lley$ over 

the entire Qrea peat bogs are common. 

Culture . 

The a.rea may be reached over several different 

routes . Aceeee J.s gained to Camp Albion by meane 

of a. very poor \'7Q.Son roa-0. 1 some four and a half mil.ea 

long, branching off of the Maxwell Road near Univeretty 

Camp. This wagon road pa.sees thr·ough the abandoned 

settlement .of H1l.le JiUll, above Unive:reity Camp. 

An excellent new fire prevention road., built by the 

Civilian Conservation Corps, leads from the crossing 

of the I.t~ell Road id th North Boulder Creelr past 

Silver Lake and directly into Ca.mp Al W.on. ·Thanks 

are due to Lieutenant Veeze.y, u. s. A:1:fr:,Y,. the 

commanding officer of Camp s . p .~ l ... c .. • that built 

this road, for allowing the author its use. 

Isabelle Lake may be reached by driving to Brainard 

Lake and thence hiking to the west ov-er a toot trail . 

This trail continues to the west from Isabelle Lake over 

the oontinental divide into crate:,:- Lake end the village 

of Monarch. 

Nederland ie the most important town in the 

region., It is a mining and tourist town of' about 

200 people . It ia located a.bout twelve miles southeast 

of Camp Albion. 
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ard iA a ema.11 mining town with a. population 

o:.. about 100 , and io located seven miles east of 

ke Ioabelle. 

An excellent gravel road connccte !iederle.nd 

nd ,a.rd. 

iederl nd 

!> ily sta..;;,cs connect both tard end 

th oulder. 

ni verai ty Cara... , or Sci e ce 1_iodse , th.c SU!!'llner 

geology and biology ca.rap op the ~n1versity of 

Colorado , is loce,ted just off of t c H,·1.xwell 1 oad, 

two miles FTeat of th junction of the ia.xwell . oad 

and the ard - cderl nd Highway. Uni verai ty 

Can.p was the base from which the field wor.lc for this 

report as done . 



GEO OGIC STRUCTURAL CON!>ITIO.S . 

Introduction. 

The atructure of the area. in general consists 

of two small stock like masses of Tertiary(?) age 

that are intruded into the pre - Cambrian granites 

and metamorphic rocks . The entire area is highly 

Jointed , faulted , and fractured . The structure of 

the Tertiary(?) intrusions only 1ill be considered 

in detail in this theais , however a brief descrip­

tion of the structure of the pre - Cmabrian rocks 

ill be given. 

s ructure g!.. ~ pre .. Ca.mbri· n rocks . 

11 of the re-Cambrian rocke are shown on 

the areal map ao "Undifferentiated re - Cambrian" . 

There are several l~ge gn iesoid igneous dikes and 

a . number of omaller granitic an pegamtitic dikes . 

These dik o are all intruded into the schists and 

gneisses of the Idaho ~prings ormation. The ikes 

etrik in a general northeast - southucat direction. 

This indic tea that at the time these dikes were 

intruded , _forc s r acting from the southwest or 

northeast . .he dip of these dikes is in all cases 

very steep . The larger dikes zu·e l , 000 to 1,500 

feet in dth. 

Structure ~ 1h£, ':'crtiary ltl. intruoions . 

The ertiary (?) intrusions consist of two 

14. 



etoc· - like os s of monzonite and several ocattered 

dikes of irdeeyc (latitc) porphyry. 

The t o o zoni tc bodies .vc ntec J \1allcd 

contact· thrit have no o.p arent relationo ·p 1ith 

the l ~e of ochi tooity oft S rings 

o. tion into i 'ch they arc int udcd. 

The mon~o it in the e t 10 tock - lik 1 • osce 

ic rel tively coarse grai.ne . 7hia indic tes that 

the maoses belong to a rather c;;..rge intruoive body, 

because upon cooling. if the bodico were not r·ther 

la·gc and deeply uried , the rock would be 

too fin d grained to be cL. scd aD a monzoni te . 

One of th se two intrusions extends from Lake 

lbion and a point juot weot of Little Lake Albion 

over th to o the Ii ot - Navajo idge , and 

te inates on the northern slope of this ridge . 

the areal outcrop of this intrusion covers about 

400 acres . The other monzonite body is larger, 

and extends f'rom the floor of Green Lakes Valley, 

over the liwot - ravajo Ridge , across Isabelle 

Valley at Lake Isabelle , and extends east a little 

belo Lake Ioabelle . This intrusion continues 

past the northern boundary of the map . It is 

unfortunate that the au·thor was unable to map the 

entire extent of this monzonite body. The author 

believea that these two monz~nite bodies are 

cupolas from the same parent onzonite stock. 

The reason for this is that both of the bodies are 
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practically ide tical in textur and compooition. 

and are very imil r to other such small mo zonite 

bodies found i1 the vicinity, such sin the 

Arapahoe Valley • • at of Silver Lake and in the lower 

part of Isabelle Valley near Lo !t e. The te ... 1. 

stock is used to describe this JO tu.lated buried 

_arent body of th existing monzonite outcrops by 

using daly's defi · tion of a stock. That ·e . a 

otock is a disco dant intrusive iGneous 'body \Vi th 

all of the characteristics of a batholith, except 

that it ia less than forty aqua e miles in extent . 

~iscu sion of theories lQ. dctermi e dir~ctional forces . .-::::--­

Te origin 1 lan of the author i mo.kine ~his 

investigation ras to attempt to a ply the thcor tical 
' ~ 

methods of ano Cloos of onn eslau) , Gerr.iany 

to determin th direction from nhich the t7o monzonite 

bodies ,ere intrud d , or the direction of the re~ional 

forces that xiet d during the time of intrusion. 

here are to theoretical metho s uoed by Cloos to 

determi·1e th direction of fore s that existed during 

the time of intrusion. The first nd best known of 

these methods i tha,.. of det 

of :forces by me no of "flovr structu1·e" 1 or to use 

the crican ter.ninolo y , rath r than the erman, 

H - The auti10~ obtained the information used in thi s 
thesis on th methods of Cloos by personal co 
munication with Dr . Henrik B. Stenzel of the Bureau 
of ~conomic ~ olo , tate of ex s . nr. tenzel 
was the assistant of Cloos at the time these methods 
were orked out and first applied. 
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The second method of determining 

the direction of :forces is to assign all joints to 

three clae~cs , thus claosing them ae "~" • 8 S" , or 

"t" joints. The di:r.~ecti.on of forces is obtained by 

compiling data on the orientation of the joints 

of the different joint class~s. and the relationship 

o theee three joint classes . 

The followin~ paragraphs contain brief summaries 

of these two methods . and the conclusions of the 

author when these theoretical methods were a.pplied 

to the monzonl te bodies in the area that was 

inveDtiga.ted. 

Clooa' theorl, .Q!. flow texture .. 

The theory of flow textu,:-e , assuming it to be 

valid which io in disagreement with some authors 1 ie 

based on the fact the.t directions of greatest and lea1J t 

pressure can be determined by the orientation of 

flow indicators that a:re present in all eoarse 

grained igneous rocks.. Such flow indicators a.re 

foreign inclusions (xenoliths and schollen) , all 

early crystallization products . achlieren, and 

minerals that are arranged in chains or parallel rows. 

these flow indicators . baaed on the theol."'y of the 

rotational strain ellipsoid, tend. to have th61r 

greateat d:tm.enai on in the direction of least 

pressure . or the direction of greate5t . tension. 

Subsequently, these flow indicators have their 
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soalleot dimension in the direction that ia parallel 

to the direction of greatest pressure or least tensi on~ 

Theoretically, directional stresses cause all flow 

indicators to rotate from thei1" original orientation 

and to aosum.e a new ori en ta.ti cm conforming vii th the 

law of the rotational strain ellipsoid. This causes 

the flow indicators , especially tabular and elone;ated 

minerals and crystals, to assume a parallel 

arrangement . 

The author ap,Plied this theoretical method 

during the process of the field work. A great 

many observa.tiono were made on the etri ke. dip. 

and pitch of the dark minerals in the monzonite. 

These darl! minerals in the monzoni te a.re the only 

flow indicators present that afford a means of 

determining the orientation of the flow texture 

throughout the entire part of' botlt of the 

monzonite bodies. These dark minerals consist mostly 

of PY,roxenes, and are equidimensional to a great ex­

tent. The fact that the dark minerals are equi ... 

dimensional means that little or no crystal 

orientation. or flow texture , has developed to 

an Elpprecia.ble extent in the monzonite bodies . 

In isolated localities within the monzoni te bodies.. 

especially a.round the margins and neQr the Ooi .. tacts , 

these pyroxene crystals and grains are in parallel 

rows or streaks• providing good ev:t.dence of 
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flo 'l .., textural orientation. In some differentiated 

phases of the monzonite large feldspar grains an<l 

crystals form excellent indicators of flow in 

themselves , but their orientation is so irregular 

that de.ta obtained from them is not reliable . 

This method of determining the di1~ectional. 

forces by means of flo·w texture worked well onJ.y 

in iaolatcd localities, especially near the ma~gins . 

of the monzoni tc bodies . In eccordo.noe with the theory , 

observable flow texture exiets near the contacts 

and is parallel to the contacts . The theory otatee 

that near a contact local forceo are superior to 

regional forces . Such a condition la quite common 

in all igneous intrusions , but since this orientation 

of flow indicators parallel to the contnct ia 

caused by the physical reaction or "dragu of the 

soltdifing magma. in its last atageo of mobility, 

with the country rook , this is not a. criterion 

upon which the orientation of directional forcco 

can be baaed. 

Flo~ texture must be observed a.way from the 

margins of an intrusion in order to establish the "" 

direction or the forces .. Indicators of directional 

flow are prac~ica.lly nonexietant within the centers 

of the bodies . In aeveral places within these 

monzonite bodies evidences of flow do exist to, a 

vary limited extent , but the orientation of these 
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indicators is eAtremely irregular and va.rie(l , 

To attempt to use any data obtained fr.om obecrvations 

of flow texture to determine the direction from uhich 

the monzonito bodies were intruded ia specUlation. 

Cloos• ,theo:r: q,f j_oint eystems and orientation. 

The second theoretical method ocl Cloos i'or 

determining the direction of forces is by the 

orientation of the "<t" . 11 s.- . and "1..'' joints. 

Thie classification of joint systems wa3 , 

like the theory of flow tex~urc,,, worked out by 

Hans Cloos at Bonn, Germe.ny. The following table 

is the joint classification of Cloos in comparison 

-.'Tith the generally accepted I:nglish and ,1morican 

classification. 

Cloos' elasoification. 

l . Quer-Klftfte. or "~" joints. 

2. Spalt-Kl fte , or 0 S I joints. 

La.ger-Kltlfte , or "L" joints . 

English equivalent . 

Ma.ster ·or tension 
joints . 

Seconda17 or 
compression joints. 

Horizontal joints 
01 .. •sheet 
ztructu;ro"., 

The quer ... kl f'te or ttq,n joints are the master 

joints . They may be distinguished from the •other 

joints by certain characteristics . Uoually the "Q." 

joints al,e long, straight • usually covered with 

slickensidcs, and accompanied by dikes . These 
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j ointa accompany normal faults and mri,y also 'be 

te:-med tension joints. Theoretically_, the "Qn 

joints are at right angles to the di.rcction of 

flow structure or texture , and are parallel to the 

direction of greatest pressure. 

The spal t - kltlfte or »s joints are of 

secondary importanc e to the »Qtt joints. They may be 

termed "spli ttt joints. ~he nsn joints arc much short• 

er and more irregular than the "q» joints. They are 

due primarly to compression, the1~efore they strike 

at right anglen to the "Q" joints. are parallel to 

the direction of flow texture, and at;rike at.right 

angles to the direction of greatest pressure. 

"3 8 joints rarely hav~ elickeneide4 and are eeldom 

associated with diltea . 

The lager - klflfte or 0 L" joints are horizontal 

jointa that are due mainly to sheet otrueture . 

caused by unloa'!l,ing" or the remova.l of overlying 

rocks by erosion . In ie;neou.o intrusion$ , "L• 

jointa may form at right angles to the direction 

from which the intrusion came from the depthe of 

the earth. Invariably, if any appreciable amount 

of the intrusion has been removed by erosion. 

secondary 11 L joints due to "unloading• will ;f'onn. 

Such a condition is very confuoing. ma.king it 

practically impoes1ble to use the ttttt joints aa a 

criteria for determining directional forces . 
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Such a condition erJ.ats in the monzoni te bodies 

discussed in thia report , therefore tne "!." joints 

arc neglect.ed in this paper. 

If the method of dete.rr.dning the directiott of 

forces by the flovr texture method is not p·osai ble ,, 

or to make a check of the findings of the flow 

te.xture obae:rvo.~ions , the " , *S", "L" classification 

can be utilized. Thia classification is important 

since the theory of Clooe states that the ttq• or 

master jointo a.re parallel to the direction of 

greatest pressure and tbe nstt joints are at 

right angles to the direction of greatest pressure . 

Field observat·ons on joint qrientation. 

A number of observations were talcen in the 

field on the strike of joints. 146 observations 

were ma.de on joints ela.s~rnd by tl10 autl10r e~a Q.8 

joint,s . 82 observations v1erc made on joints 

classes as "S" joints . The :fa.ct that the 11 811 joints 

are by definition not aa prominent as the 11 Q" jo:lnta 

accounta for the fact that a smc'lller number of 

observations were made on joints of the "S" claes . 

Observations made on joints of questionable 

cla.osification are not included in this report . 

A pei'centage table of the direction of the 

strike of the •q,n and 0 S" joints follows: 

(Figures in parentheses indicate the actual number 

of joints. ) 
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' • • 
P,ircctionr • "9." J'o1ntl1 . • ns• J'oints . • • I 

: • • est - N 80 w • cit~ (9) • ---J .~ • . • = • 
N 79 VI .. . 12%. <:wl . ··-. • t. r " .. . • • 
lT 69 w .. 60 w • --- . lO~t !a) . 

' • 
~ . 
• • 

N 59 - N 50 ' •· --- • -... -• • • • .. .. 
N 49 1 - N 40 i 3r;'! (4), . ..... ie• • I : s 
~I 39 30 w . 3~,. (4) . 

----•, . ·, t • # • • 
N 29 w - N' 20 • --- ---. . 

~ : • 
_J 19 -N 10 '' 

• 18%. {26) • 152'£. (12) • • 
' • : • 

If 9 w .. North, ~ --- • 5{e . .. (4) . ,- • : • " !II " .t:Tor th - N lo E • --- • - e--.. . 
• : . 

u 11 E - N 20 F, • J:2$~, (18} : ---' 
• 
~ • . • 

ll 21 n ... N 30 E . 3%. (4) . ·--• • I • . • " N' 31 :re .... N 40 E 2 9%. (13) • . ... .. • . I • • . . 
N 4lJl - Ii 50 :m . .. .... . 25%, (21} . • 1 j I id • • • • 
N 51 Ji.! ,.. Ii 60 E . 629; !9) . .. ..... • . 

' • t • 
N 61 E ... N 70 E • .13%. {19) • l.5.1ik. ' {12) • • 

' : • . 
N ?l E .. N 80 E • 15%, (22) .. 26%, t21} . " • • .. • 
N 81 E - J:>ast . . ... • 5$. ( 4) 

' • 5 • 
• . . • 

tOTAL .. 100~. (146) ,. 100~. (82) . . 
10 E:- For convenience in determ:i,.ning the 

directions of orientation of t he nq, u and ttg ft joint 

systems ,. all joints of ea.ch system. were grouped 

into divisions of ten degrees . The actual 

number of jointo vraa trnssfered to percentages in 

order to afford a mor e even basis of comparison• 



aince mor oboe v~t1ons ,ere made on the 

joints than were made on the•" joints. 

ce the follo ;ing page for a graphic 

represent tion of the preceeding table . 
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N RTH 

---11--__ 10 

80 

WEST 25% 
100% 75% 

50% 75% 
50% 25% 

100% Q joints 
0% S joints. 

ORIENTATION OF JOINT SYSTEMS. 

"~" joints plotted on the outer margin. 
"S" joints plotted on the inner margin. 

Number of joints expressed in percentages. 
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The proocedinc table and the graphic representa­

tion of the table do not appear to conform with 

the theory of Cloos that all "Q• joints Md all 

• jointo arc oriented at right an les to each 

other . The diagram showo that the najority of 

the joints of both cla.osea have the oame general 

orientation. The reason for thia apparent 

similiarity of the joints of the different 

classes is the fact that there are joints of at 

least two different ages , as ia discussed in 

norc detail below. True to the theory of 

Cloos , at t1e close of tho period of magmatic 

oolidification, joints ,ere d~veloped . ~ta 

later time , anothe system of joints was formed 

due to a poet - igneous eriod of movement, 

probo,bly a period of re ,.ional uplift . 

There arc many Q_fl joints otrikin in an 

approY.imate e·st o..nd west.direction . lso there 

are ~" joints at rig~t a e;le& to ·hem. orth 

10 to 20 degrees est . ) The author observed i 

the fiel that none of these jointo extc. ed beyond 

the limits of the monzonite bodies . In aurceme.nt 

with the theory of Cloos , this orientation indicateo 

that the greatest directional :force during the period 

of magmatic olidification nae along the li c eo.ot 

by north and west by south. 

There is a Tertiary stock at J estovm, about 

15 mil~e ea.at of these two monzonite bodies , that 

i s ver y similar to t hem. The Jamestown stock 
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has been 10rked OU t by Mr ., F . :iI ~ Go cldard of the 

United States Geological Survey. 

made many observations on the flow texture in this 

otock1 which showo well developed flow texture. 

r . Goddard concludes that this intrusion came 

from th west and southvcat . Bastin and Itill state# 

from their field observati ons in the general area 

th t regional forces in the area have acted in 

t 110 directions ; along a southwest - northeast line, 

a.~d a northvest - southeast line~ This statement 

is based on the general cha.r~ctcriatics of the 

1ntruoions of th general area. 

rom data mentioned in the above 'paragraph. 

and the fact that this area. lies on the northeast 

and eastern flank of the great area of igneous 

activity of North Central Colorado , i t is concluded 

tha.t the two monzoni te bodies in this area, like 

the Tertiary stock a.t Jamestown, were int:rude·d from 

the depths while r~gional forces anted from J,he 

w st and southwest . 

The "Q" and• 1t joints that arc grouped in 

orientations that do not conform with the data 

lioted in arriving at the above conclusion can be 

# - The :r:conomic Geology of Gi l ~in county, and 
adjacent pa.rte of Clear Creek and Boulder counties ., 
Colorado . U. s . G. . Professional Pa1')er # 94 1 

page 62 . 
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terated as joints that are due to later re6ional 

movcmento. The majority of these join-ts are not 

limited to the monzoni te bodies , but extend past ---

the conta.cte into tl1e older country rocks. 

Individual joints of these groupo ctu1 be traced 

directly from the monzonitc ·bodies into the ochist 

of the Idaho c;prings Formation. The nq• joints in 

this group strike in a north by west direction and 

the "S" joints urc truly at rie;ht angles , striking 

eaat by north. This data leand to the conclusion 

that post intrusion movements existed. with the 

direction of greatc~t force along north by west and 

south by east lines . 

All joints not accounted. fol .. in the above 

discussion probably ow·e their orientation to 

local movements , probably later faulting. 

The chief baoie of distinction between the 

nq,• and "S" joints is that the "'1" joints are tension "' 

j ointe ,i,i th a high angle • of dip , a.nd nsn J<:>intz a:re 

com reesion joints rd th a low P....ngle of dip .. The 

average dip of the observed ~n joints ie 78 degrees , 

the maximum dip io 90 degrees , and the minimun1 dip 

io 65 degrees . The a.vcretge dip of the observed 

0 s joints 10 44 dcerees ~ the maximum dip is 'll 

degrees . and the minimum dip is 18 degrees. 

The •t joints have been entirely neglected. 

They are due to ttunloading' rather than direction1:1l 

forces , and hence give no data that can be used 
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to arrive at conclusions as to the directional 

forces th1:1.t have existed. 

General structure QJ_ l!!£, area. 

Contacts of the monzoni te bodi-es \vi th the 

country ;-ocks are steep everywhere they oould be 

observed. Contacts are sharp iu some cases , 

being bound by fa.ult planes .• In other cases the 

contact is irregular, aeeum.ing a lit - par ... lit 

structure with the achiete of the Idaho Springs 

Formation. Unfortw1ately, in m.a,ny places the exact 

contact is obscured by ove:i,burden o;f talus , glacial 

drift. and debris , and in the valleya by deposits of 

peat . 

Several faults were mapped• the location of 

\Vhioh may be found on the map . It ia imposai ble 

to map all the faults in the area. Due to the 

l"elatively homogeneous ehru:aeter of' the monzonite. 

nu..,uerous etruotu.reo that appear to be joints are 

possibly faults with a comparative large displacement '( 

All of the joints may be said to be faults . with 

very small displacement$ , varying from a fraction 

of an inch to several feet in their displacement . 

There are three dikes of "Birdseye• porphyry, 

which is younger in age than the monzonite. A 

small dike that strilcea north and south ia located 

i n Isabelle Valley just below Lake Isabelle •. 

A larger dike of this porphyry, striking in a 
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general cast and ii est direction i .s found in .Green 

Lakes Valley. This dike is offoct by a fault that 

strikes in a north and south direction. The 

dis)lacement of the dike by this fault is approx ... 

imately t10 hundred and fifty feet . Another dike 

of this porphyry is located south of the Second. 

Green Lc'1.ke . 

southwest. 

This dilie strikes northeast and 

All of the above mentioned dikes have a dip 

o:f approxi:nately ninety degrees . 

In the ec:,st face of the cliff of the · small 

hanging bench just above the Second Green Lake 

th re is another outcrop of the 1113irdseye•• porphyry. 

This outcrop strilum north t hirt;y degrees east , 

e,nd dips twenty degrees to the west .. Thia 

outcrop ia an ignec,us sheet , which can be extended 

into the porphyry sheet that outcrops on the steep 

north face of Albion Peak. (Sec figure 4.. ) The 

term igneous sheet ts used to describe this structure 

on the basis that a sill ... lil~e body i ntrv.(lt'id into 
i) 

igneouo rocks is e.n igneouo sheet . The fact that thi e 

i ntrusion, rmioh hns an atll'Cl'8,ge thiclmcss of less than 

ten feet ,. is very flat lying accounts for the very 

large amount of "Birdseye• porphyry taluo that is 
found everywhere in Green Y.,a.kes Valley, far dotm Albion 

fl - Classroom discussion with rte . ahlstrom. 
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Valley. and in glacial drift a.o far eaat as Hills' 

Mill near University Ca.mp . !tis improbable that 

the existing vertical dilces of this porphyry could 

have been the source for such a great a.mount of 

porphyry talus . 

Conclusions M to Geolo5i~ Structure. 

It has been shown that the flow texture theory 

of Cloos for the determination of the direction 

of forces that existed at the time of magma.tic 

aolidific&tion does not apply to these two 

monzonite bodies . However, Cloos• theory of 

determinine directional forces by means .of the 

orientation of joint systems does apply. It is 

not the intention of the author to try to dis­

prove the flow texture theory of Cloos as many 

geologists are attempting to prove. It is the 

belief of the auth,or that while the theory 

works to perfection in many cases similar to the 

intrusions in this area. it do€s not exist 

universally as ~.dvocated by the followers of Cloos . 

~i'here ia definite evidence to ohow that flow 

texture does not exist \vi thin the monzoni te 

bodies of this area. There are several reasons 

hy :flow texture is not found in these bodies . 

It io posai ble_ that the rnagma was highly fluid and 

was completely emplaced before early crystalline 

products were developed , thus eliminating the 
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pos.s i bili ty of the:oe products being flow· indicators . 

'l'he i'act that elongated minerrils are ra1· 0 :i.n the 

monzonite i s an i mpo1.-tant feautz·e i n malting it 

difficult to detect flow ·;;exture , if it e.xis.ts . 

Also , it is possible that direc ·tional forces st1:ong 

enough to cause orientation of flow indicators 

were non - existant or very woak until the magma 

v,as almost completely solidified. The forces 

t hat formed the initial joint systems must 

neoessarly have acted after the me,gma _ was 

completely . or practically oolidified. 



Pf~TRO OOY. 

Introduction. 

The rocks of this area fall into two classes , 

a,s mentioned before, the pre - Cambrian country 

rocks , and rocks th,~t were intruded i nt o the 

pre .. Cambrian country rook during the early 

Tertiary(?) . Alsoa there are ore deposits of 

Tertiary(?) a.ge and glacial and pe~t deposits 

of' Pleistocene and Recent times . The ore deposits 

of the Camp Albion are~. were treated by Mr. 

Wahlotrom in his thesis . so they will be neglected 

in thie report . For the same reason. t he 

petrology i .n general of the area will not be 

discussed in g1:·eat detail . 

Pre .. Cambrian Rocks . 

The Idaho Bprinas Formation. 

All of the pre - Cambrian rocko are ehown on 

the map ao Undifferentiated pre .. Cambrio.n .. . 

The pre - Cembrian rocks that outcrop over the 

greatest part of the area belong to the Id.:'"¾..h.o 

Springs Formation, and consist of schists and 

gneiss . This formation is the regional country 

rock. These metamorphic rocks have a rather 

uniform steep dip . e,nd strike in a. senel'' 

northrrest direction. This gives the l'OCks the 

appearance of being upturned sediments . These 



1·ocka vere robabJ.y 01•i inally oed.:.1 e ta : The 

Idt ... 11.o . prin, .,o at· on can roughly be c!aaoificd 

as b. ti te - silli i te gneiss and schi t . 

Other re - Cambrian ocks . -----
ther pre - Cambrian rocks are igneous 

intrusions . most of which are ~ather large dikes 

that are intruded .directly into the metrunorphic 

rocks . r . hlotrom has identifi eu. these roolrn 

as gneiosoid qu tz monzonite. biotite sranite , 

and pe6 ~ a.ti tes . The author di .ot exc ·no either 

the biotitc g.anitc or the pegmatites in tletril , 

but t•.10 thin occt • ons of the gneissoid quartz 

monzonite ere exn.mined. Locally this rock is 

rnassire rather t.an gnciosoid , and could, from the 

apper nee of the hand specimen, be called a quartz 

monzonite porphyry because oome of the feldspar 

arc . quartz gr, ins are large enoug!t. in contrast to 

the remainder o~ the roe , to be class en ao 

phenocryots . he grom:id m.aoo of this roc2c ia 

gray and fine - grained. he phcnocrysts vary 

in aize from one tenth to one half of c.n inch in 

diameter . :&'or the most pa.rt • thene phenocrysts 

are equidimensional . 

rtz nnd feldspar . 

They a.re composed o'!' both 

In thin section . the 

f ldspar ph nocrysts showed albi te t •/inning. 

Some o th phenocrysta eho a positive opt:f.cal 

character with extinction n leo that averc e 
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twelve deg1.~ees on the section norma.l to , the 001 

and 010 crystal faces . Thi$ data imiioated that; 

tb.e feldspar is andesine ,. J~tinera.ls l.n the ground 

ma.us that were detected by the microscope were 

bioti te grading into phlogopi te , quartz., andeeine ,, 

and acceasory ti tani te. ble.ck iron ore , and a f e1,1 

sca ttered grains of zircon. 

Tertiai:z ill. Rocks . 

The ·second class o.r · roolts includes thoee that 

These 

intrusions are composed ~f' moneo.nite , ttD1rdseye1t 

porphyry, at,d pyroxen1 te. 

Monzon;;te . 

In the hand spcci1nen the monzoni te 1e a light 

gray, ;phaneric igneous rock. It is in general 

massive, and in the :field has joints at almost 

exact right angle~ to each other , The monzon:i.te 

varies in te.i..tu:rc. · .:tear the contacts it is rather 

fine grained and slightly porphyritic , with a 

development of flow texture . Thia rock we.s 

observed to become much coarser to110..rds the center 

of the iz:itrusiona 1 until near the center its 

textul"e is in some places almo,st a.s coo.roe a.s that 

of a pegmati te . 1'he finer gra.:lned phasen a.re 

somewhat porr,hyi~i tic .. having small i'eld5par 

phenocrysta that arc oriented pa:::allel to each 
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other . Thea phenoc1·ystc are elonsated and have 

o.n average lcn~th of less than three fourths of 

a.1 inch, but omc :Viere observed that had length 

of .bout th ·ce i chcs and widths of about o.n inc~i. 

About seventy five percent of the ocl~ by volume 

lack ferro - magneaiura incr~ls 

Ullll er · 1 orystala of brownish - yellow t • tani te 

,ere observed in the hand specir.1cno . 

ever thin sections were made of the 

monzoni te s1)ecimens . The~e is a 1:iarked dif ei.. ce 
. 

i n th.e size of the ·rai s depending on whether· the 

opccimcn ·,as taken from a poL t near t~e contact 

o~ to"ards the center of the intrusion. T~e 

mineral content of these thin sections is identica,l 

in all cases , the only diffe ence bcfng in the size 

of the c;raina , as mentioned ~bovc . 

ound in the thin sections of the ~onzonite arc 

anclesine , blaok iron ore , diopsicle , ti tani te , 

hornblende , and zircon. 

The t ·n sections shoied about seventy five 

percent of the ock by olume is pl ·ioclase 

feldspar . All>ite. twinnipg ia quite ·,ell de elop ed. 

he fcl spa ... gr£.ins upon >'hich observations of 

extinction angles we c made had e;-ctinction angles 

that average from twelve to t~enty t10 dcgreeo . 

In the cases . er· it vs possible to obtain the 

opticrl character of the plagioclase, it ms found 
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i. all c ses to be ositive . This leads to the 

conclusion thPt the feldsJ, cont nt of the 

zonite i • e.cc ti. local <liffc•enti~tcd 

::_,h""'nes , andesine . Tie z-emu.indc... of the nonzo_ i te 

in co o e of fer.o - r:w.gnesium minerals , both 

m...,hi le .nd pyroxe 

h pfroxene . •• ncrcl.s 

in about c~unl pro ortionn . 

.. !llisotropic and b1Bxial . 

heir optical cha a.cter in Joaitive , are colored a 

pale green , d n c non - pleoc· roic . .he 

birefringence is ~bout . 028 , an the relief iz 

edi high. .he ~tinction an le v rios from 

thirty five to thirty ei t degrees . rom the 

abov d ta the mi eral is dete ined to be diopside . , 

The amphibale is a.nisot.opic , biaxial . plcochroic , 

green to grcenich yellow . Te birefr~nge ce io 

. 016 and the e .. ~ti 1ction an le is ei 1teen deg ees , 

claer-in;.;; the min0. .... a a.s llo:::nblende . ,, 
acces .... ory m··nc-als mre found in the 10 zonite . 

itanite occur~ in i~regular g~ inn , ge ·culctc 

cryat,.ls:a a.n occasional y in acute rhor.ib c_ otalo. 

The titanite in thin sectio~ is D isotropic . 

colorleos , b. a.·ial , enrl hac ext me y hie;h .lief 

and biref in,e ce . all irfcgular rains of 

black iron ore arc scattered th_ou hout tie 

monzonite . Occasional omall gra~n~ of n.t·te are 

found . The a:pati te 1 u.1i...,~:ial .d has e. birc-

f ingence that 1:'3 lo ·er th,.,•-i. h"t f t ...,,.. = o _ua z. 

r"mall ~.1-r_ con gr!'l~n ,L d - ... - • ~ were no ve , Uv thes .,.e very 

rare . 



his rook is a lr:>.ti to porp .. 1yry. The term 

" ,irdseyc 1 is used purely -Por convenience in 

distinguishing thin rock :from the pre - C-oiabrio.n 

gnoissoid quartz monzonite . 

T.hi a porphyry is younger than the monzoni tc , 

becuu.<'.'>o dik s composed of it are found. 'Within the 

monzoni te . It occurs in several ~Jmall sized diltes 

and in a sheet on the nortl1 cliff of Albion Penl~ . 

In the hand specimen this porphyry :may be described 

as having smaJ.1 to medium sized i::regular phcnocryats 

of plugioclasc feldspar , enclosc-d in a fine t'? 

medium grained, dark eray to black groun~,na,os . 

In thin section the ::ollmuing minerals were noted: 

albitc , orthoclasc, bl~ck iron ore , hedcnbergite, 

dionside , hornblende , nnd apatite. ,.. . The phenoc:ryoto 

are of tvro types . The forat t;ype have oarlsbe.<:". 

twinning, are onu.1..ll ,, and are: not as abundant as 

the phenocrysta of the second type . These 

phcnocrysts 1Bro detennincd to be orthoclase. 

The second type a1."o much larger than the first tY11e , 

e.nd shot'1 well developed albi te tv:1inning . 'l'he 

index of refraction of this type is higher than that 

of ort~oclaoe , but is less than that of Ctu1adc. 

"'he extinction ansles on tho sections 

normal to the 001 13,nd. 010 c1--ystal faces ve.ri eo 

from five to twelve degrees . measured from the 

cleavage traceo. ~rom this dota. this ty-ve of 
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phonocryst io clasPed s albitc . 

orthoclase £4 oi.in earls a t·,1innin~, and a grcc ... 1-

ish gra • no - lcochroic yroxe-nc . mhe 

int rfcrence color of ... ~ic. yroxene is bright 

blue to green of the .. ird order • e,ncl its 

e::c.ti ction ..... ngle is thirty eight to forty de recr.; , 

.neasu~ed from the cleavage traces , thus clanAin 

this m·neral s diopside. other .; celdy 

nleochroic , o tically 'Josi tive , green py:"oxe e thc.t - . 
has a high relief , a birefri genco of . 015 and 

extinction an ~1es that vary . from. forty t,10 to 

fifty two deg ees ··mo found . Thia mineral was 

classified ,,.s hedenborgi tc . 1'hcrc a_ )ear to be 

tra sitions betweca the pure diopnide an the 

pure hedenbergitc . There is a small a.mount of 

green v..m.phi ale , pleoc1roic lig..~t ycllowieh -

green to dark olive green, ·r.i th high rcli ef end 

bright oeco d order interference colo;~o , and wit 1 

an cxt.inctio. angle of timl·1e degrees . T'lis 

~neral is classifie as hornblenie . mall 

r.:ias eo a d needle of a. unia.:; ial , colorless 

m.ine!·a.l with a very lo - bircfrin[;ence rm.o obocrvcd, 

scattered througlout the groun~~a~o . This 

rnine ... n. vas identific as .:1atj. te . N\.uncrous small 

grains of bl.ck iron ore a e _ese~t . 

lthough the Ltdoeye por1hyry has the 

general apDcarance of bei • quite banic , the thi 



section investi~o..tions "'how that it hus u high 

percentage of acid feldf:pa1· * Tl erefore , rci:;u::dless 

of its ark color , and due to the fact that it ic 

quartz free , the rock may be classed e,s a le.ti tc 

por1.)hy::cy. 1he na:me "Hirdscyen has been o.pJli ed 

by !r . . . _ . . Sperry because of the appearence 

o-:: the weathered rock . 

Pyroxenite . 

The pyroxenite is found in severe,l places 

t hat are too small to map , within the mon:zonite 

bodies . Also , a large mass , and an east and west 

trendine dike , about ten feet wide . ar.e located 

at the lower end of ke Isabelle. This rock 

ppears as a black. fine grained , igneous rock . 

It is diffi cult to tell from the ha.nd specimen 

if the rock contains a higher percentage of 

araphi bole or pyroxene. even thoueh horn·?lende 

crystals can be seen with the naked eye . 

The hand specimen shows a few very rnnall scattered 

grains of a light mineral ,. probably a. plagioolase 

felcl.spar , and sce,ttered grains of quartz. 

Both of these minerals occupy an extremely small 

perc~ntage by volume of the rock . Unfortunately. 

neither of these two minera.la appeared i n t he 

thin section of this rock . It i s posaibl.e that 

they were not present at e,ll in the part of the 

rook from which t he thin aection was ma.de , or 
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due to the rather brittle nature of the, rock P.J1d 

the difficult - of ma1dn..:; o. thin :Jection . these 

t-v-ro mincrnlz were IJlucked out du:-inc the proceso 

of m~ king the section. 

~he follo _;inc is a m.icroscopic description of 

the pyroxenite . A green, non - ,1eochroic 

pyroxene with well developed cl cavage and high 

relief , a birefrincence of a second order blue -

indigo , and an eJ:tinction anf;lc of thil"ty five to 

thirty eight degrees , measured from the cleavage 

traces., was observed . This :mineral ~aa classified 

as hedenborgite . Apat5. te , optically negative, 

colorless , with lo\7 birefringence and an aboence 

of cleavage ~no noted . Another pyroxene , 

colored pa.le green ,. biaxial , non ... plcochroic , 

with a relief _higher than apatite . a bire-

fringence of . 032 . and a.n e.'.i::tinction angle varyi g 

f:rom thirty five to forty deg~ceo , measured from the 

cleava.gr-- traces , was observed. - 'l'his minox·al is 

classified as diopside . The amphibole in the rock 

is colored dark green to greenish brovm, and is 
. 

pleochroic , being pale gree ish bro1n1 in the X 

direction and dark olive green in the Z c1irection . 

It has medium relief , and hao a birefringence of 

An extinction ancle of eight degrees vras 

measured . ~1is mineral is classified ae 

basaltic hornblende . One lo,th r:ihaped flalw of 

biotite completely enclosed in diopside was noted. 



Percentage volume of the mincreie in this 

roclc tm.s obtained by u.oing a calibrated eyepiece 

in the mioroocope . 

following results: 

Thia procedure gave the 

Black iron ore------~------ 4%. 

Dasaltic hornblendc----~~--20%. 

From tho above table it 1s seen that there io 

sixty percent of pyroxene to twenty percent of 

hornblende ., so the :rock should be called a 

pyroxenite rather than a hornblendite as it has been 

culled by some in the past . This pyroxenite mass 

appears to be due to differentiation or recrystal­

lization m.ich took ::,lla.ce ~urin6 , the later stt,ces 

og the monzouite intrusion . : r . r . N. Godc'..ard 

believes that thio pyroxenite macs is a recrystal.., 

lized inclusion of the Idaho 8p1,ings Ji'ormatiorl . 
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A brief 1:eeumc of the geologic history of 

the area and the surrounding ree;ion is as followo: 

h£ - Cambrian. 

The earlieut known form::1tions to ho..vc occt'!.IJicd 

this area wei·e thick sedi:oents wh.ich vrnre regionally 

metamorphosed durins the pre - Cambrian to form 

the schists of the pi·esent Idaho Gprings rormatioa. 

Their present mineral composition is indicative 

t...11.at they wer~ ori~inally sedi:.ients of o. rathei~ 

shalcy nature . 

Latcr t but still in pre - Cambrian time , 

quartz mon::;oni tes ,. gr~"..ni tcs , and pegm.ati tcs v1e1~e 

intruded into t:1e . crystalline _ ocks of tho Ido,ho 

Springs or:.'llation . Tncse intrusions have since 

undergone enough metamorphism tc_> now have~ 

gneissoid structure and textu1·c . 

Paleozoic~ 7esozoic . 

The:re is no evi,icnce in the area i teelf to 

give any hint as to the geologic conditions that 

prevailed during the Paleozoi c and ~,[esozoic times . 

The aleozoic and Moaozoic 1:-tistoi .. y of the g(~neral 

region is imperfectly known. !>uring a great 

part of' these times erosion ,vas an active 

geologic agent . Pa.- ts .of t~he general reg.ion 

wero land during the Carbobi:f'eroua as shown by 



1~ "'"'aunt in S.., d:;tone (Pen.usylvru ian) 1resting in 

'1n e_ osiont..l uncom:01 • ty on the pre - Ca:nbri{m 

rocku . 

d.u1· n • th l' leozoic n. ... d . csozoic , but the 

fo1· ei· GreatlJ· overb' lanced the latE:r . Lr 2d 

e::::isted du:'..'in • the e,rl· mcnozoic as ho m 1by the 
\ 

ppcr C:. ctr ceous !'le 1:ota )and..i tone resting· • n I an \ 

erouional uncon orl'i • ty on the Jl'C - Cw:1brian l 
rockc . ho crctaceona in 0eneral seem ,, to l ,ye 

b en a p eriod of st~ crge. ce , bccaut.c the la.te. 
. \ 

Cretaceous "',adimeutn that no 1 c~ .. i t on f the JF tm .. . . 
A \ 

flank of the mou:1t....,ins do not become' ooo.i,l~scr \ 
' l 

•o·,w.rds t.he ?1.ount< ins , indicatinr; that t+1ese l : 
• I • I 

sediments probably ori.,,lnv.11 ~ extended over I tlle 

present high country" . 
\ • I 

I j 
\ \ 

t 

series of uplifts , caused by compression .. 
long n cant and ·r1est line began in the early !' 

\ 

part of the T rtia y ( '?) rior. to the forrna ion 
' 

o· the ertiary 1) in, usions . This series of\ 
I 

uplifts resulted in :faultine and fractm.:ine and 

the l~tcr inti,usion of the monzoni tc bodies . 

This m.s th first renc w.l of vulcu.nism since the . ~~ 
\ 

pre - Ce.mbrian. 
f 
I 

~ollo ,in.; this perio _ of 

vulc~niom he e ·vo,s a l)Criod of ·1·despread 
~ / / 

// 

and int nsive i'allltin..,, as is show:n by the 
t' I 

faults thn t displace all of the ~tcrtia. y ( '?) 

-\ 
I\. 
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intrusions ., After thio period of faulting there 

wo,o a long period of erosion , which formed a 

gently eloping peneplain. llext . there was a 

period o:f late Tertia;.~y uplifts , which seem to 

have had no pronow1ced effect upon the local 

structure of the area. Regionally , these uplifts 

f orrned n ne r1 peneplain, located at a lm'7er level 

than the ea.rly \'ertiary peneplain. 

Q,uaterne.;-y. 

The .. leistocenc ?.,nd Recent ti1n.es , although 

tmimpo:rtant from a structural and tectonic 

stn,ndyoint , are h~Gllly important fi.~om a physio ... 

graphic viewJoint . !)uring this :pc:i:•iod , at leaot 

two adv·mceo of alpine and cliff e;1£-cie:rs ~csulted 

i n the formation of the prc£cnt tol,ogra:phy. 
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1'he . 10st irr.).)Ortant economic ecologic f ea.tu.re 

in the a1·ea is t.he mineralized zone at Ca.mi, .. lbj_on 1 

in which ui,e located several mince . These mines 

arc not teated in this report . tUnerali zation 

io to be noted in several isolated f,poto along 

the monzonite - pre ... Co.mbria.n contacts , but 

e::r.ccpt for th limi tcd zone n.t Co.m.1.> Albion, none 

of the mine1"cli ::m·!;ton zec1n.s to be of economic 

inrporta,nce. 

The mon~mni te has the qualities of a good 

building and monum.ental stone , out because of 

the location of the monzoni te mcsnea , it is 

not ccononice..lly valuable at presmit~ 

The most im)orte.nt gcncl"al economic f ca tu.re 
; . 

of the area io the la.keo . A.any e.cre feet of 

water can b nto .. ed in these la.ms for d:rinkinc 

and irrigation purposes . !.'lue to the hea,v-y- -:rrinter 

snowfall , these l e.kcs are al:·ays filled to 

c~,pe,ci ty by the end of the spring thawn. By 

yroper storage nw.naccnent , the v:ater impounded in 

these la.\:cs becomes a. highly 1/u"' ortant ,,;a.tor 

reserve to the ,ity of Poulcler and the land 

im:ncdiately to the cast of "oulder. 
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Figure 6. 

Con· ct of pyroxenite and monzon·te near .:aa.ke Inabellc . 
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