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DISTRIBUTION OF EIEMENTS IN THE SJU.T WASH MEMBER OF TEE MORRISON 

FORMATION IN THE J O DANDY AREA, MONTR>SE COUNTY, COLoRA.lX) 
,, , , ! t I , , 

By William L. Newman and Donald P. Elston 

ABSTRACT 

. . 

A study of' the dist ribut ion of' element9 in the Salt Wash member of' 
. . 

the Morr.ison f'o:nnat ion ··of Jurassic age f rom samples taken in the Jo Dandy 

area, Montrose Count y, Colo. 3 was made to dete:tmine average chemical 

compositions of mudst one and sandstone and to determine the magnitude 

of . variations in eoricent:rat ions of elements within similar rock types. 

Analytical data. were obtained by sem.iquan ti tati ve spectrographic and 

r-adiometric ~etbods. 

Results of th~ - study show that variations in concentrations of 

about 20 elements commonl y detected by semiquantitative speetrograph~c 

analyses of sedimentary rocks are small f or a specific rock ty:pe; 
/' 

theref'ore.1 considerable confidence may be placed upon the average chemical 

composit ion derived from the sa.nrple populat ions. In addition, there 

appears to, be no signif•i7ant relation between chemical compo~ftion of 

mudstone or sandstone and distance from knowli uranium-vanadium ore or 

mineralized rock. 

Mudstone generally contains greater concentrations of the elements 

studied than sandst one.. The chemical composition of red mudstone is 

similar to the chemical composition of green mudstone except that red 

·-
mudstone was found to contain almost twice as much- calcium as green 

mudstone in the Jo Dandy area. 
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Sampl es of unoxidized sandstone from the Jo Dandy area contain 

about t wice a.s mu~h calcium.? t)lree times as much strontium, but only 

about one=half as ~uch zirconium as oxidized sandst orie; except for 

t hese element s t he chemical compositions . of both categories of sandstone. 

are simi.laro Samples o:f sandstone o·f the Salt Wash member in the Jo 

. Dandy area cont ain more potassium_9 magnesiuni·.? vanadiunlp and nickel 

than ''average sandst one'' of the Salt Wash m~ber, 

The distribution of" bismu.th in rocks of the Jo Dandy area 

suggest s that bismuth a.n.d perhaps part of the potassium and magnesium 

found in rocks of the Salt Wash member ~ere either derived from 

solut ions which ascended from the underlying salt- and gypsunt-bearing 

Par-di!.ox m'ember or w~re contained in gypsiferous material of the 

Pa:r:-a.d.ox membler that was incocyorated wi.th rocks of the Salt Wash during 

s ediment a t i on. 

INTIDDUCTION 

In 1954.9 a chemical study was made of the Sa.lt Wash member of the 

Morrison f ormation of' Jurassic age in the Jo Dandy area, Montrose 

County~ t)lo. (:figo 1). The Jo Dandy area is one of' the important 

ura.nium=vanadium producing areas of the Colorado Plateau, and within 

this area sandstone st rata in the upper part of the Salt Wash member 

contain the principal ore depositso 

The chemical study was made to investigate the distribution of 

elements in the host rocks with emphasis on th~ pattern of variation 

as related to the position of known ore bodies;; and to determine average 

concentrations of some of the elements in the major rock typeso 
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The study was done by the u. s. Geological. Survey on behalf of 

the Division of Raw Materials of' the u. S. Atomic Energy Commission, 

and is based upon the detailed knowledge of the area gained as a 

:r:esult of surf~ce mapping by Cater (1955), and by surface and mine 

mapping and diamond-drill exploration conducted by the Geological 

Survey from 1949 to 1956. 

Samples, taken mostly from drill cores, were analyzed for 

chemical constituents and equivalent uranium content in labo~tories 

of the u. s. Geological Survey, Denver, Colo. Semiquantitative 

spectrographic analys~s (MY:ers, 1954) were done by G. w. Boyes, Jr., 

and radiometric analyses were done by J. Patton. 

GEOLOGIC SETTING 

The Jo Dandy area is near the southeastern end of Paradox Valley, 

Montrose County, Colo. (fig. 2). Paradox Valley is a narrow elongate 

northwest-trending valley about 20 miles long and 3 to 4 miles wide 

that bas formed as a result of subsidence and removal of strata. along 

the crest or axis of a salt anticline. The core of the anticline 

consists of plastically deformed salt, gypsum, black shale, sandstone, 

and limestone of ~he Paradox member of the Hermosa formation of 

Pennsylvanian age. 

Intrusion of the plastic ma;~erial of the ,p.a.PJiliiox member began 

sometime during deposition of the Cutler formation of 

Permian age, probably in response to weak compressive forces. 
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Th.is material ruptured the overlying beds and broke through to 

· the surface at the end of deposition of the Cutler formation 

(Cater, 1955)o From t~en until Late Jurassic time there was a general, 

although locally imperfect , isostatic balance between sedimentation on 

the flanks of the salt structure and upwelling and removal of' plastic 

and soluble materials of the Paradox member along the axis of the 

structure. 

During Late Jurassic t ime the Morrison and younger formations 

were deposited across the salt structureo A broad anticline was fo:rmed 

a~ong the t rend of the salt structure prior to middle Tertiary time; 

probably during relaxation of compr essive stresses (Cater, 1955~ salt 

flowage was renewed 1 and normal faults cut the rocks along the crest 

of the fold. The folding was followed b.y erosion and, in mid-Te~iary 

time, by regional uplift, and the crest of the structure was breached. 

Thick wedges of strata on t he flanks of the anticline settled by nor.mal 

faulting as the plastic material was pressed out from under the sides 

and ends of the structure and as sol uble material was removedo The 

major part of the sett;:Ling ma.y have been completed prior to Q~temary 

time 9 but minor adjustments continued during parts of the Quaternary 

and into recent time. Ero.sion bas removed mu.ch of the strata from 

the axial part of the anticline and has left gypsiferous masses of 

the Paradox member exposed in the valley flooro 

The Jo Dandy area includes faulted and unfaulted sedimentary 

strata between the floor of Paradox Va.lley on the northeast and the 

rim of Monogram Mesa on the southwest (figo 2)o Within the Jo Dandy 

areaJ in parts of sees. 15J l6j 21, and 22, To 46 N., Ro 17 w., late 
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P~.eozoic ap.d ·Nesozoi.e strataJ which origi.nal.ly fol"'Jled. part of the 

southwestern flank of the anticline.? have settled differentially with 

reg~rd to adjacent Permian strata. coneealed. beneath alluviUll1 on the 

northwest» .Mesozoic strata on the south and eastJ and gypsum of the 

Paradox member on· the northo The differential movement of these 

st. rata is caused by foundering of competent rocks in the relatively 

plastic salt and gypsum eore of the anticlineo Rocks in this area 

were mapped a5 landslide material~ and this area is called the Jo 

Dandy landslide by Elston.? Botinelly and Shoemaker (written communica.tion)o 

Strata older than the Morrison formation of Late Jurassic age pinch 

out, f.rom sou.th to north under the landslideo Under the north-central 

part of the landslide the Morrison formation overlies gypsiferous 

black mudstone~ gray limestone» and gypsum of the Paradox membero 

Drilling has shown that strata in the landslide -area are cut by 

a series of norma.l faults; most of·) the fault blocks are displaced 

downward toward. t he va.l.ley with displacements .loaal.ly in excess of 

150 f'eeto In t~e landslide .~.rea, many of t.he faults 3 like those 

exposed on the valley wall to the west 3 generally parallel the · 

northwest trend of the valley and are related to f'onna.tion of' the 

anticlinal structure; in places however, faults related to local 

differential settling crossc:ut the northwesterly seto All faults 

observed in the Jo Dandy are« appear to be younger tha11 the ore 

depositso 

In the J,"oDandy area. the Morrison fo:nnation, which contains the 

principal ore=bearing beds~ is about 700 feet thick and is divided 

into two members of about equa~ thickness~ The lower or Salt Wash 
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member eonsislts of broad lenses of sandstone interbedded with reddish-

brown and grayish-green mudstone; the upper or Brushy Basin xnember 

consists of variegated mudstone, $Cattered lenses of conglomeratic 

sandstonej very fine-grained quartzit~c sandstone, and thin limestone 

bed.So 

The Salt Wash member consists of 3 to 5 prominent layers of 

sandstone separated by ~udstone strata of varying thicknets. The 

uppe:rmost sandstone layer is called the ore-bearing sandstone as it 

contains all of the productive uraniu:tn deposits in the area. The 

ore-bearing sandstone ranges from a feather edge to about .. 130 feet 

in thickness. 

Individual sa.nQ.stone layers in the Sal-t Wash member consist of a 

series of lenses w~ich range from about 5 to 6o feet in thickneas and 

from a few hundred to a fe,i thousand feet in length. They are colDIIlOnly 

separated by seams of mudstoneo Bedding within the lenses or composite 

sets (McKee and Weir, 1953, po 383). is va.ri~ and ranges f'~m horizontal 
. . ~ . 

to ste~ply dipping c::rossbeds o . T'he in<J,i vi~ua,l sanq.stone lay-~~ n.ea.r the 

top a.ad base ot. the member are prominent and crop out throughout the 

a.rea. The intermediate layers are less persistent and only locally do 

all the sandstone layers coalesce or nearly coalesce to form ~ 

essentially continuous vertical section of' sandstone. 

Sandstone of the Salt Was~ m~ber is composed dominantly of quartz 

grains; feldspar :and dark ~inerals are only _minor constituents. MUdstone, 

commonly pale green in cblor, is present as intergranular materi~, as 

flakes, and as thin discontinuous seams. 



Mudst.~one stra,t.a tha,t sepa:re,te the sandstone layers o:t the Salt Wash 

member are generall y red.dish brown.J but:, mudst;ones ~ii.jacent to and w1. thin 

the lo~Jer and· upper sand.stone layers are commonly grayish green., The 

·thickest mudstone and the on.e most persistent l.at.erally, underlies the ore-

hearing. S&ld.stone o It :Ls eommon.l;y abol~.t. 75 feet thick .. 

'.rhe d.ist,:ribution of gre.en mud.ertone coincides with the occurrence of 

mineralized sand.stone :i.n many areas; there!fore;; the color of. mudstone 

adjacent to san.dstone ·bed.s ha.s been used a,s a, cr.1.terion for the 

co,lassi:f0ication of ground as t.o :favorableness for rJre {Weir,p 1952; McKay, 19 55) o 

The color o:t' sandstone is also used in this respecto Color is 

due to the presenc~e of iron in the ~orm of' su.lfides and oxides o 

Unoxidized san.d.st.one classed a,s fa.vorabl.e :fbr ore is light gray and 

contains scattered crysta . .ls .of pyrite e1nd :ma.:r.-casite:o Its oxidized 

eqt~i valent is generally light to d8Jrk brown o In many places oxidized 

senctstonE; :l.s given a f :r.;;ck:led. ~ppea:r.ance by discrete brown dots of 

Sandstone 

c~lass<8d as unfavorable :for o:r·e is ~~)o~md both above and below the 

present water table and ranges from light to dark gray and bas a pale-

red to dark ... red.· cast.. Su).,f':tdes are absento The red color of -clays of 

the Salt Wa,sh wa.s found to be due to the dispersion of minute particles 

of iron oxide whi.ch pigment the clay minera;is (WeeksJ 195.1~ po 12). The 

pi.gment of' red sandstone is believed to be due to a, pervasive coating of 

anhydrous ferric oxidej probably hematite .. 

The grain size of sandstone is also used to classify groundo Sand-

stone c;lassed, as f)a:vorable f~or ore generally is :f.':ine to medium grained;~ 

whereas sandstone classed as semifavorable a..~d unfavorable for ore is 

commonly very fi.ne gra.ined, and. silty., 
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Uranium ore in the Jo Dandy area consists mainly of sandstone . .. ' ~ 

impregnated With oxidized and. partly 9xidized uranium a.nd vanadium 

minerals, but some unoxidized uran'-um ore is presento In many places 

the ore minerals follow the bedding of the host sandstone in detail::; 

but the upper and lower eqes of a mineralized. layer tJPi.eal1y crosscut 

the larger bedding features at low angles o Within .a minenuized layer 

high-grade concentrations o_f, uranium and va.na.dium mineral~ occur in 

co11.cretionary ·masses or , pod~ OP!PIQOnly associated with c~o~aceous 

• material. Local higbc.grade concentrations a.lse oecur in sa.n<1ly madstone 

pebble carbonaceous trash layers and in traps produced by wedging 

sandstone beds. Bolls, in which ore boundaries sha.tply crosscut the 

,sedimentary becid.ing . to form C-shaped. figl:lres, have been observed. in 
' .. 

both unoxidized ·and .oxidized ore, but sharply defined. surfaces between 

~~re and barren rock ba.ve been observed only in oxidized ore.. Diffuse 

s-sha.pec;l rolls, confined to a single bed but crosscutting laminae crt 

the bed, have been observed only in oxidized ore. Field observations 

suggest that little redistribution of ore minerals oeears during 

oxidation of uranium-vanadi;um ore. (D. P. E~ton and '+'beod.Gre B0tinelly, 

written communication). 

In~ividual ore deposits range from 'about 50 to 2,000 feet in 

l~b .fW.d. from 25 to 500 feet in Width. Thicknesses of ore-grade an.cl 

mineral.ized rock are locally in excess of 30 teet, but ore layers are 

commanly 3 to 5 feet thick. 
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The geology of .the Jo t)andy area.? s1.:unma.rite9,, above.? forms the .basis 
'1 ' - ' ,. 

for the c:~etnic:al st~dy. desc~rib~ in the following se~tipns o , D~ta obtained 

~f~rom._ di~oticl=drill e:q>lorat.i_on pennitted fairly preci~e correlations of 

sandst one and mudstone strata throughout the areao In addition, the 

drilling p:roYfded drill eore :for chemical anaJ.ysiso The d.eta.fJ,.e_d 

information concerning the stratigraphy of the SSJ.t Wash member a.nd the -
,. ' • . • ' ' · ' ·, . • , 

position., size.:~ and trend of~ ore deposits led .to the selection of the_ 
i . ._ , 

Jo Dandy area as an id.eal ,place to st~dy ;t:he distribution of elements 
• . ' .l _1-

in host. rocks' of t.he 8alt Wash tnE;mber. 

.. SAMPLE COLIECT~ON 

. 
Eighty-eight samples ,of drill core: from nine diamond ... drill . boles 

were .. selected for analysis. One or more core samples were ~ake!f to 

represent each major lithologic unit pen:etrated in each drill hole. 

The samples were NX-sized. (2~1/8 inches in diameter) and averag~~ 

0 .. :3 f.'eet in length;, 

Core was taken from seven ho:Les that were drilled in the landslide 

area _ (figs. 2 and 3). Si~ of' these holes a.re shown in eros,s section 

A-Av -A" (fig. 3) ~ Two of thes~ holes (holes 62 a.nd. 78) penetrated ore 

in the ore-bearing :sandston~ and one hole (hole_ 53) p·enetrated mine~lized 

rock in the Paradox member of the Hermosa formation. Of these 6 holes, 

5 holes are. in ground classed as favora.b.le :r.or ore., and · 1 hol~ is in 

ground classed. as unfavorable for ore. Core samples , were taken from .. . 

lower strata of the Salt Wash me.mber in 2 of. these holes (86 and 53), 

and core samples were ta.ken from the upper· or ore ... bearing strata in the 

remaining 4 holes. ;:!~he remaining hole (hole 92) sampled in the landslide 

area {sec. 22, figs 0 2 and 3) penetrated· ground classed as semifa.vora:ble 

for ore.9 but ore-b,earing ground lie.s about 700 feet south of this' hole.· 

.. 



A 
86,40 145 124 62 119 134 78 363 358 85 

A' 
95 350 

CORRELATION DIAGRAM A-~-~· 

55-" 
57~ 

EXPLANATION 

~ 
~ 

MUD S TONE 

D . 
. 

SAND STONE 

~ 
MINERAL IZ ED ROCK 

119 

1 
DIAMOND - DRIL L HOL E 

DASHED WHERE PR O.J EC T ED 
INTO PLAN E OF SECT ION 

95 

85-§_86 
DIAMOND - DRILL HOLE 

8 B' 
71 64 66 

= · I 613 

~~l~~±t1IJli] 
CORRELATION DIAGRAM B-81 

92 

SINGLE HOLE 

375 
I 
I 

Au 
53 

42 

44 

;46 

SHOWING SAMPLED INT E RVALS 
AND SAMPLE NUMB E RS 

50 0 200 FEET 200 0 BOO FEET 
L/.._•...J._JL_L __ ..J._ __ ..._ _ __. __ _J 

VERT ICAL S CALE HORIZONTAL SCAL E 
DATUM PLAN E IS TOP OF OR E- BEARING SANDSTONE 

Figure 3.--SCHEMATIC STRATIGRAPHIC CORRELATION DIAGRAMS OF PART OF THE SALT WASH 

MEMBER OF THE MORRISON FORMATION, JO DANDY AREA, MONTROSE COUNTY, COLO. 

~ 
-..J 





18 

Core samples were also taken from two ·holes drilled in the vicinity 

o:f the Monogram mines» about 2 miles west of the landslide area 

(CrOSS section ]3 ... ~ 9 , holes rl an(J, 6~, f'ig.s o 2 and 3) o 'l'hese hO'les 

penetrated. up~r _-s_tmta of the salt wash member classed ~s favora~le'-
- \ 

fqr ore; however, these holes straddle a lobe o~ . g-round classed as 

-semifavorable for oreo Ground southwest of ·the semi:favorable lobe is 

cla-ssed as· fa.vorab;Le for 0~ but is mostly barren of uranium and 

_\tana.dium minerals. An ore deposit occurs about 350 feet northeast of 

section B ... :e'. 

Lithologic .data from these nine drill holes were integrated with 

surrounding drill ... hole dAt a to detem.ine the internal stratigraphy of 

the Salt Wash member. Along the lines o~ section, lithologic logs of 

adjacent drill holes have ,been plotted to demonstrate the a.ddi tional 

stratig~phic control, but samples 'were not taken from these holes. 

Datum f'or the eorre~tion diagrams is the top of the ore-bearing 

sandstone. About 30 feet ?f red-brown a.D.'d gray-green mudstone and very 

f•ine ... gra.ined sandstone ·commonly separates the top of' the ore-b~aring 
' - . 

sandstone from the basal sandstOne strata. of the :S:rushy Basin merriber. 
I' ' ! ' , I 

~ . 

In places where tbe basal sparsely conglotilera.tic sandstone of t~e ; 
• I 

Brushy Basin member 113 channeled into the ox'e-beariag ·sandstone, ~e 
.') ; ' -

datunl is the contact of these two sandstone units o, 

In a.ddi tion to samples of drill core., two samples ( samples l and 2) 

of roc~ gypsum of the Paradox member were collected from outc-rops in 

Paradox Valley, and a specimen of selenite (sa.mpl.e 67, appendices A and C) 

was taken from a fracture i:r;:t the Mineral Joe mine. One of the samples 

\ 
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o;f rock gypsum {sample : ljl appendices A and C) was collected from a 

bulldozer cut on the west side of the landslide area (fig 2) .. -The 

second SM!ple of rock gypsum ·( s$Jitple 2J app~ices A and C) was col ... 

lected about 3 mil~s west of the intersection of Colorado Highway 90 

a.nd the Monogram tru.ck trail.. The location of this sample site is not 

within the area shown on f 'igure 2 o 

VAB!~IONS IN COMPOSITIONS OF HOST BOCKS 

Analytical data (Appendix C) were used ·to determine variat:;i.ons in 

· cot;nposition of" the two major rock types, sand.stone and mudstone,, and 

also to determine variations within each roc~k ,type.. Variations .in concen­

tration of each element were determined by plotting chemical data in 

their proper sample interval within the graphic log of each drill hole. 

Graphic logs of each hole were t hen plotted to for.m stnatigraphic 

correlation diagrams (figo 3) o 

Silieeon 

In all samples of sandst~ne and mudstone the silicon content was 

greater than 10 percento The concentration of silicoh is too high to 

be estimated by semiquantitative spectrographic methods, but the 

a,ritbmetic mean silicon concentration in · unmine:ralized sandstone made 

during regional studies of the _ Salt Wash member by w. Lo Newman ~nd 

Eo Mo Shoemaker was found to be approximately 36 percent ( 77 percent Si02). 

In samples of gypsum the silicon content ranged from O~OX percent in 

a crystal of' selenite to OoX+ percent in a sample of r.'Ock gypsum from 

the Paradox member. See appendix B for explanation of the method used 
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to report spectrographic analyseso The amount of silicon over O.OX percent 

ma.y thus be taken as a rough e$tima.te of the amount of' extraneous 

material, such as sandstone and mudstone, that is incorporated with ·the 

evaporite of the Paradox member. 

The coneep.tra.tions of aluminum in mudstone range from X.- to X.+ 

percent, but only three samples of• mudstone out o~ 32 contain~ less 

than X. percent. The uuminum content of mudstone in the . Jo Dandy 

area is, therefore, constant. Concentrations of aluminum in sandstone 

also· range from O.X- to X.+ percent, but only one Sa.IllPle of sandstone 

contained more tban X. percent. Sandstone samples that contain the 

higher concentrations of aluminum also contain greater amounts of clay 

that fills interstices or occurs as films, seams, or pellets. The amount 

of' aluminum in sandstone, therefore, i~ roughly proportional to the 

amount of cla.y contained in the sandstone. 

The concentrations of iron in mudstone range from o.~ to x. percent. 

But only two samples of mudstone contained as much a.s x. percent iron; 

therefore, the iron content in mudstone is consistent. Sandstone contains 

concentra.t·ions of iron that ra.nge f'rom o.x- to X. percent. One sample of 
' . 

sandstone from hole 71 (sample 37 ~, appendix C) contains disseminated 

crystals of pyrite" The iron content of this one sample is oo-rresponiiri.gly 

high and contains x.o percent iron. 
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C·orrelative strata ot• sandstone show yeey little variation in iron 

content. n.or· a consistent pattern. of concentration wit.p deptho The 

average iron content in sandstone is q.lose to Oo3 percent (midpoint of. 

the range of o.x . ., the most frequently occuding <'cJ.ass -1ntervai), and 

the ave~~e iron content in ~udstone is close to lo5 percent (midpoint 

of the range of x.-)o 

~esium 
. . "' r:~ ·i'J·, •. 'I - . 

The ran.ge in concent~tions of :ma.gnesium in m~dstone is rather a 

narrow one.? extending from O.X+ to X .. percentp whereas the range in 

concentrations in. sandstone is Wide.? extending from O.OX to Xo percent. 

Variations in correlative strata. are not systematic, however. In some 

holes {boles 62, 71.? 53, and 92, figo 2).? the magnesium content in 

sandstone increases ·with depth.? whereas in other holes (holes ·78, 85 

95.9 and 86.? fig .. 2) t he concentration of magnesium decreases with deptho 

The calcium content of the Salt Wash member does not vary 

systematically within correlative lithologic units, nor are there 

systematic variations in calcium content with deptho The concentrations 

of calcium in mudstone range from O.X- to Xo percent, whereas the -

calcium content in sandstone ranges from O.OX+ to X .. + percento There 

appears to be no observable relation between the distribution of' calcium 

in sandstone and the distribution of known ore ~odies, but lateral and 

verti.cal sample intervals are too ~.ridely spaced to &how variations which 

may occur in and close to ore. 
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The . concentrations of potassium in mudstone range from X.-· to X. . '{lf)$·': 

pe~entJ ·. a ~rrow . spread of' valueso Concentrations of ]lx:>tasei:Um in · 

sandstone show a greater range of values extending from less tbar\: ~rsce 

amounts ( apout OoX- percent) to X. J"' peNent. T.he ra..nge in aoncen~ 

tra.tions of sQdiUJP. in mudstone is from OoOX+ to O.X percent, but 'otU.y 

one sample of' mud$tone contained. less than OoX~ peroento Concentrations 

ot sodium i~ sa.nd$tone range trom t~ee amounts (about o.ox ... ·pereeht) to 
. .. ' ' 

OoX per~.ent.11 o·ut only one sample contained more than o.x ... pereento · 

The . coneep.tra.tions ef' potassium throughout the sandstone beds are 

very ·similar, b~th latera.ll;}t and vertically. This is equally true-·for 

the . concentrations of sodium. . Sa.D.d.stone in hole 64 (cross sectio~ B-B 0 
·" 

figo 3), however, contain~ somewhat less potassium and sodium than 

commonly found in sandstone of' the SS.lt Wa.sh member in the Jo D~d.y area.. 

Titanium and zirconium 
...... - ... ~ r . ·' 

Concentrations of titanium in mudstone ~ge from o.ox to o.x· 
percent,. a.nd the range in sandstone is trom o.OOX+ to o.x- percent. 

Z~rconium in mu~stone ranges in concentration from o.oox ·~1to ·~:O~-- . ; ; :· ·· ... , 

percent and in ·sandstone from o.oox- to o.ox- percent. Although the 

total amount of ti~ium ~n the host rocks is somewhat greater than the 

total amount of zi.rconiiun, the two elemen.ts show geochemical a.ff'ini ties. 

Both elements are concentrated in the fine-grain~ sediments such as 
' . 

mudstones and claystones~ and the concentration of one element varies 

directly with the concentration of the other. 
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~~~<a . 

Ranges of concentration of manganese in both mudstone 

and sandstone are very near~ B.like, concentrations of manganese in 

mudstone range from O.OOX to O.OX+ percent, and the concentrations in 

sandstone range from O.OOX to O.OX percent. Variations in manganese 

content throughout sa.rl4stone st:nl.ta are of small magnitude, although 

there are indications that ma.nganese tends to be slightly concentrated 

at the ,top and botto!n of sandstone lenses. Manganese appears to vary 

directly in concentration nth tbat of calcium. A high positive 

correlation of calcium wi:th manganese wa.s aJ.so observed in a regional 

study of the distribution of elements i xf · sandstone o,f the Salt W~sh 

meniber by W. L. Newman. Manpnese ma.J· ~::; e contained largely in solid 

solution in calcite. 

Bari:um and stront_i _um 

The concentrations of barium in mudstone range from O.OOX+ to O.OX 

pe~ent, whereaq concentrations in sandstone range from O.OOX+ to o.x-
percent. However, only one sample of sandstone contained more tban 

f 

O.OX+ percent barium, and that sample (59, hole 86) also contained · 

abundant tiny fractures filled with gypsum and probably barite. The 

average ba.rium content in mudstone and in sandstone is very s:tmilar. 

S8.ndstone enclosing an ore body in hole 62 (samples 6 and 7) contains 

less t:Qan the average amounts of barium, and the sample of' sandstone 

n~rest ore-grade material in 'hol~ 78 (sample 79) also contains less-

than-average a.mout;tts of barium. In general, the uppe:rntOst and lowermost 

: ·~ . ~-



24 

' / 

parts of the ore ... bearing sandstone appear to contain slightly more 

barium than the c:entml parts. _ The varia.tioq;s in conc::nt~tion are 

so sl1gh·t, howeve:r-, that they a.re of questionable significance. 
. . I , 

C.oneentrations of strontium in mudstone show o:nly a. narrow spread 

of values that range from O.OOX+ to o.ox percent» and only one sample 
·, . ·. , ""' I 

coq.tain~ more tban -o.ox- pe:t"!lent ~trontium. Concentrations of strontium 
.j 

in sandstone.~~ · bowever.~~ .show a wide spread of. values that ra.n.ge from 

6.00~- ~o O .. OX+ per~ent9 but concentration.s of strontium do not show :. &. 

systematic variation except with the oxidation state of' sandstone as 

described in a. subsequen·t section of the report. Barium .and strontium 

appear to be geochemica.ll.y ~lated, to·r )> with f'ew exceptions, the 

concentrations of each element var,y coincidentally. 

Except for one sample P beryllium oc.r;ur s in det ectable quanti ties 

only in mudstone. ~he one exception is a. sample of very fine- to fine-/ 

grained. sandstone (hole 64 ~ sa.m;ple 17) taken from a thin lens above the 

ore-bearing sandston~. ';['his sample contained -O.OOOX- percent beryllium. 

Most samples of mudstone contained from trace to 0 .ooox .. percent beryllium, 

although in a few sa.mples of mudst<;>ne beryllium was not detected. 

Boron ltkewise tends to become concentrated in the finer grained 

sediments. Concentrations in mudstone range from O.OOX- to O.OX percent, 

whereas concentrations in sar1dstone range from below trace amounts- (about 

O.OOOX+ percent) to o.oox ,· pe::reent. - No 'systematic variations in the 

concentrations of these two elements are indicated by the data. 
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Concentrations ot, v&n.ad.ium in mudstone range from :O.OOX to 6"ox 

per@ent; whereas concentrations in sandstone range from trace ~unts 

{about OoOOOX+ per~ent) to 060X- peroen.to Concentrations of' vanadium 

are remarkably constant within c:or:relati·ve lithologic units., but-' 

vanadium may be slightly more concentrated in sandstones in zones 

that correlate lateraJJ.y with mineralized zones o '!'his relationship :-· 

is particularly apparent in hole 64 in whic_~h somewhat higher concen­

trations of vanadium occur near the base of the ore ... bearing sandstone 

la.yero In drill hole 26 a t:ra.ce of' ~a.rncd-;ite coating fracture 

surfaces was found at the same stre;tigraphie position as the high 

vanadium values found in-hole 64. 'rhe concentration of vanadilllll in 

sandstones either above or below known ore bodies shows no per~istent 

relations to the ore bodies.? however. 

Concentrations of chromium in mudstone range from o.oox..,. 

to O.OOX+ per;:~ ent, and in sandstone the concentrations range from 

OoOOOX to O.OOX percento Thus 1t is apparent tba.t chromium is eoncen­

t ·ra.ted in the fine-grained sediments. -Mudstone at the base of the ore­

bearing sandstone consistently contains OoOOX perceny chromium regardless 

of color. (red or green) 9 as do thin beds of mudstone within the ore­

bearing sandstone. Mudstone at the top of the ore-bearing sandstone 

may contain slightly less chromium than basal mudstone~ whereas the 

basal. sandstone: ltiyer may contain slightly more chromium than the upper 

sandstone layer. The distribution of chromium does not appear to be 

related to the distribution of' known ore bodies;> howevero 
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Yttrium9 ytterbium~ gallium9 scandium$ lanthanum.-~ 

These elements are closely related ,in their mode of occurrence~ eaoh 

tends to be c~oncentrated in the finer=grained rocks. Yttrium commonly 

occurs in concentrations above trace amounts only in mudstone which 

contains from oOOX-to .OOX percent~ but a few samples of oxidized sand-

stone contained from a trace to .OOX- percento Similarly9 . ytterbium 

occurs chiefly in mudstone which contains up to .OOX~ percento - Most of 

the samples of mudstone in which ytterbium was detected$) however~ 

contained oOOO:X::_ percent . 

The ga~lium content of mudstone ranges f~om a trace (about OoOOOX+ 

percent) to O.OOX~ percent 9 but most samples of sandstone contain less:.. 

than-trace amounts of galliumo The basal . sandstone of the Salt Wash member, 

cored in hole 53 9 contai.ned traces of gallium throughout i.ts thickness • 

Very fine grained and silty sandstones generally contain traces of gallium 

in other holes st.udiedo 

Scandium, like gallium, is detectable only in mudstone and occurs in 

concentrations that range from a trace (about. OoOOOX+ percent) to. OoOOX-

percent. Concentrations of scandium in sandstone are below the threshold 

of .detection of the semiquantitative spectrographic methodo 

Only trace amounts of lanthanum are found in the mudstones of . the Salt 

Wash member in the Jo Dandy area. If sandstone contains lant~anum, the 

concentrations of this element are below the threshold of detection by the 

spectrographic methodo Seven samples of green mudstone contained traces of 

lanthanum; five of these samples were collected from strata at the base of 

the ore-bearing sandstone lens or in a mudstone split within the ore-bearing 

sandstone o Three samples of red mudstone contained trace amounts of 

lanthanumo Two of the three samples were collected from strata 

overlying the ore-bearing sandstone (sample 28 in hole 71 and sample 18 



in hole 6~3.; c~:ross se;e·tion B ... B ~) ,? and one sa.m.ple was taken from the mudstone 

overlying the ·basal sandstone ·layer of' the Sa.l t Wa.sh member (sample 55 in 

hole 86). 

Nickel and cobalt 

C:oncentra.ti.on.s of nickel in mudstone range. from :O.OOOX+ to o.o;>X- _.,, 

percent~ a very narrow S;Pread of values. Concentrations of nickel in 

sandstone range from less than trace a.moun.ts (about. o.ooox- percent) to 

O.OOOX+ percento Con~entra.tions ot cobalt in ;mudstone range from tra.ae 

amounts (about O.OOOX- 'percent)_ .to o.oox ... ··percent, whereas concentrations 

in sandstone range f~m less than trace amounts to O~Ov~X+ percent-. Both 

elements are concentrated in mudstone strata and in~ thin sandstone lenses 

enclosed by mudstone (holes 62 and 95) • A thick sa.ndstone . stratum 

containing mineralized mate:ria.l in hole 62 ~onta.ins somewb.a.t more nickel 

and cobalt than correlative :anij;s in holes 78 and a; (cross section 

I\ :~ VA"\ 
J-i .• -.,..~ - . ·\1 • But except f'or this ocfJurrence 3 the Sa.n:Ii'le data. show no 

consistent relationship between the distri.b'tll;tion of• cobalt and nickel 

and the distribution of known ore bodies. Cobalt and nickel in host rocks 

of' the Balt Wash Jember appear to be geochemically similar because the 

concentrations of one element show an '4!l2id2llent positive correlation writh 

the concentrations of the other. 
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Copper 

The copper content of mudstone ~nges from o.oox- to 0 .OOX+ 

percent; in sandstone the copper content ranges -from o.OOOX to O.OOX 

percent. The variation .in concentrations of' copper within: correla.t!Lve 

units of similar lithology are small. The · distributi·on of copper shows no 

relationship to the distribution of known ore deposits. There is a 

tendency for copper to be distributed in ~ manner similar to tha.t · ·of 

vanadium, but the -t?wo elements do not appear to be distinctly .related , 

geochemica.lly. 

Lead9 molybdenum9 and silver 

Lead is unquestionabl y concentrated in mudstone strata of the 

Salt Wash member of the ;Morrison formation in the Jo Dandy area. 

Concentrations range from less tba.n trace ·amounts (about O.OOOX+ .pereent) 

to O.OOX+ percent. Most sampl es of sandstone do not contain sufficient 

quanti ties of lead to be detectable by the analytical method used, ~but. 

thin ·sandstone lenses below the base of the ore-.bea.ring sandstone 

consistently contain detectabJ.~. quanti ties of lead. The lead content,· 

of these thin sandstone lenses is represented by samples ~1; 12,: ~d 

· .~ 13 in . hole 62, by samples 89 . and 90 in hole 95 ,-. a.nd by sample 37 :iln 

hole 71. 

Rocks of the Salt Wash member in the Jo Dandy area. generally con.;ta.in 

only traces or less of mo~ybdenum a.nd silver. However, t~o samples in ' 

hole 85 (samples 48 and 51) and one sample in hole 86 (sample 65) contained 

as much as 0. OOX- perceQ.t molybdenum. The highest concentration of 

molybdenum (O.OX- p7rcent) was found in a. sample of black mudstone ·" 
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underlying the basal sandstone stratum of' the Salt Wash member in dr~ll 

hOle 53 (sample 46) • This black mudstone . was· probably dert ved by 
I ' 

weath~ring in situ of the gypsum and blaek shale of' the Paradox memb~r 

of' the Hermosa formation prior to d~sition of the Morrison formation. 

This particular sample, in addition to containing mol)rbde~um, also 

contains appreei~ble amounts of ~ium, copper, lead., boron, 8&J.lium, 

chromium, and a t:ra.ce of silver. This sample was not include4 in 

calculations for the average composition ot mudstones of the Salt Wash 

member. In addition to this one mudstone S8.q)le, silver was reported 

to occur in trace amounts in sampl.e 11, hole 46. 

Bismuth 

Bismuth is seldom found in sedimentary rockS of ·the Col.orado Plateau 

in amounts exceeding the spectrographic threshold. ~or tbat element 

(about O.OOOX+ percent). In the Jo ~dy area_, howeve.r, bismuth was 

found in detectable quanti ties in 6 samples o:f' drill core (samples 3, 5, 

and 6 in drill bole 62:, and sam;ples 17, 23, a.nd 27 in drill hol • . 64). · 

.The quantities of bismuth in these core samples ~ge from a trace to 

o.oox percent. Bismuth was also detected in both samples of gypsiferous 

material of the Paradox member of the Hermosa tormation (samples 1 and 2) 

and from a large crystal of selenite collected trom a fracture in the 

Mineral Joe mine ·~ (sample 67~. QUantities of bismuth in gypsum ~e from 

O.OOX- to O.OOX+ percent. 
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Eoruivalent uranium 
. ~ ' .... , .. ·'·' , .. , ... 

The radioactivity of unminera.lized host- rocks of the Salt Wash 

member of' the Jo Dandy area. varies with lithology; samples of mudstone 

and fine~grained rocks are more radioactive than sandstone samples. 
. . 

Mudstones contain from 0.002 peroent to 0•007 pereent eU.v and mudstone 

(commonly green) directly adjaceo. t to sandstone lenses is more ra.d.io-

active than mudstone some d.istan(!e above or ·below sandstone lenses. 

VaJ..ues of eU in samdston.e ~ge from less tha.n 0.001 to 0.003 percent; 

but only one sample o:f' sa.n.dstone contained more than 0.002 percent. 

AVERAGE CHEMieAL .COMPOSITION OF' riDS!' OOCKS 
' . t' ·: '. , • • • ' . ·: ~ . j· .. ~- ~ . . .· . . ' f 

Geometric means representing the average chemical eompcisition of 

host rocks were ca.le;n:U.a.t~ea. tor each of' the following rock types: red 

a.nd green mudst.one a.nd ox..1.dized and unoxidized sandstone. The average t 

chemical composition of green. a.nd red mudstone is shown on table 1. 

The average chemical compos ition of oxidized and unoxidized sandstone is 

shown on table 2. Studies of elements in sedimentary rocks of the 

Colorado Plateau by W. L. Newman illdica.te that the frequency distribution 

of many of the elements is approximately lognormal which supports the 

findings of' Ahrens ( 1954) tba.t the concentrations of many elements 

have a. l.ognonnaJ. distribution in a. specific rock type. For purposes 

of comparison~ the geometric mean is @enera.lly the mo.st satisfactory 

measure of central tendency for lognormal or approximately lo~orma.l 

distributions because the logarithmic variance of geome·tric means .of 

small sets of samples drawn :f':rom a l.ognormally distributed. population 

is less than the log~ri tbmic variance df' the ari tbmetic means (the 

geometric mean is a more efficient or more stable sta~istic). 





Table 1. --Chemical c~ositions of red and green mudstone f rom t he Salt Wash 

Element 

Si 

Al 

Fe 

Mg 

Ca 

Na 

K 

Ti 

Zr 

Mn 

Ba 

Sr 

B 

:a.e 

v 

Cr 

y 

Yb 

Ga 

Sc 

La 

Ni 

Co 

Cu 

Pb 

Mo 

Ag 

B-1 

- --1 
i 
I 

I 
I 

member of the Morrison formation, Jo Dandy area, Montrose County, 

Colo. (composition shown in percent). 

Red muds tone.2/ Green mudston~ --
G. D.Y 1 G. M.'l/ 

<l.O.O 

3.4 

1.5 

1.9 

1.9 

0.18 

~ 2.2 

·~ 0.10 

0.0072 

0.026 

0 .014 

0.013 

0.0036 

<0 . 0001 

0.0057 

0.0025 

0.0017 

0.00016 

0.00057 

0 . 0010 

<0.002 

0 . 00097 

0.00057 

0.0024 

<0.001 

<0.0005 

<0.0001 

<0.001 

~ 

X 

X 

X 
-;-

X 

X 

X 

X 
-;-

X 

X 
-:--

X 

X 

~ 

X _,__ 

X 

X 

X 

X 
...:.. 

X 

X 

X 

1.53 

1.47 

1.38 

1.52 

1.34 

1.41 

1 . 55 

1.66 

1.49 

1.20 

1.44 

1. 73 

1.86 

1.38 

1.29 

1.43 

1.97 

1.41 

1.41 

1.34 

1.67 

1.64 

l. 56 

1.45 

1.62 

1.40 

1.49 

1.66 

1.79 

1.58 

1.24 

1. 52 

1.87 

2.o4 

1.45 

1.33 

1. 51 

2 .18 

1.49 

1.49 

l.4o 

1.80 

-­. 

11 y G. M. G. D. 

<10.0 

4.0 

1.4 

1.7 

0.94 

0.19 

2.4 

0.14 

0.0090 

0 . 016 

0.017 

0.015 

0.0040 

<0 .0001 

O.O<il3 

0.0029 

0.0015 

0.00016 

0.00077 

o.oou 

<0.002 

o.oou 

o.oo44 

0.0025 

<0.001 

<0.0005 

<0.0001 

<0.001 

~ 

X 
-!-

lt 
+-

J!: 
-r 

X 

X 
....... 

X 
~-

X 

X 

X 

X 

X 

X _.__ 

X 

X 

~ 

X 

X 
-:-

X 

X 

X 
~ 

1.42 

1.27 

1.42 

1.74 

1.28 

1.29 

1.41 

1.48 

1.57 

1.32 

1.00 

1.~2 

1.62 

1.18 

1.38 

l. 74 

1.69 

1.29 

1.30 

l.o8 

1.28 

1.67 

1 . 42 

1.70 

2 . 28 

1.44 

1.46 

1.66 

1. 79 

1.96 

1. 51 

0 

1.67 

2.05 

1.27 

1.61 

2.28 

2 .18 

1.46 

1 . 48 

2. 99 

1.44 

~ Chemical composition based on 13 samples. 

~/ Chemical composition based on 19 samples . 

J/ Geomet ric mean (percent)showing the 99 percent confidence interval for the 

population geometric mean. The limits of the confidence interval are 

determined from student's ~distribution (Fisher and Yates, 1953, p. l ru 1d 40) 

~here t is the deviation (or range of the populat ion mean}, in units of 

estimated standard error. For a normal distribution: 

confidence interval of the mean • + t ~ 

-
n-1 

or for a lognormal distribution: 
r 

confidence i nterval of G. M. • x antilog t (Log Q_ . D.) 

L Yn-1 
Y Geometric deviation or antilog of the l og standard deviation . 

c.. 
1-



Table 2.--Chemical caaposit i o:1s of oxidized and unoxidized sands t one of the Salt Wash member of the 

Morrison formation, Jo Dandy area, Montrose County, Colo. , and chemical composition of 

average sandstone of the Salt Wash member ( composition shown in percent). 

Element 

Si 

Al 

Fe 

Mg 

Ca 

Na 

K 

Ti 

Zr 

Mn 

Ba 

Sr 

E 

Be 

v 

Cr 

y 

Yb 

Ga 

Sc 

La 

Ni 

Co 

Cu 

Pb 

Mo 

Ag 

Bi 

OXidized 
1' sandston~ 

G. M. 

>10.0 

0.78 

0.34 

0.43 

1.8 

O.o62 

0.72 

0.032 

0.0046 

0.013 

0.017 

0.0063 

<0.001 

<0.0001 

0 .0040 

~ 

f 1.40 

X 1.29 

! l. 53 

X 1.47 

~ 1.49 

X 1.43 

X 1.35 

X 1.40 

X 1.40 + 

X 1.20 

X 1.36 

_; l. 37 

0 . 00069 .: 1. 21 

<0.0005 

<0.0001 

<0.0005 

<0.001 

<0.002 

<0.0002 

<0.0002 

o.oooso X 1.26 

<0.001 

<0.0005 

<0.0001 

<0.001 

G.D. 
2) 

2.34 

1.91 

2.95 

2.63 

2.74 

2.49 

2.14 

2.33 

2 . 02 

l. 57 

2.16 

2.22 

1. 84 

1.78 

]:_/ Chemi cal r omposi lio ~l based on 47 samples . 

~ Chemical composi t ion based on 8 samples. 

Unoxidized sandston~ 
G. M.Y 

>10.0 

0.35 ~ 2.25 

0.32 X 2.46 

0. 1.~ 2 f_ 4.33 

3. ) ~ 1.41 

O.o46 E 4.76 

0.75 ~ 2.62 

0. 020 X 2.06 

~ 2.83 -.-0.0022 

0 .00<)1 E 2.44 

0.012 X 2.74 

0. 024 X 2.44 

<0 . 001 

<0 . 0001 

0 . 0032 ~ 2. 09 

O.OOY)l! 2.06 

<0.0005 

<0.0001 

<0.0005 

<0.001 

<0 .002 

<0.0002 

<0.0002 

0. 0015 ~ 1.68 

<0.001 

<0.0005 

<0.0001 

<0.001 

G.D . .5J 

1.90 

2.o4 

3.18 

1.31 

3.42 

2.14 

1. 77 

2.27 

2 .02 

2. 21 

2.02 

1. 7( 

l. 77 

l. 51 

Average sandston~ 
y 21 

G. M. G.D. 

>10.0 

1.2 

0.24 

0 .23 

3 .3 

o.o89 

<0.37 

0.051 

0.010 

0. 022 

0 .034 

}! 1.18 1.89 

X 1.19 l. 91 

X 1.33 

~ 1.40 

X 

X 

X 

X 

! 

1.42 

1.20 

1.27 

1.33 

1.34 

2.85 

3.47 

3- 73 

1.96 

2 . 4 

2. 39 

3 . 00 

0 .0049 X 1.28 2. ) 

<0 . 001 

<0 .0001 

0 .0010 X 1.32 2 .81 

0. 00066 ~ 1.25 2. 27 

<0.0005 

<0.0001 

<0 .0005 

<0 .001 

<0 . 002 

<0.0002 

<0. 0002 

0.0013 X 2.49 1.28 -;-

<0.001 

<0.0005 

<0.0001 

<0.001 

1/ Chemical composition bas ed or' 96 samples from localities scattered t hroughou t t he Colorado Platea~. 

Y Geome t ric mean (perce nt) shoving the 99 perce nt confidence interval for the population geometri c mean . 

The limits of the confide nce interval are determined from student' s !:_ distribut ion (Fisher and Yat es , 

1953, p. 1 and 40) wher e ! is the deviation (or range of the population mean ) i n units of es timated 

st~~dard e rror. For a normal distr ibution: 

confidence interval of the mean • + t ~ 

F-1 
or Cor a log normal distribution: 

X confidence i nterval of G. M. • ~ antilog 

2) Georoetr L deviation or antilog of the log s tandard deviat ion. 

t 

r - 1 

I (Log G. D.) 

I 
L 

- ·n -1 
I 

_j 

w 
tv 
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.. 

· :Et -:should be .noted that:-'tl::le· ge0•:t:t'ic me~ gi,ven' in ~--~port 

should not be compared directly with published estimates of element 

abundance which are :reported a.s ari tbmetic means. The geometric means 

for a;L1 the ele:rnen.ts reported are invariably less than the estimated 

true ari tbmeti~ means by an amount that is -_ a function of the ~og sta;ndard. 

deviatione 

The eomposi t~ion of green mud.stone differs only slightly~ and probably 

not significantly~ from the composition of red muds~one. In fact, a 

· c~rison of the two color vari,t:t•s of nrudstone shows a :rr~rka.ble 

similarity in composition. ,, £The concentration of ealciwn.? alone, may 
I ~ ' • 

indieat~ a signifi!::an:t difference between red and green m~df?tone P as 
' • ' . ; ' ' 

- . 

red mudston$ appears to cont,a;i:n. about twice as much calcium as does · the_ 

green mudstone. How~ver9 there is no ehemical evidence apparent in the 
,I , . . .. 

~ta to establish a spatial relationship between the colo;r of muds~one 

and mi,n.era.lized sandstone~ 

} 'Irhe conce~t:ration of many elements depend9J on the mineral composition 
.• "' : t ' · ' I 

of the rock which in turn depends considerably upon the grain size o+ 

the rock. This is brought out by a c_ompa.rison of the average chemical 

co~si tion of sandstone (table 2) w'i th -tba.t of mudstoQ.e (table 1) in the 

Jo Da.ndy area. Mudstone contains ~bout 5 times more aluminum than sand­

. stone, 3 to 4 times mo~ potassium~ ti tanium.9 and chromiUlll, up to twice 

as much vanadium, and about 5 times as much nieke19 cobalt, and lead. 

Mudstone, likewise, contains most of the gallium &nd most of' the rare 

earths tbat are found in ·the SaJ.t Wash n;tembe,r such a.s scandium, ytterbium, 

l.a.ntba.num.9 and yttrium. Boron and beryllium a:re also concentrated in the 

finer grained rocks. 



Unoxidized sandstone samples from the Jo Dandy area contain more 

eaJ.cium,l) strontium.v and ~opper, and somewhat less aluminum than oxidized 

sandstone samples, whereas the concentrations of the other elements shown 

are quite similar in bot~ types of sandstone. Mudstones contain more 

copper and aluminum than san.Q.stone(compate tables 1 and 2; Ra.n\atma 

and Sa.hamaJJ 1950, p. 226). Thus sandstones that contain more mudstOne 

should. also contain more aluminum and copp~r. ·. Unoxi_dized sandstone in 

the Jo Dandy area., however, canta.ins less aluminum but contains more 

copper than oxidized sandstone. This suggests tba.t . during processes ot 
I 

oXidation some copper is removed from the rocks, and perhaps the 

aluminum content ~s increased. 

Sandstones of the salt Wash member in the Jo Dandy area shbw unmis­

takabJ.e differences. in chemical composition when compared ~ ih the 

composition of avertl8e ........ ._ ·tfr'·:blle .flill., ,_......,_~\:~··· -~~· !!!e 

composition of "average" sandstone is based on semiquantitative 

spectrographic a.n.a.lyse-s of 96 sampJ.es of sandstone from the Salt Wash 

member eolJ.ected from outcrops at wideJ.y scatte~d J.ocalities on t~e 

Colorado Plateau. . 

Sandstone in thEJ/:·.to Dandy area contains more potassipm, magnesium, 
I 

vanadium and nickel, and less aluminum, manganese, barium, titanium, and. 

zirconium than average sandstone of the Salt Wash. Unoxidized sandstone 

in the Jo Dandy a.rea contains about the same amount of calcium as does 

~vera.Se sandstone~ but the ~ow concentrations of ~al~ium 'in oxidized 

s~dsto~e may be the result of a process of solution ~d redistr.lbution of' 

ea.J.cium in a.rea.s con~ining uranium depesits. The oxidation of pyr~te 

and marcasite in sandstone ma.y result_ ~n the formation of ferr_ic sulfate 

·a.nd sulfuric aeid. In this a.eid environment some ca.lc11,1IO. carbonate may 
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T'.b.us sulfide=bearing san.dstoD:_e 

upon' o:ndation may beeome local.:ty depleted in ca.lei:iumo The _abundant 

gypsum of the unoxidized sandstone is in the. fonn of intergra.n.u.lar flour 

cement and fracture fillings which have healed the :rocko Mueh of this, 

gypsum lDI!!i.Y have been der~ved from exposed evaporite of tlle Paradox ' 

member of the $ermosa. f'o:rJl'JEttion an:d incorporated. in sediment's ot· the 
I 

SaJ.t Wash during sedimenta;tiono Some ~t this gypsum may have foxmed 
~ 

as a result of the solution of calt~ium ~arboria.te in t~he oxidized · 

sandstone and )re®ipitated as in:tsrgr~ula.r material. as a. result of ­

combination Qf C~ With so4:'*ani w.tero Deformation of the area. 

aecompanied ·by fracturing ms.y have permitted the m.ovement· o:f some gypsum 

into fractures. Splall a.nd. genera.lly nonpersistent fra.ctUNS were probably 

fi+led witb -_gypsum in this mannero However, the larger through•going 

fr8.ctures SJ.so my have receiv-ed some gypsum directly frol,ll · the Paradox 
I , · '· j 

' ' 

menlber. Field obs,e:x;va,_tio'nis show tha.t a .gypsi'ferous:; suJJ.fid~ ... bearing · 

sa.ndstone9 ~hich con~ain~ only sparse amounts of carbonat~ changes upon 

oxidati9n to a limonit:lcj)' l ocally unceme:o.ted sandstone in W.llich 'oniy' 

trabes ::o~ SYPSum remain along partly Open ·fractures and t~ugh which 

carbonate cement ::!.s erraticaJ.ly distributedo 

Th¢ greater amounts of potassium and magnesium in sa.nGlstone of 

the Salt Wash member in the Jo Dandy area may be in part derived frtim 

the Paradox membero Chemical. evidence suggests that bismuth was 9 in 

part.~ derived from the Paradox meniber; and it seems reasonable to infer 

that sueh elements as potassium and magnesium also were in part derived 

from the Paradox meJD.ber o Bismuth is seldom~ if ever$) detected in 

sedimentary reeks of the Colorado Plateau o In tact:; 1 t bas never been 
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detected. by spectrographic methods in more tba.n 4oo samples ot · sandstone~ 

mudstone, limestone, eva.pori te, or oil shale from various parts 'of. the · 
' ·, 

Colorado Plateau. Because the occurrence ot biSlnuth in the Jo Dandy area 

is unique .9 this element may be considered to be a. tracer that links 
. ,. -

together the materials in which it is found. Bismuth was found in ··t ~ ~\'; .. 

detectable qua.n:ti ties in tyro sa.mpies of gyps'UIJl .· from the Pa:~:x: member 

expo'sed in Paz:adox Va.lley (fig. 2) ~d was also -dete,eted in six SaJr!Ples , ,IJ 

of drill core taken from the Salt Wash member. Tb.us bismuth appears 

ei~her to have been. carried uPward by a migration of so~utions from the 

salt plug un.d~rlyin.g Paradox Valley or carri~ in gypsiferous detritus 

that ~s incorporated with sand and. clay Gi}lring deposition of the Ba.lt 
I 

Wash member. The fact tbat' bismuth was also Q.etected. in a ery~tal of 

selenite found ... in a fracture of the Mineral Joe mine suggests that bismuth 

is capa'Qle ot ·being carried in a sulfate solution. 
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SUMMARY 

The chemical @Qmpos:l:tion o:f each rock type of the Salt Wash . j 

mE:mibe;r:- of the Morrison fo:rmation in the Jo · Dandy ares. is :remarkably 

un~for;m., . The ehem.iGa_l composition -of red mudstone ~annot be · 

distinguished f:t;"Om the ' ch,emical composition of green mu~stone exeept ­

t•or con.~entrations of' calciumo ~ Red mudstone samples ·contain about 

twice ·as :q1ucb. calcium as green . muds~one in the-area st:udied.o o-xidized ; 

s~dstone contains somew.ba.t I mo~ SJ.~inump :manganes~,9 'and zireoni~, 

an~ about half as much calcium., strontium.? anCl· copper, a.s unoxidized. 

sa.ndstoneo 

zirconium . .? and manganese :J but more pota.ssium9 magnesium.? vana.dium1 

nickel, and cobalt than average sa.nd$tene of tbe Salt Wash:• _,, The, unusual. 

amount of bismuth in some samples of host :rock in the Jo ·Dandy area. and 

the oceurre~ee of bis~uth i n samples of gyp~um suggest that bismuth-and 

probably some potassium and magnesium in .. rocks of the. Salt Wash member 

were derived from the _Paxadox ~ember of the Hermosa for.mationo 

The persistently higl:L concentrations of vanadium in t:h.ll host 

~c~s of the Jo Dandy; area ·as eompa.;red to the vanadiUm. content of 

average sandstone of t~e Salt Wash member ~uggest that ~ium may 
I . I 

be useful as a pa.thfind~r element in geoGhemic:a.l ·,p:rospectingo 
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Appendi~: Ao c:"""Descriptions Q:f samples o 

(Describj by w. L. Newman and J. D. Voge1) 

Outcrop samples 

1~ 

Drill core samples 

salt Wash member 

3: 

Sample interval 

203.7 to 204e2 feet 

4: 

Sample interva.l 

214.5 to 215.0 feet 

J ck gypsum of Parail.ox member of the Hel'llll)sa 

f t rmation; cream to white 1p. co1ol", pul~l'W.ent; 
~illected from bulldozer cut on west side of 

Js1ide area. ' 

Rd>ck gypsum of' Paradox member of the Hermosa. 

~ · :r.mation; gray,.' ;massive to pla.typ contorted; 

c llected from outcrop along Colorado 

Highway 90~ 3 miles west of intersection with 

Mll nogra.m truck traU. 

S lenite crystaljl 2 inches long and .haJ.f a.n 

i~h across; collected from fracture in -the 

M neral. Joe mine., 

dstone ·red.dish .. brown, very f'ine .... gra.ined; 

ofdized, 1imoni te sta1n and gypsUJil disselllitlated 

oi fracture surface, carbonate cement, some · 

i ~ terstitial red mudstone. 

Mfnstone, green, 11my, trace of 1imonite 

sta.ino 



5~ 

'Sample interval . 

22Q.O to 220.5 teet 

top of upper ore­

bearing ·sandstone 

unit 

4o 

Sandstone, gra.y, very fine- to fine-

grained; incipient oxidation, disseminated 

smaJ.1 patches of limonite With pyrite(?) 

nuclei; sulfate cement, trace of interstitial 

green mudstone. 

6: 

Sample intervs.l: 

250.0 to 250.5 feet 

.. 8a.nclstone, gray, fine-grained, unoxidized, tiny 

pyrite crystals widely dis semina ted, sulfate 

(middle of upper ore­

bearing sandstone unit) 

7: 

Sample interva1 

272.0 to 272.5 feet 

(upper ore-bearing 

sandstone unit) 

cement, some green interstitial mudstone. 

Sandstone, gray, fine-grained, unoxidized, 

pyrite widely disseminated, sulfate cement; 

some green interstitial mudStone. 

8: ·· Sandstone, brown, very fine-grained; oxidized 

Sample interval.: abundant spots and stains of' limonite; some gx-een 

.• ,.t • . IIIS.o, ~ . interstitial mudstone. 

(b~se of upper 

ore-bearing 

sandstone unit) 

9: 

Sample interval: 

283.8 to 284o3 f'eet 

Mudstone, green, silty, limy, conspicuous spots 

of limonite, :t~tures . filled W'i th lilllOnite ancl 

gypsum. 



Sample interval: 

11~ 

Sample intervalt 

318.1 to 318.6 feet 

{top of lower ore­

bearing unit) 

12: 

Sample intezyal: 

328.0 to 328.5 feet 

bearing sandstone 

unit} 

Sample interval': 

334.5 to 325.0 feet 

(base of lower 

ore-bearing 

sandstone unit) 

14: 

,Sample interval: 

34o.o to 34o.5 feet 

15: 

Sample interval: 

358.0 to 358.5 feet 

41 

Mudstone P green~ sandy~· tiny crystals of pyrite 

1 del.y dis semina ted, some 1:i:moni te eaa.ting 

f:ra.etilre surfaces • 

dl8tone, gray 1 fine-grained, oxidi:zed, prominent 

s. eclUing of limonite with spots up to 1-1/2 mm. 

dia.tnete:r, siliceous cement~ slight amount ot · 

i terstitia.l green mudstone~ fracture filled with 

slslillll. . . . . 
rne, pale--brown, very ;fine- to fine- grafJleil-, 

oJ icl.ized, heavy 1:1.moni te. stains in one-fourth 

i . eh bands parallel to bedding. Prominent 

cture filled with well ... developed .crystals 

o gypsum. Some green mud.stone as ;fine grains 

c ·· n~entrated along bedding pl.anes"' 

+stone, brown_, tine-grS.;tned, 

o., d.ized.l' abundant l:i:.monite spotting and 

s . ining.9 s'l.igbtly cemented by carbonate, some 

·d.stone. 

dst;one, green, traces of limonite. 

Mud$tone, reddish-bl:"'wn.9 trace of ·manganese 

stain. 



Drill bole 64 

16: 

Sample interval~ 

54.6 t o 55.1 feet 

17~ 

Sample interval~ 

62.1 to ,62·. 6 feet 

( top of ore..,bea.ring 

sandstone unit) 

18~ 

Sample in.terval: 

66.6 to 67.1 feet 

19~ 

Sample inte~ral: 

72~1 to 72Q6 feet 

(ore~bearing sand­

st one unit ) 

20~ 

Sample intervalt 

85.2 to 85.7 teet 

(ore-bearing sand­

stone unit) 

42 

Mudstone,; reddish-brown,~~ silty, slightly 

calcareous. 

.Sandstone, reddish-brown to ligQ.t-browh, red 

east due to red siltstone, very fine- to fine-

grained, ox.idized, slightly calcareous. 

Mucistone, reddish-brown mottled with green, 

silty. 

Saxldstone p pale-red, very fine- and fine-grained, 

oxidized, triable, limonite as interstitial 
I 

paint, trace of interstitial green mudstone. 

Some white altered ~rt{? ) • 

sandstone, brown, fine-grained, oxidized, some 

limonite spot~ing and staining, sulfate cement, 

trace of interstitial &reen mudstone. Abundant 

white altered chert(?). 

21.& Sandstone, pale .. brown, fine ... g:rained., oXidized., 

Sample interval: traces of limonite paint, 

100.00 to 100.5 feet thin films of green mudstone alorig bedding sur-

(ore-bearing faces. Abundant white altered chert(?}. 

sandstone.unit) 



22t 

~le ~nterval~ 

115 oO to 115 o 5 fee_t 

( o~=bearing 

~~stone unit) 

23; 

130.0 to 130e5 teet 

( ore-b~ring 

~andstone unit) ., 

sample interval~ 

145o0 to 145o5 feet 

' ,... 0 ~ oreC>uearJ..ng ·. 

sandst,one ·unit) 

( ore~bearing 

sandstone unit) 

sample interval~ 
. .._- ~' . 

167 ol ·:to 167.6 ·.feet 

sample interval: 

17-9 ~-6 to ~ 1€-Q ~ l i"eet 

limonite spotting a.nd stain.ing, sulfate eement, 

ab11mdan t int;erst;i tial grains , and pellet;s of green 

m~st.one {) ~bundant whi t 1S al;tered chert(?) ~ 

~dstone» -~e-qrown~ med:ium---g~ined» 

oxidized»' f:cl:ablep conspicuQus ._li}ilOni te 
. \ 

Sandstone.!' brGYvm fine- to m~d.ium-g:rained9 

fri_~ble ~ oxidizedp abuncl.a,nt limonite as 

interstitial paint a.u.d stain; t:raee qf 

Sand.Cltone.? pa.le=bro·wn.o f:i.ne-g:ra1ne.d9 oxidized 
' ' 

fris,ble; . t;:ca,ce of l im.oni te paint; seams~ . films 

and interstitial blebs of ,g~en lB'tldstone; 

abundant white utered chert(?). 

Mudstone:> green.1 silty', limy. 

Mudstone P r~dish ... brown, 1 :si.l ty .. 



Hole _71 

28g 

Sample interval.~ 

66o7 to 67o2 feeto 

29~ 

Sample interval~ .. 

72_~ 7 to 73 o 2 feet 

30~ 

~le interval: 

7.4o2 to 74o7 feet 

(top of upper 

ore=bea.ring 

sa.ndst;one unit) 

31: 

Sample i:p;terva.l. ~ 

95oC to 95o5 feet 

(middle of upper 

orelbearing sandstone 

unit) 

32s 

Sanlple interVal~ 

123o9 to l24e4 feet 

(base of upper ore· ... 

bearing sandstone unit) 

44 

Mudstone» reddish-brown. 

Mudstone» grayish-green, very silty; some 

l~nite stain. 

Sandstone., brown.? fine-gmined.i oxidized, 

abundant sp~r~~ of liet1ite f) sulfate cement; 

sparse intersti t .ial gre·en mudstone; fracture . 

fj.lled with gypsumo 

Sa..'nds~~ne,., brown.? :fine~gra.ined, oxidized, some 

.. spots of limonite P Bt'lif'a. te cement, some 

interstitial green mudstonep ~bundant white 

alt ered chert(?)o 

Sandstone.\) brown, fine-grained, o~id~zed., 

abundant spots of limonite; trace of intersti tia.l 

gr:een mudstoneo 



33~ 

Sample interval~ · 

l26o5 to 127o0 feet 

Sample interva.lg 

129o8 to 130o3 f~et 

35: 

Sample i:o.t;erva.l ~ 

135.7 to 136.2 feet 

6ample int.e:rva.l. :. 

·14lo2 to 14lo7 feet 

(top of lower ore-

Mudstone:; chocoate-browno 

· oxidi.zed.9 interstitial limonite9 siliceous 

. · cement, trace of gra,yish...:green blebs of' ·mudstone; 

ver.y thin films of. gypsum along bedding 

bearing sandstone unit) · su.:r"fa,:t;;eSo 

37g Sa.:6.dstonep grayJ ve:cy· fine ... g:ra,ined.l' quartzitic.? 

Sample interval.: uno.xidized9 t iny dissexai.nated erystaJ.s of pyrite 

l~sO to l50o5 .feet· very a.bunda..n:t but ·c:h:lretly eoncentra.ted along · 

(middle of lower ore- bed.Q.ing surfaces; seams of fibroJls gypsum up to 
I 

bearing sandstone v.riit) Oo5 mmo thick along bedding s.uvfa.ceso 

38: 

Sample interval~ 

(base of .lower ore"" 

bearing sandstone unit) 

39~ 

Sample interva..l.g 

Sa.ndstoneJl pale ... brown.J very f'ine-grained, 

oxidizedj limonite abundant as tiny spotsJ some 

interstitial green mudstoneo 

Mudstone 3 grayish· .. greenj mottled with about 

20 percent· reddish=bto'wn mudstoneo 



Sampte interval: 

174.0 to 174o2 feet 

Hole 53 

41: 

Sample interval: 

494. 4 to 494o 9 

(sandstone bed above 

ore-bearing sandstone 

unit) 

42: 

Sample itrtervtU: 

494.4 ~o 499·9 feet 

( top of ore-bearing 

sandstone unit) 

43: 

Sample interval: 

527.5 to 528.0 

(middle of ore-bearing 

sandstone unit) 

44: 

Sample interval: 

54o.O to 540.5 feet 

(lower part of ore­

bearing unit) 

46 

Mudstone, chocolate-brown, with irregular b~ebs 

of gray mudstone up to 3 mm. in diameter. 

Sandstone, grayish-green, very fine-grained; 

oxidized, abundant limonite stain; abundant 

interstitial green mudstone; calcareous cement. 

Sandstone, brown, very f;tne-t_o fine-gra.in~d, 

oxidized, abundant spots of limonite; some 

interstitial green mudstone. 

Sandstone, brown, fine-grained, oxidized, 

intense freckling with limonite; friable; 

trace interstitial green mudstone. 

Sandstone, brown, very fine-grained, oxidized, 

abundant spots and stains of limonite; calcareous 

cement. 



SSmple interVal: 
I 

. ! (base ot o~e~bearing 

sandstone uni ~ ) . 

46: 

Sample in terva.l ~ 

560o5 tp 56lo0 feet 

Hole 85 

Sample. . interval: 

273.0 to 273o5 feet 

I . 

Sample interval ~ 

(top ot ' ore~bea.rip.g 

_sandstone U!fi t) 

50~ 

SSmple in terva.l: 

295.8 to 296ol ~eet 

(ore-bearing 

sa.ri.dstone unit) 

51; 

47 

Sandstone;~ . pale ... b:rowni vecy 'fine,.grained; 

incipie~t ox~dation J . spax;sely: dis$~inated, 

py-rite clusters up to 1 IDillo in diameter with .. 

h~os o'f limonit;e; ealca~eous cement; bl~bs and 

interstitial gra.in1s of greeri mudstone o 

Mudstone, blacki carbon probably abundant. 

Mudstone, light7green, heavy li.mc>nite stains . and 

concretions o 

: .. ~ -~·· '. -. . : ~: . 

Sa.ndst6nep paJ.~~yellow, firie.-gra.iti~d,~; oxidized; 

abuna.a.p.t limonite st ains, car.bonate cement; 

:trace green interstit ial. mudstone, some dissem:tnated 

f l ecr.ks of . carbon o 

Sandstone, pale-brown, fine ... gra.ined; ox:idiz·ed, 

slight freckling with .liln,onite; carbonate · cement; 

some white al t :ered chert( ? ) ~ 

Sandst.one, brown, fine-grained, oxidized, soine . · 

SSmple interval: spots and stains of limonite, carbonate cem~nt; · 

''3'J..5~3 tQ;~--3~5·;6 feet··· £raetu~ : .. tilled ·With calcite. 

· ·· · tn#tictt~:~l)r :o!!e~b~g . · . : ...... 

·. ·s~da~n.e~=. · ~it) 



52~ 

Sample interval: 

333ol to 333 .. 4 feet 

(base of ore.bearing 

sandstone unit) 

53~ 

Sample interval: 

337 .. 6 to 337 .. 9 feet .. 

48 

Sa.nds~:orie, brown, fine ... grained, oxidized, 

abundant spots and stains of limonite; 

c;:arbonate cement; Jtbunda.nt t'~es of green 

mudstone; abundant seams and films of' carbon .. 

Mudstone, green .. 

54: Sandstone, pale-brown, very f'ine-gra.inedJ 

S~le interval: oxidized, abund.S.nt spots of limonite; carbonate 

339 .. 9 to 34o .. 2 feet cement; some flakes of ca:rbon; abundant fractures 

( s~dstone baa_ below_ . filled,. with gypsum; sparse films a.nd interstitial 

ore ... be_aring sanQ.stone grains of green mudstone. 

unit) 

Hole 86 

55: 

Sample interval: 

270.2 to 270 .. 7 fe~t 

56: 

Sample interval: 

271 .. 8 to 272.3 feet 

57: 

Sample interval: 

273o4 to 273.9 feet 

(top of ore-bearing 

sandstone unit) 

Mudstone, reddish-bl"Own; limonite and manganese 

stain oh fracture surfaces .. 

Mudstone; grayish-green, very silty; . some limonite 

stains. 

Sandstone, brown, ~ine-gra.inEid, oxidized, some 

spots of limonite, sulfate cement, abundant films 

and interstitial grains of green mudstone; some · 

flakes of biotite; fractures filled with gypsum. 



58~ 

Sample interval~ 

292o7 to 293o2 feet 

59~ 

Sample interval~ 

3llo9 to 3l2o4 feet 

( ore ... bearing 

sandstone unit) 

60~ 

Sample in tervaJ. ~ 

332o8 to 333o2 feet 

( o re-bea.rinl 

sandstone unit) 

6J,.: 

Sample intervaJ.~ 

354o7 to 355o2 feet 

(.ore-bearing 

sandstone unit) 

62: 

Sample interva:l:~ 

374o7 to 375~2 feet 

(ore-bearing 

sandstone unit) 

49 

Mudstone:; gra.yish.,green .~ very siltyo 

Sandstone~ pale .... brown, fine-grained; oxidized, 

faint speckling with limonite; carbQnate cement; 

trace of interstitial green mudstone, gypsum coating 

fracture surfaceso 

Sa.ndstonep light=grayp very fine-grained, 

quartzi tic; incipient oJr.idation, traces of 

pyrite with halos of l.imonite; siliceous cement; 

sparse blebs . .and pods of: green mudstoneo 

Sandstone:; gray P fine ... grained.~> quartzi tic; 

unox;i.dized(?) ; siliceous cement; several 

fractures filled with gypsumo 

Sandstone:; gra.yislil-green, very filne-gra.ined; 

sulfate cement; fibrous msum. within vettieal 

fracture; very abundant :t"ilmsp seams, and bl~bs 

of green mudstone and interstitial green 

siltstone. 



Sample· · interval~ 

390o8 to :~91.,3 feet 

(ore-bearing 

sandstone unit) 

Sample interval~ 

4oOo8 to 4olo3 feet 

(base of ore~bearing 

sandttone unit) 

658 

Sample interval~ 

4olo8 to ~2.3 feet 

66~ 

Sample interval: 

426o7 to 427o2 feet 

Hole 92 

69~ 

Sample interval~ 

181.1 to 18lo6 feet 

70: 

Sample interval~ 

192ol to 192.6 feet 

(san~stone bed above 

the ore=bearing 

sandstone unit) 

50 

Sandstone; pale~brown to whit,e, fine-grained; 

oxidizedJ faint freckling with limoniteo 

~andstone, pale=bror,m., f'ine=gra.ined; oxidized, :.; 

sparse limonite, friablej trace of interstitial 

green mudstone .. 

Mudstone, gray, silty; limonite as stains and 

small concr~tiono 

Mudstone, reddish=brown, very silty; trace of 

pyrite; som~ gypsumo 

Mudstone, reddish.,.brow.n. 

Sandstone, grayish-green, very fine-grained, 

unoxidized(?), carbonate cement; abundant films 

of green mudstone; fracture filled with gypsumo 



71 ~ 

Sample interval~ 

·194o3 to 194o8 feet 

(sandstone bed above 

ore=bearing sandstone 

unit ) 

72 ~ 

Sample interval ~ 

203o9 to 204o4 feet 

(top of ore~bearing 

sandstone urii t ) 

73~ 

"Sample interval~ 

215 o2 to 215o7 feet 

(middle of ore·"'bearing 

/pa.ndstone unit) 

74~ 

Sample interval: 

225o5 to 226oO feet 

(base of ore ... bear:i.ng 

sandstone unit) 

75~ 

Sample interval ~ 

230o5 to 23lo0 fee~ 

51. 

Sandstone;; y~llowishe.b rown to b :rown » very fine­

grained; oxidi.zed.J limonit;e very abundant,; very 

friable; abundant interst :i.tial mud.stoneo 

Sandstone~ pale=brown, f.ine-gra,ined; o~idized.)l 

some l imonit e st aining; f riableo 

San.dstone , pale.,.,brown~ f ine =grained; oxidizedj 

some limonite staining; c.arbonate cement; some 

gr een mudstone, 

Sa.nd.st:.one 9 yell·ow'ish·~b rc>'wn -~ fine=g:ra,ined, 

oxidized.)l some limonite staining; earbona~e 

cement; small f 'ractures filled with calcite; 

some green mudstone lblebso 

Mudstone., pale .... green ~ silty; traces of carbon 

and gypsumo 



76 ~ 

Sample interval. ~ 

237o5 to 238oO f eet 

·Hole 78 

77~ 

Sample interval~ 

235n2 to 235o7 feet 

78~ 

Sample :interval~ 

248ol to 248"·6 teet 

( top of ore-bearing 

sandstone unit) 

79~ 

Sample in -t;,er'l/al ~ 

265o7 to 266o2 feet 

( ore,-bearing 

sandstone unit) 

8o: 

S~le interval: 

288o2 to 288o7 feet 

( ore ... bea:ring 

sandstone unit)·,. 

81~ 

Sample interval~ 

290~7 to 29lo2 feet 

( ore-bea:ring 

sandston~ unit) 

52 

Mudstone :v reddish'"'b rown o 

MudstoneJ grayish-green, gypsiferous. 

Sandstone~ light-gray, fine~grained; oxidized, 

some limonite staining; carbonate cemento 

Sandstone j light~gray, fine~grained; oxidized, 

trace of~ l imonite; friable o 

Sandstone, pale-brown, fine-grained; oxidized, 

trace of' limonite; carbonate cement; some 

interstitial green mudstoneo 

Sandstone, pale-brown, very fine-grained; oxidiz~, 

conspicuous l~onite staining; carbonate cement; 

some interstitial green mudstone. 



82g 

Sample interval~ 

30lo7 to 302o2 feet 

Hole 95 

83~ ·,· 

Sample interval~ 

270.5 ~0 270o'S feet 

84g 

Sample in tervaJ. ~ 

283o4 to 283o7 feet 

85 ~ 

Sample interval: 

295 .. 3 to 295o6 feet 

53 

__ MudstoneJ green, bentonitic; some thin seams of 

gyp sumo 

Mudstone 9 reddish-purple with green mottlingJ 

MudstoneJ green; abundant tiny crystals of pyriteo 

Sandstone, brownJ fine ... to mediu.m=grained; 

oxidized, limonite staining; friableo 

(top of upper ore~bearing 

sandstone unit) 

Sample interval: 

302. 8 to 3GB .. 1 feet 

(middle of upper ore­

bearing sandstone unit) 

87~ 

Sample interval~ 

319o7 to 320o0 feet 

(base of upper ore­

bearing sandstone unit) 

Sandstone)! brown, fine ... grained; oxidized, 

slight freckling with limoniteo 

Sandstone, brown, finei.. to medium. ... grained; 

oxidized, interstitial limonite; carbonate 

eemento 



88~ 

Santple interval ~ 

32lo6 to 321 .. 9 f eet 

89 ~ 

Sample interval ~ 

325 .. 1 to 325 .. 3 f eet 

( top of lower ore= 

bearing sandstone unit ) 

90~ 

Sample interval 

335 ol to 335.3 feet 

(middle of lower ore~ 

bearing sandstone unit) 

91 ~ 

Sample interval ~ 

337.8 to 338ol feet 

(base o£ lower ore~ 

bearing sandstone unit) 

92: 

Sample interval: 

342 .. 6 to 342 .. 8 feet 

93: 

Sample interval: 

361 ... 6 to 342.-8 feet 

Mudst one, greenish ... gray, silty; s.ome limonite .. 

Sandstone, brown, very fine-grained; oxidiied..; 

a.bund.ant spot.s and stains of' limonite; sulfate 

cement; some interstitial green mudstone. 

Sandstone.9 brown, very f ine=grained; oxidi~ed, 

abundant limonite stain; abundant interstitial 

green mudstone ... 

Sandstone.? brown, f'ine ... grained, poorly sorted; 

oxidized, some limonite staining; carbonate 

cement; some pods and blebs of' green mudstone .. 

Mudstone, green. 

Mudstone, reddish-brown. 



~ 

55 

Appendix Bo=c.Group number notation used in reporting semiquantitative 
.. 

spectrographic analyses., 

As reported Group number Cl~,ss midpoi-nt 

by laboratory (perc~nt) (percent) 

xx .. 1 10 .. 0 "" 100o0 

Xo+ 2+ 4o6 "" 10 .. 0 6o8 

Xo 2 2o2 ... 4o6 3o2 

X.= 2= 1 .. 0 - 2o2 1 .. 5 

O .. X+ 3+ 0 .. 46 ""' 1 .. 0 0 .. 68 
~ 

OoX 3 0.22 ""' 0 .. 46 Oo32 

OoXca 3'= 0.10 - 0.22 Ool5 

O .. OX+ 4+ 0.,046 "" OolO Oo068 

OoOX 4 0 .. 022 00 0~046 0 .. 03~ 

OoOX= 4= 0~010 '"' Oo022 0 .. 015 

OoOOX+ 5+ Oo0046 Q,;GlO OoQ068 

OoOOX 5 0 .. 00~2 = o.oo46 Oo00.32 

o .. oox- 5- OoOOlO = 0,0022 0.0015 

OoOOOX+ 6+ 0.00046- OoOOlO Oo00068 

0o000X 6 Oo00022..,· o .. ooo46 0,00032 

o .. ooox- 6 ... Q.00010= 0 .. 00022 Oo00015 
I 





A,ppendu C. --Sea1quaDt 1tat1ve apectrographic and radic.e t r1c analyaea of rocks of the Jo ~>and¥ area, Montro.e County, Colo. 

Analyata : Spectrographic - 0. W. Boyea, Jr . , Rad1~tr1c'- J . Patton . 

IIeure• of Field LaboratoJ7 Rock Brie! lle~~enta 

-.lea n\Diber nUIIber tJl)C! description 81 .Al Fe Mg Ca •• J: T1 Zr Mn Ba 8r B Be T Jb Oa 8c La In v Cr Co IU Cu 

Chip ...... l D-88261. gypata granular 3+ 3- 4+ 3- l 4+ 0 4- 'l'r 0 5 3- 0 0 0 0 0 0 0 0 5 6+ 0 6+ 6+ 

"lea !rca 2 D-88265 gypaua sra,nular 4+ 4- 5+ 4 l 'l'r 0 Tr 'l'r 0 5- 3- 0 0 0 0 0 0 0 0 'l'r 6 0 0 6 

outcrop 67 D-88330 I1Pau8 ael.enite 4 4 4- 4+ 2+ Tr 0 5- Tr 0 6 4- 0 0 0 0 0 0 0 0 'l'r 6 0 0 6+ 

3 D-88266 aandatcne axidbcd l 2 3+ 2- 2 3 2- 3- 5+ 4 4 4- 5 0 5- 6- Tr 'l'r 0 0 5 5- 6+ 6+ 6+ 

4 D-88267 ..W..tone green l 2+ 2- 2 2- 3 2 3 4- 4 4- 4- 5 0 5- 6- 5- 5- 0 0 5+ 5 6+ 6+ 5-

5 D-88268 aa.oda tOI1A! Wloxidi zed l 3 3 4+ 2+ 4+ 3+ 4 5- 5 4+ 4+ Tr 0 0 0 0 0 0 0 5 6+ 'l'r 6+ 5-

6 D-88269 aand..atoru WlOXidized 1 3- 3 3- 2 Tr 3+ 4- 5- 5+ 5+ 4 Tr 0 0 0 0 0 0 0 5+ 6+ 'l'r 6+ 5-

Core 7 D-88270 sancaton~ Wloxidized 1 3 3- 3+ 2 4+ 3+ 4 5- 4- 5+ 4 0 0 0 0 0 0 0 0 5- 6+ 6 6 6+ 

!rc. 8 D-88272 aandatonE oxidized 1 2- 3+ 3+ 2 3- 2- 4+ 5+ 4- 4- 4- 5- 0 'l'r Ti- 0 0 0 0 5 6+ 6 6 5-

drill- 9 D-88271 ll.ldatone green l 2 3+ 3+ 3 3- 2- 3- 4- 5+ 4 4- 5 0 5- 5- Tr Tr 0 0 5+ 5- 6+ 6+ 5-

bol.e 10 D-88273 mudatone green 2+ 2 2- 2 2- 3 2 4+ 5+ 4 
I 

4- 4- 5 0 5- 6- 5- Tr 0 0 5+ 5 6+ 5- 5 

62 ll D-88274 aand..atone oxidized l 3 3- 4+ 2 3- 3+ 4 5- 5 4- 4 Tr 0 0 0 0 0 0 0 5+ 6+ Tr 6 6+ 

l2 D-88275 aandatooe oxidized 1 3 3 4+ 2 4+ 3+ 4 5 5+ 5+ 4 5- 0 0 0 0 0 0 0 5+ 6+ 6 6 5 

13 D-88276 II&Ddstane axidized 1 3+ 3+ 3 2 4+ 3+ 4 5- 4- 4- 4- 5- 0 0 0 Tr 0 0 0 4- 6+ 6 6 6+ 

14 D-88277 mudstone green l 2+ 2- 2- 3 3 2 3 4- 4- 4- 4- 5+ 6- 5 - 5- 5- Tr 0 4 5 6+ . 5- 5-

15 D-88278 mudatone red 1 2 2- 2- 2 3 2- 3- 5+ 4 4- 4- 5 0 5- - 'l'r Tr 0 0 4- 5 6+ 5- 5-

16 D-88279 · mud a tone red l 2+ 2- 2 2- 3- 2 3- 4- 4 4- 4- 5 Tr 5- 6- Tr Tr 0 0 4- 5- 6+ 6+ 6+ 

17 D-8828<> sandstone oxidhed 1 2 3+ 3+ 2- 4+ 2- 3- 4- 4- 4 '>+ 5- 6- Tr 6- Tr 0 , o 0 5 6+ 6 6+ 5-

18 D-88261 JDJdstone red 1 2+ 2 2- 2- 3- 2- 3- 4- l. 4- 4- 5 0 5 6 Tr 5- Tr 0 5+ 5- 6+ 6+ 5 

19 D-88262 sandstone oxidhed 1 3+ 3- 3- 3 4+ 3+ 4+ 4- 5 4- 5- 'l'r 0 Tr 0 0 0 0 0 5 6+ 0 0 6+ 

Core 20 D-88263 sandstone oxidized 1 3+ 3 3+ 2- Tr 3+ 4 5+ · 5+ 4 5 Tr 0 0 Tr 0 0 0 0 5 6 Tr 0 6+ 

!rOll 21 D-88264 sandstone oxidized l 3+ " 3- 3- 3+ Tr 0 4+ 4- 5+ 4- 5- 5 0 0 Tr 0 0 0 0 5 6+ Tr 0 6+ 

drill- 22 D-88265 aandatone oxidi&ed 1 2- 3 3+ 2- Tr 0 4 5- 4- 4- 5+ Tr 0 0 'l'r 0 0 0 0 5+ 6 Tr Tr 6+ 

bole 23 D-88266 aandatone oxidized 1 3+ 3 3- 2- Tr 0 4 5- 5+ 4- 5 'l'r 0 0 Tr Q 0 0 0 5+ 6 'l'r Tr 6+ 
64 ~ D-88267 aandatone oxidil.ed 1 3+ 3+ 3- 3- Tr 0 4 5 5+ 4- 5- Tr 0 0 - 0 0 0 o. '(f"4- 6 6+ 6 5-

25 D-88268 sandstone oxidized 1 2- j j+ 2- Tr 0 4 5- 4- 4- 5 5- 0 0 - 0 0 0 o· ~ 4- 6+ 6 6 5-

26 D-88269 IIIUdstone green 1 2 2- 2 2- 3- 2- 3- 5 4 4- 4- 5 0 5- - Tr 5- 0 0 4- 5 6+ 5- 5 

27 D-882919 !Ndatone red 1 2- 2- 2- 2- 3- 2- 4+ 2 4 4- 4- '5 Tr '5- ~ ft Tr 0 5+ '5 '5 _6t 6+ i 
1'r • ll,.ar t.hr,.Ahnl~ l....._lrn.1 liMit nf' • •na 1 t-1vi ... "\ n T \r-A , __ ..... . .... --· Al -·--·-.1 --· , - '--.1 · -

Pb No A8 

0 0 0 

0 0 0 

5- 0 0 

Tr 0 0 

'l'r 0 0 

0 0 0 

0 0 0 

0 0 0 

Tr 0 0 

'l'r 'l'r 0 

5- 0 0 

5+ 0 Tr 

Tr Tr 0 

5- 0 0 

Tr 0 0 

Tr 0 0 

5+ 0 0 

Tr 0 0 

Tr 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 Tr 0 

0 0 0 

B1 

5-

5-

5+ 

Tr 

0 

5 

5-

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Tr 

0 

0 

0 

0 

0 

Tr 

0 

0 

0 

"i-

Radio-
activity 
pet. et 
·- --

<D. OOl 

<D . OOl 

0 . 005 

0.~ 

o.ao~J 

0.001 

<D.001 

0 . 001 

0.~ 

0 . 001 

0.003 

<D. 001 

0.001 

0.001 

0.004 

0 . 002 

0 . 002 

0.001 

0.002 

0 . 001 

<D . 001 

<D. OOl 

<D.OOl 

0.001 

0 . 001 

<D. OOl 

0.003 

-0,_002_ 

(.)1 
( J ) 





Appendix c.--Seaiquantitatlve ape c trographic and radio.etric analyaea or rocka or the Jo Dandy area , Montroae County, Colo . 

Anal yatll : Spec trographic -G. W. Boyea, Jr., Radic.etri c - J . Patton- -Continued . 

.-------------- --------- - ------ - - -- ---- --.--- - -- -- -·· ---- --- - - - •.. - -- -- ·----- - ------------·-··--------- - ------------

Source or Field Laboratory Rock Brier 
lle-nta 

Radio f---- --- -- ----- ----- ----- --- ----- ------ ---- -------------- -----

aU~plea mmber number 
activit;r 

type deacription Si Al Fe M« Ca Ra K Ti Zr Mn Ba 8r B Be T Tb 0. 8c La In v Cr Co Ri Cu Pb Mo Ag lit pet. eU 
-- -- ---- ----- 1----- - - --- 1---- -- - -- -- -- f-- -- ----------- - ---· 

2B D-88291 laldatone red. 1 2+ 2 2- 3+ 3- 2 3- 4- ~- 4- 4 5+ Tr 5- 6 5- 5- Tr Tr 5+ 5 6+ 5- 5- Tr 0 0 0 0.003 

29 D-88292 aand.atone oxidilled 1 2+ 2- 3+ 3- 4+ 2- 3- 4- 5 4 4- 5 0 5- 6- Tr Tr 0 Tr 5 s 6 6+ 6+ Tr 0 0 0 0 . 002 

30 D-88293 aandatone oxidised 1 3+ 3 3- 2- 4+ 3+ 4 4- 5 4+ 5+ Tr 0 0 0 0 0 0 0 Tr 6+ Tr Tr 6+ 0 0 0 0 <0 . 001 

31 D-88294 a&JXUtone oxidised 1 3+ 3 3+ 2- 4+ 3+ 4 5 4- 4- 5 5- 0 0 0 0 I) 0 0 5 6 Tr Tr 6+ 0 0 0 0 0.001 

Core 32 D-88295 aandatone oxidized 1 3 3+ 3+ 2 4+ 3+ 4- 5- 4 4 5 0 0 0 0 0 0 0 0 5 6 0 6 5- 0 0 0 0 <0.001 

1"nla 33 D-88296 .wUtone green 1 ?. 2- 2 2- 3- 2 3- 5+ 4 4- 4- 5 Tr 5- 6- 5- 5- 0 0 5+ 5 6+ 6+ 5 Tr 0 0 0 0.005 

drill- 34 D-88297 Sldatone red 1 2 2- 2- 2- 3- 2 3- 5+ 4 4- 4- 5 Tr 5- 6- 5- 5- 0 0 4- 5 6+ 5- 5 5 0 0 0 0.003 

bole 35 D-88293 am tone green 1 2 3+ 2- 2- 3- 2- 4+ 5+ 4 4- 4- 5 0 5- 6- Tr Tr 0 0 4- 5 6 6+ 5- Tr 0 0 0 0 . 001 

71 36 D-88299 a&JXUtone oxidilled 1 3 3 3+ 2 4+ 3+ 4 5 4- 4- ~- 0 0 0 0 0 0 0 0 5- 6+ Tr 6 5- 0 0 0 0 <0.001 

37 D-88300 aancatone unoxidilled 1 3- 2- 3 2 Tr Tr 4- 5- 5+ '-- '-- 0 0 0 0 0 0 0 0 5 6+ 6 6 5 5- 0 0 0 <0 . 001 

38 D-88301 aandatone oxidilled 1 3+ 3 3+ 2- 4+ 3+ 4 5 4- 4 5 5 0 0 0 0 0 0 0 4- 6+ 6 6 6+ 0 0 0 0 0.001 

39 D-88302 mudstone green 1 2 2- 2 3+ 3- 2 3 4- 4- 4- 4- 5 Tr 5- - 5- 5- Tr 0 4- 5 6+ 5- 5 5 0 0 0 0.003 

40 D-88303 ai!Utone red 1 2 2- 2 2- 3- 2 3-
.._ 

4 4- 4- 5 Tr 5- - 5·· 5- 0 0 4- 5 6+ 5- 5+ 5+ 0 0 0 0 . 002 
- --- -- ---- - -- !--------· --------------- --- --

Core 41 D-883<>4 llandJI tone axidilled 1 3+ 3 2- 2 3- 2- 4 5 4 4- 5+ 5- 0 0 0 Tr 0 0 0 ) 6+ Tr 0 6+ 0 0 0 0 0.001 

fra. 42 D-88305 aandatone oxidi&ed 1 2- 3 2- 2- 4+ 2- 4 5+ 4- ~- 5+ 5- 0 0 0 Tr 0 0 0 5+ 6+ Tr 0 6 0 0 0 0 0 . 001 

drill- 43 D-883o6 aaodatone oxidized. 1 3+ 3 2- 2 3- 2- 4 5+ 4- 4- 5 Tr 0 0 0 Tr 0 0 0 5+ 6+ Tr 0 6 Tr 0 . o, 0 ~ <0 .'001 

bole " D-88307 aand.atone 07td1sed 1 3+ 3 2- 2 3- 2- 4 5+ ~ 4- 5+ Tr 0 0 0 Tr 0 0 0 5+ 5- 0 6+ 6+ Tr 0 0 0 0.002 

46 45 D-883013 H.Ddatone unoxidbed 1 3+ 3 2 2 3- 2- 4 5- I~ ~ 5+ 5- 0 0 0 Tr 0 0 0 5 5- 0 0 5- Tr 0 0 0 0 . 001 

46 D-88309 ald.atQie black 1 2 2- 2 2 3- 2 3- 5 4- 5+ 4- 4 0 5- - 5- Tr 0 0 4 5+ 6+ 5+ 5+ 5+ 4- Tr 0 o.oo6 

48 D-88311 aldatobe green 1 2 2- 3+ 3 3- 2 3- ~- 5+ --
4- 5+ Tr 5- - 5- 5- Tr 0 4 5 Tr 5- 5 Tr 5- 0 0 0.005 

Core 49 D-88312 a&ll~Utone ox1d1:r.ed ~ 2- 3 3 2 4+ 2- 4 4- 5+ 4- 5+ 5 0 Tr 0 0 0 0 0 5+ 5- 0 Tr 6 0 0 0 0 0 . 002 

fra. 50 D-88313 aaodatone oxidized. 1 3+ 3- 3- 2+ 4 3+ 4- 5 5+ --
.._ 

0 0 0 0 0 0 0 0 5+ 6+ 0 Tr 6+ 0 0 0 0 0 . 001 

drill- 51 D-88314 aandatooe ax1d1sed 1 3 3- 4 2+ 4+ 3+ 4- 5 5+ 5+ 5+ 0 0 0 0 0 0 0 0 5 6+ 0 0 6+ 0 5- 0 0 0.002 

bole 52 D-88315 aand.atone oxidized 1 3 3 4+ 2+ 4+ 3+ 4- 5 5+ 5+ 5+ 0 0 0 0 0 0 0 0 5+ 5- 0 Tr 5- 0 0 0 0 0.002 

85 53 D-88316 ..Wtcme green 1 2+ 2- 2- 2- 3- 2 3-
.._ 4- ~- 4- 5+ Tr 5- - 5- 5- Tr - 4- 5 6+ 5- 5 Tr Tr 0 0 0.001 

~ D-88317 8all~Utooe ax1d1sed l 3+ 3 3- 2 4+ 2- 4 5 4- 4- 5+ 5- 0 0 0 0 0 0 0 5 6+ 0 Tr 6+ 0 0 0 0 0.001 

I 
I 

<.n 
·---....J 





Appendix c.--Seldquant1tat1ve ~ctra&rapbic and ra41c.atr1c ana~•e• or rocka or tbe .Jo Da.Dd7 area, Mootroae Count7, Colo . 

Analyata: Spectrosrapbi c -G. w. Boyea, Jr . , Radic.etric - J. Patton--Continued. 

Source or field Laboratory Rock Brief · ~nta 

auplea nuaber nUIIber t;rpe "-•er1~10D Si Al Fe .. ca •• IC T1 Zr Mn Ba 8r B Be l Jb Oa Sc lA In • Cr Co B1 

55 D-88318 DJdatone Ad 1 2 2- 2- 2- 3 2- 3- 5+ 4- 4- 4- 5+'Tr 5 6- 5- 5- '!'r 0 5 5 6+ 5-

56 D-88319 8Udatone sreen 1 2 2- 2- 2- 3 2- 3-

-- --
..... ,._ 

5+ '!'r 5- 6- 'tr 5- 0 0 ~ 5 6+ 5-

57 D-88320 aand.atone ox1d1sed 1 3 3 3+ 2 4+ 3+ 4- 5 4- 4- 4- '!'r 0 0 0 0 0 0 0 5+ 6+ 0 6+ 

Core 58 D-88321 aldatone green 1 2- 3+ 2- 2- 3 2- 4+ 5+ 4- 4- 4- 5 0 5- 6- Tr Tr 0 0 5 5 Tr 6+ 

trca 59 D-88322 aandatone oxidised 1 3- 3 2- 2 3· 3 5+ 5- 4 3- 4- Tr 0 0 0 0 0 0 0 5- 6+ '!'r Tr .. 
drill- 60 D-88323 a&Ddatone unoxidiaed 1 3 3 3+ 2 4+ 2- 4- 5- 4- 4- 4 5- 0 0 0 0 0 0 0 5 6+ 0 Tr 

bole 61 D-88~ a&n4atone unoxidi sed 1 3+ 3- 3 2 4+ 3+ 5+ 5 5+ 5+ 4 0 ' 0 ·a 0 0 0 0 0 5- 6+ 0 Tr 

86 62 D-88325 a&n4atone unox1d1sed 1 3+ 3 3+ 2 3- 2- " 4- 5+ 5+ 4- Tr 0 0 0 Tr 0 0 0 5+ 5 0 6+ 

63 D-88326 aandatone oxidised 1 3+ 3- 3+ 2- 4+ 2- 4- 5+ 4- 4- 5 Tr 0 0 0 0 0 0 0 Tr 6+ 0 Tr 

64 D-88327 aandatone oxidised 1 3 3- 3+ 2- 4+ 2- 4- 4- 4- 4- 5 Tr 0 0 0 0 0 0 0 Tr 6+ 'l'r 'fr 

65 D-88328 aM.t.tone green , 1 2+ 2- 2- 3 3- 2 3- 4- 5+ 4 4- 4- Tr 5 6- 5- 5- Tr 0 5+ 5 6+ 5-

66 D-88329 aw.Utooe red 1 2- 3+ 2 2 3- 2- 4 5+ 4 4- 5+ 5 0 5- Tr Tr Tr 0 0 5 5- Tr 6+ 

69 D-88332 IUiii"CODe red 1 2 2- 2- 2 3- 2 3- 5+ 4- 4- 4- 5+ Tr 5- 6- 5- 5- 0 0 5 5 6+ 6+ -core 70 D-88333 aaoo.tone 1Xid1Md 1 3 3+ 2- 2 3 2- 4 5 4 4- 4- 5- 0 Tr Tr Tr 0 0 0 5 5 Tr 6+ 

trca 71 D-88334 a&Ddatone oxidized 1 2 2 2- 3+ 3 2- 3- 4- 4- 4 4- 5+ Tr 5- 6- Tr Tr 0 0 5+ 5 6+ 6+ 

drill- 72 D-88335 M.Ddatone ,oxidized 1 3+ 3 3+ 3+ 4+ 3+ 4 4- 5+ 4 5 5- 0 0 0 0 0 0 0 5 6+ 0 0 

bole 73 D-88336 aaodatone ~1d1sed 1 3 3 2- 2 4+ 3+ 4- 5 4 4- 5 Tr 0 0 0 0 0 0 0 5 6+ Tr Tr 

92 716 D-88337 aaodatone oxid1sed 1 2- 3+ 2- 2 3- 2- " 5 4 4 5+ 5- 0 0 - 0 0 0 0 4- 6+ Tr Tr 

75 D-88338 al4atone p-een 1 2- 2- 2- 2 3 2- 4+ 5 4 4- 4- 5- 0 Tr Tr Tr Tr 0 0 5 5 6+ 6+ 

76 D-88339 ..Wtone rad 1 2 2- 2- 2 3 2 4+ 5+ 4- 4- 4- 5 0 5- 6- Tr 5- 0 0 ~5 5 6+ 5-

Cu Pb No 

5 '!'r 0 

5 0 0 

5- 0 0 

5- 'l'r 0 

5- 0 0 

5- 0 0 

5- 0 0 

5- 0 0 

6+ 0 0 

6+ Tr Tr 

5 5 5-

5- 0 0 

5 5- 0 

5- 0 0 

5 5;- . 0 

6 0 0 
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-
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0 
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0 o.oo4 
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AppeDd1X c.--Beaiquantitative epectrogr11Ph1C and radia.etric aoal.7•e• of rock• of tbe Jo Dendy area, Montro•e County, Colo. 

Analy8ta: Spectr061"11Ph1C- G. W. Bo7e•, Jr., Radia.etric- J. PattGil--continued. 
------ -- -- - -- ----

8ouree ot 1'1el4 l.Morato1'7 Roell: l Brief 
n-nt• 

.... ~. nu.ber adilber tn- deacrtptioo Si Al P:e Ms Ca .. 1: 'l'1 7.r Mn Ia 8r B Be T Tb Oa Sc La In v Cr Co 11 Cu Pb Mo Ag B 
-- --- --

T1 D-88~ aautone green 1 2+ 2- 2- 2- 3- 2 3- It- 4-

-- 4- 5 6- 5 6 5- 5- 0 0 ~ 5- 6+ 6+ 5 Tr 0 0 0 o.oo4 

Core 78 D-88~1 aandatooe Old.diaed 1 3+ 3 3 2- 4+ 3+ 4 5 4-. 4- 5+ Tr 0 9 0 0 0 0 0 5- 6+ 0 0 6+ 0 0 0 0 0 .001 

rroa 79 D-88~2 aandatone oxidiaed 1 3 3- 4+ 2 4 3+ 4- 5- 5+ 5+ 5 0 0 0 0 0 0 0 0 5 6 0 0 6 0 0 0 0 <0 .001 

drill- 8o D-88143 Nlldatooe Old.d1M4 1 3+ 3- 4 2 It+ 2- 4- 5 It- 4- 5+ Tr 0 Tr 'rr 0 0 0 0 5 6 0 0 6 Tr 0 0 0 <0 .001 

bole . 81 D-88~ u.odatooe oxid1Md l 2+ 3+ 2- 2- 3 2- 3- 4-

--
It 4- 5 0 5- - Tr Tr 0 0 It- 5- 6+ 6+ 5- Tr Tr 0 0 0 . 002 

78 82 D-88~5 Jmdatooe greeD ·~ 2+ 2- 2 2- 3- 2 3- 5+ 4- 4- 4- 5 Tr 5- 6- 5- 5- Tr 0 5+ 5 5- 5- 5 Tr 0 0 0 0.004 
- - ··-

83 D-88~ laldatone nd 2+ 2 2- 2 2 3- 2- It+ 5 4 5+ 5+ 5- 0 5- "6- Tr Tr 0 0 5 5- Tr 6+ 5- Q 0 0 -0 0 . 002 

·~ ~ D-88~7 aida tone green 1 2+ 2 2- 2- 3- 2 3- 5 4- 4- 4- 5 0 5- 6- 5- Tr 0 0 5+ 5 6+ 5- 5 5- Tr 0 0 o.oo6 
( .... ..11 

85 D-88~ aandatone oxidised 1 3 3 2- 2 4 3+ 4- 5- 4 5+ 5+ Tr 0 0 0 0 0 0 0 5+ 6 'rr Tr 5- 0 0 0 0 0.002 w 
Core 86 D-88~9 aandatooe oxidiaed 1 3+ 3- 3 3+ 4+ 3+ 4- 5+ 4- 4- 5- Tr 0 0 0 0 0 0 0 5- 6 0 0 6 0 0 0 0 <0.001 

fraa 87 D-88350 aandatooe ox1d1sed 1 3+ 3 3 2 4+ 3+ 4- 5- It 5+ 5+ 0 0 0 Tr 0 0 0 0 5 6 0 6+ 6+ 0 0 0 0 0 . 001 

drill- 88 D-88351 aadatone green 1 2+ 2- 3+ 3- 3- 2- 3- 4- 5 4- 4- 5+ 6- 5- - Tr 5- Tr e 4- 5 0 6+ 5- 5- Tr 0 0 0.003 

bole 89 D-88352 aandatooe Old.diaed 1 2- 3 3+ 2- 4+ 2- 4+ 5+ 4 4 5+ Tr 0 Tr Tr 0 0 0 0 5- 6+ Tr 6 6+ Tr Tr 0 0 0 . 002 

95 90 D-88353 aaodatooe ox1d1sed 1 2 3+ 3 4 4+ 2-. 3- 4- 5+ 4- 5+ 5 0 Tr 6- Tr Tr 0 0 5 5- Tr 6 5- Tr Tr 0 0 0 . 002 

91 D-883~ Nlldatooe oxidised 1 2- 3 3 2 It+ 3+ It 4- 4 4- 5+ 5- 0 ·o 0 0 0 0 0 5 6+ 'rr 6 6+ 0 0 0 0 0.001 

92 D-88355 -.!atone green 1 2 2- 2- 2- 3- 2 4+ 5+ 4 4- It- 5 0 . 5- 6- 'rr Tr 0 0 5 5 6t- 5- 5 Tr 0 0 0 o.oo6 

93 D-88356 aadatooe red 1 2 3+ 2- 2- 3- 2 4+ 5 4 4- 5+ 5 0 5- 6- Tr Ti- 0 0 5 5 Tr 6+ 5 Tr 0 0 0 0 . 002 
--- -- -- -


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074

