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AROTRACT

The Sumar Pine area includes nine square miles
in northern "adera County, on the western slope of the
flerra Nevada.

Intrusive rocks of the Sierrs buntholith surround a
central roof pendant and sgsociated minor bodles of
strongly folded and metamorphosed Paleozole sediments,.
The main mase of the intrueive 1s tonallte,
petrozraphieally notable for the selective albitization
of 1ts potash feldspar. It contains an abundanee of
emall dark eryetalline autolitha., Isolated areas of
dlorite and gabbro and many small pesmatite and aplite
d1ves complete the Jurassic intrusive sequence.

The metamorphie rocks are mainly quartzite, with
some smchist and calearsous bede, the last glving rise
to thres Alptinet metamorphie rock types. The margin of
the pendant 1s loeally marked by a zone of partial
apsimilation and reconatitution. . :

PopteTuransie fracturing, perhaps involving eom
d1aplacement, serves ap structural control for several
springa in the area, i

Tunraten mineralization 1e¢ assoeliated with one of
two large pepmatites intruding the central pendant.
Boheslite occours dAlgseminated in lenses of tactite, a
rogtricted fneios of the metamorphosed calecarecus beds.
Home tactite lenger carry over one per cent of scheellte,
but the émall total volume of ore makes the
exploitation of the deposit impractinal.
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INTRODUCTION
Eurvene of the rerort
The investisation deseribed in thies report waa
undertaken to determine the extent and sconomie
possibilitien of the tuncwaten deposite on the southeast
alopas of Welles Mountain, and to prepars a reconnaissance

map of their peolomie environment.

Looation and sise of area

The village of Supar Pine is loeated in northern
Hadera “ounty, Onlifornia, on the west slope of the
“4erra Naevada (ses Index Wap, pare 2 ). The area
investimated conprises nine square miles southeast of
Sugar Fine, inoluding Seotions 1, 12 and 13 of Township
6 5, Fange 21 %, and Seetions 5, 6, 7, 8, 17 and 18 of
Township 6 5, Range 22 E, "aders baseline and meridian.

" The northern boundary of the area lies 3 1/4 miles south of
the mouthern extremity of Yosemite Natlonal Park,

The main Freeno-Yosemite highway yunsg through the
southwent corner of tﬁo aren, At a point about 55 miles
northeast of Fresno a paved branch road, three quarters of
a mile in lensth, runs from the highway to the village of
Gurar Pine., A few unimproved roads traverse the region
esat of the hiphway, b

Ty Aet of Congress the 1and e ineluded in the S8ierra
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National Forest, excapt for a few isclated prior private
holdines, including homes in and around Sarar Pine, and
360 acres near the center of the area owned by Dr. C.ke.

Yelle and the Arthur Mleming Trust,

Hiatory

The area bears abundant marks of a former lumber
industry. The villame of Sumar Flne, now residential, vwas
onee tha site of a lumber mill, The roade of the remion,
paveral of which were originally mallroads, were built for
the transportation of loss. Adjacent areas were worked
for placer emold in earlier daye. Lode mining has boen
restricted to a few unsucceraful proepecting ventures. At
the present time lumbering activity is curtailed by
protective rastrictions in the Hatlional Forest. The reglon

18 now & recreational arena ant an onan ntoek ranre.

) = ologd
Ho systematie atudy of the reolopy af thins area has
praviously been recorded, and refersnces to the region are
soanty and meneralized. A deposit of molybdenite near
fumar Pine 1s reported by Melaushlin and Bradley, but no

MeLaushlin and Bradley XIV Rep. of ftate Mineralomist
o L. ‘ :

ore was mined, The deposit was not located by the author,
unlege 1t 1o in the pegmatite on the southeasgt nlde of

' 7elles Yountain, where a broaneet pit containe traces of
molybdenite.



The antirn ﬁine aquare miles was mapped by pace and
Prunton compass traverses on a seale of 1 ineh = 1087 feet,
ueing & bage map made from an approximately tan:old
enlargement of the U,8,0,3, toposraphie sheet of the '
Yariposa Quadransle, In addition a small area in Section 7,
in the vieinity of the tungsten mineralization, whe
surveyved and mapped on a aeale of 1 inch = 100 feet.

Tt was found that the loeation of pointe by pace and
compagsn traverses resulted in greater accuracy than dld
relianee on the enlarged toposraphie map. Therefore an
attempt wae made to map & self-consistent network of roads,
tied in to three Forest Service section markers, located
at the north and south quapter corners of Seetion 7, and
29 chains east of the northwest corner of Seetion. 6. A
fourth baeis of reference was obtained from the original
survey noiaa of the main highway in 50¢t16n113a Crosg -
country traversen were iiod in to the road traverses at
one or hoth ands. The topo¢raphic map has been modified
vheraver it confliets with the observed facts.

At the Tin Bucket tungeten elaimas, shown in Plate III,
8 transgit line wag run from thn county muxvay ntuku at
the south quarter corner or ﬁactiun ) £ northwnrd to the
weat end of the elaims and thunoo northeastward through the
elainms, Important intermedinte points were established
with & plane table, and the datalled meoclogy then mapped
by pace and compass tfom thie baseline. A portable ultra-



violet lamp was used to estimate the dlstribution of
scheelite. ‘

Five weeks were spent in the fleld durlng June and-
July of 1942, The petrographie work was done and the
writine of the yeport eo'nleted Aduring the following
vinter at the falifornia Tnatitute of Teehnologys

Acnowledeements
The author 1g most prateful to Dr, and YMra. C.E. Wells

of Mirimiehi Raneh, whnao»nqnwrmua hoap!taiity and
kindness made the flold season a real pleasure.

nr.a.#. Frager and Dr, lan Campbell of the Californis
Inatitute of Tuehnolomy supervised the work, Their advice
and assietance thraumhaut 18 mueh appreclated. Dr. anunr

- spent aeveral Aays with the author in the field.

Credit 1s due to Mr.Robert Nischols of Oakland, who
assistod with the plane table., Mr.lean Cook of Sugar Pine
and the California Publie Foands Adninistration were most
helpful in ascertaining certain locations as ruforynéo

pointes for the map,



PHYSTCAL CONDITION

The SBupar Pine area lise on the western elope of

the Slerra Nevada at an averapme elevation of 5000 feet.

The minimun altitude is 3300 feet and the maxinum 6300

feet., Summer weathor is warm and dry, thoush the temperaturs
rarely rises above 90°F, On this side of the Slerra the
maxinum precipitation, from 40 to 60 inches annually,

oocurs at about thie altitude, affording optimum eonditions
for vemetation. Deep snow eovers the reglon in winter,
usaally remainine until May,

The area is drained on the enst by Alder Creek and
Redwood Creek, and on the;welt by Sugar Pine Creek Qnd the
Lewie Fork of the Fresno River. Several tributary streams
on the west side orisinate in eprings, the sigriificanoce
,of whieh 18 Alsouaned below,

Tslief is oonsideradble, and slopes are falrly steep.
The soll cover is extensive, bﬁt thin and patchy,'and
~eontaines much slide material, The region 1s for the most
part thiekly forerted with pine, fir, and eedar, though
oak trees are seen in thd lower flate. Treeless slopes
are ooﬁorud with buekthorn, manzanita, and other serub.
any masnificent sequols trees, maiins up the lelder Grove,

are mesattered over the northeast section.
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STRATIGRAPHY

Introduetion

T™e stratified roeks of the area occur as pendants
or innlusions in the “lerra batholith, The sedimentary
section 1g mostly quartzite, with some interbedded
fohiat, and oeccagional ﬂénou of altered linesastone. The
attitude of the beds, though loecally irregular, shows an
average strike of N 10°E, and a very steep dip, which 1g
more comionly east than weat.

The stratisraphic thickness of the meotlon 1s
un¥nown, but does not exceed TOOO feet and 1s probably
mach less than this figure.s The whole stratified meries
has been affeoted by folding and reg!ional metamorphism,
and near the igneous contacts the rocks have been further
metamorphosed by the intrupion, Wo fowsiles were found,
but the intrusion of the beds by the Jurarsie Sierra
batholith indieaten their age to be pre~Jurassiec. A broad
balt of ssdiments berinning & few miles northwest of the
Supar Fine area has been assigned to the Yigsizeippian
by H.7, Turner and others, It ie part of a diverse
Faleozois series found throurhout the central and northern '
8lerra Nevada to whieh the term "Calaveras formation” 1is
somewhat loosely applied, Ylany parte of the Calaveran
ara doninantly qﬁnr@sttla. and it is 1likely that the

rooks of the “umar Pine area belong in the same series,



and therefore are of Late Palaorolo age,

Mvision of the formation into menbers is not
practieal. The tracins of individual beds in D;BVnntud
by Aiseontinuity of outerop, snd in the few cases where
unique bede sultatle for marker horizons occurred, these
were seen in only one or two loealities. Diseussion of
ntvatlgrnphv will therefore be A4vided into three sections,
dealing with quartsite, schinst, and ealeareous rocks,
recornizing that tha#a terme 40 not refer to strutigraphie

unite, and that gradations occur between them.

duartzite

Quartzite 1n varying degrees of purity makes ub
about 65 per sent of the seetion. The charaecteristilc
outerop g colored dark by surface stains, aﬁd appears
well stratified. Thiekness of bedding 1e irresular, from
an ineh to savcr&l feet, thourh finely laminated or very
masgive beds are rarely found. OGranularity varies from
1.5 mm. to 0.03 mm, Gray-green chert—like beds occur
loeally. The dominant eolors of the fresh rock are gray-
green and gray-blue, thoush dark gray and even pink facles
are also seen. The coarseat quartzite 1s colorless snd
vitreous, while that of medium grain size freguently
containg rerieite, and grades into quartz aschlet.

Turner has suppested that much of the quartzite in

Turner, He¥, UsB00+8. An.Feport XIV part 2, p.435




the Calaveras was formed by silieification of shale, and
should be oalled phthanite. Turner does not state whether
he conelders the added silica to be hydrothermsl in orisin.
It 1s poseible that some of the rocks near th; borders of
the pandant econtain added silien derdived from the 1ntrun1von
magmd, but no reneral decrease in sllics was observed

away from the irneous eontaots. ‘

{ The quartzite shows few contact metamorphic effectn.
L;cal inereasgens in prain oize near the intrusive might be
anseribed to rooryutnlli;atlon at high temperatures, though
aphanitie qulrtzite is also common in the vieinity of the
contact. The quartzite 1g eroded mainly by the breaking

out of anrular chunks following the weathering out of
interbedded schint, Typleal outerope are to be seen on fhe
ridee between Alder Creak and Weet Alder Creek, directly

ponth of the upper road,

Schist
About 30 per cent of the section 1s made up of

schist, which 18 interbedded with aquartzite to a greater or
lesner desree throushout the formation. Resistance to
erosion 1a roughly proportional to quartz content, and the
highly nlesceots varieties are soft and easily weathared,
Three Aifferent mineralomiecal types are dletinpuished;
quartz serieite schist, serieite schist, and hornblende
schist, the last represented by a single outerop, These
rosks are the repult of metanorphism of siltstone and aandy

phale,



Thie 1e the predominant type of sehist} its less
mlcaaoquﬁ faries grade into quartzite, It 18 usually
dark ecolored, frequently gray-blue, and almost &s hard
ap quartzite. “chistosity is rudoly'aovalopoa parallel
to the recional strike. The serieite, whioh makes up
roughly 10 per eent of the roeck, is generally evenly
disgeninated, and not concentrated along bedding planes.
However, in the northeast part of the area there are
lengen, some tens of feet in length, conposed largely of
coarge grained biotite or muscovite,

The quartz sericite schist 1s best oxpouod'on the
ridre south of the summit of Wells Mountain.

The portaitl pehist 18 rostricted In ite ocourrence,
and would.ba upeful as & marker bad in detalled mapping.
The rook 1s fine mrained, soft, even-textured, and of a
blue=gray color. It appears to be composed almost wholly
of serieclte, It 1e boat'nxpoued in the west side of the
upper quarry in the southwest éorncr of Seetlon 6, where
it 12 ahout 60‘teat thiek, An outerop on the rﬁnd 1500
i feet to the north ia probably the same bed.

fornblande sghigt
A bed of hornblande sahiast, four feet thiock, is

exposed for about 25 feet near the top of the southern

10



knoll of Wells Yountain, The hornblende, in dark green
euhadral chunky prisme averagsing 3 mm. in length, i
erudely lineated parallel to the bedding, and makes up

25 per eent of the rocks The matrix 1a fine grained
quartz and ddopside, with a trace of andesine, In thin
pmection the horndlende eryatals are seen to dbe full of
quartz and 4iopeside inecluaions, and to have regged edsen.
Thﬁy are elearly metaeryste, The rock was probably formsd
by recryatalilaltion of a sediment rich in ferromacnesian

vminor&ls.

Caleareous rocks

T™hin outugory'inmluﬁaa all oaleareous ptrntifieal
roeks, whothér derived from true 11mqatonca:or célcarnauu
qlantinu. Thourh making up only about 5 per eent of the
sention, this group is the moet important economieally,
berause it 1 the host for tungsten mineralization.

Three 1itholumia typep were recosnized, wollustonite
roek, granulite, and tactite. The firet and last are of '
&lntlnctlve'uppaarancq, and thelr outarogu are indleated
on ithe areal map, The sranullite is Aifficult to Aletinsulsh’
from fine srained guartz pericite schint in the fleld,
and 1tlwnu not mapped ap 6 separate unit. The caleareous

beds are typleally lentieular,

Iollastonite roek
{

This 10 & white medium grained roek of fibrous texture,

easlly recosnized in outorop by its differentisl

11



weatherine and -élution rrooves. It ia found in the
middla of the area as & dlscontinuousr bed about 40 feet
in width, paralleling the resional strike, A eimilar
gtratum, 90 feet in thickness, ocecurs in the emall body
of metamorphie roecks in Section 17.

The wollastonite, which 48 locally well lineated
paraliel to the bedding, occurs in blades 1 mm. in length,
waking up from 30 per cent to 60 per eant of the rook, Iin
a proundmass of very f{ine praired eolorless dlopside.
fmall amounts of 140nrase and oxlelite are aleo present,
the latter in eroaps=cutting velnlets,

This roek is not found adjacent to igneous eantaataa
Tt 1n belleved to rapruuuﬁt an bmriy stage in the silieation
of 1limentone, The relative proportions of original and
introduced milic@ are unknown. /10 quartsz was seen in thin

gsaction.

Sranulite

The granulite is a Adark, very fine gralned, huﬁogonnoun
rook, resistant to weathering, and having schistosity
roughly parallel to 1te beddiﬁg. Redding is chown in plaoces
by minor variations in grain size and eolor. In outerop
the granulite resembles much of the quartz gerisite achiet,
and therefore its distribution and abundance are not
aceurately Ynown. It s sstinated to compose lens than 5
per cent of the eadimentary sectlon. The thin sections
studied were taken respectively 180 feet southeast and 900

12



feet north of the nearest igneous othrop,ytho Tin . x
Bueket pesmatite in Section 7. Similar roock was seen
| adiarent to the pernatite,

The sranulite 1e made up of about 30 per cent
anhedral quartz and dlopside, having an average grain
pize of 0,04 mm., with 10 per eent of even finey grained
magnetite and pyrite. The pyrite ls ocoeasionally found in -
larger subhedra. The remaining 10 per cent of the roek
consiste of hornblende and anhedral ecordlerite in varying
proportione. Bedding in.aho-n in thin section by thin
lonsen of eoarser grained umrtfn, The granulite ia
completely reeryetallized, and prohnbly represente the
ellication of a more dolomitie facies than doep the

/

wollanstonite rook.

Jactite ' X

~ The nane taetite s applied to & mastive marnet—
dlopside rook, with some quartz, found only in the immedilate
vieinity of imneous econtaote. "here taetite les in contact
with tonalite at the borders of the pendant it is pale
eolored, relatively opague, anhedral, and laeckine in ore
mirerale., Little or rno quartz is present,

* Taetlte of quite Aifferent texture 1s found in pits

At the north and south endas of the Tin Pucket pesmatite,
in Seetion T. Tt is well aryltailisad. having brown
dodecshedral ~arnets up to 3 mm, in dlumeter, bright green
diopelde and elear quartz, Scheelite and chalropyrite
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are dinseminated loecally, No beddine or lineation 1o
apparent. Garnet, of the variety grossularite, makes up
40 per cent of the roek, It is pale pink in thin section,
eyhedral, and invariably isotrople., Stubby subhedral
dionai&e erystals, aboutvﬂ.h mm. long, sverage 30 per
cent, The remainder is mainly clear quarts, in large
nnhed?ﬁ,

Thij tactite 1a the end product of the silieantion
of an oiiw!nnl 1imastone, The addition of magmatie silioa
'e indiented By the faet that the ratio of 3102 to
fad + Mpd 1a 2.2, doudble that prevailing in the wollastonite
faclen, which itself may have an indeterminate amount of .
introdueed eiliea, Iron, present in appreclable quantity
in the diopaide of the taectite, represents a further
contribution by the mapme, _

In the emall area of metamorphie rocks in Seetlon 17
thera 1z & 30 foot seotion of beds which appear to be a
transition betwsen wollastonite roeck and true tactite.
Beddine 1e well preserved, Tﬂa roosk sontaines 13 per cent
wollagtonite, tomether with sarnet, caleite and dlopaide
in approxtmataly equal proportions. The garnet and
ealeite ocour as anhedra up to 10 mm. aecrcss, arranged in
alternata brown and green bands parallel to the beddins.
Fine grained dlopside and somewhat coarser wﬁllantunito
are poixilitiecally included in both gﬁrnat and oaleite,
thoush the wollastonite 1g largely confined ﬁu calolte.

14



lgugous ROCKS

Introduction
Intrunive igneoup roecke of the “Merra batholith

directly underlie over 80 ner cent of the area, and are
presumed to be eontinuous underneath the mstamorphie
rooka. They all bhelone to the pame intrusive sequonce,
menerally oonsidersd to be of Late Jurassic ages No
additional confirmation of this ame was obtalned Irom
the area 1teslf, The main dody of the intrusive is a
medium grained tonalite, having an abundance of amall
dark inelusions, of the type considered as mutoliths by
Pabet., 7"1thin the tonalite are minor bodies of dlorite,

Pabgt, Ay Obpervationa on the Granitie Rocks of the
Morre Yevada,
iv.of Ca).Pubgin Geo.fels vel? PeldaH 15298

one occurrence of mabhro, and many aplite and pepnatite
Aiken, Two larme permetites intrude the metamorphie

pendant .
Diorite and fOahbro

Four bodien of diariti and one of gubhbro ware
dincovered in the sactern third of the area, und it 1o
probable that others exist in thelr vieinity. All are
lese than 300 feet aeross in the known dimen®ion ( the
Airection of traverse) and all ars surrounded by

tonalite, Due to laek of outerops it wips not possible
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to Aeternine the shape of these bodiee in the time
avalladble. They are agsociated with an inereased abundance
of aplite dikes, whieh eut both diorite and tonalite.

The eabbro ie & fine prained homoprensous rook of
very Aark eolor and mleacsous appearance. It consists of
45 per gent labradorite, 30 per cent green hornblende,
and 23 per cent blotite., The rook is failrly equigranular,
praine averasing 0.9 mm., and shows typical gabbrole
texture., Masnetite, in small grains, forme up to 2 per
cent of the rook, The labradorite shows little zoning.

The other four bodies are made up of fine grained
eray rabhro.diorite, which hae white aquiaiwonlibnai
feldepar eryetals about 1 mm. in lensth in a groundmase
of somewhnt finer srained hornblende and biotite. This
roek iﬁ abmwoahd of 38 per cent sodle mnduy!uo. 20 per
oent 1abrmdor1tn; 22 uob aoﬁt mraen hornhlondn..lﬂ per
rent blotite and 2 per cent mapgnetite, Traces of epidote
appear as altaration bmtehnn on labradorite.

The labradorite exists as skeletal romnants in process
of replscement by andesine, which ia the latest mineral
in the sequence. Nslles of labradorite, dlstinetive in
plane 1ight bhocanuse of their high rellief, are optically
eontinuoun, and olearly show the outlines of former
enhedral erystale. (see Plate I )., Replacement has not
hasn confined to the vims of the labradorite, but has

rone on erratieally throushout the eryetalss It ip
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aurcested that the diorite i1s a relatively basie facles,
“early in the irtrusive gsequence, which has been partially
reworted hy the more sodie tonalite marma, with which

1akradorite could not remain in stable equilibrium.

Tonalite 1s by far the most widely A1stributed roek
type in the area, It 13"11mht uolornd..af typioal medlun
rrained sranitie téxtufé; and congints of about 80 per
ecant qu@rtn and roidnpar, biotite and hornbtlende making
up the remainder. The hornblende s particularly well
erystallized, euhedral prisma oecurrins up to 15 mm. in
lensth. The roek is partially vuol!nlze@ and fron-gtained
to & Tepth of meveral faet, Qiaapt In road cuts ond
gtream bada., Ixfoliation and spheroldal wmathoriﬁm are
fommon fagtur‘n. ,

Thoﬁnh there 1s areal variation in taxture, the
ronponition of the tonalite is quite conmistent, deviating
very 1ittle from an average of 43 per cent andesine, 36
par cent quartz, 13 per cent blotite, and 5 per ecant
mreen hornblende. Alkali feldspars are erratie, varying
fron nothing to‘lo per cent of the ron&, and averapsing
perhaps 3 per eent. Accassory minerals are very minor.
They include mamnetite, apatite, aphene, and zircon.
Epldote 1o found as an alteration product of plagloelase,

The alkali feldspar, where present, 1s partly
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m!&roalina and partly in untwinned variety of albite,
which replases mierocline, Hoth are very late and anhedral
and enclosa frasments of other minerals. There 1s
rongiderable develorment of myrmekite, up to 1 per cent
of the entire roek, usually on boundaries between
plapiocelans and alkalil feldspar. Invariably the ayrmekilte
either rsplhaen mieroeline or else extends into nlﬁﬂte
whioh ip itself a replacement of mioroeline, snd never
attacke the andenine orystal from which its own erowth
has been initiated, It may be connidered ans & sproial
form of albitization, and thersfore related to the
secompanying lats albite, Anderson, in deseribing almost
1dentionl welationghipe occourring in the "hite ountains
hatholith, says -
“Alh&ta has repleced potash feldapar sessses
Often the subatitution has taken plaoce so
delientely and yet a0 completely that the
altered smrain eontaine all of the characteristics

of the original except in optie sign and
index, It looks fresh and unchanged.

iz

Anderson, 0.Hs G(eolopy of the north half of the "hite
Yountaing Quadransle. vol.2, p.206
OUnpubl 1shed Ph.D, thesis, Cailf Inat Tech 1933

In the tonalite of the fusar Pine area even the grid
pattern of mierocline twinning may be accurately preserved
in the albite pseudomorph. Andermon considers both the
myrmekite and secondary albite to be of hydrothernal
origin, because in the White Wountaina the albitization

ir assoelsted with veinlats and loeally ean be showmn to
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have taken place following aectual mechaniecal deformation

of the rock,.

Anderaon, (.He oOpicits p.A0

fpderholm favors a deutdrie or late magmatie origin

for the majority of myrnekites, and this seems the moat

Sederholm, J.J. ~ On Synantectie 1inerale ,
Mall, Comm.Geol, Finland Wo.43 1910

plausible explanation for the phenomenon in the Sugar Fine

ares, No relation wan obgerved between derreas of

albitization and dintanaq fron the boundary of the iﬁtruniwa.
tertain portions of the tonalite in the western part

of the area, notably in Section 12, show & tendency towards

roliaiinn of the dark’m¥ntqﬁlc. This texture 1e prohnbly

a result of ahearing atresser in the rook after oonsolidation,

aince the auartz and feldspar appesr shattered, and these

zonee Are alwaya more thorouphly weathered than the

nornal tonalite, susgesting internal weakening of the rock.

Autolithe ;
The tonalite contains & multitude of dark eryetalline
inelusions, of & type common throushout the batholith.
They are subangular or rounded, and though moast are only
&6 few centimaters in lenmﬁh. they may veach 20 or 30 cme.
Parallelism of these inelusions is infrequent.

The somposition averages 55 per cent andesine and
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25 per cent hornblende, with 10 per cent biotite, T per
cont quartsz, and 5 per cent mierocline, Tracep of
nyrmekite and sscondgry albite oceur. One autolith
studied had over 1 per cent sphene in moepupcopie eryntale.
3imilar sphene was ceen In the adjacent tonalite. The
inelusions ave fine grained, about 0.2 mm., and of
dioritie texture, except for the presence of large siove
eryntals of mierocline. The quartz is dlstributed in

very small interstitial anhedra, The boundaries of the
inelusions are sharp, thousgh made up of mutually inter—
locking erystals, and are not charaoterized by textural
modifientions either in ineluelon or host,

' Pabst, in discussing the theory that these autoliths
are stoped frapgments of an early intrusive bhorder facies,
o A "The writer hns.nat asen in the Slerra Nevada
any rocks of the type of the altoliths

densoribed in a other form than as inelusionn
in granitie rookes. :

Pobet, A.  opsolts D367

"hile the petromraphié evidence presonted here ia
inpufficient bapie for seneralized conclusiona, 1t is
sumrested that small stoped frasments of suéh & roeck ae
the gnbbrb of this area may have been reworked Iinto
"autorithe” by reaoction with the tonalite magma, In graln
nize, texture, and Aominance of hornblende over biotite
the pabbro resemblen the autol 1the studied., The small
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diorite bodles are belleved to form a eonnecting
mineralopieal 1link in the progressive establishment of
equilibrium between ineclusione of basie roek and their
tonalite hont, The Adlorite shows extensive replacement of
labradorite by andesine, but has no quartz, no alkall
feldapar, and no myrmekite, all three of which may be
found ir the autolithe, though in much smaller auantities
than 1n the surrounding tonalite.

/

t nd au

Tthin the intrusive are & large nunber of small
leuooevntlg dives, from 5 em. to 1 m. in thiekneess, and
ocecasionally larger. These Adlkes are partiocularly abundant
on the lower west slopes of "ells Mountain. No consistency
of trend 1a apparent, bat a majorliy of the dilkes have
iow aipa, from 10° to 30°, The Aikes exposed along the
highway in Section 13 are notable sxceptions; they have
steep Aipa. On the banis of texture the dlkes may be
Alvided into thfaq groups, aplite, pegmatite, and banded
permatite. All have gtraipght elean walls and show little
ehange in width,

The aplites are even—textured, with an average grain
pize of 0.8 mm. They are made up of quartz and feldapar,
with a 1ittle blotite and loeally & few small red gsarnets.
The roek 1s white, hard, and resistant to weatherinm, Ite
averames composition is 30 per cent ealole olisoclase, 35

per cent guartz, and 55 per ecent untwinned albite, with
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lene than 1 per eent of biotite and muscovite. The alblte
In many plases preserves almost perfectly the grid
twinning pattern of mieroeline, and it im presuned to
rapronent the eompletion of the ineipient albltisation of
potash feldspar seen in the tonalite,

The permatite group 1s eharacterized by heterogenelty
of mrain size, Aplitie texturs prevaile in many places,
but 1t ia internixed with irrepular bande and masses of
largs feldspar and quartz orystals. |

The most interesting dikes are the banded pesnatites,
hnvin# a symmetrieal Alstribdution of textures purallel to
thelr walls. The common arranmement consists of an outer
zona of eoarsely eryetalline feldapar and quartz,
peparated by & thin band of aplite from a 6untru1 core of
biotite granite.

None of these small hikol have been found in the
natamorphie roeka. They out both dlorite and tonalite,
indieating that they represent the last stage of intrusion.

Two larpe Alkea, the apockurmnn pegmatite near the
gummit of Welle “ountain, and the Tin Bueket pesrmatite on
1ts southeant slopes, cut into the metamorphie rocka of
the main pendant. Both are nearly straight in trend, the
former navinge a gtrike of ¥ 96°% and a dip of about T70°N,
and the latter striking N 30°E and dipping about 80°W,
Both have an averame thicknees of 50 fest. Neither dlke
\s conneoted with the main body of the hatholith at the
gurface, but from their similarity to the pemmatlites in

-
\
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the tonalite 1t is prestumed that they are derived from

the intrusive at depths The south end of the Tinlﬁuakut
permatite 1e in contset with & amall outerop of tonallte
or nranodiorit.. Thin contaet is best seen in the

tunnel shown just west of the hulf section line in Seetion
7« ( see Plats ITI )

The mineralory of both pesnatites 1s sisilari they
~are made up of quartz and a feldapar of undeternined
eomposition, with minor amounts of blotite, Weatheting
of the blotite and release of iron oxides glves outerops
& patehy pink eolor, The textube of the two dikes 1s
different, the Tin Bueket pesmatite beling truly pesmatitio
and very soarse in mrain, with only occasional aplitie
portionas in ites narrvow parts. The Speckerman pegnatite on
the other hand showa all gradations of grain size, with the
coargent material in velinlets and irresular masses. In
thie respert 1t closmely resenhles the amall pagmmtitﬁu
in the intrusive on the west side of Vells Wountalin, with
whioh 1t 18 genetically related.



In the northern hélf‘af the pendant the major purt
of the eontact hetween the metamorphie rocks and the
intrusive in mabked by a gradational zona‘or so=cnlled
"mixed rooks". This #one 1n loeally several hundred feet
in width, It 1o bBest exposed alons the road neer Aldef
Creak in Seetion 5, where 21l the facles typleal of
other outerops of the zone may be seen in a single sequence.

On the weat nide of Alder Creak, alung this road,
nuartz sericits mehist and blotite nsohist are in Sontaot
with a rudely follasted medium grained blotite gnelss.
7ith foliation dsereasing evenly over grdlatunag of 400
feet to the ereelk, thie gnelse gradea into a tonulite or
granodiorite of normal irneous textures The internediate
sneies, mineralogieally a granodiorite, 1z of erushed snd
Qtrstnad appearance, foliated by rourh alipnment of biotite.
?uauurmmqntnAat the attitude of foliation differed widely,
and were insufficient to establish a conslstaent trend. o
The roek near the midile of the gneissic zone is 46 per
eent andesine, 25 per cent aquartz, 13 per ecent mleroeline
and untwinned albite, 10 per cent biotite, and 6 per cent
hormblende, Most of the plamioslase is in large,poorly
twinned grains, badly eracked, The fracture pattern, whilch
is highly 1frugulur, raveals no dlaplacement. Other
minerals, including tha rest of the plagioclase, which is

finer grained and well twinned, appear fresh and unstralned.
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On the eagt side of Alder Creelk, still on Lhe same
road, but now in & dlrection returnine towards the pendant,
this same preips gredes into a fine grained roek composed
almoet entirely of equipgranular quartz, potash feldspur,
and well-linsated biotite. '

- Continuing south on the road for 1500 feet, roughly
paralleling the mailn sontmet, seetions of mormal schist
and quartzite alternate with a fine grailned dark gray
"mixed roek”, poorly foliated and thorourhly shattered,
showing enall white waathernd feldspurs in a blotitle
rroundmans, Thie roer containe subequal proportions of
plagioclase, quartz, horndblends, and blotite, with in
average prain size of 0,2 ma, Flagloclave 1s amain badly
oracked, ‘and thoroughly altered to zolsite and kaolin.
Other minerals show no sign of struin, Hornblende 1o
anhedral and ragmed, full of minute incluaions of quarts
and popeibly feldepar, indleating a mumnrphtc origin.

' In the absence of detalled information on the fleld
relations of these "mixed roeke", the relative importance
of pedimentary and 1gnnanu-prououieu in thelr formation
cannot be evaluated., Wide contact zones of reconstitution
and apparent asginilation euch as thie are not comamon in

the ﬂicrrn'ﬂevnda.

Mayo, E.B, ° Intrasives and #all Roeks in/the Slerra Hcvlﬂl
Jour.0eol XLIII p«6T735 Oet'35
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Remional structure

A dlecunpion of the large aseale structure of the
arex resolves 1tmelf Into a dletinetion between inaluaténn
and roof pendants in the hatholith., This dlstinetion
depends partly on size and partly on the dumrua.or
aonrormapillty with the recional strike. The regional etrike
in the western “ierra Hevada ¢ about N 30°W, whila}the
averare utriﬁc of the metamorphie rooke in Seetions O Qnﬂ
7 1s N 10°E, Nevertheless it 1o eredible that thia
deviation was eaused by loeal warping, and in view of its
pize thie central tfw& is bellaved to be a roof pendant.

The small areas of mataﬁorph&oa in Seotion B8 might
well be inelusions, though no reliable indications of
attituds were seen therein. The two‘rimainlng bodles of
metamorphie rocks, one 1n the northwest corner of Seection &
and the other in the southesast sorner of Seetion 17, |
extend beyond the area mapped and are therefore of unknown
gize., Thelir attitudes are dlsconformable both to the
roerional atrike and to the strike of the main pendant. It
is porpible thﬁt the southern body ie & continuation of
the metamorphic rooks known to outerop around Sase Lake,
saveral miles to the southeant.

No attempt wan made to map flow structures in the

intrucive.



Folding
The metamorphie rocke have been tightly folded by

oautn;mnt compreanional forees. The steep dlpa, often
reversed, and the abundanee of tight minor folds and
erenulations indloate atrong folding, even though no
individual structurss could be mapped.

To o verymueh legser extent thers is aleso evidence
of north-south ecompreseion, notably on top of Wells
Mountain and in the ealeareous rocks of Section 17. In
there localities the beda are contorted In sigmoldal bends,
neveral raaf in length, along the atrike.

mm | | -

No fault with recosnizable offset was found in the
area, bhut there are indlentions of & fracture zons outting
both the intrusive and the metamorphic rocks on the west
alope of Wells Wountaln, etriking N 36°E. The comparative
strairhtnens of the sone acroans variable topography
indicates steep Alps The trece of the fracture Is outlined
by four springe, the aouthernmoat of which lg at Corlieu
Sprinme, near the main highway 4in Section 13, Here warm,
elightly sulphurous water, with mae bubbles, lssues fron
a sheared zone in tonalite. The fracture at this point
ptrikes N 25°E and dips 85°W, The upper three springs,
vhich pive fresh cold water, cccur at such an eiavatimm
on the west slope of Welle Mountain that 1t 1s AIffiecult
to see how the slope 1mmediately above them could supply
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them with water well into the late summer, and even

throush the winter. The only axtonﬁive waterchad availlable
to these sprinse iz on the hish ridee to the northesat,
which would be bimaeected by an axtrupolatimn of the line

of aprings. Tt peems, therefore, that the fracture zone
serves Aap a structure for the econcentration and transmisslon
of water. The posnibility of a water—bearing stratun as a
goures for the springa ta ruled out by the Alseonformity
between the line of sprinege and the prevailing strike,

and by the absence of poroun rocka in the pendant.

Hearly half & mile east of the fruocturs zone, on the
ennt slde of Jells Wountain, is another perennial spring
of esonpideradle volums. It supplies water to Mirimiehi
Haneh in Seetion 13, Water seeps out over several hundred
souare feet of a relatively flat ares on the mountainside,
and runs into Veat Alder Creel, where it pasases throuch
pettling tanks and an underground pipeline to the raneh.
The strustural eontrol for this spring 1g not apparent at
the surface. The spring is near the enst end of the
Spaokerman pesmatite, and 1t is probable that undersround
axtengions of this Alke divert part'or the water coming
through the fracturs 2z2one in the saddle north of VWells
Hountain, ‘

: The fracture ione has no topographie expression, and
no recognizable cataclastie matefﬂala were found along
1tas trace, though in many places where it auti the tonalite

thera 1o unusual dovelopment of exfoliation., Since the
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fracture cuta the mtmivn 1t 18 pont-Juraselec in aau;

Evidence of shearing strespses in the intmsilve at
other points is found in the roughly pgneisele foliation
deseribad on Page 19,



OLOGIC HISTO

The earliest meolomie event recorded in the ares 1s
the deposition of large thicknesses of sandstone, with
subaidiary urmlllnoébns and eanlearecus beds in Late
Paleozole time., The pressnoe of 1imestone, the absence of
conglomerate, and the reaulaftty of heddine surrest a
marine orisin for these bedn. Farly Mesozole history la
unknown, but at some time hefore the Late Jurassice the
sedinents were strongly folded by esst-west compressional
forces, Thie folding was part of a widespread alahtraphigm
whieh affeeted the whole saorrpn region, The folding of
the rocka now exposed in thie area took place at depth,
since the shape and texture of the batholith later
amplaced around the sadiments indicates erystallization
several thousand feet below the surface, The higher
temperature prevalling at depth, tomather with ecompression,
brought about compsiotion and reglonal metamorphien,

In Late Juraselo time the saveral facies of the
f4erra batholith were intruded, in order of inereasing
anidity, Sarly basle facies were partially reworked by the
tonalite mamna while the latter was still fluld, The
peenatites and aplites were emplaced towards the end of the
Intrurive sequence. Ure deposition was also a feature of
the lant aiumwa‘af-lntfuslan. as ghown by 1ts aspoolation
with permatite. Contaet metamorphism of the marsing of

the intruded rooke ie presumed to have continued throushout
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the sagquanea,
_ T™he post-Turassie history of the area has besn one
of intermittent uplift and erosion, brinsing the hatholith
to the surfaes and leaving only roots of the folded rockss
The {racture zone ie bellieved to be a rolatively young
feature, because of ite lack of mineralization, It may
have aeconranied the Pliocens tilting of the fSlerrs
Nevada fault blook,

Pleistocene mlaciation, spreading over the Yonenite

region, stopped threa miles north of the Aupar Plne aroa.

ftate Oeolopieal 'ap of California 1957
(Glactal map by F.0.Matthes)

-

At the present time the aArea iu !n_in,crouionul pLume
of early middle maturity; Strenms are ungraded, slopes
aps ouite stesn, and relief 4s ¢lose to 1ts maximum value.
The influence of atructure on topography 1s beconing
apparent on Wells Mountain, where the roeplatant metanorphie
rocks davelop ateeper slopes than the surrounding

intraniven.

sl



(2] 08T

‘f Tunmsten, manginese and molybdohum are found in the
éumsr Pine area, though only tungsten e worthy of
saononie consideration, Tungeten ocourn in scheelite,
d1pseninated fn the tastits adjacent to the Tin Pucket
pegmatite in Seetion 7, The molybdenum la found in the
pegmatite itself, in whieh it is syngenetic,

Tunceten

fSeheslite 12 prictieally confined to two deposits,
located respectively at the north and south ende of the
™n Bueket pesmatite, on the southemet elope of Wells
Yountain, 1n Seection 7. ( see Plate II1 )} The mineral
pocurs as fine to medium graine dimseninated in a parnet—
quartz-diopeide tactite formed by eontact motuﬁorphiam
of caleareous beds ( mee Page 13 ). Outarops of the
tactite ars poor, and information was pgained mainly from
prospect pits, '

The north portion of the Tin Miecket pesmatite strikes
N 30°C and Aips about 830°W, Its average width is less
than 50 feet, broadening to the north, 50 feet eant of
the north end of this permatite are two prospect pits, each
about tan feet square, The northern pit 1s in sehiet, and
contains no soheelite. The other pit expones on its essi
gide & 7 foot thi%kncau of tactite, which carries about

J2



1 per cent of very fine grained scheslite, with traces

of ehaleopyrite., The scheelite 1s woll diseeminated

through the taetite, and where irregularities in
concentration oecur these show no structursl control

within the pit, 160 feet 5 5°7 e & slisghtly smaller pit

in ipe aame typ& and gimaewot ore, exscept that both iuuttte
and stheelite are of coarger grain, up to 3 mn., and
distridution of the naheolito ia more patehy.

The two pits in the tastite are on line with the
rﬁgional atrike, and represent the same limy zone. Schist
and granulite outerop beotwaen the pits, howaver,
indieating two lentioular taetite bodies, parallel io the
baddine of the achiet, sach probably 50 feet 1n length,
and with a maxiaum width of ten feet. The tactite showing
outeide the pits has less scheelits, and the average
orade of the lenses is estimated at 0.5 per cent scheelite.
The aip of the taotite w‘a not obsarved directly, but ite
conformability with the pediments indleates a alp of T5%w.

In thin sections of the tactite the dlastribution of
acheelite 1o not eontrolled by fractures or other minor
atructures. Tt 1n Alseeminated as equidinensional aubhedra
up to 3 mm, in width, Alstinguiehed by their high rellef
and Airty, colarlese appearanes. They are surrqundod,.but
naver out, by Adlopride, murnet, tﬁd quartz. Some of them
contalin emall inelusione of anhédrml dlopnidg, and rarely

of ealeite, The scheslite is of pyramaﬁunoﬁltiu orizin,
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derivad from the parmatite., Tt is later than dlopside, but
1te ape relations with surnet and quartsz are not clear,

40 foet went of the half=pection 11n0‘of fmetion 7,
near the south end of the Tin DBueket pesmatite, 18 &n
axplomtory adit 60 feet in length. This adit runs K 10%W
and 112g¢ entirely within the NHational Forest. It begine
in & small pepmatite atemming Aireetly from tonalite or
rranodiorite, and the rear half of the adit follows a
- nontaet betwean thins permatite and quartzite, the end face
being In quartzite. fmall patches of tastite, anmounting to
perhaps 50 pausre feat in all, and running 1.5 per cent
ncheélita, appeny on the eapt wall of the adit in tha
matamorphie roek, HMore taestite of the dame rrade wan in
the Auap helow the adit,.

On the slope 100 feet northwest of the adit entrince
ars thres prospect pite expoeing small tactite lenses in
bedded quartrite. Individual lensen, which conform to
the bedding, averdame &4 feet in length and lese than a foot
in maximum thirkness, The tactite lenses contain 1 to 1.5
per ¢ont acheelite, hers fairly coarse rrained. The
average values of the rosl ghowing in the pits, including
the Marran quartzite, dcss not excesd 0.5 per cent. The
ptructaral relations between the tactite in these pite
and that in the adit are obsoured by slide and dump moterial,
There has been loeal folding, shown by frequent dip
revernals in the quartzite. Although this folding ante—
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daten the mineralization, it involven thovcalgtrnann
lennes whioch eontrol the ore. Any attempted exploitation
of this deponit should bs preceded by trenching eamt and
west, acroan the gtrike of the bede, to correlate these
folded structures.

There ia no reagon to expect less lensing of the
taotite holleg in depth, indeed individual lenses may
pineh out entirely, and therefore the extent of the ore
probahly does not 1ﬁeroaoo below ground. About 1000 tona
of ore are in eight, with a total content of lese than
500 units, or 5 tons, of WOy, Several times this quantity
of waste rock would have to be mined out to extraet the
‘ore., At the present prise of domestic tungeten, 26 dollare
per unit, development of this property ia not advisable,
in view of the very short 1ife expactancy of the necegsary
inetallations. Doﬁan&tn'racantly brought into production
iﬁ other parts of the Sierra Nevada, ndtnbly nsar Bilghop,
are of & very mush srester order of magnitude,

The only other ohgerved occurrence of pscheelite le
in the banded parnet rock in the small avea of metamorphie
roeks in %eetion 17. A few medlun sized sraina of the
mineral were gesn in specimens from this loeality, but no
jndloations of ore, The loeality was not progp«etqd with

‘ the ultra-violet lamp.

Manranese

Manganese oxides, mainly pyrolusite, in a sangue of
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vein quartz and 2 pink bladed pyroxcno, are found at the
summit of ’mlln Hountain north of the spaokormsn pegmatite.
The pyroxene, which ig & mid=member of the diopeldie-
hedanbarrite seriee, probably owes 1ts color to small
amounta of manganese, The dcﬁouit ie & small hydrothermal
vein, trending N 60°E across tho strike of the guartszite,
and having ragred indefinite walls, Its outerop is not
traceable for mors than 50 feet east snd west of the
proapact pit, whare 1t 1a best expossd, Infiltration of
manganese oxidee along cracks creates the appearance of
rich ore, although the material is largely gangue. From

~ the standpoint of bothAalse and grade the deposit does
not juetifly development.

Holybdenun ,

Holybdenum, occurring in the form of molybdenite, is
of mineralosrieal interest only. It ism found in a prospect
pit and small adit, preasumably exeavated in & search for
pold, at the north end of the snouth sepnent of the Tin Bucket
pagmitite. Molybdenite in small platy masses is very gparsely
ﬁiutrihuted through the permatite, In view of the absence
of other aigna of mineralizution, the molybdenite 1is

belleved to have ervatallized directly from the pemmatite.
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Egonomie Po 1
7ithin the area inveatimated, scheelite 1g the
only mineral of potential economie interest. The quantity
of scheslite 18 ineuffiolent to justify exploitation.
Consequently the area atudied appears to have no

mineralization worthy of futurs econsideration,
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Morite - showing replacement of
i labradorite by andesine.

fpacimen 21 8% Section 17

In the larpe central grain, and also
in the erain in the upper right-hand
ecorner, the dark areas are labradorite
and the lirht areas andeegines The dark
mineralas on the right are hornblende
and biotite. '

Orogaed nieols Mapnmifieation 30

PLATE I



