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ABSTRACT

The Paradox No., 3 mine, atolia, California, was
mapped and thin sections of the vein minerals and wall
rock were exsamined,

Veins containing qguartz, scheelite and carbonate
occur zlong faults and fractures in atolla (uartz nonzo-
nite (Upper Jurassic ?), which is an orthoclase-biotite
tonalite in the mine arsz, The mineralization occurs
along three orinciple veins, named for convenience tne
main veln, north vein and west vein. Both the main and
north veins occcupy steeply dipving, northwest trending
faults and fractures wnich dip 50 to 60 degrees soutnward
from the surface and uopper levels, but the main vein
changes dip to the north near the 100 level, and the
north vein cnanges dip to the north near the 2Z00 level,
Upward branching and changes in dio of the velns are
common and are believed to be the result of nearly eqgual
pressures on the differsent fracture surfaces at tne time of
mineralization, The west vein occupies a west to northwest
trending thrust fault, whieh dins northward at 30 to 45
degress, and an east trending strike-slip fault. The forces
czuging the faulting and fracturingz are belisved to be local
verticzl forces followed by regional compressicn oriented
north to northsast., Locallzation of ore seems to occur at
the juncllon ol Lhe tarust =g strlke-silp fzulis and ar oand

above changes in dip of the north and main veins,



The veln matter consists of coarse grained schselite,
guartz, anc calclite, deoosited in that order as open
space filling in the fracturses. Crustificution, comb
textures and small filled cavities are common. Yall
rock alteration In tne guurtz monzonite resulted in
pervesive alterstion of blotite to caloritve, anc el ds-
par to walte mica, carbonate and clavs., adjacent to the
veins the wall rock consists of 1illite, calcite, yuartz
and minor clavs, chiorite, ovrite and locally albite.

The deformution and mineralization are bellevesa vo
nave occcurred during YWiocene times at snallow depths,
The ore forming flulds were probably not curbonated agueous
solutions carrying minor quantities of sulpnur and tungsten
and nossibly silica and notash.

Suggested sites for exploration for ore are on tne
north vein at the 100 and 150 levels and the main veln at

the sast end of the 100 level,
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GEOLCGY OF THRE PARADOX NC, 3 MINE ARYXAa

INTRODCTION

The structure and mineralogy of the Paradox No. 3
tungsten mine, atolis, Californis, wsre studied znd
described and certain concluslions were drawn concerning

tne origin and possible extensions of tne depocit.

Locuatlion

The atolis Mining distriet 1z situsted ut the
nortnern edee of the KNolave desert nsar tne line beatween
tne Kern znd Szn Bernerdino counties. (fie. 1), Hard
surfaced aizawavs (U.S., 6 and U.S. 295) connect tae
district with Los wangeles, 150 miles by roud to tne
southwest,

The Paradox Wo, 3 mine is locuzted Iin tne sustern
part of tne Atolla mining district, 1500 feet south of
tne Surcease Mining Co. office (fig. 2). a dirt road
connects tne mine with U.S. highwaev 395, which passes

t00 feet to the west,

PUHPOSE aND KETHODS OF 3TUDY
The Parzdox No, 3 mine was mspned end studied and
this report preoared in partial [fulfillment of tne re-
quirements for the aegree of laster of Secience in Geoloey
at tre Culifornia Institute of Technolozy. It was noned

that tne sudy would disclose the nature and possibple

extenslions of tne ore bodles,
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4 total of 15 davs were spent at the mine bestween
December 1951 and apnril 1952; of these, 1lb were spent
in maoping underground. The mine was meanped on & scale
of one incn to twenty feet, using compass and tupe and
survey mans of the Surcease Llilning Co. The open cut was
mapned vwith a plane table and tzlescopic alidade, In
the mine only level workings were mapped; inclined stopes,
raises and winzes were generally inaccessible and were
not sxamined. Sanples of the wall rocks and velin minersls
were taken during the mine mapplng. Of these, 50 were
sectlonea and studisd under the petrogrznphic microscons.
In addition o0il immersion index determinations cf & number

of carbonate samples were msade,

PREVIOUZ “ORK

The principal published geologic work in the Atolia
tungsten mining district is by C. D. Hulin (1925) and by
D, ¥. Lemmon and J, V. N, Dorr 2nd, (19/t0). Hulin's work,
a survey of the entire Randsburg guadrangle, is more
comprehensive but was prepared before tne Paradox No. 3
mine was developsd, Lemmon mapped all zccessible under-
ground workings (including the Paradox No. 3 mine; at &
scale of 20 or 30 feet to ons inch. The emphasis of the
work was primarily economic--to devermine tue extent of
the ore rsserves.

F. H. Frederick and Dion Gardner have separately
mapped part or all of the Paradox Wo, 3 mine. Their maps
are unpublished, the property of the Surceuase Wining Co.,

and were not consulted during tne prepvaration of this report,
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HISTCRY

Tungsten was [irst discovered in the .tolia district
in plzcer operations af the St. “lmo gold mine south of
stolla. The tunzsten gravels were traced nortnwara to
tae district, and within a few years almost all tne large
lode denosits so far known were discovered, Development
of the Paradox No. 3 mine was begun in 1935 and was stopped
in 19)i, Since tnat time leasees have enluarged several
of the stopes. From 1936 to 19 a total of 7096 tons of
ore was mined {(most of it from the main vein) and 17,115
units™ of ’*.’0)4’ were recovered, according to Lemmon and
Dorr (1910, p. 239) "the ore was of nigh erade, tw fest
tnick in the widest onart, but was much lesner on the
bottom lavel thaen on the upper two level”., st tne present
the ors raserves are practically nil, and mining is being
carriad on by two lsssees on a small scale &t the esast end

of the 150 level,

* one unit equals 20 pounds of WO&



REGICNAL GZCOLOGY

The Paradox No,., 3 mine 1is 1in the soutneast part of
tne solla tungsten mining distvrict., The district is
locsated on s pediment on the southeast flank of tne Rand
Mountains, & soutnwsard tilted fault block. The mountains
consist of ore-Cambrian (?) metamorohic rocks which have
been intruded bv several legneous bodies., The nediment
furface slopes toward Cuddeback Lake (eight miles to the
east), and dips unaer the zlluvial cover, The tungsten
is carried as scheelite in'quartz veins in the atollsa
guartz monzonite, which is probably of Tsate Jurassic apge
(Hulin, 1925, p. 42). Dikes of aiorite, splite, granite
and diabase (ncone of which are exposed in the Paradox
No. 3 mine) cut the quartz monzonite (Hulin, 1925, p. 33).
The adlabase dikes, which are Miocene in age, cut the veins.
The kiocene (?) Rosamond Series of continental beds ure

2
£
2y

reported by Gardner® to be laulted against the guartz

monzonite in the sast nart of the district.

ats
W

Gardner, Dion, personal communicstion
b b4 s
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atolia “Tuartz Monzonite

The Atolia guartz monzonite 1is the only rock sxnosed
in the Parsdox No. 3 worxinss,., as described by Hulin
(1925, p. 3L) ths quartz wonzonite is a lignt colored,
medium grained rock with granitic texturs. It 1 mede up
nf snoroximately equal nroportions of orvhociass, guartz
and sndesine-ocligoclsse, Biotite and hornblende eacn make
up 10% of tne rock. asscessory minerals are sonene, magns-
tite and aptite., Hulin tentatively sascribes it to Nevaa-
ian (Upoer Jurassic) time and relutes it to the Slerra
Nevada batholith which outerops 15 miles to the north, The
guartz monzonite is intrusive into pre-Cembrien (?) Rand
schist and underlies uncomformably tne Uoper iiocene (7)
Rogamond Saries.

In the Paradox No., 3 mine tne atolia guartz monzonite
has been moderately altered, but the nuture of tne oricinal
rock csn pe estimated with fslir accuracy. In tne sections
sxemined thne rock 1s mors basie than cuartz monzonite wnd
has & comvosition ol & bssic granoaiorite or acidic tonulite.
However, Hulin's term, stolls cuurtz monz.nite, nes been
reteined in this report, since tne few sections examined by
the oresent suthor are at pest & poor samnline of tne
rock in the rine arca and can not be tuken s zn indlcation
of ©re comnosition of tone Intrusive ss & whole,

In tne sesctions examined thne rock contsins on toe
aversoe 20-30% cuartz, 50-H0% sodic andesine (an35), 5%

ortnoclase, 10-1-% biotite and 5-10% combined susite, sonene,



mugnetite and apatite. The texture is meduum to coarse

orsined (s rzoe graln size Z-5mm) and the muajor con-

w

ve

rd

stituents ure anhsdr:al excent f{or subnedrual nlagiocluse
lathe.,

Tne sndesine is unzoned but nus mucn wlbite twinning.
The guartz is strainsd and nroduces wavv axtionnions unaer
crosssd nicnols., » few bubbles and minute inclusions are
oresent, The bilotite wnlich occurs in irregular flakes,
is nleochroic in colors from light to dark brown. The suzite
is pale green, non-pleocnrole, and mekes a maxumum extinction
with tne cleavage ol /L0 degrees. 'I'ne spene occurs as wedge
shuped crystals, tne mauonstite ss octansedrons, and ths apatite

a8 minute hexagonsl prisms,

tuaternary Yediment Gravels

Flat lyving, unconsolidated Tuaterncry pediment gravels,
1 to 15 f=set tnick, ovarlie tne Puradox No., 3 mine area,
fiiling a cnennel wnich crosses tne open cut from west to
esst, und veneering tne pediment sarface, ‘Ine gravals con-
tein & variety of roek ang minsral {ragments including
guartz monzonite and vein gusrtz, Nc scneslite frugments
were identified in the gravels at the mine, but lartner

east plecer schneelite 1s recovered f{rom similar gravels.
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PAULTS, FrRaACTURES, AWD VZINS

Tne tungsten-bearing fissure veins of the stolla
mining district sre locazlized in a narrow esst-west belt
(Lemmon and Dorr, 1910 p. 217). The vains occupy pre-mineral
faults which strike roughly east-west and dip northward at
"5 Lo YO degrees, The ore bodles are locallived zlong tne
veins in triangular saoots which are brouadest nsar the sur-
face and narrow aownward., The faults are grooved norizont-
ally snd are believed to he the result of rcompressional
forces, eiving strike slin movement, saccording to Lemmon and
Dorr (19140, p., 222) the scheelite is localized slong the
maln velins where those are cut by cross faults, clong which
movemant occured botn before and after mineralization.

The ore In the Parzdox No, 3 mine 1s found primarily
along three veins, named for convenience thne malin vein, the
nortn vein, ana the west vsin., The main and norta veins,
wnich strike roushly northwest, din steeplv southward in the
upoer oortions, but change to s northward dip in tne lower
levels. The west vein strikes east-west and dips northward,
I'ne veins, wnich occupy pre-mineralization faults and {ract-
ures, branch aznd chance dio (or "roll over'") tnroughout tne
mine. Tne ore occurs along the veins in snoots wnich may be
similar in snape to tnose in ths rest of the district., How-
ever little 1is «nown about the snane of the shoots axcent

in nlan zlong the drifts.
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ain Veln

The main veln, tne orincinle source of ore in the
Psrudox ¥e, 3 mine, is exposead in the onen cut, ths 50
level, tnrougnout tne 100 level and in the central and
eastern portions of the 150 level. The veln dios southward
at 60 desrees from thne surface to a lins velow tne 1CO0 level,

The vein reverses the dio to the north =long a line wnich

rises at l« degrees Irom the east end of tne 15U level to
the 100 level and dins steeply downward where the vein loops

westward, The veln consists of stralght secments offset
bv curved, "norsetail'" sedtions. The struisht seuments
trend in general northwest but in detail consist of segments
witn trends north-northwest and west-northwest respectively.
&t the "norsetall” Intersectlons, cslled cymold loops by
Mekinstry (1948, p. 316), the vein splits into sentle S-curved
fractures wnich unite and reform the vein. Taes loop winich is
zxposed in the central portions of the 100 level plunges
steenly southward with tne dip of the vein and 1s partially
exposed in tne 150 levsl workinugs,

The main vein uppears to intersect the north vein along
a line which plunges gently (about 15 desrees) from the east
eand of tne 1.0 level to the ewst end of the <00 level., 1In
the west workines of tne 100 level the vein zbuts against a
vertical fault, vhich mav be the upward sxtension of the
north brancn of ths west veln, It 1s beslieved tnat tne maln
vein wes not cut bv the fault out formed against it taroueh

the minersalization of & tension Irzcture.
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A vein 1s exnosed in tne south drift of tne sast workines
of the 1.0 level wnich strikes and dins rouchly parallel to
the main vein, The veln dips northward Jp;. to LiL degrees,
brenching upward along & line which rises at 12 degrees from
tne floor of the east end of the arift, One brancn remszins
unchuneges; the otner dins southward 70 to 30 degrees, The
vein mav join the main vein somewhare below the 150 level,
asgsociated with tne malin velin are minor Iractures which
ars eltner parallel to the veln or snlav out from it. A few
wedes shaped "feeder veins"” or filled tension fractures abut
arainst the maln vein or its gubsidliary fractures.
Ore occurs along tne vein in sncots wnich appear to wsak-

an or sdle out bz2low the 100 level,

North Vein
The nortn vein is exposed along the northern workings
of the 200 levsl., The north veln or a subsidlsry fracture

is exoosen at the =zast end of the 100 lsvel as a prominent

}\hu

fracture and vsin, striking north-northwest ant intersecting
the main veln east of the shaft, The north vein dipns steeply
snuthward above the 0 level snd northwasrd below it. Tne
line of change of <ion plungses telow the 200 level in the west
and rises Jjust above 1t iIn tne eastern workincs. The vein
trends northwest, In detzil striking from west-northwest to
west-southwest,

The veln does not exnlbit the cymolc loops cnaracteristie
of the main vein, but the brancning of the north vein at the

sast end of tne 200 level may be trne beginnines of such a loop.
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In the eastern workings of the <00 level tne vein branches
upward ssvaral times, one branch continuing steeplv upward
and the othsr brancn rising less stesply (30 to 50 degrees)
to the southwest, Some of the latter bDrancnes wnlch may De
related £o the eust und muin veins, diverce from tne vein
and trend mors westerly.

& nortnward divnoing fracturs set trending parallel tc
the north vain, wnich ls minerallized to & minor extsnt, is
exnogsed 20 fz2et north of tne nortn vein on tne <UU level.
“ther fractures, soms of wnich are inerslized, are closely
assoclated witn tne north vein and trend parallel to 1tv.

Ore occurs 1in shoots slong the vein separated by barren

fractures.

fest Veln

The west veln 1is exposed ulong tne east-west drift of
the 200 level and 1n the western vorkings of the 1,0 level.
The sustern portion of the vein ovelow the 200 level dions 30
to 5 degrses northward, steepens upward in dio at the 200
level, and flattens a2t or below the 150 level (lig. 3). &t
tae 200 level the veln brancnes downward, the ilztter sezmsnt
dippine 30 to 35 degrees and filled witn neavy zouge (1 to 3

inches) but little cusrtz or scheelite, and the soutnern

jo

seoment dippine 15 deprees and containing & vein of vuartz and

scheelite or barren gusrtz lI to B inches thick. WVhat nappens

to tne two scgmonts bolow the 200 lsvel is unknown, The junct=-
be

ion seems to/heavily'mineralized, probedbly because of the

diverting effect of the souge zone on the mineralizing solutions.

'3

The flat dipning branch divergss in strike from the other

[n
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branch 10 feet west of the manway on the 200 level and
trends northwest. It is exposed in the northwest workings
of the 200 level where it is unmineralized., 1t apparsntly
stezepens up dip anc is exnosed in the western workings of
the 100 lsvel where 1t tsrminates the malin vein., The ore=-
bzaring branch 1s exposed westerly from the junction with
the otner branch, dipping mere steeply to the north and
asscecluted with a conjugate fracture set dipoling scuthward.
at the wast end of the drift the velin intercects a northsasy
frascture and divides, forming nsarly vertical, barren iract-
ures. To the esast the west vein joins the north vein at the
200 level as fractures and guartz veins wnich curve into and
trend purallel Lo Lhe norin veln, Near the junctlon the north
veln changes dip for & short distance and follows fractures
which are parallel to the west vein and are probably related
to 1t, In the cross cut from the shaft at tne 200 level are
exposed fractures with attitudes parallel to the south vein,
which are apparently continuations of westerly trending ovranchss
of the north vein, These fractures are nrobubly rslated to
tne south veln, the product of similar or identicul forces.

The relation between the west vein and tne main vein is
not known. The tw intersect just south of the central 150
level arifts (fig. 3), but the only worxkings at the contact
nave been filled. The west vein saspperently curves to tne
southwest near tne filled workinegs and dies out.

The thrust fault described by Lemmon and Dorr (19/0, p.239)
may well be the south vein. In describing the paradox No. 3

mine thev write:
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"Phe main vein dip . . . to a point below
the firsL level where it is intersected by
an irregular gsntly dipping fault, and the
veins found on the second level . . . are
apporently unrelated to the main vein',

It seems doubtful that the flat dipping nranch of the
south vein is a post-mineralization thrust fault. The ore
is localized along it and is unfractured, The vein joins
the north vein without offsetting or fracturing 1t and the
wall rock slteration near the junction rerflects shearing

either prior to or contemporansously with alteration (see

section on Severe Zone of Alteration),

Subsidiary Fractures

In addition to the major velns there are minor fractures,
most of which are unmineralized. The majority of these are
either parasllel to the major veins or diverge outward or down-
ward from them., Most of the other subsidiary fractures trend
parallel to the major veins but dip in the opposite direction,
Thus tre dominant fracture orlentations strike northwest and
dip 15 to 90 degrees northward and southward. 4 few cross
fractures are exposed which strike northeast and dip 30 to 650

degrees eust or west.

Velin Rranching and Changes of Dip

The most characteristic attribute of the Paradox No, 3
veins 1s the frequent branching and chaznging of attitude of
the veins. Such behavior reflects extreme variability in the
attitude of the fractures and also changes in the paths of the
minerallzlng solullons [rom one ICracture set Lo another of

different attitude (fig. 3; Plate 3, cross section A; Plate 5,
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cross section C). These changes in the paths of solutions
could result from either of two possible situations. Before
minersalization those parts of the frsectures which are mineral-
ized could have undergone coordinated slippage. The path of
the coordinated slippage could provide a fovorable path for
later passage of solutions and for deposition. An altsrnat-
ive would be that at the time of mineralization the surfaces

of different conjugate fracturs sets wers under nearly equal
pressure, Slight variastions in the attitude, degree of brecci-
ation along tne fractures, etec, would make [first one and then
the other sst more permiable and hence more favorable to the
vassage of solutions and deposition, The second alternative
appears to be the more likely, Where tne brancning and chang-
ing of attitude of the veins were obssrvaed, there was no fract-
uring and brecclation along a plsne jolning the two sets, such
ags would occur at the intersection of differently oriented

fractures along which coordinated slippage took place.

i)

i

Helative Age of Faulting and Minsralization
Lemmon and Dorr (1910, p. 239) describe the faulting in

the Paradox No. 3 mine as being both pre- and post-mineralizat-
ion,

"Above the gently dipning fault the taick

high-grade ore body was broken by numarous

small faults"
It is believed that the faulting was pre-mineralization, except
for displacements during and after mineralization msasured Iin
inches and fractions of inches, for the following reason:

1. The present spatial distribution of the veins can be
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more readily explained by pre-mineralization faulting
alone., The termination of veins against gouge filled

fracturecs is believed to represent the abutment of

tension fractures against contemporary sheear fractures.

These tension fractures have a constant orientation

with respect to their assocliated snsars throughout the

mine,
2. The shears carry scheelite and guartz as unfract-
ured fissure fillings and are flanked by typical
illitized and carbonatized wall rock.
3., The shears curve into the veins with no apparent
displacement or fracturing of tne vesins, and the
orientation of ths shears suggests a close causal
relation to the velns.
i, The gquartz-scheelite veins are not faulted and
brecciated at the "faulted" end,
5. No clearly demonstrated offset of the veins were
found Iin excess of one or two inches,
Small movements along the veins and related fractures between
the phases of mineralization are shown by the texture of the
vein minersls, Similar very small movements along velns and
fractures =fter mineralization are snown by fractured vein

material, now filled with iron oxides and chnlorite.

Structural Control of Ore Deposition
Along the main vein ore is loc alized in shoots waich
continue upward from the 100 level but seem to diminish down-

ward, The shoots apparently occur at and above the turning



over of the vein., Similar localization at the turning over
occurs along the small vein in the southeast drift of the 150
level., Small ore bodies occur along the veins of the ecymoid
loops. How far these ore podies extend upward or downward
is not known. The ore body associated with the central loop
of the main veln continues from the 150 level through the 100
level and possibly to the 50 level. Small ore bodies, usually
containing much guartz and little scheelite, ars locallzed in
tension fractures which abut the main vein or related fractures,.

Along the north vein ore is locallzed in shoots, the
structural control of which is not known,

Along the south vein the ore seems to be localized along
steeper portions of the vein at the junction of the steep and
flat segments, Woderately heavy barrsn quartz occurs along

the flat portions of the veln at the 150 lsvel,

Causal Forces

Dominantly dlp sllp movement zlong Lhe north vein is
indicated by grooving parallel to the dip direction. The sub-
horizontal orientation of the tension fractures associated with
the main vein also indiecstes dip slip movement, with movement
of the south side upward relative to the north side i.e. a
high angle reverse fault., The steep, variable dips of the
north and main velns suggest origin from vertical forces, since
horizontal forces could only produce reverse faults dipping
less than L5 degrees.

The flat dipping gougs-filled sepment ol the south veln

probably resulted from thrusting as the result of compressional
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forces from the north or northeast. The attitude of the

other segment of the south vein (east strike and steep north
dip) is similar to the prevailing attitude of the velns tarough-
out the rest of the district. according to Hulin (1925, p. 71)
and Lemmon and Dorr (1910, p. 215) the veins throughout the
district occupy strike slip faults, the south sides of which
have moved east relative to the north sides. They ascribe

the origin of the faults to "regional compression"-- presumably
oriented northesast or northwest., WNo clue was found in the

mine to the relative movement on the steep segment of the south
vein, but strike slip movement 1s not incompatable with the
field relations.

Thus northeast compressional forces could have caused the
observed features of the south vein fractures. The northwest
fractures tanroughout the mine could have been formed under
vertical stresses alone, but whether they could havg formed
under combined vertical and horizontal forces 1s qguestionable.
The reverse movemsnt on the main vein seems to support combined
forces, However the extreme irregulsrity of the fracture sur-
faces neccessitates increase in volume of the rocks involved
and hence implies low confining pressures--I1.K. snallow depth
and low compressional forces. The curing nature of the junct-
ion between the south vein and the north veln and the apparent
lack of offset at ths junction could arise sither form con-
temporaneous fracturing or seqguential fracturing--vertical
stresses followed by horigzontal compression with partial relief

along sarlier formed northwest fractures.
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The most coherent and reasonable explanation of the
forces which caused the faulting in the mine area seems to
fthe writer to be loecsl vertical stresses followed by regional

northeast compressional forces,



VEIN MINERALS

The minerzlogy of the vein minerals is fairly simples, &s
the only ore mineral is scheelite and the gangue is dominantly
guartz with subordinate calcite and minor cnlorite and pyrite.
sngular fragments of qguartz monzonite, completely replaced by
guartz, illite, calcite, pyrite and chlorite, makes up 10% to
G0% of the materizl between the vein walls., In most of the
veins quartz s@nd scheellite are closely assoclated, but a few
barrsn guartz stringers were found in the flat dipping portion
of the scuth vein on the 200 and 150 levels., 1In sach vein the
vein matter is roughly symmetrical sbout = centrzl plane.
Usuully subhedral crusts of scheellite are w«djacent to the
veln wall, &nd these are coated by cloudy quartz as {ine, an-
hedral grains and coarse combs, The center of the veln is
filled with fine grained, anhedral clear cuartz with a few
druses f1lled wlth ceoleclte., In many of the velns the symmelry
has been destroyed by lrregularly cistributed inclusions of
wall rock and by veinlets of guartz and caslcite wnich follow

the vein walls and ecut the velin msatter.

Guartz
In each vein guartz occurs in tw forms, cloudy and clear,

The milk white, "cloudy"

guartz occurs as small, anhedral grains
ad jacent to the veln walls and as comb guartz, coating the

anhedral gusrtz, and made up of elongate, subhedral guurtz

prisms up to 7 mm in length. The cloudy quertz grolns and
prisms also surround scheelite and wall rock fragments in the
vein. Microscopically the cloudy guartz 1s observed to contain
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numerous minute bubbles and clay particles which are irregular-
ly distributed or, in a few instances, outline chevron growth
patterns in the individuzl prisms,

The colorless to slightly milky "eclear" qusrtz fills the
central porti@ns‘of the veins snd veins cloudy guartz and
scheelite along irrsgular fractures. The clcur yuurtz which
rims calecite-filled druses in the veln centers occurs as
terminated prisms, but elsewhere the clear guartz occurs as
small, anhedral grains., The clear and cloudy guartz have Desen
recrystallized subseguent to depnosition to irregular grains
which bear no relation to the original graln boundaries and

contain both varieties of uartz. The guartz is cut by a few

veinlets of calecite and chlorite,

Scheelite

The scheelite is medium grained (l-Cmm in diameter) and
white to cream-colored, The mineral cen sometimes be dis-
tinguished megascopically from quartz, calclite or altered wall
rock by tne color, hardness (l,5-5), and distinct cleavage,
and can always be distinguished by its blue-wnite fluorescence
under ullra-violet radlatvlion, The scnsellte occurs as loncrusi-
ations on the veln walls and ag angular fragments surrounded
by guartz and calcite. The scheelite grains zre anhedral
towsrd the velin walls snd euhedrsally terminsted toward the
center of the vein, and are cut by a few veinlets of quartsz,

cgleite and chlorite,

Calcite

Vein calcite 1s colorless to white, snhedral and fine
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rained, Coarsely crystalline czlcite was observed in only
one smzll veinlet at the west end of thne 100 level. Minor

guantitiss of calcite cut qguartz, scheelite and altered wall

rock and i1l cevities in tne clear quartiz.

Chlorite and Iron Oxides

Very minor quantities offine gruined, blus-grecn, green
and colorless chlorite cuts guartz, scheelite, calcite and
wall rock fragments al ong irregular fine veinlets. Witn the
chlorite is orange brown and black iron oxides as l1lrregulsar
stainsg, dendritic growths and small circular spots. The
chlorite 1sorange brown and black iron oxides as irregular

4

growths and small clrecular spots., The

¢}

staling, dendritil
chlorite-iron oxide veinlets eitner cut completely across the
velins or terminabe in tne veins, and probably revprssent either
the last phase of mineralization or wesathering.

In addition to the minerals ldentified in the Paradox
No. 2 mine, cinnaber, stibnite, gonld, dolomifte, ankerite and
siderite have been reported from Atolls tungsten veins by
Hulin (1925) and by lemmon and Dorr (19L0). xerr (1940)
reports adlaria and fluorite., The possible presence of carbon-
ates other than culcite was tested Dy acid reaction tests and
oil Immesrsion index delsrminations, The different colors

and texturss of the carbonates were found to be the result of

admixtures of calecite with quartz, illite and iron oxides,



WALL ROCK ALTERATION
Three zones of wall rock alteration ares distingulshed--
an outer "fringe'" zone, an "intormediate" zone, und & zone of

"severe alteration” adjacent to the veins,

Fringe Zone Alteration

Throughout the Paradox No, 3 mine agres tlp guartz mon-
zonite has been altered to chlorite, wnite mica, carbonate and
clays., Megascopically, dark green chlorite replaces brown
biotie, thne Ieldspars are cloudy, and white clay pseudomorphns
replace snhene, Under the microscope 1t was observed that
the sphene has completely altered to leucoxene, most of the
biotite has altered to chlorite and lsucoxene, much of the
orthoclase and andesine has gone to white mica, carbonate and
clays, and most of the augite has altered to clays, carbonate,
leucoxene and magnetite, OQusartz, magnetite and aptite are
unaltered except for minor veining of the guartz by carbonate.

White mica is the dominant slteration product of the
feldspars, occurring as minute plates and felted masses scatter-
ed through the feldspar grains and concentrated along fractures,
favorable twin directions and the periphery of grains. The
mica is colorless to pale green and has parallel extinction
and bilrefringence colors up to first order red and blue,
Whnether the mica 1s 1llite, sericite or paragsonite 1s not
known, Chlorite occurs as coarse flakes replacing blotite.
Birefringence is anomalous blue and first order gray, and somne
of the chlorite 1is pleochroic from dark green to tan. The
index of the clays, which occur as infresquent patches in the

feldspar, 1s slightly above that of andesine suggesting that
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the clay may be ksolin., However the minute sige of the grains
prevented positive identification by optical means. The car-
bonate was checked by reaction with acid, and 1s thought to be

predominantly calcite,

Alteration in the Intermediate Zone

The wall rock of the intermediate zone of alteration,
ugually one to three feet from thne veln walls, is greenisn
grey in color., The feldspar 1s chalky white, quartz grains
are rounded, snd veinlets of chlorite and carbonate cut the
rock. The feldspars have been completely altered to white
mica and minor carbonate and clay., Wost of the bilotite has
gone to chlorite, much of which hss been altered to coarse
illite and minor clay. A4 minor amount of the guartz has recry-
stallized to fine grained qusartz along fractures and grain
boundaries and has been replaced along grain boundaries by fine
grained guartz, white mica, carbonate and clays. Veinlets of
carbonate cut feldspar and guartz, snd chlorite, guartz and
illite veinlets cut feldspar, guartz and carbonate,.

The coarse 1llite 1s colorless with birefringence colors
as high as second order green. Properly orier ted flakes yield
optic axls figures which are uniaxial negative or bilaxial neg-
ative with a very small optical angle. The clays derived from
feldspar and chlorite have indices less than that of balsam,
and may be montmorillonite, WMany of the velnlets wnich consist
of chlorlile where Lhey cub [leldspar are guartz whsre they cub
guartz, the transition occurring at the grain boundaries, There-

fore the veinlet minerals represent at least in part reconsti-
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tution of material from adjacent mineral grazins with little

or no transportation ot material along the velnlels.

sSevere Zone of alteratlion
The wall rock immediately adjacent to the veins has been
severly altered in a zone up to 12 inches wide to an olilve-
green to gray-green rock with prominent rounded guartz grains
and veinlets of dark green chlorite, The guartz has been
chenged to a moderate extent along the periphery of grains
and along fractures either to fine grained anhedral quartz or
to a fine grained mixture of guartz, white mica and calcite.
fost or all of the fledspar has altered to coarse I'lakes
(1/10-1/5mm in diameter) of illite and minor clacite, clay
and chlorite, In more than one half of the slides examined
part or all of the plagioclase (andesine) has been replaced
by albite., Part of the coarse 1llite derived from chlorite
has altered to chlorite, and minor pyrite (1-2%) has formed
in association with chlorite and leucoxene. Velinlets of illite,
gquartz, chlorite and calcite cut the cuartz and feldspar,
occurring in zlbite along fractures which displace twin lamellsae,
Polysynthetlc twins of albite give maximum extinction
angles of 17 degrees, indicating compositionally pure albite,

The

5

rains are fresh and unzltered except for a few remnent (7)

£
i)

fede

llite flakes and minor veinlets. The clays are thought to be

similar to those in the Intermediate Zone--i.,e., montmorillonite,
In the 200 level nesr the junction of the south and north

veins, the altered wall rock adjacent to the north vein is

banded chalky white and gray. Microscopically it differs from
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typical altered rock because of a gneissold structure pro-
duced by elongate lenses of strained quartz, The lens shape
has been produced by alteration of the quartz at the peri-

phery of the grains together with shearing and brecciation of

ot

he grains and recrystallization of the quartz along fractures.
The matrix consists of 1llite, clays (montmorillonite) and
culeite plus pyrite (5%) and minor chlorite derived from illite.
Veinlets of 1illite, calclte, guartz and chlorite traverse the
rock, The alteration seems to réprasent chemical conditions

of fTormaticn similar to those elsewhere 1mmedlately adjacent

to the veins, but modified by intense shearing of the rock
prior to or contemporansous with alteration.

Locally the wall rock along faults has been brecclated and
isolated from the walls of the fault by dsposition of quartz
and scneelite, This wall rock, incorporated into the vein
itself, has been completely altered to cualcite, cguartz and ill-
ite and minor chlorite, clay and pyrite. The severity of the
alteration probably was related to the accessibility of the
fragments to mineralizing solutions prior to the deposition of
guartz and scheelite, &gually severe alteration of wall rocks

W,

adjacent to veins was observed only very locally. Wall rock
incorporated in the vein at the west end of tne 100 level has
been altered to calcite which has besn veined and replaced by
illlte, wihlch In turn has been partially rsplaced by Tine

grained quartz,

Chemical Changes Involved in the Wall Rock Alteration

2

onsideration of the chemical changes involved in the

b
pe=
0

wall rock alteration In the Paradox No. 3 mine, based on the
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information contained in the preceding section, must of nec-
cessity be very generalized, No chemical analyses of the al-
torsd wall rock are available; the exact proportions of miner-
als in the zltsred rock has not been determined; and the chem-
ical composition of tne cl=ys, chlorite and white micas is not
known,

In the fringe zone the formation of chlorite, white mica,
clavs and carbonate from andesine and biotite calls for the
addition of only water and carbon dioxide, In the intermediste
and severe zones the formation of illite from chlorite and
andesine neccessitates the addition of potasn, and thes local
formation of albite form andesine would require the additlon of
soda, The formation of pyrite was nrobably from iron derived
from chlorite and magnetite but calls for the addition of minor
sulphur, The local complete alteration to illite, calcite and
guartz would reguire the removal of almost all original con=-
stituents, and in all the altered rocks the addition of some
constituents and the reduced specific gravity would rsqguire the
removal ol some ol the sillica, alumina and bsases, 'I'ne net
changes involved in alteration would be the addition of water,
carbon dioxide, minor sulphur, and locally potash and soda. The
losses would be in all other components--silica, alumina, and
possibly minor magnesis, soda iron snd calcium. Most of the
magnesla, iron and calclum was probably stabllized as chlorite,
pyrite and clacite in velnlets which cut the altered rocks.

The soda lost by illitizatlon of the andesine may balance that
gained by albitization. The formation of chlorite near the vein

presents a speclal problem. 1In the fringe zone chlorite
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replaces biotite, in the intermediate zone 1illite replaces
chlorite, and in the severe zone minor chlorite apparently
replsees 1llite, and chlorite veinlets cut the rock. The
apparent reversal of replacement in the severe zone may be
only the result of inadeguate sampling, and the veinlets may
represent reduced temperatures or chemical intensities in the

last phase of minerslization,
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PARAGENSIS

The paragenesis of the wall rock alteration minerals and
vein minerals was determined from mineral relationships
observed microscopically., Criteria used in determining the
paragenessis were veining, pseudomorphism and oriented growth
patterns (e.g. needle guartz radiating from scheelite and
pvrite)., Certain relationships were not satisfactorily
determined and are represented by question maerks. The se-
guence of wall rock alteration may not represent & sequence
in time but in space, Silicification of wall rock in the vein
may have occurred contemporaneously with chloritization of the
outermost wall rocks,

The paragenesis of tne wall rock alteration minerals and

the vein minerals is outlined on figure I,
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ORIGIN
Environment of Deposition

The quartz-scheellle mineralization was predominantly
cavity filling, producing crustification and comb textures
and crystalline, calcite filled cavities. Such open space
deposition would indicate formation at low confining prsssures,
The complexity and irregularity of the individual faults
neccessitates an increase in volume upon deformation and there-
fore low confining pressures. The conclusion 1s that both
faulting and mineralization occurred at shallow depths, Hulin
(1925, p. 77) estimates tobtal esrusiom since the Miocene as
less than 300 feet, but does not state now he arrived at this
figure,.

No veln minerals identified from the paradox No., 3 mine
would provide an indication of the temperatures at which the
vein minerals were deposited, In other Atolia tungsten vein
the scheslite is accompanied by cinnabar and sibnite--both low
temperature minerals, The scheelite was deposited at the same
low tempsratures 1s not known.

The textures of the vein minerals indicate that mineral-
ization proceded in phases separated bv movements along the
faults and fracturing of the veln matter, The occurrence of
guartz stringer with scheelite in the flat dipping portions of
the south veln suggests tnat some of the movements along the
fault which made sites favorable for deposition took place

after the scheelite phase of the mineralization.
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SUGZESTIONS FOR EXPLORATION

Undeveloped ore may occur alons the north vein st the
100 and 150 levels and along the main vein eust of the end of
the 100 level., st the 100 level the north vein could be
exnlored by cross cutting a short aistenes from tne end of the
cut east of the shuft, to be certain the north veln has been
reacned, and tnen drifting to the northwest along the strong-

est snsar. southeast of the shalt Lhe maln veln may be

’OJ

secinning & eymoild loop. 1f sucn is tne case tne veln ghould

lie to the east of the end of the drift.
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