OPEN FILE REPORT 57

TIN MINERALIZATION WITHIN RHYOLITRE

FLOW-DOMES, BLACK RANGE, NEW MEXICO

A DISSERTATION
SUBMITTED TO THE DEPARTMENT OF GEOLOGY
AND THE GOMMITIEE ON THE GRADUATE DIVISION
OF STANFORD UNIVERSITY
T IN PARTIAL.FULFILLMENT OF THE REQUIREMENTS
FOR ?HE DEGREE or

DOCTOR OF PHILOSOPHY

ay
John Laidley Lufkin

June 1872



I cortify thal I have road ihis thouis and ihal sn my
opinion it is fully adoqualo, in scope and qualily, as
a dissortetion for 1ho dogree of Doctor of Philosophy.,

o, %/.Ofwl

I OBrtify that I have road this thesis and that in my
opinion it is fully adequate, in scope and quality, as
a dissertation for ithe degree of Doctor of Philosophy,
/ - /'\ L -
.'l - * . : ', )
(€ ic 0 //r."..-’ -/, /,_-{; 2 / g
v

I certify that I have read this thesis and that in my =
opinion it is fully adequate, in scops and quality, as
a dissertation for the degree of Doctor of Philosophy,

//) s P =
Ve "5/L/h,//f"/”< : ('(-"1“"'""{"%"

I certify that I have fead this thesis and that in my
opinion it is fully adequate, in scope and gquality, as
a dissertation for the degrsee of Doctor of Philosophy,

. N .
- LN
- ’ \-._.. L RN R t’. Sk

Approved for the University Commitise
on the Graduate Division:

- . 5/
| KM cz)/ﬁ. é h’Wf‘;{J

Dean of the Graduate Division

ii-



ACKNOWLISDGMENTS

Sevoeral faculéy and students at Stanford University generously
offered ideas and useful comments during the course of this investi-
gation, 1In partiéular, I would like to thank Dr, Richard H, Jahns,
principal thesis advisér,-ﬁho first introduced me to New Mexico and
the general érea of the tin~bearing rhyolites, and who provided
helpful suggestions and constructive criticism, as well as a sense
of humor necessary to the development and completion of this study;
Dr, Kenneth L, Williams aﬁd Dr, Charles M, Taylor for their help in
obtaining microprobe analyses{ Pr. Ar?id M. Johnson for his sugges-
tions on certain aspects of_structural interpretation; and the late
Dr., C. storhe Button for his Eplp in’mineral identification,
‘Professors Charles F, Park, Riohafd H. Jahns, Robert R, Compton,
and Kénneth L, Williams read the manuscript and made helpful sugges-~
-tions for its improvemsnt, The help and ideas of my colleagues,
including Rodney . Holocombe, Phillip M. Fenn, Frederick R, Dowsett,
Randolph A, Koski, and Robert F. Martin, now at MoGill University,

" are also gratefully acknowledged, |

The invéstigation was supﬁortqd financlally by‘the New Mexico
Bu?eau of Mines and Mineral Resources, the Geological Society of
America (Researéh Grant 1325-69), and Stanford University (Sheli-
Esso Research Fund)., TFor many kinds of advice and assistance, I am
particularly grateful 1o staff members of the New Mexico Bureau of
Mines'and Mineral Resources, including Don H, Baker, Jf., Director,

iid



geoloéists Max B, Willard and Trank I, Kottlowski, and Mrs, Lynn
Brandvold, chemist, who performed {the bulk of the gecessary.ohemicai
analyses., Oxide. minerals used.as'standards for microprobe analyses
were generously provided by ¢, L, Sainsbury and G. 4, Desborough
of the U, S. Geologiéal Survey, Brian Mason of the Smithsonian
Institution, and C, O, Hutton of Stanford University,

"Tield work was great}y facilitated by the kindnesses of Dr,
and Mrs} Bruce H, Sége; Poverty Cresk Rénoh, and Mr, and Mrs, H,
Roland Johnson, Williaﬁsbdrg, New Mexico, who provided housiﬁg
-accomodations during the field_seaspns.

Finally,'l wish to tbaﬁk my wife, Sue, who typsd copies of the
thesis draft and matched my enduraﬁoe and desire to see this projeaﬁ

completed,

iv



ABSTRACT

The tiﬂwbearing Taylor Crsek Rhyolité forms several flow-domes -
in the Tertiary volcanic section of the Black Range in southwestern
New Mexico, Two of thg rhyolite domes are well exposed along Taylor
' Creek, a prominent intermittent stream draining country on the west
side of ths Continental Divide,

The flcw-layergd, ﬁorphyritiﬁ rhyolite is pale raﬁ to gray,
with phenocrysts of.microperthitic sanidiﬁe, quartz, and wminor
plagioclase and biotite enclosed in a devitrified groundmass of alkéli
feldspar and quartz, Adcessory igneous ﬁiner&ls include titaniferous
magnetite, sphense, fayalite:(?), and zircon, |

) %

X-ray study of the alkali feldspars indicates that the pheno-
orysts are low-sanidine, and that post-emplacement processes,.including
devitrification of glass and argillization in the grouﬁdmass, appear
to héve had 1ittle effect on these phases._ Groundmass alkali feldspar
appears to be of similapr structural state and slightly more potassic
than phenocrysﬁ compesitions, Sanidines separated from one tin-bearing
hematite veinlet wers found to bs the most potassic of all feldspars
studied,

A variety of texfures and colors has provided a basis for sub-
dividing the rhyolite into sevefal facies, Tﬁese rangse from’
miarolitic, lithophysal types near the tops of the exposed domes to

more dense, spherulitic types that cohpose the bulk of the rhyolite




masses, Pyroclastic rocks are inlerbedded wiih and marginal to 1lhe
rhyolite domes,

Flow-layering in the dome interiors is genitle to modératoly
inclined, but near some of the dome margins it is stesply ineclined
and locally expresses recumbent flow-folds, The association of
rhyolite with interbedded pyroclastic rocks, and the occurrsnce of
-vitrophyric ané flow-breceia facies within fhe volcanic pile indicate:
‘that the emplacement‘of the rhjolife domes was not ons unin@errupted
event, but waé broken by ésriods ofAexplosive activity, followsd
5y.renewed 1a§a‘outpouring in different directions from different
sources, . S

Tin minerelization Appears 4o be cogenetic with the rhyolite, .
The lode tin occours as cassiterite,Aboth in miarolitic cavities and
in hewetite~rich veinlebs; it also appears as finely crystaliinég
ryood-~-tin" in local placer accumuiations, The cassiterite is commonly
associated with hematite and guartz, and loecally with bixbyite,
pseudobrookite, alkal; feldspér, topaz; and monazite, ITts most
wvidespread occurrence is iﬁ the hematite-bearing veinlets, which are
rastricted %o ﬁhe argillized, bléachgq rhyolite, These velinlets are
discontinuous, and cannot be traced more than a few feet in any one
outcerop, Rarély do they exceed 8 mm in thickness, 'Analysié of
 structural features, including rhyolite flow-layering, shear fractures,
and tin-bearing %ractunes concentrated near one of ﬁhe doms margins
at Taylor Cresk, reveals thgt the tin-bearing veinlets reflsct
tensional features devslopéd after flowage ceased, probably as a

result of contraction of nearly solid rhyolite,
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The association of cassilerite with bixbyite and psoudobrookite,
minerals thal occur primarily in cavities within & miarolitic,
lithophysal rhyolite facies and for which thermal stabilities have.
been determined, suggests thal tin was qoposiied, at tempefatures of
600°C or higher, from a gas phase derived from the ccoling rhyolite
under oxidizing conditions, A similar environment of deposition
probably applies to the veinlets as well,

Rhyolite alteration includes widespread bleaching and dissemi-
nated weak aréillization, whicﬁ leave the rock whifs and poréus.
éericitization and topaz replacement of K-feldspar are recognizable
locally, but are not intense adjacent %o the walls of the tin-bearing
veinlets, Composition of veinlet feldspar and whoie—rock analyses
indicqte that the alteration is characterized ﬁrim&rily by enrichﬁent
in elkalies, chiefly potash,

A eomparison of bulk,coﬁbositions of some "%in-rhyolites"
with those of unmineralized rhyolites suggests that the "tiﬂ—rhyolites"
are not-uniquely characterized by major element content, but range
in composition from the siliceous-alkaline type of the Black Rangs

veriety te the more alumina-rich type found in parts of Mexico,
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INTRODUCTTION

Tho tin_deposits in the Black Range of southwestsern New
Mexico represent one 9f several cassiterite-rhyolite asscciation
in North America. Among the world's tin depositét the tin-rhyolite
ocourrences have receiﬁed relaﬁively 1i%tle study, mainly because
of their limited economic importance, Moreo;er, they generally are
fine grained apd diffioul% to interpret genetically, Assooiation.
of tin with blotite granite has long been recognized, but in the
tin»rﬂyolite occurrences biotite and other mafic constituents are
scares,

The Black Range tin occurs in mierolitic cavities within
porphyritié ;hyolite, in cassiterite-speculariie veinlets that
tfavarsa the rhyolite, and also in widespread placer accumulations,

. This study was undertaken to determine relationships between the
rhyolite and associated tin deposits, It was addressed most specifi-
cally to the problem of wﬂether the lode tin deposits ars indigenous
to the host rhyolite, or whether they were igtrodu&ed and concentreted
" by 1éte;stage hydrothermel fluids that issued from voléanic vents,

as suggested by some earlier workers (e.g., Fries, 1940),

Liocation and, Accessibility

The Black Range tin district, occupying a rectangular area
approximately 18 miles wide and 30 miles long, lies ilmmediately

west of the Continental Divide in Sierre and Catron Counties, New
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. Mexico {FPig, 1 and Plate 1), It includes no villages or towns, but a
small population is scattareé among several ranches, The U, §,
Forest éervice obérates & Ranger Station near Beaverhead, site éf
a formﬂr hunéing lodge in the westuoentrai part of the area,

The area is accessible from the north via State Highway 78
ﬁr State Highway 52, both dirt and gravel roads, From Silver City,
‘the area can be reached over State Highways 25 and 61, which are
mainly unimproved dirt or .gravel roads; this road is referred to
locally as the “Outer Loop Drive.," The mosti ready acoess is from the
east via State Highways 52 and 59, which are paved from Truth or
Consequences .toc the Bsavsrhead Ranger Station.. Beéverhead is approxi-
mately 87 m%les by road S;ﬁﬁhWest of Magdalena, %5 miles west of
Truth or Consequences (formerly Hot Springs), and 87 miles north of
S3ilver City. Food and supplies can be obtained in Winston, a small

community 43 miles east of Béaverhead,

Previous Work

The Black Range tin district and adjacent areas have been
studied by several investigators since the initial discovery of étream
‘tin by;J. W, Wsloh in 1918.._The first reconnaissance study was made
by Hill (2921) in 1920, The régional geology was mapped later
between coordinates 33°15'-33°50f N latitude and 107°45'-108°15' W
longitude on & scale of 1:62,500 (Fries; 1940; Fries and Butler, 1943},

RBetweon 1939 and 1943, £he U, S, Bureau of Mines conducted
an eﬁténsive sampling program throughout the district (Volin and
others, 1947), In this investigation, 1188 samples were collected

and analyzed,
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Reconnaissancs mapping by goologists of the Now Mexico Bureau
of Mines hag extended over several years in quadraﬁgles adjacent to,
and including the tin distriet (Willard, 1957a, b; Willard and
Givens, 1958; Weber and Willard, 195%a, b; and Steérns, 1962),

"Elston and olhers {1968), who have studied the volcano-tsctonic
reiationships.of theyMogollon Plateau, have resferred to the tin-bearing
rhyolite as the Taylor Cresk Rhyolite, after a prominent drainage
in the area, This inférmal terminoiogy is retained in this study,

Richard H, Jahns, Stanford University, has worked in the area
intermittentl&.since-ﬁorld War II, mapping and sampling for the U, 3,
Geological Survey and the New Mexico Burean of Mines and Mineral
Resources,

More recentl;: tﬁe‘Geologica} Survey (Ericksen and others,
1970) has. conducted a geochemiéal séﬁpling and mapping'program in
the Black Range Primitive Aréa, which lies immediately south of the

tin district,

Brief Historj and Production of District

Since the discovery of tin in the Black Range, mining activity
has been sporadic, with no substantial or sustained production,
At least seven companies showed interest in pa?ts of the district
during thé late 1930's and éarly 1940's, They included the Beaver
Creek Tin Mining Co,, NewlMaxioo Tin and Metals Co,, Nevada Consoli-
dated Copper Co,, American Tin Mines Co,, Colorado-New Mexico Tin
Corp, , Lalruz Development Cé., and S8ierra Metals Co, No extensive

operations were developed,



Considerablé efTort by indi#idual_miners and sﬁall mining
companies has besn dirocted toward eluvial and alluvial placser
deposits associaled with intermiltent sireams, principally Hardecasile
and Squaw Oreeks north of Highway 59, and Sawmill Canyon and Taylor
Creek to the south (Plafe 1), The greatest production has'ﬁoms from
Nugget Gulch near Hardeastle Creek (8000 lbs of concentrate during-
1940-43), largely through the work of Mr, Paul Bellamy, a 100&1“
resident who is now retired,

The bagt exposed concentrations of lode tin are near the mouth
of Taylor Creek above Wall Lake and at Squaw Creek, The hematite-
cassiterite véinlets have not proved econoﬁical to mine, owing to
their low grade, small dimensions, and lack of persistency,

Total production from the distriot is unknown, but the U, é.
Bureau of Mines (Volin and others, 1947) estimated that g-total'of
21,900 1bs of tin concentrate was produced between 1940 and 1943,
mores than one-third coming from Hardcastle Cresk, Excluding minor
lode production from Taylor Cresk, output from the district for this
interval was 9,85 tons of concentraﬁg averaging 50 percent tin,

In 1969, Peul Bellamy leased some of his claims on Hardcastle
Creek to Clarence L, Gitman, who constructed a small tin mill that
included four sets of Pan American jigs, 8incs its construction,
the mill has been piagued by water shortage and mechanical hbreakdowns,
To date, there has been no production from this effort,

During theAspriné of,1970,_R. 0. Kur did assessment work on
claims racentlf stakéd on éawmill Canyon, south of Highwa& b9,

According to reperts, other ciaims recently have besn staked at



Indian Peaks in an area also characlerized by porphyritic rhyolite

at the north end of the disirict,

Geologic Setting

Fries-and Butler (1943) first mapped the regional geology of
the Black Range tin district {(Plate 1), and a summary of their result;
is included here to provide a lithologic and chronologic framework
for the tin-bearing rhyolite, They subdivided the pile of Tertiary
+0 Quaternary voleanic rocks into six ﬁnits that represent a range
in composition from basalt to rhyolite, From oldest to youngsest,
these units include:- a lower basic voleanic series (Tba), a felsitic
voloanic series (T£1), a rhyolitic volcanic series (Tt) that includes
the tin-bearing rhyolite {Tr); an upper basic voleanic series (QTb),
a thidk clastic unit (QTe¢), and alluvium (Qal). Four of these units
have now received formel names, The lower three units have been
correlated with the Datil Formation, which hgs been mapped farther
. t0 the north and west (Willard, 1957a, b; Willard and-Givens, 1958;
Weber and Willard, 195%a, b}, The upper clastic unit is desigﬁated
the Gila Génglomerate on the New Mexico State map and is roughly
equivalent to thé Santa Fe Groupdexposed ih the Rio Grande Valley
(Dane and Bachman, 1965), Most of theyunits are separated from
adjacent ones by erosiﬁnal unconformities. Interfingefing of units;
parﬁicularly within the Datil Formation,‘also is common,

The lower, basic volcanic rocks, exposed only in the southern
half of the digstriet, are at least 1000 feet infthiokness. The bhass
of this section is not exposed, The rocks are dominéntly bagaltic

and andesitic lavas with interlayered tuff, breccia, and clastic



sedimonts, This series presumably lies on upper Paleozoic (Pennsyl-
vanian and Permian) sedimenfary roocks, which are known to crop out
east of the district,

The felsitic volcanic series is 80 to 200 feet thick and
consists of felsite, latite, and andesite flows, with interlayered
tuff and breccia.

The rhyolitic volecanic series includes rhyolitic tuff and
brececia with interlayered flows of latite and porphyritic rhyolite,
Minor séndstdﬁe and conélomerate are included, Within this seriss,
éhe tin-bearing rhyolite, referred to in this study as the Tayler
Creeic Rhyolite, forms broad flow—domés and is dominant in the lower
section, The upper rhyoiitic section is mainly latite and rhyolite,
awith some breccia.

The uppsr basic flowé, which are widespread in the western
part of fhé district, wers mappéd by Fries and Butler as basalts,
This series also includes andesites and probably basaltic andesites
similar to other recent flows of the Msgollon Plateau (Elston, oral
comm,). Tts maximum thickness is 1500 feet or more at Pelona
Mountain to the north, but in general the thickness is much less,

A 300~ to0 400-foot section of andesite is well exposed along the walls
. of Beaver Creek near’ Kemp Mesa (Plate 6). |

The clastic sequence (Gila Conglomeraie) is the moss wide-
spread uni%, ‘It comprises tulffaceous sandstones and coarse gravels
derived from the underlyiné.volcanic roéks. Good exposures are)found
along upper Beaver'Greekhahd‘its trihutariés, Several hundred fest
of predominantly brown, tuffaceous sandstone orops out north of Greer's

Ranch {Plate 2),



Recent alluvium and terrace deposits are present in and along
intermittent slreams and their iributaries, Many of these occurrences
have been prospected for 1in in the past, and ag recently as 1970,
alluvial placers were being worked by C, L; Gitman near Hardcastle

Cresk,

Field Work

Five months during the summer of 1869 and tﬁe spring of 1870
were ;pent in"field mappiné and sampling, principally in three areas
éovering é to;al of about 10 sguare miles withiﬁ the tin distriect.
These areas are outlined on the geologic map of Friqs and Butler
{Plate l); From east to %ést, they include the Paramount Canyon- -
Taylor Peak area, the Taylor Creek Prospects area, and the sduth '
Kemp Mesa-Beavsr.Creek area, They were selected‘for study becaudss
+they provide good exposurés of the tin—beafing rhyolite,laﬁd bscause
cassiterite-hematite veinlets can be gbserved in a few places,

Paramount Canyon and vicinity wére mapped on tﬁe Lookout
Mountain 15' quadrangle sheet, enlarged to a scale of approximately
1y = 10400 (Plate 2}, Two weeks weré spent in the Taylor Créek
Prospects area chiefly for sampling and adding minor structural
details to a large-scale geologic map compiled from the'exceilent
work of Fries (1940) and Jahns (1957-62, unpubl,),.

The sﬁall South Kemp Mesa-Beaver Crsek area.was mapped on a
U, 8. quqst Servics aefial‘photograph, enlarged to a scale of approxi-~
mately 1% = 900', This m&b subsequently has been enlarged to

1" = 400" and 1s presented as' Plate 6,



ILaboratory Studies

More 1han one hundred samples were slabbed in preparation
for thin—soction and polished-section study, Of these, forty slabs
were stained and poinﬁmcounted 1o determine phenocryst ratios,
Several of these were also point-counted in thin—section‘for com-
parison, | |

Minerai separatibns ware prepared from ten samples, Indivin-
dual, fist-sized samples were crushed and. pulverized to a -804-120
mash fraotion, Alkali feldspar phenocrysts were concentrated by
gentrifuging in bromoform, with successive dilutions by acetons,

A clean concentrate of feldspar phenocrysté gonerally was not obtained
by this process, owing to similarities in specific gravi&y between
these crystels and devitrified groundmass feldspar, Phenocrystsl
then were hand-picked under thg binocular microscope, The Franfz
magnetic sapérator was found to be unsatisfactory for the separation
of feldspar from deviirified groundmas;, but it was highly effective
in the removal of ‘the more magnetically susceptible glessy groundméss
of a vitrophyric rhyoclite facies, Fgldspar phencorysts, as well as_;
some groundmass and veinlet phases, were éhsn later X—rayéd for
fleterminations of composition and.structural state,:

Oxide minefals, ineluding bixbyite, pseudobrookite, hema'tite,
and cassiterite, wers separated from a facles of miarolitic rhyolite,
and their compositions were determined by ARL electron microprobe,
using appropriate natural 6xides of similar composition as standards,

Fourteen samples ws;e prepared for bulk chemical and trace-
"slement analyses, Fist—sizedzmaterial wag broken in a chipmunk

Jjaw-~crusher to about -3 mesh, and was sieved through -11 mesh nylon



.sereen, 'The -11 mesh frection was then split to give two 100-150

10

gram samples, which were reduced to ~100¥120 mesh in a micro-pulverisor
squipped with 99,9 percent alumina plates, Two 20- to I0-gram

splits Sf each gsample were then obitained, one of which was submitted
1o the New Mexico Bureau of Mines and Minsral Resﬁurces for analysis,

The other was retained as a duplicate,
PARAMOUNT CANYON-TAYLOR PBAK ARREA

Location

-

Thé Paremount Canyon-Taylor Pegk area (Plate 2) lies south
of State Highway 597 the ?gstern border is approximétely four miles
west of the Continental Divide, From Truth or Consequences, the .
disténce is approximafely 80 miles via Winston on paved Highways 52
and 59, Geologic mapping done in this area covers the sb;theast
corner of T_IO S, R11L W, inclqding most of sections 13,'14, 23, 24,
25; and 26 and the southwestern portion of T 10 3, R 10 W, ééctions
18, 19, and 30, |

The north fim of Paramount Canyon is readil& accessible
immediafel&-south of Highway 59, The canyon, occupied by an inter-
mittent tridbutery of Taylér Creék, also can be reached via the
Lookout Mt, road, which is graded dirt and branches southward from.
Highway 59 about one m?le e;st of Boiler Peak, From this road, a
jeep treil extends for several miles éown Taylor Creek, well past the
junction %iﬁh Paramount Can&on.

Taylor Peak, & prominent landmark at 8288 ft, is £wo miles
southeast of Paramount Canyog,: It also can be reached via the

Loékout Mt, road,



General PFeatlures

11

An aroa of approximatoly ¢ square milos was mapped goologically

in order to dobormine relationships throughout ths interior of a

rhyolite £low-dome approiimately 7 miles loeng &nd 4 miles wide, This

rhyolite mass is here referred to as the Boiler Peak doms,

Three rock units, with associated distinguished facies, have

besn recognized. They include, from oldest to youngest, the Datil .

Forﬁation, Gila Conglomefaﬁe, and Quaternary deposits, They rangs
in age from Olégocene to Holoceno,

| -wi%hin this'érea, rhyolite of’the ﬁatil ?ormation has been
sroded in Quaternary time to & broad pediﬁent_surfaée that siopes
gontly westward at a grade of approximately Tleeet per ;ile {(1°),
This surface (Fig. 2), probably of Pieistocsne age, is youthfuliy
dissected, with Boiler Peak (88548 ft) and Teylor Pesk {8288 1)

standing as conspicuocus landmark remnents a few hundred feet above

the surrounding country, Taylor Creek, in one of the -prominent

drainage coursses in the Black Rangs, flows intermitiently westward
&% o 2

through the southern part of .the area, vhere the average locel relief

" ig 400 to 500 feet, The cresk in Parzmount Canyon is an intermittent

tributary of Taylor Creek,

The area lies within the Gila National Forest, and features

extensive stands of small but abundant pondsrosa pine, The climste

is dry throughout most of the year, with the excepiion of snow during

the winbter months and scattered thunder showers occurring principally

during ihe summer months of July and August,
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Fig, 2, View from Taylor Peak looking westward.down Taylor
Creek. canyon, showing a broad erosional surface developed on top of
‘the Taylor Cresk Rhyolite, Black Mountain is in right background,




Dalil Formation, Taylor Creek Rhyolite
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The-Boiler Poak dome consigis mainly of pals red to gray,
flow-layered, prophyritic rhyolite, Sauidine and quartz are pre-
dominant among the phenccrysts, Five intergradalional facies of
porphyritic rhyolite have been differentiated on the basi; of texture
and coior. Bxcept for a miarolitic facies, these rocks are minera-
logically similar to one another, These facies formerly were not
differentiated, due largely to smaller map scalss, but were described
as one unit; the "tin-bearing rhyolite" {Tr of Fries, 1940; Fries
and Butler, 1943; Tdrs of Iricksen and others, 1970). Elston and
~ others (1968) referred to this unit inform%lly as the Taylor Creek
Rhyolite, and this designa%ion is adopﬁed here, TheATayior Creek
Rhyolite (Tdte) belongs to the sscond of thres calé-alkaline volcanic
cycles represented in the Datil.- Formation of the Mogollon’Plateéu
(®lston and others, 1968).

The most conspicuous fe&tqre of the rhyoli%e is flow-layering,
which is 6ha?aotarized by reddish spherulitic patches and lenses
enclosed in & lavender to grayl aphanitic matrix, Well-defined
parting surfaces, spéced less than one to two feet apart, are commonly
developed parallel to the.flow-layering,

_ The rhyolité_unit is. well exposed along Taylor Creek and its
tributaries, as well as on Taylor Peak and Boiler Peak, Weathering
features are variable, On the upland surfaces, the rock generally
weathers 1o lavender—coiorgd{ boulder-like forms, Along the upper
walls(of Taylor Creek, weafhering is controlled by intersecting sets

of vertical Jjoints that prodﬁéa prismatic columms twenty feel or
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more high, In other places,‘the rhyolite weathers into thin slabs
oontfolled hy parting planes parallel to the flow-layering, Rarely,
wealthering produces a natural érch, which was observed in only one
locality in the south wall of Taylor Creek Canyon,

Contacts with other rhyolite facies in the flow-dome gensrally
are grédational, but contacts with interlayered pyroclastic rocks
are sharp,

During Pleistocene (?) time, this unit was eroded to form a
generally flat upland surface that slopes gently westward, Taylor
éreek has diséectea'the interior of the unit to provide an average
of BOO feet of vertical sxposure, As much as 800 feet of rhyolite

is exposed at Tayloe.Peak, but here the base cannot be observed,

Total thickness of the mass, therefore, is unknown,

Pe'trology .

The Taylor Creek Rhyolite ;s prophyritic, with phenocrysts of
sanidine, quartz, and minor plagloclase and blotite set in évfelsitic
to spherulitic groundmass (Fig, 5)., The rock ranges in color from
gray io'pale red, weathering commonly to shades of gray and lavender,
Aecessory minerals inolude'titaniferous megnetite, sphene, fayalite (7),
zircon, and rarely hornblende, Secondary minérals include predomi-
nantly K-feldspar and qﬁartz, with hematite, blotite, topaz, pseudéu
brookite, clay, and sericite, On the average, phenocrysts constitute
1). percent of the rock,_groundmgss 86 percent, and voids 3 percent,
The sanidine-quarté ratio is aboﬁt 1,4, Modes end phenocryst ratios

are plotted in Figures 3 and 4,



_ Fig, 3, Rhyolite modes point-counted on stained slabs.

GROUNDMASS QUARTZ | -

EXPLANATION

Lavender, spherulitic rhyolite, Taylor Peak area
White, arqitlized rhyolite, Taylor Peak area
Red vitrophyre, Paramount Canyon
Miarolitic rhyolite, Paramount Canyon
White, argiilized rhyolite, Taylor Creek prospects area
Light gray rhyolite, Beaver Creek area -
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EXPLANATION

v Lavender, spherulitic rhyolite, Taylor Peak area

w White, argillized rhyolite, Taylor Peak area

a Red vitrophyre, Paramount Canyon

o Miarolitic rhyolite, Paramount Canyon

v White, argillized rhyolite, Taylor Creek -prospecis area
o Light gray rhyolite, Beover Creek area
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Fig, Ba, Photomicrograph of the Taylor Creek Rhyolite,
Taylor Peak area, Sanidine phenocryst enclosed in spherulitic
groundmass (left), most of which is devitrified (right) to alkali
feldspar and quartz, Plane-polarized light, 72x.

Fig, 5b, Same as above, crossed nicols,

s
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The sanidine phonocrysis are ,5 to 2,5 mm in length and

18

constitute 5 1o 7.5 percent of the rock, based on point counts of
seven slained slabs, fhe crystals typically are euhedral to sub;
hedral laths, with appreciably recrystallized borders, Carlsbad
tﬁinning is commeon; zZoning is rare, Data on structural state and
chomical composition of alkeli feldspar are discussed farther on.
TheKquartz, generally smoky, forms subhedral to suhedral

blpyramids 1,5 mm or less in diaméter, The borders of many crystals
ére irregular, and appear 1o reflect corrosion and recrystallization,
Some individuals svidently have been enlarged through devitrification
of adjacent groundmass, and in one unusual occurrence the inferred
enlargement is by a”?actor_of about four, Throughout thé rock, ‘the
crystals of quartz.raﬁée from anroken t0 highly fractured, Some
are weakly biaxial, presumably as a result of strain,

| Sodic oligoclase, which rarsly exceeds 1 percent by volume
of the rock,Aoccurs as small, irregular greins, or as small olusters
of several grains intergrown together. The phenocrysts typically
ére mantled by sanidine and appear to lack any preferred orientation,

The groundmass of the rhyolite consists mainly of K-feldspar

and quartz arranged in spherulitic to microerystalline aggregates,
with interstitial silica minerals and zeolites (?), Primary accessory
minsrals, which amount to less than 1 percent of tpe rédk, inoclude
-megnetite, sphene, fayalite_(?), and éircon. Secondary hematite
and fiotite are widely ﬂiétributed in the groundmass, The bictite
appears as very small fiakes ( £84) that are pleochroic in shades of
yellow, green, and reddish-brown, Zircon commonly occurs as inclusions

in phenocrysts of magnetite and biotite, and rarely as individual
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microphenocrysts: Payalite was not positively identified from this
locality, but its presenceé in the Tayllor Creek Rhyolite near Seventy
Four Draw suggestis ihat it may be charactgristic of the rock; é
reacliion io form hématite probably has obscursed its occurfence in_the
Paramount Canyon area,

Nearly all stages of devitrification can be observed within
single thin-sections of rh&olite, and espscially that in the Taylor
Peak arsa, Much of the rhyolite groundmass is marked by éloudy
patches in which spherulitic fibers of alkali feldspar are pressnt,
These érade into expressions of an intermediate stage featuring
groups of K-«feldspar crystals arranged radially about poikilitio
guartz cores, Later-stage aggregates of interlocking ﬁeldspar and
gquartz grains also are abundant, Granophyric intergrowths are
commonly observed at the margins of cavities in the rock,

-Séquential steps in devitrification of the Taylor Creek
Rhyolite are illustrated in Figures 6a, b, and ¢; all photomicrographs
wore obtained from one thin-section, ‘The crystallization commonly
ﬁagins with development of submicroscopic, sheaf-likg to spherical
bundles of K-feldspar and silica (Fig, 6a)}, each of which generally
develops further into a complete épherulite of feldspar laths radially
disposed about a poikilitic quartz corse, Séme microscopic quartsz
alse can he observéd with alkall feldspar in granophyric intergrowths
that represent an intermediate step in the transition to coarser- |
-érained radial feldspar laths., In the process of devitrification,
the opticélly continuous qﬁartz blebs within each spherulité begin to
crystallize as one grain while the feldspar laths‘continus to grow

cutward, This commonly results in a near-perfect "sunflowsr' pattern,
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" Orogsed nicols, 720x,

Tig, 6a, Ineipient spherulitic growth of alkali feldspar
and silice at early stage in the devitrification of rhyolite glass,

Fié. 6b. Intermediate stage of devitrification, featuring
a spherulite rosette of micropoikilitic quartz (Q) surrounded by

" radial growths of alkali feldspar (F). Crossed nicols, 720x,

20



Fig, B¢, Interlocking orystals of quartz and K-feldspar
grown interstitially to spherulites, Orossed nicols, 288z,

Fig, 6d, Granophyric intergrowbths of quartz and feldspar
dewveloped at margins of a cavity, Intergrowih appears to have
developed directly from spherulitic glass, Crossed nicols, 264x,

21



or roselte, wilth a poikilitic quariz core surrounded radially by laths

22

of feldsper (Jig. 6b). Such radially disposed laths commonly remain
visible in the qpértz coro at this siage of spherulitic development,
as do inclusions’ of fine-grained biotite and opague minerals,
Bventually, the uoré-becomes non—poikilitic as it develops into a
naar—sphericallmass of quartz, At & later stage this mass begins 1o
coale;ce with other spherulite cores, The radilal growth and enlerge-~
ment of the aebundant sﬁherulites-definaé irregul&r, pocket-like
interstitial areas, whers iarger.individuals of marginal‘K-feldspér
commonly are intergrown with quartz (Fig. 6¢), Meny of the alkali
feldspér erystals lose their prismatic habit in this process of
enlargement, and the development of Carlsbad twins and cleavage planes
generally is not observed until this stage of growth, Some of these
intergrowths may represent vapor-phase crys{allization in addition
to those formed through the process of devitrification of rhyolite
glass,

- Memy petrologists believe that the end stage in the devitrifi-
catiop process is marked by davelobment of granoph&ric textures,
Although fhis has not been recognized és an Eﬂéiﬁfﬁgé process in the
Taylor Creek Rhyolite, it is interesting to note that the beginnings
of a granitic texiture can be recognized locally, as expréssed by the
pocket growths of interlocking_figgggar and quarts,

Viscosity has long been regarded as a major factor in the
-growth-and deveiopment.of spherulites (e.g., Iddings, 1887, 1891;
Cross, 1851: Pirsson, 1910). More recently, Keith and Padden {19863,
P. 34i1) found that "spherulite-forming melts not only have viscosities

“higher than those of simple liquids--higher by at least two orders of
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magnitude--but, in addition, ihey orystallize much more slowly."
Tt has been furiheér shown, experimentally, that heat and alkali-rich

éolutions inerease tho deviirification rates of rhyélite glass by

four fo five brdérs'qf magnitude in the temperaturse range 240° to

700°C and at waler pressures of ,5 to 4 kb (Lofgren, 1968).
Basic principles of spherulite grow£h have been eiplainad by
Keith and Padden (1963) and have been applied by Lofgren (1968) to
rhyolite glasses, Acco&dipg to these iﬁvestig&tors, & highly viscéus,
siliceous melt provides the slow crysfallization necessary for

spherulite growth by crea%ing small coefficients of self-diffusion’
and low ﬁeﬁper&ture gradients, The growth of radial feldspar'fibers,

.which characterizes spherulites, creates excess 'impurity,:! siliba{

at the crysta1~gla§s interfaces, The_silica, in turn, brovides a
stabilizing effect on initial feldspar fiber gro&th, while preventing
its lateral érowth ét the same time, Thus silica, which ordinarily
crystallizes later on as tridymite or gquartz, plays an imporitant role
in the ouéward growth of spherulites, For details on spherulite
growth and devitrification, ths work of Keith and Padden and its
application to silicate glass systems (ﬁofgren, 1968) should be

consulted,

Bleached JFacises

Iﬁ general, the bleachea and ﬁeakly argillized facies occurs
in the lowest sectlon of the Taylor Oreek Rhyolite, This facies
cropé out chiefly in two arsas, As noted on Plate 2, one arsa includes
the 1pwer.rhyolite section as exposed in the north wall of Taylor -

Croek, exlending from the mouth of Paramount Canyon approximately
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7000 Tect easiward, The other large mass of bleached rhyolite is
exposod in the valley immedialely easi of Taylor Peak,

Conlect relations with overlying units, mainly ffesh, unbleached
rhyolite (?dto), are gradational and are delineated on the geologic
map by & dotted line that indicates approximatsly the limit of
bieaching, This facies constitutes 300 to 400 feet of the north
wall of Paramount Canyon near its junct%on with Taylor Creek, where
it forms & small, arch-like structure, Rocks on the south flank'
of this st?ucéure grade upward through a thin zone of vuggy; spheru-
iitis'rhyolité into brecciated and contorted rhyolite, This upper
brecciated facies continues westward bsyond the map area, FProm-
Paramount Caqyon edstward, bleached rhyolite exposed along Taylor
Cresk gradesiupward into the well-jointed, gray to pale-red rhyolite
that forms the canyon rims,

A distinctive feature of thse bleached rhyolite.faéies in
‘Paramount Canyon is shearing, which is most clearly expressed in rocks
exposed near the junction’wiﬁh Taylor éreek. Hers, subparallél shear
sﬁrfacesxstrike northwest and indicate a shear direction to the
southwest off the margin of a local,-arch-like structuré. Theée
Vshears are local features, whose 1engt£s are measured commonly in a
fow feet-qr less, One shear surface is discontinuously exposed for
about 300 fest along its length, héwever. These surfaces are very
_wéll defined, and generally are polished and slickensided, They are
partly silicified, but rot @ineralized or iron stéined; In some
places, individual shear-ﬁﬁunded blocks express backward rotation

- that is sﬁggestive of slump features formed by gravity sliding, The
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amount of movement parallel Lo these shears is nol known, but it
does nol appear to be great,

The other main exposure of this facies is in the southeasi
corner of the map area, Hers il also forms part of the lowest rhyoliile
seclion, which grades upward into unbleached rhyolite, At the sastern
margin of ihe flow-dome, the bleached rhyolite is either ﬁuxtaposed
against pyroclastis rocks or is overlain by Gila clastic sedimentis,
The strike of flow—l;yering in the bleached facies.generally trends
northwesterly, with ;ttitudes ranging up to near-vertical, Locally,
rhyolite flowage has resulted in the developmentlof small, asymmetric

folds with amplitudes measured in inches, |,

Mineralogically, the bleached facies closelylresembles fresh
rhyolite, but differs in wesathering characteristics, colbr,_and some
aspects of texture, Weak argillization has left the_rock noticéably
porous and friable,- Tt is gray fo white, and commonly we;thers into
a "honey comb" structure, This "“"honey comb" or cavernous wgatheriﬂg
_featura is developed parallel to the flow-layering, The neér~vertioal
walls of these weathering featurss are typically silicified, and
may repreéent formerrfraptufes in the rhyolite that were filled by
silica and consequently were resistant ﬁo weathering,

Sanidine and‘quarté are the ﬁredominant phenoc;ysts, and with a
1it{ie plagioclase they are enclosed in a felsitio; devitrified
groundmagss, Phenocrysts constitute 10 percent of the rock, The
percentage ofiphenocrysts is somewhat lower than in other rhyolite
facies, aithough practicall§ identical with Tdtc (Figs. 3 and 4),

The sanidine-quartz ratio is },5, higher than in most of the other

units,
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The principal featurs that distingulishes this unit from the
unbleached rhyolite is weak argillic altoration, which has been
developed largely in the grouhdmass. Aithough clay minsrals were
successfully soparated ffom several samples,-no posi%ive identification
~could be made by X-ray analysis, The clays may be poorly crysiallized ]
or they may not be present in sufficient conceniration to produce a
uﬁique X-ray diffractioﬁ pattern, A refractive indei of about 1,48
suggests'the presence of montmorillonite-typs clays, Xaolinite, a
common alteration of tuffaceous rooks outside the immediate area,
may be presenfialso, but it was not positively idanti?ied in this study
either, ‘ |

Clay minera;F occur chiefly as interstitial érains throughout
the feldspar-quartz matrixz, They also can be observed along fractures
in sanidine and quartz phenocrysts, |

The groundmass appears o be more coarsely crystalline than the
unbleached rhyoliie facies, rssulting in & more gfanular‘texture,
The fluids responsible for argillizatibh also may have incrsased the
deviﬁrification rate and thersby promoted the development of larger
groundmasé crystals., Bxperimental investigations have shown that the

presence of aqueous fluids generally increases devitrification rates

{e.g., Lofgren, 1968),

_Porphyritic Vitrophyre

Three small but hidsly:separated masses of rhyolite vitrophyre
are exposed within the Boiler Peak dome, The most continuous exposure
forms & curvilinear outcrop pattern along the northwest wall of

Paramount Canyon {Plate 2), ‘The other outerop area is in the south-
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east map corner along Taylor Croek, whero two very small massos are
exposed,

The vitrophyre in Pﬂramount Canyon Torms a lensoid mass that
can be traced more or less continucusly for a distence of 5000 feeti,
At its sowthern terminus, it appears io pinch out in a thin section
of tuff and tuff breccia, although here exposures are poor, 'At-£he
northern end it thickens and thence disappears in a thicker pyroclastic
section, Tts contact with the pyroclastic rocks is not observed,

The vitrophyric unit is generally less than 50 feet thick{ and it
reaches a mgximum of about 70 feet in the bnly drainags that crosses
the unit. The rock is very brittle, like typical volcenic glass,

and is broken by closely spaced verﬁical Jjeoints in groups 1 inch

or less wide, A 50-foot seciion of this vitrophyre nsar its southern
terminus reveals the following: an éltered basal vitrophyric breccia,
10 feet thick, overlain by, and in sharp contact with a é~inch

black, porphyritic glass that gradgs upward into reddish;brdwn,
porphyritic vitrophyre mottled by black 1ensesvelongated pafallel

to the lower contact {Figs. 7 and 8). The upper section is devoid

of color ﬁottling, and is capped by a thin pumicsous rhyolite,
Elssewhere, viﬁrophyre grades upward directly into relatively fresh;
flow-layered, lavendsr-colored rhyolite {Tdte).

The rhyolite vitrophyre is porphyritic, with phenocrysts
of sanidine and quartz enclosed in a glassy bui spherulitic matrix.
Accessory miorophenpcrysfs include oligoclase, hornblends, biotite,
magnetite; and zircon,

Sanidins %orms tabletq that are .25 to 1 mm long, euhedral

to subhedral, and compose 7 to-11l percent of the rock (Fig, 3),
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Optically, lhoy are similar 1o phencerysts of ihe other units, but
slight differences in sexsolution lamellse and optic angles hu&e been
noted, The alkali feldspaf is discussed Tarther on,

Quartsz phenocrysts constiiute 6 to 12 peroenf of the rock,

In all other aspecis, quartz is similar to that of other rocks,

Microphenocrys%s are accessory, and do not exceed ‘2 percent
of the rock by volums, Hornblende forms euhedral tc¢ subhedral
crystals ,25 to 1,D mm long, They are both zoned and'twinned
{Cerlsbed), aﬁd they contain opagus inclusions, The outer grain
ﬁarg;ns are ﬁ}pically.altered to iron oxides. Zircon is invariably
aésociated with mégnetiﬁe, commonly in direct contact, Megnetite
is altered generally to hematite and limonite or goethits,

The phenocrfsts are set in a ;pherulitio glass matfix, which
_featuresvlocal incipient devitrification, The glass is pale yellow-
brown to reddish-brown, and it encloses spherulites as much as 2 mm
in diameter (generally 1 mm, o; less), The spherulites ére color
zoned, with yellowish brown cores and fsd~brown rims, and they have
a radial gtructﬁre, Many share mutual polygonal boundaries,
Nucleation of spherulites has develoﬁed hoth on crystal faces and
sdges, and in the glass matrix, As much as 25 percent of the glass
has been devitrified to a‘cryptocrﬁstalliné aggregate of unidentifiable
material; where crystallized, guartz and alkali feldsﬁar are inter-
grown,

Flow-layering is -consplcuous in thin?seotion, where it is
expressed by éolor variations in glass, trains of opague dust, and

alternate patches and lenses of glass and devitrified glass, Banding

‘is deflected and contorted ardﬁnd'most‘phenocrysts, with some rotation




of quarlz and sanidine phenccrysts, Non-concentric par!itic cracks

are widely obsservable in lhe glassy portions of the rock,

Flow-Brececia

Rhyolite flow-breccla crops out in the southwest corner of the
map area, where two soparate, bul genetically d;ffsrent masses have
besn distinguished, Ons forms a prominent ledge as much as 100 feet
thick through most of ils exposure, aloﬁg the south wall of Taylor
Oreek canyon near its junction with Paramount Canyon (Fig, 9).

T4 diﬁs genﬁly'southward and separates gray to lavendsr rhyolite,
which is 1odai1y argillized below, from unbleached, -lavender-colored
rhyolits above, Its lowsr contact is Sharﬁ, but the upper contact
is gradétional intowporphyfitic, flow-layered rhyolite (Tdtc),

The flow-breccia iéjlavender to gray, weathers tan to browﬁ,
and contalns blocks of pumice and vitrophyric rhyolite, Some of
‘these enclosed blocks are 1 foot or more in diameter (Fig, 10).
Pumiceous blocks have weathered out from some exposures, leaving the
rock locally wugegy or cavernous, partlcularly in the upper part of
the section, |

Based on textural and field relationships, this braécia
_appears to represent part of a basal flow-breccia, marking aﬁmoré
racent advahae of lava outpouring in this areé, »

Tﬁefother rhyolite breccia is less well defined, Its lower
sontact is gré&ational with porphyritic rhyolite (Tdtc) and the upper

Aconfact has been—removed.By erosion, Like the other breccia, flow-

layering is not visible, but it lacks the blocky inclusions of the

. . pumice and vitrophyre, Its stratigraphic position near the western




in the

Fig., 9, Prominent ledge of flow-breccia (right) as exposed
south wall of Taylor Creek canyon, View locking east-south-

east, with Taylor Peak (8288 ft) in background, .

Fig. 10, View of flgow-breccia in Fig. 9, near top of a

~100-foot section, Note blocks of pumice (P), vuggy appearance,
and lack of flow-layering, Hammer for scals,

8
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margin of the dome, and in the upper pari of the rhyolite section,

3z

suggesls thalt it may reproesent a more rapidly cooled crust of rhyolite,
possibly a "brecola carapace"” Llhal was broken and contorted as it was

carried along the top of a large, moving mass of rhyolite,

Miarolilic Rhyolite ’

Two ocourrences of miarolitic rhyolite havekbéen reoognizéd
“in the study arsa, The more'prominentAone is exposed on the north
rim of Paramount (anyon neear the west edge of Plate 2, Here, the
miarolitic uniﬁ, delta-shaped -in plén, grades upward and downward
into densé, porphyritio rhfolite (Tdte), Portions of the top of
this unit.have beenmbevelpd by erosion, but extensi&e outerop is
1limited to the main canyon wall, F}ow-layering, accentﬁated by the
vuggy naturs of the rock and by 1ith$physal structures, dips geﬁerally
to near vertical on the north side, Judging from the flow-layering,
this miarolitic.facias appears to form part of the ﬁargiﬁ of a local
dome, or anticlinal sfructure, And, this structurs is related to
primary flow, not tectonic activity, ‘

The miarolitic facies is unusual, bofh texturally and mineralo-
glically, and it’provides eritical informétion regarding the genssis
of the Taylor Gfsek 4in deposits., The rock is light gray, weathering
1o pale orange-brown, It is porphyritiec, with numsrous vugs and |
lithophysae that are abundant but unequally distributed, The miaroles
are irregularly shaped, while the lithophysae ("stone bubbles")
are lobe-iike in appearance; featuring numerous concentric éhalls,

Both types of cavities typically range from about 8 to 12 mm in
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diameler, These Teatures are enlarged somewhatl in- weathered rock,
where they holp to define the flow-layering (fig. 11),

Phenocrysts'of quartz, sahidine, and.minor plagioclase are
set in & devitrified groundmass of the miarclitic faci;s. Thé
phenoerysts are noticeably smaller than those in the other rhyolite
units, Primary accessory minerals includs zircon, magnetite, and
fayalite (?), Biotite and hornblende are absent, The groundmass
xis largely devitrified to felsitic or spherulitic aggregates of K-
#&éﬁsp&r and quartz, with assoclated minér cristobalite, tridymite,

and- chalcedony,

Minerals within the miaroles and lithophysas, An unusual

suite of winerals occurs in the miaroles and lithophysae, It includes,
" in approximate order 6f decreasing abundance, quartz, alkali feldspar,
heﬁatite, bixbyite, pseudobrookite, monazite, cassiterite, and topaz,
Zéolités; fluorite, calcite, and andradite wers recognized previously
(Fries, Schaller, and Glass, 1942), but these phases were not observed
dpring the course of the present study, .

Topaz was observed in thin-section, but not in heavy-mineral
separates, Probably the besgt loecality in the district for this
mineral is Round’Mountéin, south of the study arsa, where colorless
to pale yellow crystals as much as 2 ém long occur in the rhyolite
1ithophysas (Eridkéen and others, 1970) and other orystdls are in the
.Qain body of the rhyolite,

' An unusually fine specimen of colorless topaz, a crystal 7.5 mm
long, was obtained duriﬁg the present study from jig concentrates
at an abandoned mill east of Paramount Canyon in upper Sawmill Canyon,

Tts sharply dsfined morphology suggests crystallization within a
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Fig, 11, Miarolitic, lithophysal rhyolite exposed on north
rim of Paremount Canyon, Vugs, aligned parallel with the flow-
layering, have been enlarged through weathering, Hammer for scale,
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Fig. 12, Hand specimen of miarolitic rhyolite, featuring
lithophysal structures and a-cube of bixbyite, 2 mm on an sdge,
that has grown within a lithophysal cavity,
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rhyolite cavity or veinlet, Celi refinements of this crystel are
recorded below, Thse cpll dimensions are closely similar to those
of fluorotopaz found in othor rhyolite occurrences (e,g., Mexico and
Utah), BSevoral investigations of topaz (Rosenberg, 1967; Ribbe and
Gibbs, 1971, ﬁeer, Howie, and Zussman, 1962) have shown that the |
OH:F ratio is the only major chemical variation in the formula,
Ala[?io;][bH,Fﬂé. Substitution of larger OH™ for F expands the
unit-cell, particularly in a direction parallel to the b-cell edge,
with a consquent decrease in 2V and density, It has been éuggested
thét an increase iﬁ OH:F ratio primerily reflects hydrolysis as a

function of decreasing temperature (Rosenberg, 1965),

TABLE I

Unit-gell dimensions and optic axial angles
of some natural topaz crystals

w

(<] o < 03
Locality a(a) b{A) = e(A) V{A") aVz

8.390 8.797 4,643 342,69
,002  ,001  ,00L 17

8,394 8,789 4,652 343,20 68,0°
001 ,001 ,001 :

8,394 ° 8,792 - 4,648 342,99 67 ,4°
002 .002 .002

8.396 8,794 4,651 343,40 67,0°
.00 .001 .00L

Black Range, N, Mex,

Durango, Mexlco*

 Topaz Mt., Thomas Range, Utan®
San Luis Potosi, Mexico* '

*Data from Rosenberg, 1967, p. 1891,

The oxide minerals discussed below appear to have crystallized
penecbntemporaneously within cavitises and lithophysae of the rhyolits,
Only the upper part of this miarolitic facies, exposed at the canyocn

rim, contains cavities bearing -these minerals, AlLl four species have




not been observed within a single ecavity, but pairs such as hematite-
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cassiterite, hematile-pseudobrookite, and bixbyite—psaudobrookite.
are common,

| Hemaltite, the most abundant of the oxide minsrals, ococurs both
in cavities and in voinlets of cassiterite and hematite, Tt is
invariablé specular; appearing as thin hexagonal plates 1-3 mm in
diameter, These plates ars fresh and weakly corroded, 'The hematite
commonly is intbergrown with cassiterite, which a1§o forms crystalliﬁe
snerustations on somse hema%ite plates and éggregétes of plates,
| Six orystsals 6f spaouiarite, asgonliated but not intsrgrowﬁ
with cassiterite, from different cavities in the miqrolitic.facies

were analyszed by elsctron miaroprobel for tin content, with results

recorded in the following table, All ithese analyzed grains appear

TABLE IT

Tin content of hematite, Paramount Canyon

Grain - $n0,, wt, percent

- 3 ] L]

HEoQw>
HOOoOwMb
Ol W W

I

Average

j ]
o

1Analyses were made on an Applied Research Laboratories HMX-SM
electron microprobe, using high-purily cassiterite as a tin standard.
Instrumental errors wers corrected, but no matrix corrections were
applied, T



homogeneous in polished section, and the considerable variation in
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tin content appears 1o reflect true differences in compositlion of the
hematite,

Bixbyite, (Fe,Mn)gos, is a rare mineral first described from -
+he Thomas Range, Utah, by Penfield and Foote (1897). Specimens
werse later recognized from the Black ﬁange, and were dlscussed
briefly by Fries, Sohaller! and Glass (1942) and bﬁ Mason (1943),
The bixbyite in thé.Paramount flanyon area occurs most commonly as cubes-
;as mach as 2,5 mm on an edge, Both individual cubes and penetrétion
ﬁwins have beén found in heavy-mineral separates, Some of the'cubes
are modified by octahedron faces, Several octahedfai ecrystals of
bixbyite that encrust one rhyolite fracture surface are modified, by
dodecahedral faces, |

‘Most of theé larger crystals are sharp and fresh iﬁ appearence
(Fig, 12), but edges'of the gﬁaller cubes commonly ars corroded or
rounded, Well-defined growth zoning can be observed in poiished
‘sectlion; the growbh layers generally are parallel to cube faces
{Fig. 13). They are expressed by narrow bands of contrasting reflec-
tivity, commonly delineated by linear pits in the polished surface,

The composition of bixbyite recordsd in Table IIT represents
an average for ona‘crystal that was found to be inhémogeneous with
respect to major elements, Thé content of ¥e, 0, ranges frém 32,8

23

to 46.6 percent, and that of Mn from 49,3 to 63,6 percent,

203
Bixbyite.from the Black Range is more manganese-rich than analyzed
speéimens from the Thomas Range (Fries, Schaller, and Glass, 1942;
Staatz and Carr, 1964), In addition, the content of Sn (0.5 percent)

is significantly higher than that of Utah bixbyite (.05-0,L percent Sn),
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Fig, 13, Photomicrograph of growth zoning in bixbyite,
Black Range, Polished &sotion, polarized light, 115x,

Pig, 14, Hematite blebs in pseudobrookite, Polished section,
- polarized lipght, 230x, .




‘.’ ’ ‘.’ 39
which is associated with boeryl, garnet, and topazLAbut not with

cassiterite (Slaatz and Carr,.1964),

TABLE ITT

Composilion of bixbyite, Paramount Canyon

" Microprobe analysis Approximate analysis
of one crystal, this study ‘ (Fries, Schaller, and Glass, 1942)
5108 - ’ . -
A1303 . 0.3 ) 0,47
Fe0 ) - . - -
Fo o0, - 41,4° 42,54
0, 1,4P ' C LT
. ') . :
MnBOS 55,9 | . 51,92
Mg0 - - -
a0 - - ' tr.
SnOB 0,6 tr., .
Insoluble | o 2,81 -
99,6 * 98,71

a
Total Fs as F9203

bTo*bal Ty as T102

G,
Total Mn.as Mn205

Pseudobrookite (Fe Ti05) forms black, acicular crystals .5 to

2
2 mm long, generally in association with bixbyite, These crystals
ocour both individually and as tiny semi-radial clusters. Many are
striated longitudinally, parallel to the c-axis, Some appear to have

been corroded, but most are characterized by sharply defined, lustrous

faces,

lBixbyite from the Thomas Range, Utah was used as a standard, -




0f the thirty grains of pseudobrockite thal were separated
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and mounted for spocial study, aboul ons-third oontain vermicular
blebs of hematile a few microns wide (IFig, 14). This feature, which
probably represonts exsolution, appears to be most common among the
grains férming semi-radial clusters,. The hematite is most abundant
at the base of fha pseudobrookite orystals, where they Join to form
these clusters,

A microprobe analysis of pseu&obrookite from the ngamount

Canyon locality yielded the wvalues recorded in Table IV, Individual

TABLE IV

Composition of pseudobrookits

". Paramount Canyon, 1 " “Thomas Range, ‘Caloulated

Black Range, N. Mex, Utah (Palache, 1935)  composition
Fo, 0, '65.7 : . 60,57 | 66,6
T30, 3.5 " 38,12 - 33,4
MnOB 2.4 , ) -
MgC ’ - 1,26
SnOB ‘ 1.3 - O

. 100.,9 | 99,95 100,0

1Pseudobrookite from a dacite on Nevis, West Indies, was used as a
standard,

-

crystals of pseudobrockite that lack blebs df hematite are relatively
homogeneous, Within an individual'grain, the content of Fe and Ti

does not vary by more than ,5 percent. The tin content, about double

that of the bixbyitie, probaﬁly represents a substitution of Sﬂ+4

for Tit4,
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The composition of Black Range pseudobrooki%e ¢losoly approxzi-
mates the caleulaioed, ideal formula, Spocimens from Ulsh are rela-
tively rich in titanium, but this may be due to intergrown rutile
(Palache, 1935), It has been found that pseudobrookiite may also
contain appreciable Mg and Mn (Ottemann and Frenzel, 1965), In a
microﬁrobe study of 29 specimens, largely from volcanic rocks in
western Burope, some pseudobrookite was found to contain as‘muoh as |
3.9 percent MQO and 20,9 pgrcenﬁ Mg0,

Cassiterite occurs in cavities, pfimaril& with hematite,
and in veiniéié with quartsz, topaz, hematite, and alkali feldspar,

In the cavities it forms stubby to platy cfystals‘that are_ruby

red and rarely exceed 1 mm in meximum dimension, They are zoned,

and twinning commonly is recognizable in polished section (Fig. 15),
Most of the twin lamellas arewparallel, whereas others iptersscf to
form wedge—shapaé patterns, Internal reflection commonly is expressed.
in shades of yellow, violsi, and green,

In its clode asscciation with specular hemsiite, the cassiterite
oceurs as both overgrowfhs and inﬁergrowths, In some veinlets itA
appears to comprise nuﬁerous growth plates, stacked one upon another
and commonly parallel to underlying plates of hematite,

Cassiterite has not been observed coating, o#_intgrgrown with,
bixbyite or pseudﬁbrookite, A specirographic analysis of a clean
concentrate of cassiterite from Paramount Canyon indicates the added
presencs of iron and trace amounts of titanium and silica. The cgntent
of Sn0, ranges from 92,2 tg 97.0 percent,

2

Temperature of formation of oxide minerals, Phase relations

pertineht to oceurrsnces of bixbyite and pseudobrookite have besn



Fig, 15,
of hematite, Polished section, obliguely crossed polars, 115%,

Twinned crystal of cassifterite with enclosed blads

42
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investigated experimentally during ithe past thirty ysars, Principal
phases wore {irst established by Mason (1943) for the system
F9203"Mn303 from 400 1o 1000°C at a préssure of 1 atm, 'This study
was later improved and extended to 1585°C (Muan and iBmiya, 1962).

The stability field of bixbyite, (Mn,Fe)205, is qepresentéd
in the lower rigﬁt corner of Iigure 17, At equilibrium, a partial
solid solution series between Mnao3 and F9203 is capzble of
dissolving 40 to 64 weight percent F9203_in the tempsarature interval
600~99%°C, This series yields Mn205 and tetragonal Mn304, or spinel
solid solution at the composition-sensitive temperatures ranging from
877 o 997°C, |

The -composition of one bixbyite cube from Paramount Canyon,
as dstermined by micréprobe analysis (Table III), is plotted in
Figure 16, Crystal inhomogéneity reflects a rangs of 32,8 to 46.6

percent Fe 05, with an averagg of 41,1 percent, Considering bixbyite

2
as pure (T.\J'in,If'e)zO:‘3 by adding the amounts of Sn and Ti, which most
likely substitute f&r e, #o the average Fegoé bercsntage,'the compo-~
- sition becomes FBBOE = 44 percent, MnBO3 = b6 percent; th&s is plotted
as the average fof this ocrystal in the binary diagram, Referring
" to the data of Muan and SPmiya {1962), bixbyite of +his composition
would yield hemgtite and MnBO3 at 675°C, and above 945°C it would
yield spinel apd Mnaoa; this establishes a'"stabi}ity range ," for
equilibrium conditions, of 270° at 1 é.tm (P02.= .25).

‘ Pseudobrookite, a wideépread mineral, is found in volcanic
rocks ranging in‘composition from basalt to rhyolite, Members of the

pseudobrookite (FeBTios)—ferropseudobrookite (FeTigos) series generally

are oxidation products of titano-magnetite or ilmenite in subsilicic
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rocks {e.gz.,, Buddington and Lindsley, 1964; Carmichael, 1967; Haggortiy

4h

and Lindsley, 1970; Ottemann and Frenzel, 19653), or as aciculér
orystals lining cavities in silicic volcanic rocks (Palache, 1935;
Fries, Schaller, and Glass, 1942), Pseudobrookite also has been
observed in the flues of a soda factory as an apparent -product of
sublimation,

Above 1150°C, a complete solid solubtion series exisls between
Fe TiO5 and FeTi 0. in the dry system FeO-Fe,O nTiOB (Akimoto,

2 275 273
Nagatae, and Katsura, 1957), The TiOE/Fe 0, mol ratio in natural speci-

273

mens ranges from 1.1 to 3.5 (Ottemann and frenzel, 1965). In experi-
mental studies, the titanium content of synthetic pseudobrookite
has heen shown to decrease with lower temperatures of crysitallization
(Haggefty and Lindsléy, 1970), The pure ferropseudobroockite end-
member has not been observed in nature, The limits of solid solution
have not been oiosely esﬁablgshsd at most lower temperatures, owing
in part to sluggish rea;tions in this thermal range (Haggerty andv
Lihdsley, 1970), Phase relations above 1400°C are known %o be complex
{MacChesney and Mvan, 1959),

In determining stability relations from 750° to 1130°C
(Fig, 17), Haggerty and Lindsley showed that the solﬁtion series is
not linear as formerly assumed, fhe pseudobrookite'end-msmber breaks
down to form hematite and rutile at 585 + 10°C, as determined by

hydrothermal experiments at 2 kb and with . controlled by hematite +

05

hy&rogen_peroxide buffer, The pssudobrookite from the Black Range

is similer in compositioﬁ to the calculated end-member,



‘I’ : 'l' 46

T data from experimenial studies of comparable synthetic
systems‘are rigorously applied, a minimum prjstallization tomperature
of 585°C can be assigned to the pseudobrookite and a corresponding
minimum temperature of 675°C to the bixbfite, Several complicating
factors are apparent, howevef. Natural crystal inhomogeneities,
particularlyhin bixbyite, complicate any application of resulis from
synthetic studies of homogeneous materials, Nor have the effects of
Sn and/or Ti substitution for Fe on the ranges of phase stability
of bixbyite and pseudobrookite heen dete£mined. Further, the effects

of pressure, including and Py ; have not yet received snough

P10 2

oritical attention for any of the pertinent systems to warrant strict
application to ths"natqul mineral assemblage here studied, |

bespite the coﬁplications inherent in comparing the natural

end synthetic systems, 1T seems reasonable 1o conclude that the oxide
minerals crystaliized at ‘temperatures of 600°C or higher. This tem-
perature range is somewﬁat higher than temperatures rsported for most
t;n deposits. The temperature interval most frequently cited is
300 to 500°C (e.g., Lindgren, 1933; SchneiderhBhn, 1955; Little,
1960), Thers appears to be less agreement on the temperatures of +tin
mineralization in rﬁy&lite; FTor sxample, in the.Mexican rhyolite
association, Foshag and Fries (1942) and Valle (1960) have postulated
high temperatures (600° and above) for the cassiterite-Hematite |
veinlets, whersas Ypma and Simons (1969) advocate very low temperatures
(1Bd°0 and lower), based on the association of wood-tin with native
bismuth, antimony oxidsé (?), end lead arsénaté. Howeyer, the possible

occurrence of cassiterits in miarolitic cavities in the Mexican
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rhyollites has nol been discussed by any of the investigators montioned
above.

Diseussion, The presence of miarclitic cavities and litho-
rhysae strongly suggesls that a gas pllass was evolved during cooling
of the rhyolite, Also, the ﬁenecontemporanaous crystallization of
cassiterite with bixbyite, pseudobrookite, and hematite in these
cavities eslablishes a genetic relationship between tin mineraiization
"~ and the primery cooling h;story of the rhyolite, This genetic rela-
tionship probébly extends to the tin-bsaring veinlets, ﬁhich are
further discu;sgd in detail below,

The tfansport of tin and iron in an'aqueous gas phase has been
“verified by field observation and has been investigated experimentally;
Fumaroles at Showa-shinzan, Japan shqw trace quantities of tin,
Chemical analyses of fumarolic gases by Nemoto and others (1957)
furthef éhow an increase in cértain metal concentrations‘with tempera-
ture, Tin content in some of these‘gases at 220°C is .00L ppm and at
760°C is ,03 ppm, representing a 30-fold increase, Zies (1924, 1929)
found magnetite sublimates in the Valley of Ten Thousand Smokes,
Alaska to be enriched in tin (400 ppﬁ at 233°C) and many other metals,

Experimental studies on the vapor transport of tin and iron
have emphasized the impor£énoe.of halides, particularly chlorine,
'which is believed to form a chloride complex with these metals,
This'complexihg isxenhanced by the abundance of HCl in some volecanic
gases (e.g., Valley ‘of Ten Thousand Smokes), and by the relatively
high vaﬁor pressures ofi chioride compounds, Iron has bsen volatilized
from clay pots and precipitated as ﬁemaiite through the actioﬂ of

chloride vaper from 1000 to 1100°C (Merwin and Hostetter, 1919).



® @ 18
Krauskopf (1964) poinled oui thatltin has appreciable volatility at
827°G, ﬁnder low partial prossures of oxygen and sulfur, whereas
at lower temperatures, significant concentration of tinAas Snci4
in vapor would require high partial pressure of oxygen and reiatively
high Hci pressures, Many fumaroles, however, contain little or no
detectable HCL {White and Waring, 1964).

Some experiments suggest that chlorine may not be necessary
to transport iron, and perhaps tin as well, The transport of iron
in a chlorine;poor aqueous vapor phase has been demonstrated convin-
éingly by_Mar%in and Piwinskii (1969). Tsothermal and polythermal
experi@ents were conducted on éalc—alkaliné plutoniq rocks between
;,25 and 10 kb PHéO. Ié.experiments ihvolving a temperatgre gradient,
iron was leached by an aqueous vapor at a temperature of 700°¢,
transported down the temperature gradient, and deposiied as specular
plates of hematite at 450 to 500°C, No profound effect ;f c1, F,‘
qoa, and 8 content of tﬂs rocks, or of ihs preéence or absencs of &
melt phase was noted in this study, and "The addition of hydrochloric
acid or of alkali chlorides to the sysiem rock-water thus seems
unnscessary to produce .the fractionaéion phenomena observed” (Martin
and Piwinskii, 1969, p. 801},

The orystallization of iron as hematite rather than magnetite
within the rhyolite is indicative of a highly oxidizing environmsﬁt.
Data obtained-from experiments conducted at 600°C aﬁd P = 1000 atm
suggest &ll iron in a va@or‘phase should crystallize as hematite
above P. = 1071° atm (Krauskopf, 1957).

0y

The apparenl ooncsntratioh of metals, including Sn, PFe,

Mn, and Ti, within the miarolitic unit near the top of the flow-dome




is analogous 1o lhe enrichment of some meolals in the cupola areas of
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granitic stocks, or in the roof portions of some pegmatites,

Pyroclastic Rocks {Tdp)

In the Taylor Creek district, pyroclaslic rocks ere widespread,
both as interlayersd depogits within rhyolite flow-domes and as
poneconiemporaneous depoéits marginal to them, In the map area, .
pyroclastic rocks found around the eastern margin of the dome are
nearly flat-lying ané in general are juxtaposed against rhyolite,

A partisl section of Gila Conglomerate is down-faulted against
pyroclastic rocﬁs iﬁ +he east-central portion of section 30, In thié
same area, one of ‘the thickest pyroclastic sections (aﬁout 105 feet
by hand-level measurement)-is exposed in the walls of ahnarrow canyon,
The lower 47 feet is massive tuff bfebcia, white to lavendser and
weathering dark gray.to brown,, This unit is overlain by 60 fee£ of |
thin- to medium-bedded tuff and tuff breccia, creamy to yellowish

and weathering tan to brown, This seguence is overlain. by 5rown,
tuffaceous sandstones of the'Gila Conglomerats,

The pyroclastic rocks are dominantly crystal-bearing vitric
tuffs, The crystal phenoclasts are chiefly sanidine and quartz,
with minor plagioclase and the psual rhyolite éocessory specises,
Sanidine and quartz amount to 9 to 12.percent of the rock; with 'seni-
dine generally dominant,

The prominent exﬁosure of‘pyroclastic rocks in northern Para-
mount Canjon is similar, 'This section reaches a meximum thickness
of about 400 feet, and includes vitric tuff and tuff breccia, pink

to cream in color, The tuffs are thin-bvedded in the lower part, but



more massive in tho middle and upper parts, The total seciion
strikes generally northeasl, and dips genlly to the northwesi,

One oﬁhsr pyroclastic deposil is exposed as a curviliﬁear
band on the northwesit wall of Paramount Canyon, southwest of the
seation just described, It can he traced discontinugusly a little
mors than 200 feet, and pinches out at both ends, A representative
section includes the following: 30 fest of basal, thin-bedded uff,
oream to tan, with 1ncluded fragments of pumlca and glass as much as
'2 inches in dlameter. (Fag. 18), The base is oovared. This section
is channeled and disconformably overlain by approximately 66 feet |
of brsocia,‘tan o light brown, with boulders of rhyoliﬁe 10 feel
in diemeter, This is overla@nq with a sharp cont&ot,.by thin-bedded
tuff, btan to light g}own,'with inolu@ed pebbles of obsidian., The
total pyroclastic sectlion is bounded af top and bottom by tpe Taylor

Creek Rhyolite,

(3ils Conglomsrats

Tﬁe youngest consolidated clastic deposits west of the
Continental Divide in the élack Range are referred to as the Gila
Conglomerate (QTg) on the state map of New Mexico (Dane and Backman,
1965}, although only a‘smali part of the section actuaslly is con-
glomerate, This formation is exposed iﬁ‘a narrow belt along the
eastern margin of the mapped area, but it was not studied in detail,
In general the strata are horizontal or dip gently to the sast; they
OVBrliaAtuffaoeous deposits of form aprons along the margins of the

rhyolite dome,




Fig, 18, Basal part of pyroclastic section, 30 feei thick,

that consists of thin- to .medium-bedded,
northeast wall of Paramount Canyon,

cream colored vitrice tuff, -
ol |

ol
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In thoe mapped area, the thickest seciion of Gila sedimonts .
lies immediately north of Oreer's Ranch, in the southeasl cornor of
seclion 30, It is approximately 300 feet tihick, and coﬂsists mainly
of poorly exposed thin- to very thick-bedded, friable, tuffaceous
sandstones that are brown in color, Near the base are lenses of
pebbly conglomerate with clasts of pumice and silicified rhyolits
or vitrophyre. Elsewhers, the basal clastic strata are marked by
spheroidal concretions that weather out to form prominent cavities,
Chalcedony an& opal are abﬁndant in vertical fractures, Midway up
éhe 300-foot éection, a conspiéuous layer of massive vitric tuff,
15 feet thick, lies betyeen tuffaceous sandstones, _It.is cream to
buff, and friable,_ This tuff indicates that sporadic acid wvolecanism
conbinued into the late éértiary.. Gila clastic strata with inter-
layered basalt flows have been recognized elsewhere in the Black
Range (Blston and others, 1969). ‘

The composition and extent of the Gila sediments suggest that
‘they probaﬁly were derived from tﬁe weéthering of tuffaceous.rocks |
.that must have been widespread along the wesfern sleope of the Black

Range,

* Holooene Deposits

Unconsolidated deposits rich in voleanic clasté are exposed
in valiey bottoms and tfibutary washes, aé well as on upland_suffaces
and. steep_valley sidés throqghout the area, These can be subdivided
into thres units, exposed malnly along Taylor Creek and its tributary
washes, that include sand, gravel,.and boulders (Qal) elong valley

bottoms, bouldery rubble and fan gfavels (Qft) exposed as lenticular
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masses on steoper cnnydn walls and al moulhs of'tributary waths,
and éluvial sands and gravels ({el) of slighl thickness on upland
surfaces; mainly nprth of State Highway L9, In large part, the
unconsolidated d;posits areg contemporancous,

Alluvial snd éluvial deposits have been prospecitsed in the past

as a source of'placer tin, In recent years much attentibn has been
given to the tin-bearing sandsg and gravels of the upper Sawmill Canyon

drainage in the northeast corner of the map area,
RHYOLITE STRUCTURE AND MODE OF EMPLACEMENT

The bodf of rhyolite in the Paramount Canyon-Taylor Peak area
Torms an elongate domain of outerops, approximately 7 miles norih-
gouth and 4 miles east-west. Contact relations are gene}ally obscured
at the north end of thg body, but the& are well exposed on the sast
and west ;idgs in Taylor Greek¥ and on the south margin in Alexender
Canyon (Plate 1)'.

The eastern margin of the mass is bordered by Gila sediments
and penecontemporansous pyroclasiic strata., In much of this area,
rhyolife interfingers with gently-dipping tuffs and tuff breccias,.
but elsewhere-it is overlain w@th srosional unconformity by nearly
Tlat-~lying Gila sandstonss, As the contact with pyroclastic rocks
is approached, flow-layering in the rhyolite commonly becomes indis-
tinet to brecciated; and silicification is loeally conspicuous,

* In the southeast corner of.the_map-area, flow-~-layering neer the margin
of the rhjolite vecomes steep to slightly overturned by flow-folding,
Elsewhere aiong the esastern margin,.the layers are gently inclined,

There is no clear evidence of fusion, or welding of tuffs adjacent
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to the rhyolite.- Such fusion of tuffs has boen rocognizéd in southern
Nevada {Chrisiiansen and Lipman, 1966), |

The rhyolite is overlain by clastic rocks along its western
and northern margins, The contact at the western margin is particu-
larly well exposed in the canyon of T&yloerréek, where tuffacsous
sapdstones and conglomerates dip gently off the eroded margin at
angles of 30 degrees orlless. Pyroclastic rocks, common on the
‘eastern side, are generally lacking here,

Contacts at the south margin are well sxposed in Alexander
Ganyon, where the rhyolite also is juxtaposed against pyroclastic
roéks. As the contact is approached, the rhyolits becomes increasinglyv
brecciated through-a zone that is less than 1000 fest wide in a
direction normal to the céntact. The brecoia‘inierfingefs with
gently-dipping tuffs at the margin of the dome., Here the flow siruc-
ture of the rhyolite is flat or dips gently to the east-northeast,
oxcept locally where near-vertical dips can be obserfsd. Pyroclastic
rocks adjacent to the rhyolite dip 20° or less to ths. northeast,

Tﬁese deposits are overlain by mafic flows, which are widespread in
this area but absent around other partis of the Boiler Peak rhyolite
. mess,

Flow structure'throughout the interior of the exposed rhyolite,
as characterized primarily by flow-layering, 1s most consistent
in a lower section that is best exposed along the walls of Taylor
Cfeek (Fig. 192, Flow-layers dip gently to moderately, with vertical
flow-layering developed'oniy 1§cally along this approximately 4,5
mile cross-sectional area, where the rhyolite averages 400 to 500 feet

in thickness, Furthermore, the local exposures of gently inclined



" Fig, 19, Pancramic view, from northwest to northeast, of the Boiler Peak dome, as
sxposed along approximately 4500 feet of the north wall of Taylor Creek, Section in view is
400 to 500 feet thick, Rhyolite, in general, is dipping gently to moderately away from
viewer to the north, Note the white bleaching of rhyolite, which is prominent in parts of
Paramount Canyon (left) and in the lower rhyolite section in parts of Taylor Greek,

]




Ymarkeor? beds, which include 1he viilrophyric and pyroclastic lonsos
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in nortﬁ Paramount Canyon and the flow-broceia in south Taylor Cresek
ganyon, and -the steepening of flow-layering along portibns of ihe
rhyolite margin characterize a flow-dome struciure, The general
absence of "vent-like" structures, i.e., vertical flow-layering within
the mass interior, and the presence of the b;st‘developed verticali
joints along the canyon riﬁs, as well as the ocourrence of pyroclastic
rocks inﬁerbe#ded with, and marginal 1o, the rhyolite indicate that
iny the upper part of the doms has been exposed by erosion, The
lack of daforma#ién in +the marginal pyroclastic deposits suggests -
further that lateral flow movement of tﬁg_}hyolite had largely ceased
before fhe pyroclgétic rocks were laid down, although these rocks must
have been deposited shortly theresafter,

Superimposed on this general framework are numefops local folds,
flexurss, and other structural irregulerities, In Paramount Canyon,
several doms~like structures in the rhyolite do not excesd 2000 feet
in diameter, The slongate exposure of bleached, argillized rhyolite
in the éoutheast cornér of the map area delineates an eroded anticlinal
flexure in this vicinity.

Flow-layering mapped on the partially eroded top of the doms ,
on the other hand, reveals a more complicated structural pattern,

Over most of ﬁhis'area the layers dip at angles of 50 degrees or more,
The existing combinetion of flow-layering, large-scale flow-folds,
and local."marker™ beds.permits recdonstruction of flow directions
within the Boller Peak doﬁa (Plate 3}, The eastern half of the
rhyolite mass appears to repr%sentvprimary flowage that was radial to

a part of the complex centrally located between Boiler Peeak, Paramount
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Canyon, and Taflor Peak, The wostern half is complicated by ovidence
of more than one major flow unit of rhyolite, Souih of Tayior Creelk,- .
in the soutlhwest map aroca, thé poorly expés@d lower rhyoliie seciion
is overlain by a flow-breccla lhat does not appear on 1he norith wall
of Taylor Cresk, This relationship, together with an east-west strike
of flow-layering that dips to tﬁe soufh, suggésts a local direction

of flowvage toward the north Lor the breccia unit, In the underlying
rhyolite, as exposed &mmadiately soufh(of the "gooseneck" in Taylor
Creek, & prominent récumb@nt fold indicates flowage toward the north-
wost,

In Paramount Canyon, a baéal vitrophyre with laterally asso-
ciated pyroclastic rocks crops out midwéy up the north wall of the
canyon, Thé occurrence of vitrophyre and the pyroclastic rocks, which
cannot bse réoognized on the south wali of the canyon, suggests that a
seoénd, more recent rhyolite flow advanced to the southeaét from a

) «
vicinity north of Highway 59,

. The mode of emplacement of the Boiler Peak domé can be inferred
from the disiribution and ralationshiﬁs of the volcanic units, their
estimated physical properiies during flow, inferred directions of
flowage, and from a comparison with structural features of other
voleanic piles, The association of rhyolite with interlayered pyro-
clastic deposits and the ocourrence of vitrophyric aﬁd flow-breccia
facies within the total volcanic section indicate that emplacemsnt and
development of the dome.yas not one uninterrupted event of rhyolite
upwelling; but instead was.marked by periods of explosive activity,

-folléwed by renewed, local ouﬁpduriﬁgs of lava in different direct?ons

froﬁ seéparate vents beneath thé.dome,
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The viscosily of the rhyolite mapgma duriné formation of the
dome must have been very high, The fachbors known to influence the
fluidity of a méi£ are chemlcal composition, water content, and heat,

AHydrostatic.prassura per se has 1little effect on viscosity (shaw,
1965), but ié—importanﬁ in that it conitrols the retent;on or escape
of volatils constituents,

Tﬁs viscosities of several silica-rich glasses of different
compositions have been determined by several invesiigators, These
glasses, which contaiﬁ about 71 to 76 wsight percent SiOz, range from

106 ‘Lo 107 poisesvover tﬁa temperature interval, 700 to 800°C, The
viscosity of a me%?ed obgidian sample is reported to bhe 106 poises
b 1400°C and 1 atm pressure (Clarke, 1966).

Water generally reduces the viscosity of.a melt, The maximum
possible water content, in turn, is controlled by the lithostatic
load on the’melt. If the mean density of rhyclite glass is taken as
2,57 gfee {e.g., Tilley, 1922), a column of this material, 1 inch
squars and 1000 feet thick, would weigh approximately 1020 lbs, At
the base of this columﬁ, the lithostatic pressure would bhe appfoxiu
mately 70 bars, At this pressure, a rhyolite could hold a maximum
" of about 3 percent water at 400°C, and about 1 pefceni water at 900°C
(Friedman and others, 1963), The water content, of course, wouid
decrease upward in this column Sf melt witﬁ the decrease in load, With
3 weight percent dissolved Water,uthe viscosity of a granitic magma,
at its "ternary min;mum" compésition, would be on the order of 107 1o
108 poizes (Shaw, 1965), The viscosity of a dry melt of the same com-

position would be 1010 or higher,



® @ w0

Increasing the toﬁpor&:uro has the similar. effect of- roducing:
viscosify. Bxperiments on silicuous glasses sugpest that viscosities
are generally reduéed by .95 =0 1 order of magnilude for every 100
degree incroase in temperature ovbr the interval, 500 to 1400°C
(e.g., Clgrke,]1966).- The tomperature of the Taylor C;eek Rhyolite
during extrusion is not lmnown, bul estimates of rhyolite temperatures
in general £all in the range, 730 to 950°C (Lovering, 1955; Battey,
1966; Fyfe, 1970; Carmichael, 1967), |

The general horizontal structurs observed in the Beoiler Peak
dome is not common in mosf dome slructures described in thehliteratufe,
although many ofhthese domes are andesitic and décitic rather than
rhyolitic in composition, The Peldan type (Fig. 20),‘with distorted
and crude concentric layering, is most common among the andesitic
domes (Williams, 1932}, :Domus of =ilicic composition, hoﬁever, commonty
displéy’a i fan~structure® éFﬁg. 21), in which the flow-layering
~ diverges outward from the-fent areda, This structure characterizes soms
of the rhygliie domes of Inyo Gounly, California (Chesterman, 1956),

and the Novarupta dome, Alaskn (Williams, 1932},

The gross structure of the Taylor Creek Rhyolite reseéblés, in
a general way, the experimenlsl form developed by Reyer (1888; repro-
duced in Williams, 1932), who creatled dome shapes and structures by
séﬁeezing viscous material through a narrow aperture (Fig, 22). Domes
with horizontal_flow—struoturu were thereby produced; and steeply
inelined to recumbent fiow—fulding‘was develoeoped at the margins of the
domes as the'material spread laterzlly beyond the vents, A similar
situation could well have obliined during extrusion of the rhyo;ite

at Taylor Creek, but it probubly was complicated by several local vents



Tig, 20, Diagrammatic sketeh of Peléan-type dome, the most
common, featuring orude conceniric banding and irregular fissures
" (after Williams, 1932),.

/’—_//\

Fig, 21, Sketch of fan-structure in & volcanic dome (ibid,).
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Tig, 22, BExperimental dome formed by squeezing viscous material

~ through a narrow aperture (after Reyer, 1888; in Williams, 1932),



beneath the present oulcrop area, as well as by intormitltent expiosive
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activity., Unforiunately, it is not possible to establish the loca-

tions of the inferred vonts,
TAYLOR CREEK PROSFECTS

Inlroduction

One of the finest exposures of tin-bearing veinlets in the
district is on Téylof Creek, about 3 miles above its confluesnce with
Beaver Créek in the southwestern part of the &istrict (Plate 1).

This area has ééen mapped in considerable detail by Fries (1940) and
by Jahns (1957-62, unpubl,), Their mapping, with only minor details
added, is presented as Plaée 4, Betwsen 1939 and 1945, the U, 8..
Bureau of Minss conducted a sampling program, which was confine@ to
the known mineralized areas at Taylor Creek and elsewherejin the dis-
trict ({rolin end others, 1947),

During the course of the present study, this area waé examined
for a period of approximately two weeks, Emphasis‘was placed on obser-
vations of ‘the rhyoliie structure, alteraﬁiom,-and localization of the

tin-bearing veinlets,

General Features

The Taylor Creek arsa features excellent-outorops that provide
a threo-~dimensional exﬁosure of the western edge of another flow-dome
{Plates 1 and 4}, hére referred 10 as the Taylor Creek dome,

Six lithologic units, more than 700 feet in aggregate thickness,

are present in the arsa, Thayirange in age from mid—Tertiary to
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Holocena, and include, in order to decreasing ags, ihe Datil Formatiom,
endesitic fiows, Gila Conglomerale, terrace deposits, and older and
younger alluvial deposits, The Dalil Formation consists predominantly
of Taylor Creek Rhyolite and minor flow-breccia units, which are
confined 1o the dome margin, The Taylor Creek-Rhyolite, Oligocene
in age, is a gray, porphyritic rock that is bleached white near the
margin of the dome, Here alse, the rhyolite is underlain and overlain
locally by small masses of flow-breccia, Andesitic flows unconformably
overlie the younger flow-breceia unii in the northwest part of the
map area, More tﬁan 300 feet of coﬁsolidated and unconsolidated
clastic rocks in turn overlie the volcanic seetion, The sequence con-
sists primarily of™the Gila Conglomerate (tuffaceous sandstones),
Plio-Pleistocene in aée, and it in general overlies-the Taylor COreek
Rhyolite.in ‘the southern part of this area, Holocens terrace deposits
and alluvihm of slight thickness complete the stratigraphic succession,
The terrace deposits include volcanic sands and gravels on slevated
surfaces adjacent to Taylor Creek, The younger alluviai deposits
ere confined to small washes and to Taylor Creek and its tributaries,

The volcanic section is dominated by more than 400 feet-of
flow-layered, Taylor Crsek Rhyolite in which flow-layering strikes
north to northwest and dips gently to moderately toward the east to
northeast, Part of ths rhyolite section has been down—dﬁopped by a
high-angle, normal fault north of Cox Canyon, presepving & pariial
secéibn of Gila clastic sediments, To the northeast, immediately
north of the Taylor Cfgék "gooseneck," & prominent recumbent flow-fold
is present in the rhyolite body (Fig, 23a, b), This fold appears to

express the motion of a rhyolite mass spreading laterally from east to
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west, Wear-veriical fléw-layoring associated with portions of this
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fold can be traced soulhward, and formerly was believed to mark a

vent area of the rhyolite and related tin mineralization (Iries,

1940), Observations on moving lava and debris flows indicate that
steep to overturned flow-layering is not uncommon at their margins,

or snout regions, and indeed should be sxpected in view of the forward-
rolling motion of viscous meterial as it spreads laterally in a manner

somewhat analogous to the motion of a tractor tread,

Taylor Creek Rhyolite

The gray, porphyritic rhyolite and its‘bleached facies {Fig. 24)
are similar in most respects to thevrﬁyolitic rocks of the Paramount
Canyon-Taylor Creek area, except tﬂat they are generally coarser
grained, Phenocrysts of sanidine and quartz, with minor plagioclase
and biotite, are set in a microcrystallineg to spherulitic groundmass
of quartz and alkali feldspar, Accessory minerals include fayalite (?),
hematite, magnetite, sphene, pseudobrookite, and zircon, Quart% is
dominant among the silica minerals, but opal, tridymite, cristobalite,-
and chalcedony are present in the groundmass,

A narrow'bahd of bleached and weaklylargillized Taylor Creek
Rhyolite, 200 fest thick or mors, crops out near the western margin
of the dome, This facies is white and friable, The phenocrysts of
quartz and sanidine are fresh, but the groundmass inecludss widely
écaftered_patches of c¢lay minerals, The argillized rock is further
characterized by numerous ;hear zones, not found in the less altered
rhyolite, Indifidual shear surfaces, which commonly are slickensided,

can be traced for only a few feet in outcrop,



Fig. 24, Representative samples of Taylor Creek Rhyolite as
exposed in the Taylor Creek prospects area, Gray, prophyritic
rhyolite (#2) and its bleached white, argillized equivalent, Pheno-
crysts of quartz end sanidine constitute about 22 volume percent of

the rock,

Fig, 25, Sanidine (S) phenocryst mantling plagioclase (P)--
a feature commonly observed ih the Taylor Creek Rhyolite, Crossed

nicols, T2x,
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Sanidine phenocrysts separated from the gray, prophyritic
rhyolite.at Taylor Creek yield potassium-argon age dates from 24,0 + 0,5
m,y, (Elston, 1971, written comm,) to 25,1 + 1,0 m,y, (Kottlowski,
1970, written comm, ), which places the Taylor Cresk Rhyolite on the
0Oligocense-~Miocens boundary,
 Sanidine and quartz are the dominant phenoecrysts, constituting
25 percent or less of the rock (Figs, 3 and 4), Sanidine, in crystals
.5 to 4 mm long, isfoptically similar to the.sanidine of other units,
but within tﬁe argillized facies it exhibits a peculiar fracture mosaic
.that is expressed aé a "quilt-like" extinction pabttern undser the
microscope, Small portions of these phenbcrysts apparently have bsen
moved or rotated slightly relative to adjacent portions, This observa-
tion suggests & slight ﬁ{croﬂgranulation, yet the external crystél
boundaries seem to bhe undsformed,
 The 2Vx of the sanidine ranges from 27 to 56°, with‘an average
of 40°, These values are somewhat higher than those for sanidines
in the rhyolite from Beaver Creek (34,5°) and in ths porphyritic
vitrophyrs of Paramount Canyon (34,5°), Pigure 36 provides data fof
comparison,
Luethystine quart@, suhedral to subhedral orystals, and 5 mm
bin maximum diliamster, éomposes approximately half of the total pheno-
oryst volume, WMuch of it is fractured, wiéh racrystallized Borders.

Sodic oligoclase, An ., occurs both as individual phenocrysts

7
1,25 mm or less in diaﬁetep and as clustered grains, It commonlf
is mantled by sanidine (Fig, 26), Only a few grains arse present in a

typical thin-section,
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Accessory minorals, generally presenlt as swmall grains,:inoludo
biotite, fayalite (?), sphenes, hematite, magnetite, and zircon, Anhc-
dral to wedge-shaped prains of spheno, ,6 mm or less in diameter,
are typically altered 1o iron oxide, as is most of the bilotite,
Zircon, less than 10 microns long, is included within, and cluste;ed
around, rims of magnetite crystals, -

The bulk of the groundmass is devitrified glass, in general
a microcrystalline aggregafa of guartz and alkali feldspar, The
fledspar oceurs in spherulitic growths aﬁd in mosaics as prismatic to
tapered crystals, .5 mm or less in length, Tridymite and cristobalite

are presenl also in the groundmass, but are not common,

Alteration

Alteration of the rhyolite is dominantly argillic, with very
local silicification and seficiﬁization. The alteration is mainly
in the‘groundmass,‘where clay minerals appear as scattered patches
interstitial tp grouﬁdmass feldspar and silica minsrals, Phenocrysts
of Teldspar and guartz are fresh, except for very minor sericitization
and clay alteration along ﬁracture and cleavage surfacdes, The clay
minerals could not be identified positively using standard technigues

of c¢lay separation, concentration, and X-ray analysis,

Tin-Bearing Veinlets

Hematits-cassiterite veinlets are Well expossed at the Taylor
Creek locality, although less than twenty veinlets are now visible,
Many have been mined out, judging from the numbsr of prospect pits in

the area, The veinlets are discontinuocus, and cannot be traced for
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distancos of more than a few feet inAany one outecrop, Their exposed
width r&rély'axceads 8 mm,

Voinlets é;o restricted to the argillized facies of rhyoclile,
which is axpésod along the western margin of the flow-dome, They
generally sﬁrike northwesterly, and dip steeply to the southwest, They
consist dominantly of specular hematite, with quartz, alkeli feldspar,
cassiterite,'topaz, anq less commonly, pristobalite, A typlcal veinlet
is shown in Figure 26, The veinlets are zoned on a mioro-scale, and |
_ three zones commonly can #s recognized, In typical successlion inward
from the veinlet ﬁalls, tﬁese zonses includs: (1) a sanidine-rich
layer ﬁithlhematite, cassiterite, and topaz, (2) an intergrowth of
bematite and quertzy with or withowt disseminated cassiterite, and
.(3) nearly solid specular hematite with minor disseminated cassiterite.
Senidine generally forms radial olusters along the walls of a given
véinlet, and.it is generally sericitized and iron-stained, In at loast
one sample (TCW-36), alkali feldspars from the veinlet were found
to be qonsiderably more potassic, and of higher structural state, than
the groundmass or phenocrjst phases from other rhyolite samples
(vig, 37),

Tapaz forms individual prisms and rosetteulike_crystal clusters
included in K-feldspar (Fig, 27a), generally in zone 1 adjacent to
the yeinlet wall, It is ﬁot abundant ., Tﬁe oceurrence of well-crystal-
lized topaz in a feldspar host is §uggestive of replagement, alithough
there is no c¢lear criterion to'prove that feldspar pas been replaced
by topaz, The formation of topaz at the expense of alkali feldspar
is typlcal of greisenizatlion, so common in tin deposits of plutonic

affiliation,
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. ¥ig, 26, Typical cassiterite-~hematite veinlet'exposed in
the TPaylor Cresk prospects area, Six inch pencil for scals,




‘70

- e - I AT AL e o RN

'S-'-\ :&.. A . . .? b"‘-{tf.;;fi ",539’ Y PSRN ;g\"'\‘.. ‘
T gth . D - L Rkt B T B
wedo e SN WL, !

Frime s A I

oD

et “r

SEASTAZ
Fig, 27a, Sharp contact between rhyolite groundmass (left) and

tin-bearing veinlet, Sanidine (8), and less commonly, topaz (T)

line the veinlet wall., The sanidine is sericitized, Quartz (Q) and

hematite (H) componly encrust the sanidine-rich zone, The hematite-

rich zone is absent from view {right), Plane-polarized light, 72x,

Fig., 27b, Sericitization embayment of sanidine (S) phenocryst
adjacent to veinlet wall, suggesting that the movement of altering
fluids was outward from the veinlet. COCrossed nicols, 72x,
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Cassiterite ccours as minuto red erystals that are honey yellow
t0 yollow-brown in thin-section, These grains aré non-pleochroic,
indicating that they have a low tantelum contént, They are scatiersd
in all thfee zones of the velnlet association, but are moét abundant
within the hematite-rich zone, Cassiterite also is disseminated
within the rhyoliits groﬁndmass, but only immediately é&jaoent to the
veinléts.

Sericitization of alkali feldspar is very local and does not
extend for more than a few millimeters from the veinlet into the wall
rock, A sharp seriecitization “front" is-shown in Figuwre 27b, The
altering fluids have formed a very local sericites embayment, thatl ié
oonvex-into.the sanidine crystal, The senidine phenoeryst, which
fapreéanﬁs an early orystalline phase of the rhyolite, is unaltersd
outside the sericite zZone, The sericite embayment, convex into the
feldspar crystal, suggssts t%gi the altering fluids migrated from the

veinlet fracture into the wall rock,

Rhyolite Chemistry

- Bulk chemical and trace-slement analyses were obtained from
sémples-of rolatively fresh, devitrified rhyolite (TCW-28A), as well
as weakly argillized, bleached rhyolite (TCW-6, 20, and 24), Sample
locations are indicated on Plafe 5, and the analytical results are
recorded in Table VI,

. The major compositional differénces among these samples lie in
their'alkali'and lime oonﬁenfs. The argillized facies, as might be
expected, has been enriéhsd in potash (6,4 versus 4,1 percent KBO)’ and‘

-depleted in Cal (0,40 versus 1,31 percent) relative to the fresher



rhyolite, Mosl of the potash metasomatism probably is exproessed in
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the formation of secondary XK-feldspar wilhin the groundmass and vein-
lets., The veinlet feldspar from one argillized sample, as determined
by X-ray, was found to be the most potassic of all fsldspar phases
studied, Similar K-metasomatism has besn recoghized in the Mexican
tin-bearing rhyolites (Ypma'and Simons, 1969),

Trace-alement contents between fresh and argillized facies of
rhyolite appear to be similar, A

buring World War IT, the U, 8, Buréeau of Mines sampled both lode
and plaésr dsposits for analyses of tin content only (Volin and others,
1947). Lode deposits east of Nugget Gulch and bstween-Taylor Cresk
and Cox Canyon were sampled bylmeans of trenches, shafts, crosscuts,
and one adit, The saﬁples generally were taken at &~ to 10-foot
intervals, covering more than 1800 feet of excavations in mineralized
areas, Locations of these test pits and corresponding tin values,
oémpiled from the U, 3, B. M. Rept, Inv, 4068, are recorded on Flate 5,
The tin content of channel samples across mineralized areas generally

is less than ,05 weight ﬁercent.

Rhyolite Siructure and Localization EE'Veiﬁlets

Considerable structural detail within the tin-bearing rhyolite
has been provided by the mepping of Fries (1940) and Jahns (1957-62,
unpubl,)._ Structural records‘frbm their maps, inclqding orientations
of rhyolite flow-layering and shear planes, have been plotted as poles’
on a Schmidb eéua1~area‘nét; lower hemisphers (Fig, 28), Poles to
the tin-bearing veinlets and shear fractures measured during this study

alsb are plottéd in Figure 28,
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Pig, 28, Pole projections of structural features in rhyolite,
Taylor Creek prospects area, Schmidi net, lower hemisphers,
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Flow-layering is tho most conspicuous planar feature consis-
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tently doveloped in the rhyolite, Wheré accentuated by weathering,
it resembles the layering in sedimentary rocks, with individual
"layers" ranging from 1es§ than an inch 1o several inches thick, As
shown in Platé 4, and Figure 29, ths fléw—léyering is gently inclined
in most places, It sirikes north to northwest, and dips gently east
0 northeast,

Nearly all tﬁe shear planss are confined to argillized, vhite
rhyolite, and-they generally afa restricied to the rhyolite near the
ﬁome margiﬁ. Distinetive slickensides along the shear planes rake 30°
or less (Tig, 30). 'The surfaces commonly ars iron-;téined but not min-
sralized, and théy intersect flow-layering at an angle-qf about 4d
degrees, They typically dip west-southwesiward at angles near 30
degregsf -Individual éhears can be traced a few tens of feet, at most,
in the outerop, Amounits of ;ovement along these surfaceg could not be
determined, but they are believed to be small due to their limited
extent, and general lack of associated brecciation, |

The fractures and mineraiizsd velnlets are not planar features,
but instead are irregulaf and braﬁching, As evidenced in Figure 28,
there is considerabls spgtter in orisntation oﬁ the fractures, In
general, however, they strike northwest, and 70 pefcent of those
measured dip soubthwestward at angles of 80 fo 90 degrees, Displacements
along these éurfaces generally cénnot be recognized, Slickensides
and breccilation ére abéent:‘ In thin-section, phenocrysts along.frac-
ture walls show no visiblé evidence of shear or granulation,

" Ags relations betwesn the shear surfaces and the tin-bearing

veinlets are nol known, for these features do not intersect each



Fig, 29, Well-defined flow-layering in argillized portion

of Taylor Creek Rhyolite. at
eastward away from viewer,
feet +hick,

Taylor Creek, Flow-layering dips gently
The prominent ledge (white) is about 25

I'ig, 30, Shear surface dipping wesiward toward viewer at an

angle of about 35 degress,
30 degrees, Same locality,

Slickensides (—> ) rake approximately

o



other,  The projected angle of intorseclion betwsen shears (~50°)
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and veinlets (~75°) is about 45 degrees,

Al least i#o different modes of origin can be postulated for
the tin—bearing fractures, They mighit represent one set of shear
planes, or slip planes developed in a partly cooled rhyolite dome as
it moved laterally., Alternatively, they might fepresent tensional
featurss developed in ph&olite during opoliné after the lava movement
has ceased, Relative to the first possibility, it is known that the
veinlets are Gonoentratedlnear the margin of the dome, where the
rhyoiite probébly was cooier during flow and presumably where it
behaved nearly as a solid or plastic material, Furtheé, the veinlet
frgctures are inclined about 45 degrees to the shear planes, so that
the velnlets might be considered as another get of shear or slip
planeé withip the rhyolite, According to this interpretation, the
veinlet fraofures and shear ;raotures form conjugate sets of breaks
that correspond to conjugate sets of shsar planes in a plastic materiel,
The difference between the veinlet fractures and shear fractures thus
would be related to the different amounts of siipp&ge along the two
sets of planes; ﬁére slippage is recorded along the shear -fractures
than along the veinlet ffaoturas,

This interpretation of the fractures can Ee'compared, in a
~ gross way, with the calculated pattern of shear planes in the margin
of a theoretical rhyolite dome, Iﬁ it is assumed that the rhyolite
bshaved much as a Coulomb plas{ic substance at'the tims when the
veinlel fractures and shear.fractures were formed, the shear siress
then was:

T=c¢+ G;tan g, ' - - {1)



where T  is shear stress, ¢ is cohesive streongth, F; is stress

7T

normal 4o the shear planes, and @ is angle of internal friction,
According to Coulomb theory of plastic flow, shear or slip planes
intersect esch bthqr at angles of 90° - @ or 90° + g, ﬁheée planes
are oriented at an angle of + 45° - #/2 to the direction of maximum
compression,

The use of Coulomb's modsl to describe the mechanicai behavior
of rhyolite is supporfad by soms indiréot evidence, TFor example,

Shaw and others (1968) noted that Hawaiian basalt has a yield strength,
which is the fundamental:aspect of Coulomb's 1aw; Further, Pollard
end Johnson (in press) have suggested that the behavior of a mush of
crystals and silisate melt should be similar to the.behavior of a
mixture of clay slurry aﬁd‘suspended_clasts, Whenlthe clasts exceed
about 30 volume perceﬁt of the mixture, they begin to interact and
producse "friction" such as described by the angle of interhal friction
in Coulomb's law (Hampton, 1970; Pollard and Johnson, in press),

The procedure for calculating the orientati;n of the slip
planes in the snout of a dome of Coulomb plastic consists of sstablish-
ing the form of the frofile of the dome and then of establishing the
pattern ofAslip lines below this profile, The theoretical form of
the profile in two dimensions has been computed by Johnson (1965, end
pérg, comm, }, and is given by theiéqu&tions:

v =,:?E' 1n{sin(e):| (2)

and
A

%ﬁ[ exp(—:‘%-) - 1] - arctanlg\/exp(%:l) - 1J ' | (3)

]
i}
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X = ctan(45° + 4/2)
1n = natural lOgarithﬁ
exp = exponential (e)
¥ = unit weight (donsity times acceleration of gravity)
.8 = glope angle, measured counterclockwise from the plus
x-direction
x = horizontal coordinate

y = vertical coordinate

The profile of the snout of a theoretical doﬁe of large diameter
is shown in Figure 3L, Here 1he x- and y-coordinates have heen
plotted in Jimensionless form (y/us), (x/Hs), where Hs is the meximum
height of the snout, The theoreticél shear planes ske%ched in Figure
3l dip at relatively gentle anglss along the back of the snout, where
x/Hs is greater than.l,O. At the tip of the snout, one shear set
dips at steep angles, and thi other at gentle onses, & relationship
similar to that pressnt in thé Tayleor Creek dome, The calculated
slip lines for the tip of the snout are shown in detail in Figqre 32
. for friction angles of 0, 15, and 30 degrees, The friction angle (#)
for rhyolite under any glven s;ﬁ of flow conditions is not known, so
that this estimate cannot be checked independently,

In the theorétieél models, the two sets of shear fraotures
intersect sach other at angles from 60 to 90 degreeé; dependent upon
the angle of internal friction. One of the shear sebs dips away from
the snout regioen, while the other set dips.steeply into thexsnou£
(Fie. 32). |

Shear fractures in the natural rhyolite (about 30° dips) could

fit into any one of the three theoretical models, The veinlet fractures

in the existing rhyolite, however, dip steeply away-from, rather than



il*ig. 31, Slip-line pé.ttern beneath stress-free surface of a theoretical dome of
large diameter, with the following boundary conditions: snout angle, 90°, back angle, 2°,
and internal friction angle, (&), 15°,
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¥ig, 32, Details of Z-dimensional slip-line pattern beneath stress-free surface of <
the snout region of a theoretical dome with lhe following boundary conditions: snout angle,
90°, back angle, 55°, and internal friction angle, (g}, 0°, 15%, and #0°,
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into 1he snowl of the domo, Turihermoro, the veinlet fractures inlor-
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sect the shear fraecilures in the rhyolite at angles near 45 dogroes,
not 60 teo S0 degfces. Obviously, the orienitation of structural
features calculated by the théoretical model does noi f£it the pattern
observed in thé Taylor Creek Rhyolite,

Tf the foregoing assumpbions and calculations are correct, it
must be conecluded thal the veinlet fractures are not shear fractures
developed in Qonsequsnce'tb flow, They instead appear to be tensional
features formed during ooqling of the rhyolite, and the absence of
shearing parallel 1o these surfaces supportg this view, It also is
interesting to note that the veinlet fractures are not planar, whereas
most primary joints‘;n ﬁhe:rhyolits along the canyon rims of Taylor
. Creek are planar and vertical, The ifreéular, branching, non-planar
characteristices of the %einlets may well be raiated 1o the'slight
miorongranulation {(not brececiation) of the rock developed as a conse-
quence of flowage, The granulation and increased porosity probably
contributed to the &evelopment of the wveinlets as irreguler fractures,
rather than as planar fracturses,

A possgible explanation for the concentration of low-angle sheear
planes developed in the argillized facies is that they represent
surfaces on which gravity-sliding took place, This would be favored
in the argillized faciss, which is more porous and considerably less
coﬁerent than the other flow rocks, exposed here, if sliding occurred,
however, it was local and probably took place over short distances
only, Siﬁilar low-aﬁgle shears also can he obsérﬁed in argillized

rhyolite near the mouth of Paramount Canyon (Plate 2},



® @ 82

Source of Tin and Mineralizing Fluids

Any explanalion concerning the origin of lode tin deposiis at
Taylor Creek musl account for the following observations: (1)} the -
concentration of tin-bearing veinlets around the margins of ths
rhyolite f16w~domas, including the Beoller Peak and Taylor Creek démes,
(2) the lack of tin mineralization in younger unit; overlying the
rhyolite, including the andesites and the Gila Conglomerate, (3) the
enrichment of cassiterite in miarclitic, lithophysal rhyolite facies,
comnonly in the upper parits of the rhyolite domes, (4) the association
of high-temperature oxides with cassiterite, and (5} the apparent
movement of altering fluids from‘the veinlets into the country rock,

Whether the ultimate origin of lode tin at Taylor Creek lay
in the mantle or in crustal rocks, more immediate possible soufoes
include the following: (1) the tin and assecciated iron were derived
via volcanic vents from deeper®sources unrelated to the rhyolite, as
suggested by some earlier investigators (e.g., Fries, 1940}, or
(25 the tin was derived from the rhyelite, having been incorporated in
groundmass glasses or in relatively early-orystallizing phases such
ag biobite and sphene, and subsequently releassd and concentrated by
the action of late-stage fluids.{ths “deuteric~release; hypothesis),
or {3) the tin was a c;nstitusnt of the rhyolite magma, was concen-
trated in regidual fluids, and then was precilpitated in.fraciures or
cavities at a late stage in the cooling history of the rock,

Relative to the first hypothesis, detalled fleld mapping in the
study erea has failed to réveal wﬂat logically could be termed a
"vent area.,” Flow-layers in the vast bulk of the Llower rhyolite

section are gently dipping; Near some of the margins of the rhyolite
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masses, recumbent flow-Tolds in the rhyolite are developed dnd are
associated morginally with flow-brececia, particularly in tﬁe Taylor
Cresk prospecis area, These relationships are indicative of laterally-
spreading, viscous flow, In general, vertical flow-layering in voloanic
rocks has been citeq commonly as evidence for verticél flowage upward
from bélow, i,e., a vent, Thé development of a clearly recognizable
flow-fold, in thres-dimensions, at Taylop Oreek near the margin of

the dome (Fig, 23a) makes the vent interpretation for this structure
untenable, Without the aid of the third.dimension, this structure
probably would not have been recognized, Bleaching, argillization,

and tin mineralization are not closely associated spacially with
vertical flow-layeiing in the rhyolite, but are removed laterally by
1000 to 1500 feet, If tin mineralizétion were related to possible

vent structures, one might expect a close‘spacial relationship, This
is not the casa*ét Teylor Cresk,

The miarolific, tin-ﬂearing facies exposed in Paramount Qanyon
grades downward into relatively fresh, lavender rhyolite. If this unit
were connectéd by & possible vent, the underlying rhyclits would have
been affectsd almost certainly by ascending hydrothermal fluvids,

There is no evidence of this,

The lack of tin mineralization in the younger, overlying units,
the presence of fin in miarolitic, gas-rich layers of <the rhyolite,
and the absence of any assoclation with recognizable vent structures
stréngly suggest a genetiq relationship of tin to the rhyolite magma,
ﬁhether significant amounts of tin were incorporatsed in the glass or
in early crystallizing minerals of the rhyolite according to the

seécond hypothesis is questionable. The general scarcity of biotite



{less than 1 porcent), whoso structure provides possible sites for
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the incorporation of tin during eérly stages of orystallization,
does not enhanca %his argument, Indeed, biotite is absent from the
miarolitic Ehyoiitat which contains concentrations of cassiterite in
Péramouﬁt Canyon, .When prosent in the rhyolite, the biotite invariably
is altered to hematite and magnetite, so no comparison could be made
rolative to the tin contents bétween fresh and altered biotites,

Sphene,‘known 1o contain detectable amounts of tin in soms
skarn deposits and in some granites, is less abundant than biotite,
Sphens could not he effeétivelywrémoved from the rock using heavy-
mineral separation techniques,

Residual glasses are ncot common in the Taylor Creek Rhyolits,
.Nearly all thé rhyolite has been devitrified to aggregates of quartz
and alkali feldsper, hence no meaningful compariscns could be made

. ~

relative to the concemtration of tin in rhyolite glass and thé possible
leaching of tin during, o; following the devitrification of the glgss.
Tin was not detsqted,-usinglﬁhs emigsion spectrograph, in one thin,
porphyritic vitrophyre mapped in'Papamount-Canyon, However, silicio
glasses in the Nacimiento volcanic subprovince {Fig, 42), of whiéh
this district is a part, contain an average of 13 ppm Sn (R, R. Coates,
1970, pers., comm,)., Thus, the possibility does exiét that tin could
have been extraoﬁed from rhyolite glass in the Tayior Cresk area during
devitrification, or hydrothermal activity, but the sxtent to vwhich .
such processes might‘have contributed to the formation of the tin
deposits is nobt known, It is clear from the alteration pattern in the
individual tin-bearing veinlets {¥Fig. 28) that the mineralizing fluids

moved into the country rock from the sites of fractures, so that the
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immediate host rock probably’wgs nol iho source of tin via some kind
of "laicral secretion,®

Ev;dence ta support phé third hypothesis, that 1in was a con-
stituent ol the rhyg@ite magma, and was concentrated in-residual
fluids and then was precipitated in fractures or cavities, is derived,
in part, f¥om the miarolitic facies exposed in Paramount Canyon,

The ocourrence of tin in vapor cavities within the rhyolite suggests
that tin was concentrated in gas-rich 1gyers, as evidenced by the
abundance of 1ith$physae and miaroles, The presence - of miarolitic
rhyolite near the tops of:the domes indicates that only certain
portions of the rhyolite became water-saturated, and near the tops

of the domes, gaseg were free 1o escape under the reduced lithostatic
pressures near the surfé;q of the mass, This is analogous to the con-
cantration of volatile and metal oonstituents in the cupola areas

of many plut;ns.

The more extensive bleaching of rocks in the Taylor Cresk
prospects area, where miarolitic cavities are absent, indicates.that
a great volume of hot fluids moved through this part of the wvolecanic
complex, The fluids must have continued to permeate the ;hyolits at
least until +the bulk of this rock was sufficlently §olid and brittle
to be fractured, AThe fact that tin is concentrated in veinlets,
rather than in miaroles, adjacent to.the dome margin, suggests that
there was a gregter concentration of volatiles emitted at the margins
of the dome, and that fracfuring w;s sufficiently developed tov permit
escape of the contained gases, The concentrated releass 6f tin-
bearing fluids near the margin of the Taylor Creek doms, whers veinleis

and bleéohing are abundant, would be sxpected and would be in good
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agreoment with roporied observations of moving lava flows. In his
descriptions of lava movemont at Pari%utin, Krauskopf (1948) noted
that emissions of gas wore-strongost near the edge of a flow, whero
morainal blocks of lava commoﬁly wpre altered, The formation of a
surface crust, or "broccia carapace" on a body of lava undoubtedly
serves to retain gases thal otherwise would sscape from the flow
during and after gross movement,

The late-stage, or deuteric fiuids responsible for the tin
mineralizatioﬂ probably alse contributed 1o the bhleaching énd weak
t;-\rgi}.liza'tion' invariably associated with the tin deposits. There is
widespread argillizétion, however, where no %in deposits are found,
The low thermael ranges of stability of clay minerals in .general
{0,g.s; Hemloy and Jones, 1964; Roy and Osborn, 1954; Sand, Roy, and
Osborn, 1954), suggest that the alteration was not simultaneous with
depositioﬁ of the cassiterite.* White mica, rather than glay minerals,
ocours within the tin-bearing veinlets themselves, In a cooling
rhyolite mass, afgillization of the groundwass most likely woula follow
tin mineralization as the temperature of deuterlc fluids dropped to
values within the stability ranges of the clay minerals--300°C as an
approximate upper limit, Post-metal hypogene argillization, expressed
primaril& by formation of dickite, has been reported from the tin
deposits at Lost River; Alaska (Sainsbury, 1960),

To suﬁmarize briefly, the mineralization and grgillization of
the Taylor Creek Rhyolite ara viewed here as parts of a continuous
process exbtending from tiﬂ'deposition at temperatures of approximately
600°C to rock alteration ai lower temperatures (less than 300°C) during

cdoling of the rhyolite and ité contained fluids, The localizatlion
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of tin in miarolitic rhyolite at Paramount Canyen in the upper part
of a rhyolite dome, as well as in the argillized, bleached rock found
mainly in the lower rhyolite section and near the dome margins at
Taylor Creek and elsewhere, suggesis that the 1in was inhomogeneously
distributed at an early stage during formation of the flow-domes,
probably withiﬁ agueous-rich géses in different parts of the bodies,
Where favorable temperature gradients were developed, such as along
‘the margins of the domes or near their tops, tin, iron, and locally

. manganese and ?itanium could @igrate or be transported to favoréble
sites of depoéition in the rhyolite,

SOUTH KEMP MESA-BEAVER CREEX AREA”

——

- _@General Features

The small, rectangular area mapped in the western ﬁart of the
tin district is 3/4 by 1 mils in plan (Plate 6), It is immediately
south of Xemp Mesa, a flat upland underlain by andesitic la&é flows,
The area is deepiy dissected by the drainage of Beaver Creek, which
joins Taylor Creek a few miles downsiream to form the Gila River,
3eaver Creek has cut a box-like canyon to points 300 to 400 feet below
the generally flat mesa surface, providing excellent exposures of
flow~layered Taylor Creek Rhyolite and overlying andesite and basalt (?)
flows, This section in part overlies and in part is juxtaposed against
the Taylor Creek Rhyolite,

Five units have been'distinguished in the immediate area, The
oldest ﬁs the Taylor Creek Rhyolite (Datil Formetion), Oligocens in

age, and it is overlain unconformably by andesits of Miocene (?) age.
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This volocanic seotion is overlain by unconsolidate§ doposits of Holo-
oene age, whiéh include terrace depocits und floodplain alluvium
along Beaver Creek and its lributaries, as well as fan and talus
deposits at mouthé of tributary washes and on several steep slopes,
Eiuvial deposits form a thin, discontinuous cover on rhyolite and

andesite in much of the upland area,

Taylor Greek Rhyolite

The Taylor CGreek Rhyolite appears in an arcuate outcrop ﬁelt
about 3800 feet long (east-west) and 400 to 2006 fest wide {north-
south), in the vertical dimension, approximately 300 to 400 feet
of ‘this elongate»mass is exposed along the easterly"canyon wall of
Beaver Creek (Fig,yBS); As the rhyolite is traced in oétcrop'from
sast to west, the strike of flow-layering shifts progressively from
east-wesé,fd nearly north—soutb, conforming to the generél arcuate
shaps of the expossd mass, The dip of the 1ayer£ng corréqundingly
steepens to near'vertical, and broad, élightly overturned flow-iayering
occurs in places along the western wall of the Beaver Creek canyon,

On the Qest and southwest maréins of the body, andesgsite butts
against rhyolite with near-vertical flow-layering, The contacts
here ére sharp, and the rﬂ&olite groundmass has been Qiscolorad to an
orange-brown, Effects of baking do not extend more than a few inches
into the rhyolite in this vicinity. "

Along its northerly border, as exposed on the north wall of
Beaver Creek, the rhyolite'is unconformablyﬂﬁverlain by andesite .
(Fig. 33), but the two units ﬁecome laterally Jjuxtaposed as their

© contact is followed westward, The southerly border of the rhyolite
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View looking northeast across Beaver Creek at the

Fig, 33,
Taylor Cresk Rhyoll
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has besn only apfroximately located, In the fow placéu where it is
well exposod, 1lhe rhyoliie has been altorod in a zZone 15 1o 20 feoﬁ
wide, and lecally has been-brocciated. Hore the rhyolito groundmacs
has been recrysitallized and discolored orange-brown by introduced
iron oxides, Semi-spherical relict cloils of unaltered rhyolite, less
than ,5 inch in diameter, are present in a fine-grained matrix of ‘
gquartz and alkall feldspar,

The mineralogy of the rhyolite is similar to that already
described for the argillized rhyolite at the Taylor Creek Prospects,
but the phenocrysts generally aretlarger. Sanidine crystals as long
as 12 mm have been observed, and the quartz phenoecrysts range from
L to 5 mm in diamsher, _Ehenocryst medes and sanidine~quarti ratios
for this unit are recorded in Figures 3 and 4,

The groundmass, which consists predominately of K-feidspar
and quartz, is.inierrupted by pockets in which these minerals are
more coarsely crystallized, and by cavities lined with opal and chal-
cedony, The groundmass has been altered in varying degree to mlxtures
éf sericite and clay, leaving the rock porous, Sericite, the mors
abundant alteration mineral, is irregularly disseminated and locally
is concentrated in patcﬁes, In gilicified parts of the rhyolite,
sericite is sparse or absent, and colorless to pals brown chalcedony
is the dominant silica nineral, |

Accessory minerals include oligoclase; biotite, sphene, pseudo-
" broskite, ‘t‘;ita_niferous magnetite, hematite, and zircon, Both the
ocourrence and appearance of the biotite and pseudobrookite are
unusual, The biotite is thé freshest of any seen in thin-zections of

the rhyolites in the district, It also is in larger crystals that



are sirongly pleochroic, with Z = red-brown, X = straw ysllow,

gl

These crystals commonly have opaque rims, The more typiecal bilotite,
as obsorved elsowhere in the disirict, is very weakly pleochroic, is
pale brown, and has been almost complotely allered 4o hemaiite and
magnoetile,

Whereas pseudobrookitle occurs in cavities in the rhyolite of
Paramount Canyon,kit here appears in the groﬁndmass of‘thé rhyolitse
as aéicular prisms, These prisms ar; orange-brown to deep red, and
commonly are marked by longitudinal striations, They occur both as
individual orystals and as reticulated clusters, 8 microns or less

long.

TinnBearing Veinlets

Several cassiterite-hematite veinlsté are prssentvin the.
rhyolite, Their mineralogy {s liks that of the veinleis discussed
earlier, exceplt thalt cristobalite is fairly abundant, They also
differ in their relationship to the flow-layering of the rhyolite,
Where they are most aﬁundant, in the central part of the rhyolite
body, the veinlets are localized paréllel to the flow-leyering and
Qppeér to have been .deposited as crusts on parting surfaces (Fig, 34),
®Blsewhere, tﬁe mineralizaéion is in steep fracturés'along which lateral
movemsnt has occurred, Near the southerly margin of the exposed
rhyeolite immediatsly eagt of Beaver Cresek, for example, a near-vertical
shear zone 5 to 20 feet.wide is weakly mineralized, At the western
end of this shear zone, a'éﬁear surface dips southeastward about 80°,
and slickensides on this surface rake 50° to the west, A tunnel,

U, 8, Bureau of Mines Adit #8, was driven northeastward for a distence
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of aboul 180'foet into the rhyolite‘along ihis shoar zono, Seven.

samplos collected by the Bureau in a travorse along the tunnel con-

tained an average of loss than ,05 percent Sn (Volin and others, 1947),
Andesite

Andesitic flows that are more fhan 500 feet in aggregate
thickness nearly surround the small mass of tin-bearing rhyolite,
They may have heen derived from sources in the Black Mountaln area
6.5 miles to the wes%, where a great thickness of intermediate to
basic (?) rocks is present. The rocks exposed élong Beaver Cresgk
~have not been dated, but they are thought to bg temporal equivalents
of similar rocks of the Begrwallow Mountéin Formatién, the age of
which has been detsrminéé g; aboutAzl million years (W. E, Blston,
1971, written cowm,),

4 few samples were 5011§cted, but no attempt was ﬁade to sub-
divide these roocks in the field, More basic rocks mway be present
within the section mapped as andesite, These flows in genefal are
dense to vesicular pyroxene endesites, light gray to dark gray and
with a platy weathering ﬁébit. A chemical analysis obtained for one
of these rocks indicates a rathser high silica content of 63 percent,
-A complete chemical ana}yéis of the angesite isvrecorded in Table VI,

The andesite is aphanitice in the hand specimen, but under tﬁe
microscope tiny phenocrysts of andesine and pyroxene do#sfitute as
much as 32 percent of the rock, These are set in a matrix of black
glass or microlitic plagiooiase. Two pyroxenes,.augite and hypersthene,
are present both as mic;ophenporysts and in the groundmass, The

augite has pale green to pinkish pleochroism, and it commonly is
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mantled by jollowish-brown lrornblonde, The groundmass pyroxencs
are gensrally altered to biotito{
In the vesicular rocks of the andosito section, zcolites and
chalcedony are presont as cavity Tillings, 6tilbite appears to be

1the dominant.zeolite,

Holocens Deposiﬁs

Unconsolidaté§ doposits of unknown thickness cover approxi-
mately oﬁe gquarter of the map arsa, Thin eluvial deposits are the
most wideépreéd, and consist of sand, gravel, and bouldery debris
derived ffom underlying andasite and rhyolite, Gila Conglomerate
may underlié the eluvial blanket to the soﬁth, althéugh no ouborop
of that formation was obserﬁed in the area studied, fﬁunger stragm
and fan deposits are confined to the‘present floor of Beaver Cresk,

Minor accumulations of talus_and slide debris occur on the steep

valley sides,
Summary

Relationships between the Black Range lode tin deposits and the
Taylor Creek Rhyolite discussed in the previous sections can be |
summarized briefly hers as follows: (1) the tin-miperalized rhyolite
forms several conspleuous flow-domes in the Tertiaryrvolcanio section
of the Black Range, (2) lode tin occurs in miarolitic cavities within .
.porphyritic rhyolite and also in cassiterite-specularite veinlets
that traverse the rhyolite.‘ In the miarolitic rhﬁoli%a éaourrence,
such as that found in Paramognt Canyon, cassiterite occurs primarily

in.vugs and 1ithophysal cavities in association with hematite, quartz,
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alkali feldspar, bixbyile, pseudobrookite, topaz, and ﬁonazita. More
gcommonly, Lin is present as cassiterite in veinlets that are confined
to the argillizéd fagcies of the rhyolite; moreover, these veinleis
generally orop out dround the margins of the flow-domes,., The tin-
bearing veinlgts are zoned and consisl dominantly of specular hematite,
with quartz, alkali feldspar, cassiterite, topaz, and cristobalite,
The alkali feldspar_commonly is sericitized adjacent to the veinlet
walls, and (3) the orientation of veinlets and the general lack of
shearing parallel to thé:walls of the tin-bearing fracitures suggest
that the veinlets are tensional features which formed at a late stage
in the cooling history of the rhyolite, and (4) the tin deposits are
‘thought to be genetioaiiy related, oruindigenous $o0 the host rhyolite,.
The presence of cassiterite in miarclitic cavities suggests that tin
was precipi#ated from a gaé phaze that was evolved during emplacement
of the rhyolite, Where the rhyolite was sufficiently fractured, and
where the tin-bhearing fluids could readily esscaps, such a5 around -the
margins of the flow-domes, tin was precipitated in fractures in the
rhyolite, The association of cassiterite with the high‘temperature
oxide minerals, bixbyite and pseudobrookitq; indicetes that at least
some of the cassiterite was deposited at high temperatures, abouib
600°C; the veinlet osccurrences may have been deposited at somewhat

lower temperatures.
)

ALKALT FELDSPARS

Introductory Statement

A reconnaissance study of the alkali feldspérs was undertalken

to determine the exbent to which these feldspars differ in their
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optical préportiws, structural state, and_composi£ion in the areas
studied, 1o learn whal effects, 1f any, argillic alleration has had’
on structural stafé and composition of theso feldspars, and to compare
compositions among several generations of alkali feldspar, including
those in phenderyst, dovitrified groundmass, and veinlet assemblages,

Toward these ends, unit-cell parameters were determined for

unhomogenized alkali feldspar phenoccrysts that werse hand picked from
nine samples of rhyolite,.as well as fo; groundmass feldspar from
two of these samples, The feldspar samples were ground under acetone
in an agate mortar, and tﬂen were X-rayed, using sbinel as an internal
standard (ao = 8,0833 2 at 25°C}. The Guinier-DeWolff focusing camera
and CuK< radiation were employed, with film sxposures ‘of 41 hours,
or less, Unibt-cell paramsters were calculated, using the least
squares.program devéioped by Bvans and others (1963), Calculated
patterns of ganidine ¢ell dimensions from Borg and Smith (196%) were
used as starting parameters for the refinemsnt program, using the

fixed index option, In addition, 26 spacings wers obtalned by

{2o1)
X-ray diffraction for alkali feldspars from eighteen samples of por-
phyritic rhyolite, including phenosryst and associated groundmass
phases, JIFrom ohe of these samples three generations of feldspar wers
obtained, including phenceryst, groundmass, and veinlet phases,
Their compositions wers determined by measuring the difference betwesn
?e(ébl) of feldspar and 36(1dI0)
Tuttle and Bowen (1958, p, 12).

of quartz, following the method of
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Phenocrysts

The alkall -feldspar phenocrysis ere s&nidine.. They generally
are 2 mm or less ip longth, buil some are as much as 12 mm long
(e.g., 8t thg_Beave;.Greek locality), Carlsbad twinning is common,
and the crystais appearvto be unzoned, The sanidine is microperthitic,
with exsolved units of soda-rich feldspar that generallyvcan be resolved -
at 80x magnification of less (Fié, 35), This exsolution probably
contributes to the beautiful, pale-blue "moonstone" bhatoyanoy of
most crystals, The albitic phase has been exsolved parallel ta (Q01)
‘of ‘the host sénidine, and i1t forms discontinuocus stringers across
‘the width of individual_grystals,

Miﬁute inclusions of biotite and opaques, as well as apatite (%),
are present in the phenocrysts, All ths sanidine phenocrysts are
fresh, with only slight argillization and sericitization along |
cleavage and fracture surfaces,

Optic angles {2Vx) were measured in thin-section for moré.tﬁan
100 crystals from elghieen samples, wbtilizing the universal stags,
Measurements of 9 to 27 crystals were made for each sample, and these
are recorded in Figurs 36, Considerable range in 2Vx is notéd among
the phenocrysts, even in one thin-section, An average range of 12°
was found per thin-section overall, From one sample tb another, the
greatest rangel(29°) was found among the seven samples from the Taylor
Creek Prospects'area_(Plate 4}, (@enerally, only two éamples were used
from each area,

Of the six areas sampled, four yielded.an averags of 40°, with
a4 mean of 2Vx = 35° for.sanidine phenocrysts from rhyolite at Beaver

Creek and porphyritic vitrophyre, Paramount Canyon,



Fig, 35. Photomicrograph of sanidine phenocryst, showing
albite exsolution lamellae parallel to (001), The phenocryst is
present in a porphyritic viitrophyre, Peramount Canyon., Obliquely
crossed polers, 288x, :

.
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A comparison also was made boiwoeh sanidines of bLleachod,
argillizod rhyoliteo and f{resh, non-argillized rhyolite, although in
bolh rock types ihoe pﬁenocrysts appear to be unaltered, The samples
were taken from rhyolites near Taylor Peak, Opbic angles for sanidines
from the argil}ized tholite average 39°; for ihe non—aréillized unit,
2V = 40° {Fig. 36). Apparently, 1lhe argillization process has had
no effect én the optic angles of these K-feldspar phenocrysts, Hydro-
thermal activity may héve somée effsct oh the optics of élkali feld-
spars, For example, Chapin (1965) found that post—emplaoement‘
vapor ~phase or hydrothermél activity formed a zone of higher 2V along
the edges of SOme 'st'anid:ine t;rys’cal fragments in two ash flows of ths

Thirtynine Mile Volcanic Field, Colorado,

Structural State

fﬁé unit-cell dimensions of alkali feldspars from several samples
of_Taylor Grsek Rhyolite are recorded in Table V, Sample numbers
followed by (P) denote phenoorysts, (G) groundmass, and (V) veinlet
feldspar, Following the suggestions of other investigators (e.g.,
Wright and Stewart, 1968}, cell refinements with a standard error,
SE, greater than 20 = ,02° are deemed unacceptable, These are marked
by an asterisk (*) in Table V.' On this basis, half the refinements
fall outside th§ acceptable standard error, Locations for the above
samples aré indicated on Plates 2, 5, and 6,‘and rock types are dis-
cussed farther on, |

Cell edges are further recorded on a referencé b-c plot
(Fig. 37). The axial dimensions of most phenocrysts are clustered,

and they plot off the high albite-high sanidine equivalent series,
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TARLE V

Unit-cell dimensions of allkall feldspars from
the Taylor Crosk Rhyoliie, Black Range, New liexico

.Sample Nop a(A) v(A) G(R) A(°) V(ES) (Ege) Ref,

BC-19P ,79 8,561l8 12,9726 7,161l 116°04,39 714,43 0.069 18/20
0,0013 90,0014 0,0008 G,7 0,13

BG-19G* ,87 8.5848 12,9775 7,1618 115 52,70 717,89 0,039 19/20
0,0049 0,0058 0,0035 3,9 0,48

TCN-7P* ,85 - 8,5844 12,9613 T,1595 115 50.13. 716,98 0,039 11/11
- 0,0069 0,0098 0,0044 4,6 0,77

TOW-36V* ,875 8,5641 13,0140 7,1725 116 01,95 718,29 0,039 18/18
’ 0,0062 0,0055 0,0033 . 8.5 0,54

BRN-L1P .805 8,5826 12,9502 7.1622 116 05,17 714.95 0,087 17/19
0,0039 .0.0063 0,004l 2.8 0.49 :

PC-1P* ,79 8.b6960 12,9183 7.1565 116 01,22 714,15 0,047 19/26°
0,065 0,0104 0_,0057 4,7 0,71

PCN-47P 785 8,5515 12.9744 7.1620 116 02,52 713,95 0,018 23/24
0,0021 0,0035 0,0016 1.2 0,22

PCS-31P. ,78 8,568l 12,9651 97,1559 116 07,41 713,72 0,018 15/15
’ 0,0027 0,0081 0,0019 1.4 0,33 '

8cC-26P ,8L 8,5764 12,9631 17,1598 116 02,70 715,17 0,018 16/19
0,0029 0,0044 00,0030 1.7 0,31 .

Se(-26G* ,87 8,5901 12,9695 7.,1665 115 54.87 .718.11 0.040 18/18
0.,0062 0.,0083 00,0036 3,0 0,53 o

ScC-35P* .86 8.5802 12,9672 7.1744 115 59.41 717,51 0,029 11/11
0,0050 0.0122 0,0056 3.3 0.76 .

TCW-11P .82 8,5732 12,9711 7,1607 116 01,35 715,57 0,022 14/17
- 0,0033 00,0043 0,0027 1,7 0,36

-N - Mol fraction XKAlSi_0_, caleulated from the expression N, = A +
Or 378 Or

BX + cx3 (Luth and Querol-Sufie', 1970} using Orville's data (1967)
where A, B, C are constants and X is cell volume,

SE -~ StandardAerror of obssryation of unit weight,

Ref - n/m, number of lines used in refinement/number of input
diffraction lines, ’

* ~ 8B too high for acosptable refinement,



Fig, 37, Db-c plot of alkali feldspars, Tayleor Cresk Rhyolite,
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Following tho terminolopgy of Wright and Stowart (1568), theée fold-
spars represenl the "low sanidine” strucliural state and are '"anomalous®
(é refined - a estimated from b-¢ plot exceceds 0.2 E). Phenocrysts
from samples S8¢0-35 and BRN-11 plot noticoaﬁly removed from the clus-
ter, which probafly reflects a high sténdard error {,027-,029) in

cell refinement rather than actual diffsrences i. structural state;

Plots for four of the phenocryst samples cluster about the
K-exchanged series of the Puye sample, a low sanidine from the Bandselier
Tuff, Jemez Mpuntains, New Mexico, Three of these samples, PCN-47,
BC-19, and Tcwill, which'yield-nearly identical ¢oll dimensions, are
diverse both in geographical location and }ock type.' PCN-47 repre—
'sents phenccrysts Efom a-thin unit of reddish porphyritic Qitrophyre
in Paramount Canyon, TCW-11 white, argillized rhyolite from the Taylor
Creek Prospects, and BC-19 sanidine phenocrysts from a small mass of
light gray rhyolite at Beaver Creek (Plate 6), along the western edge
of the distriect,

Cell fefinements'for two samples of grouﬁdmass feldspa;, BC-19
and ScC-26, involve a high étandard error {,039.,040), It is never -
theless surprising that the groundmass phases areAsimilar in struc-
tural state to their assogiated phenocryé%s. Duripg the devitrifi-
cation of glass, which presumably takes place at lower temperatures
than the crystallization temperatures of phenocrysts, oné might expect
greater Si/Al ofdering-in the feldspar structures, Yet, expesrimental
devitrification of fhjoiitip glass is known to produce‘alkali feldspar
of similarly high structufal state. Based on the limited number of
samples and the generally poor refinoﬁent of the éroundmass phases,

no firm conclusions can be drawn regarding these similarities,
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i'The b-¢ c¢ell dimensions of a veinlet alkali feldspar (TCW-36)
-indioate sanidine thai differs from the phenocryst and groundmass
feldspars in that il plots on the opposite side of the high sanidine-
high albite series, corresponding to the pesition of tﬁe éynthetic
feldspar series of Lwih and Querol-Suiié {1970), Unfortunately, it
also has a high standard error of refinement (.039), yet the shift to
a slightly higher structural state could be expscted for this occurrence,
assuming a more rapid growth in a high-temperaturs, low-pressure gas
- medium, This feldsﬁar, which is sericitized and associated with
. hematits, cagsiterite, and topaz, probably is more significant from

the standpoint of composition than structural state,
Gomposition -

The comﬁositions of the unhémbgenized, micropsrthitic pheno-
crysts discussed above werevdetermined from both rafined.cell volumes
(Table V) and 201 reflections from XRD data, Because all feldspars
studied were found to be “"anomalous," the a-cell dimension cannot ge
used to accufately determine composlition, However,'following the
sﬁggestion of Wfight and Stewart (1968, p, 71), "cell volume, , .ls
pa;ticularly useful in estimating the compositioﬁ of anomalous phases,
on the premise that the atoms occupy the same volume.regardless of

the configuration of the unit cell." Thersfore, N the mol fraction

Or?

of KA1Si in the host potassic phase, was calculeted from the

308 .
polynomial expression, NOr = -17,.261 + 2,03620% + 0,009805X2 (Luth
and Querol-Sufié, 1970}, where X = unit cell volume, Constants were

taken from the work of Orville (1967}, and N, {mol fraction of

NaAlSiSOB) of the albitiec phéSp was estimatsd from Orville's graph
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(1967, p. 75). Compositions are nearly identicel among tho phenoeryst
phases, NO ranges from 78 to 82 porcent for. the feldspar refinements

T

that are considered reliable, However, N would be expocted to

Or
decrease by about 10 1o 15 mol porocent following homogenization,

In two samples of groﬁndmass féldspar, BC-19 andlscC~86, the Or
content (about 87 percent in each) was found to bs higher than that

of phenoerysts (79 and 81 percent, respectively) froﬁ the sams hénd
samples, Alkalli feldspar frqm one tin—bearing veinlet,‘similarly; is
highly potassic (Or = 88 percent), | |

. Gompoéitions also were determined, but less satisfactorily, by
X-ray diffraction,.using the 201 reflection of Phenocryst, groundmass,
and veinlet feldspars acéﬁrding to the method of Tutile and Bowen
(1958, p, 12), Compositions determined by this method indicate the
presence of both potassic and sodic phases in the groundmass also,
Errors in estimating Or composition by this method, genefally 4 to 11
mol percent higher than in compositions caleulated from ;efined coll
;olumes, are believed due, in 1arg§ part, to thé lack of sharp,-we11~
define& 201 reflsctions in many éamples, Because of +this problen,
little difference was noted between fhe orthoclase content of ground-
mass and that of phenocryst phases, in contrast to results from the

c¢ell refinement method, The compositions derived from cell volumes

are believed tov be more accurate,
Discussion

The apparent similéfities in composition and structural state
among the alkali feldspar phenocrysts from several different localities

within the district, representing vitrophyric, devitrified, and other
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textures, suggest a similar early oompositio;al and thermal history,
Furthermore, the absence of seriate texture of the phenocrysis, and
their apparent‘iéck of'zoning in thin-section support the notion
of intrateliurio erystallization within a commen magma chambef.
PostJGmplaceﬁent processes, including the devitrificat;on of glass
~and argillization within the groundmass, appear to have had 1ittle
effect on the alkali feldspar phenocrygts. The three geographically
separate.rhyoclite masses .discussed earlier may well have been derived
from the same magma source. This conclusion is furtﬁsr supported by
model analysis of thess ;ocks;'and by bulk chemical data discussed
farther on, The relatively high struectural state of these feldspar
~phenocfysts'is %0 be expected in a vqlcanic environmenﬁ characterized
by high temperatureé and relatively fapid crystallization, and implies
the 1aok of extensive recrystallization at low to moﬁerate temperatures,
" The ﬁore.potassic oomﬁosition and apparently high structural
state of the éroundmass feldspar is unexpected, if in fact these
differences are real, During fractional cryétéllization of a potassic
granite melt, alkali feldspar phenccrysts ideally would be more
potassic than the liquid from which they are being formed {Tuttle and
Bowen, 1958; Garﬁichaal, 1963), Assuming that the liquid was
guenched sometime afiter phenocryst crystallizavion, -the groundmass
$hug should be more sodic Tthan the phenocrysts, and this difference
should be reflaéted by the coﬁpos}fiéns of groundmass feldspars formed
by devitrification. However,.alkali exchange is common in silicic
rocks, and it can be sxpected to alfer thelr original compositions

{e.g., Noble, 1965, 1967; Noble, Smith, and Peck, 1967; Orville, 1963),



The prosence of sanidine in veinlels, in assocliation with.
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cassitorite, hematilte, and topaz, is compa£ible with the high
temperatures iﬁferrod for the tin mineralization in miarolitic’
cavities at Paramounl Canyon, Yel, it is rocognized that,ssveral
other variables influcnce the alkall feldspar ordering and co;position,
including pressure and chemical environment (e,g., Luth and Tultle,
1966; Mertin, 1969; Luth and Querol-Sufid, 1970), At relatively low
pressurss and at temperatures above and below the solidus, the vapor
phasé in equiiibrium with granite is depleted in potassium relative
%o crystallized phases {Iuth and Tuttle, 1969). A vapor-deposited
feldspar more potassic than phenccryst and groundmass - compesitions
therefore would nox_be expected if the vapor werelin equilibrium
with'the alfeady-crystallized phases, Of course, a relatively
potassic composition might resu;t under non-equilibrium conditions by
alkall exchange, perhaps &tAothsr times, between vapor apd groundmass
or phenocryst‘phases. Orville (1963) haé shovm that fractionation:
of alkalis betwsen water vapor and feldspar cryétals in the system
KAlSisOB—NaAISisoa—NaCl~KCluHBO ;s stronglf depéndent uron temperature,
Aﬁd, because thelalkali ratioc in thg vapor phase varies with tempera-
Yurs, a compositional gradient is produced, In sexperiments conducted
at 700°C¢, 2 kb water bressupe, and involving a temperaiure gradient,
Orville found tﬁat Kf preferentially moved down the temperature
gradient, enfiching the cool end of the bomb in K-feldspar, while N8+
moved to the hot end,

Certainly, a rélatively high temperature gradient would exist
in a cdoling lava flow between the inlerior and its surface, fﬁere—,

fore, a more potassium-rich feidspar could be expected to precipitate
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in veinlots ihrough alkali iransfor belwoen vapor und crystallized
phaseos, or magna, provided the rhyolile were vapor—suiurated and that-

the above expcriméntal data can be exirapolated to surface pressures,
- GHEMISTRY OF THS VOLCAWIC ROCKS

General Statement

The results of bulk cﬁeﬁical and trace-element analyses.of e
voleanic rocké sampled in the Tayior Creek area are recorde¢ in .

Table VI, Norms, bassd on these énalyses and calcuiated by cémputer,.

also are listed, The fourteen analyzed samples represent parts of

the three rhyolite masses that wers studied; samples from two pyro-

clastic sections and one andesitic sequence ‘also are included, Some

of the individual analyses %hat are fscorded rapreseqt severai rock

samples thatlwsre collected on a traverse over a.givan unit.- These

sampieé were homogenized to provide a reasonably represéntative samnle

of esach unit, Sample locations and traverses are noted on the'géologic
>

maps, Plates 2; g: and 6,

An important objective in the analysss o? the rhyolitic rockg
was %o trace chemical changes that were involved in the bleaching end
weak argillization of considerable volumes of rock, Several sample
pairs, representing both fresh but devitrified rhyolite and bieacheq

rhyolite equivalents, were obtained from parts of the Boiler Peak

and Taylor Creek. domes.




Chemical, normative, and trace-element analyses of volcanic rocks,

TABLE VI

~ Taylor Oreek and Beaver (reok areas, Black Range, New Mexico

Field Nd,g

N.M.BM,
Lab, No,
Sample No,

Si02

Algo3

KZQ
H30

P05

Total

BC-
11-18

17237
1

74,8
12,4

0.17
1,24 .

0,04

0,08 .

C.41
0,68
5,64
6,54
0.10

0,02

TCW-
28A

17234
"8
77,1
11.8
0,87
1,50
0.06
0.05
0,33
1,31

C 4,43

4,10
0.21

101,10 101.16

oW~
6-24

17336
3

75,0

1L,9
0.16
1,47
0.04
0.05
0.55
0.40
.55
6.40
0.13
0,01

99,66

A
15-16

172285

74,4

12,0
0,17
1,91
0,05
0,08
1.85
1.67
.46
3,90
1.14

0,01 .

99.64

A-
17-18

17223

75.7

13,7
0,03
1,36
0,12
10,05
0,62
0,49

3,65

3.80
0.29

99.82.

0,01

A~ A-
19-23 13-14
17226 17231

6 7
76,0 75,2
12,4 12,8

0,15 0,15
2,06 2,12
0,07 0,06
0,06 0,05
0,52 0,33
0,46 Q,39
3,81 4,06
4,10 4,10
0.26 0,18

- 0,08

99,89 99,52

A-!  PC-
8-12  Cr
-17827 - 17229
8 9
73.14 73,3
13,66 12.1

0.12 0.17
1.81 5,02

0,08 -
0,07 0.16
0.33 0.25
0.95 0,50
3,95 3,48
4,20 4,60
0.20 0.10
0.04 0,04
98.53 99,72

A=
1-7

17228
10.

75,5
12,56
0.15

1.8 .

0,07
0.07
0.45
0,56
3,84

14,30
0.12
0,04

99,41

ScC -~
2330

17235

il

74,71
11.21
0.18
1.59
0.05
0,04
1,07
1.05

5,05

4,10
0.61
0.02

9¢.68 101,19

SeC-

34-38.
17232

12

75.7

12,7
0.22
2,10
0,07
0.08
0.17

.0,33
‘5,80

4,50
0,11

0,01 -

’Scdﬂ
300

17230
13

73.76
12,69
0.15
1.38

- 0,08

0,06
1.02

" &,L6

2,03
2,40
2,81

99,04 101.84

80T



TABLE VI (conttd,)

CIPW Norms
Sample No, 1 2 3 4 5 6 -7 8 9 10 11 12 13 14

Ns - . - - . - - - - - 068 - - -

_ 28,07 33,70 29,64 38,90 37,98 36,38 34,79 31,79 34,12 34.95 29.68 28.40 45.82 13,90
c - - - 0,76 2.9 0.8 1,16 1,08 0,58 0.61 - - 2,83 -
or 38,65 24,23 37,82 23,05 22.46 24,23 24,83 24,82 27.18 25,41 24,23 26,59 1£.18 17.14
Ab  27.37 37,49 25,56 20,82 30.89 32,84 34,36 53,26 29,45 32.49 < 34,84 40,27 17,18 30,97
An - 0.20 ‘- 8.12 2,37 2,28 '1.42 4,45 2,28 2,52 - . - 10,72 22,49
Ac 3.02 - 3,93 - - - - , - - 4,60 3,28 - -
Wo . 1,27 2,41 072 - . = - - - - - 2,00 0,58 - 1.8
En 1.02 0,82 1,37 4,61 1,54 1,89 0,82 0,82 0,62 1,12 . 2,66 0,42 2,54 2,44
Fs - - - - - . - - - - - - - - -
M C - - - - 0,46 - - 0,14 0,03 002 - ‘- 0,08 2,93
Ht '0,20 1,50 0,11 1,91 1,04 2,06 2,2 1,71 5.00 1.80 - - 0,96 1.87 2,69
I1 © 0,21 0,23 0,9 0,28 0,06 0,28 0.23 0,23 0,32 0,28 0,19 0.32 0.28 2.80
R - “r - 0,02 - - 0.08 - - = - - - -
Ap 0,05. - 0,02 0,02 008 - 0,19 0,03 0,09 0,09 0,05 0,02 - -
Ce - - - - - - - - - - - - - - -
Sp 0,14 0,3 0,15 - - .- Tl - - - 0.19 0,15 - -

Total - 100,00 100,95 99,53 98,48 99,00 99,63 98,33 99,34 99,62 989,29 99,07 101,08 96,23 101,32

g
[
o




TABLE VI {cont'd)

Trace-elements
(in parts per million)

Sample No, 1 2 3 4 5 6 7 8 9 10 11 18 .13 14
- ag(1) 1 2 1 - - 1 - -y 5 - 4 1 1 -
B(1) 3 1 6 1 3 4 8 15 75 20 5 8 - - @
Be(1) 1 1 1 5 2 2 5. . 2 1 2 3 - -
Ce(500) .- - - - - - . - - - - " -
00(10) - - - | - - \ - - Co- - ' - - - - -
er(10)’ - - - - - - - - 10 - - - .-
cu(.5) 1 1 1 - 1 1 1. - - 1 1 1 - -
Tn{1) - 10 - 10 . 5 50 1, 10 50 10 10 10 - -
Nb( 5) 35 7 30 - - 35 35 40 . 15 100 60 20 - -
Mi(1) 110 3 - - 10 10 e - - 30
Pp(1) 90 10 - s 30 10 10 10 3 3 -5 30 100 - 1
Re(50) 50 - - - - - - - 750 - 215 300 - 50
Rh(50) - - - - - - - 100 - 50 50 Y
§n(3) - - -~ - - 4 . 4 -~ 1000 -~ .10 4 - -
sr(5) - - -~ 300 . = - e - - - - - 300 300
Ta(10) - % -~ - T [ - 2 215 20 -
v(5) - 8 20 30 . 25 25 . 30 .30 30 30 25 30 30 20 . 400
W(e0) - e e o= e - e 4 . 100 . - -
Za(3) .. .. - - - - 150 - e =

"zr(10) 60 150 - 100 70 . 500 60 .80 75 80 100 60 100 35 - 50O




TABLE VI {oont*d,)

IWet chemical and trace-slement analyses were performed in the laboratories of the New
Mexico Bureau of Mines and Mineral Resources, Socorro; Mrs, Lynn Brandvold, analyst, Trace-
element analyses of volcanic rocks are semiquantitative and were determined by emission
spectrograph; numbor in parentheses indicates the lower limit of sensitivity for that element,

CIPW norms were caloulated by computer using a program devised by C, Kelsey, U, S. C9010g10u1

Survey,
'2Rock sample loocalities are shown on Plates 2, 4, 5, and 6, . - .
Sample No, ‘Classification Descripbtion and Liocality
1-. rhyolite Gray, porphyriticfrhyolite, with phanocrysts of sanidine and guarta, and
' minor plagicclase and biotito in a mairix of alkali feldspar and guariz)
slightly argillized and porous: Beaver Creek area,

2 rhyolite Gray, porphyritic, donse] phonocrysts of sanidine and quartz, with minor
plapgioclase and biotito in a groundmass of alkell fcldspar and quariz;
Taylor Creok pzospoots area,

3 rhyolite Argillizod equivalent of #2 (above), whlte, porous; Taylor Croek Lros-
pocts aroa, . , . )

4 tuff breccia Light pgray, massive; contains about 10 porcent crystals of Qanldlne and
quartz in matrix of glass fragments; Paramount Canyon,

hol vi*lzr'ophyre:~ Reddish, prophyritic vitrophyre, with phenocrysts ohiefly of sanidine .

: and quartz enclosed in spherulitic glass matrix; Paramount Canyon, :

B rhyclite Lavendsr, prophyrltic rhyolite; phenocrysts of sanidine and quertz, with .
minor biotite and plagicclase in a danse matrlx of alkali feldspar and
quartz; Paramount Canyon, - :

7 rhyolite Similar %o sample #6; rim of Paramount Canyon,

TLT



TABIE VI {(cont'd,)

Sample No, Classification

8 rhyolite

9 rhyolite

10 "rhyolite

11 rhyolite

12 rhyolite
13 tuff

14 andesite

Description and Looality

Bleached and slightly argillized equivalent of sample #7; vhite, poroué
and weathers into "honeycomb" pattern; Paramount Canyon, "

Light gray, mlarolitic and porphyritic rhyolite, with lithophysal struc-
ture; contains megascopic crystals of blxbylte, pseudourooklue, nematite,
and cassiterite in cavities; Paramount Canyon, .

Same as sample #9, without visible oxides in cavities,

Lavender, porphyritio rhyolite, with phenocrysts of sanidine and quartz,
and minor plagioclase and blotite; denss; Taylor Peak,

Bleached equivalent of sample #11; white, porous, and slightly

. argillized,

White to cream, vitric'tuff; contains about 10 percent crystals of sani~
dine and quartz, friable; east margin of Boiler Peak dome,

Dark gray, dense; contains mlcrophenocrysts of augite and hyperSunene,

Beavoer Creek area, .

81T
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M jor Klowmenls

The Taylor Crock Rhyoli?u is similar in comfosition 1o Nockplds“
avorage ulkali rhyolite {Mcckolds, 1954), The: silica content, ab;ut
75 poercent, is slightly bhigher, but alumina, alkalies, gnd total irpn
are nearly identical to the average alkalil rhyolité. . The content eof
potash éommonly.is a little higher than soda, A normative Q-Ab-Or
plot (Pig, 38) reveals a closo similarity among rhyolitic samples
of the district, wi£5 the excoption of the pyr;clastic‘rocks (samples'
4 and 13), Samples #2 and 3, 7 and 8, and 11 and 12 are pairs repre-
senting fresh and bleached rhyolite equivalents, Samﬁles #3, 8, and
12, all from the bleachsd rhyolite facies, ghow an in;rease in
alkalies relative to their fresh rhyolite equivalents._’de of the
three samples from the bleachsd rhyoiite show egriohmenﬁ in normative
~ orthoclase, . N | | ’

In thersample pair, #2-3, there is considersble difference
between the two analyses, with #3 highly skewed toward Or compafed
with the other sémples. Some of the differances.in anal&sgs; however}
may not properly reflect trué chemical differences, owing t6 1a¢k of
agreement bétween some of ‘the semples in ﬁha total oxide analysié.
For example, in sampls #2, the oxides total 101,16, vhereas those of
#3 total 99.96. .By adding the difference, 1,50, to the‘silica content
of #3 and apportioning part of the alkalies, the iwo enalyses become
almost identical, .Thué!‘too much numerical emphasis should nof be
placedkon the apparent chemical differences, Tﬂcre is é suggestion
from the chemiéal analyses, howsver, that alkali enrichment hés

accompanied the bleaching and argillizétion processes in the rhyolite.



Tig, 38, Normative Ab-Or-Q plot
of bulk compositions of the Taylor Cresk
volecanic rocks, Dashed isocbaric line
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- In two of thﬁ tﬂroe sample pairs jusi clitod, tho bnrichmunﬁ'has buon
more potassic Lhan sodic, Alkall envichment in the bloachgd rhyoliie
might bo reoflocled in the cemposilions of :oﬁe of ihe groundmass and
veinlet alkali feldspars previously discussgé, or in the formqtién

of the play minerals, |

The sample that probably represents most cloself ‘the composi-~
tion of the rhyolite magma whiéh gave rise to the Boiler Peak ddme
is a reddish prophyritic viitrophyre, sample #5: from Paramount Canyon,
This rock contains an average of 17 pesrcent phehocrysts, principally
s&nidina and‘quartz, with accessory plagioclase, blotite, hornblende,
and obaques enclosed in a spherulitic gla;s matrix, Tﬁe whole~rock
’ analysis, projactgd onto the anhydrous baée_in the system Ab-Of—Q—H20
(rig. 38), plots neer the thermal minimum, on the quartz side, at
500 kg/gm? Py pe | :

2 - -

Pyroclastic rocks, including tuff breccia from Paramount Canyon
and tuffs from the sastern mérgin of the Boiler Peak dome, differ
primarily*from the rhyolites in their higher contents of 1lime and
water, and in their lower contents of alkaligs, These differences iﬁ
porous rocks can be partly accounted for by ground-weter leaching éfl
aikalies and hydration oi.pumiqaoﬁs glass, |

The mafic roscks, vhich are widespread in the-northwéstarn part
of the district, were not studied in detvail, One sample (#14) from
the Beaver Creek-Kemp Mesa area {Plate 6) was analyzed, Its silica
content is 63 percent, .Fqllowing the chémical ¢lassification of
volecanic rocks used in a study of the 2lack Range Primitive Area

(Ericksen and othors, 1970), this rock would be classified as an

andesite {58 to 64 percent SiQB)’ however, it is more siliceous than
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most andesilos, TMurther delailed sludy of tho dark-colored flows in
this penoral aroa may well rovoal a compositional rango from baszlti
to andesite for tho rocks formorly mapped as- "basalls" (Fries, 1940).‘.

To dotermine whether tin-besaring rhyolites might be distin-
guisﬁed from tin-free rhyélites by major element distributions,
numerous rhyolite analyses were exemined ffom the publisﬁed record,
Mosf of these. represent rocks from the western United States, but
some refer to rhyolites from’parts of Hexico, NeW'Zéaland,'ana Iceland,
Norms, calculated by computer from these analyses were plotted with
‘those of the New Hexico samples in standeard 4riangular diagrams for
Q-Ab+An-Or and Al—aﬂll-:nCF-}.i (Figs, 39 and 40), ‘

The best.known,tin-bearing rhyolitssiof North America are res-
tricted, geographicaliy, to part of iexico (primarily,in Durango,
Zacatecas, and Guanojuato), the Black Rangs of New liexico, and northegn‘
Nevada {Lander County), ALl are Tertiary in age, ILittle is known
about possible fin—bearing rhyolites in Canada,., One recognizeq
occurrence is the-tin deposit at %, Pleasént, Bz‘miles north of S%.
George, New Brunswick, which is in altered rhyolites and associafed
" pyroclastic rocks, There is soms doubt, however, as to thé relation
of tin mineralization to the rhyolites, ."These‘voloanic roéks have
besn mapped as Mississippian, but there is some'déubt as to their
age, consequently as to whether thg deposit may be gena%ically related
to the Devonian granite of the region or must be younger, The
proéegs of minefalization.may be genétically rélated.to thé rhyolitic
'volcanic rbcks themselves or intrusive hypabyssal phases, . . "

(Mulligan, 1966, p. 21).



Fig. 39, Normative Q-Ab+An-Or plot of rhyolite analyses.
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Pig, 40, Normative AL-Alk~CFM plot of rhyolite analyses,
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Analyses of tho tin-bearing rhyoliles hers comﬁured include
five from Zacaiccas, Moxlco (F. L. Leo, 1970, wriiten comm.), nine
from the Black Range; #nd one samplte collecled by ‘he writer in.
northern Wevada, Trom Figures 39 and‘do, it ﬁs ¢lear that no unique
composition characierizes these rhyolites., For exaﬁplé, the llexican
rhyolites are unusually high in alumina {about 14 perceut), and rela-_
tively "lov" in alkaiies and silica, The general notioﬁ that tin-
bearing rocks are silica-rich, therefore, is not wholly-correot_ The
compositional skewing of the Mexican rocks toward the normative quarfz
" apex (Fig. 39} is due primarily to a low alkali content {about 5

percent ) rather_thaﬁ to & high silica conieht (average of about 72
" percent). T

The Taylor Creek Rhyolite and thalnevada "tin-rhyolite" are
¢lose in composition to the average alkaline'rhyolite, but skewed in
opposite directions from this average value, -

Since tin of volcanic ococuryence is closely associated in space
and time withKﬁhe crystallization‘of hematite, a plot was made of
Feo0/Fe0 + FBEOS ratios for the rh&olites discussed above (Figf 41},
These raﬁiog show a wide scatter between b and .22, It is in{érestihg
4o note, however, that the Taylor Cresk Rhyolite has the lovest
ferrous-ferric iron ratios {<.1), much lowsr than-iﬁ the average
calc-alkaline rhyolitie (,37) or alkaline rhyolite (,431. The unusually
Llow iron ratios indicate a more oxidizing environment. The incorpora-
tion of tha.bdlk of the iron in hematiie, rather ihan in blotite or |
amphibole, might possivly be the result of initially high magmatic
tomperatures which provanted—mafic silicates, including biotite and

bhornblende, from crysiallizing in significant amounis, and causing
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iron (and olher motals) Lo cryuslallize an oxldes al a loter slagoe
vhon conditions becamo more ézidizing,
To summarizo briofly, the comparison of tin-bearing rhyoli{es
with other rhyoliles suggoesis 1l:at no major-cloment trend uniguely
- characterises the tin-boaring rhyglitcs. The greatest compasitional
differsnces can be recognized among the tin-bearing rhyolites them-
selves, as these rocks range from typically siliceous, alkaline types

to much more alumina-rich types,

Trace Dlements

The resulis of semiquantitative analysesldeteriined by emission
spectrograph for 20 itrace elements in the above 14 rocks are recorded
in Table VI.- When these rocks are compgred with rocks of siﬁilar
bulk composition, no unusual‘poncentraﬁions (except tin 103&11?5 or
deficiencies of trace elemsnts are apparent,

A traverse éxténding upward on the northernlwall of Paramouﬁi
Canyon (Plate 2) yielded successive samples of tuff breccia, prophy-
ritic vitrophyre, dense gray porpayritic rhyolite, and light gray mia-
rolitic and lithophysal rhyolite, Significantly, the miarclitic uﬁit
‘is enriched in‘Sn,'In, B,.Pb, Zn, Wb, and Re relative to the other’
rhyolite facies, Other rars earths,.in addition to.In, aré‘probébly.<
present {bul bel§w.detection limits) in accessory monazite, which was

not found in the other rhyolite units,

Tin was detected in gix .of eleven rhyolite samples from the
- Taylor Cresk area, The gfeaﬁesﬁ concentration, other then in samples
of tin-bearing veinlets, was found in the miarolitic rhyolite (0.1

percent Sn, or less), but the lin éppears to be concentrated within a



very small pari of the unit, For example, Sn was not delocled in a
traverse including seven samples (AL-A7) ovor most of this same unit.
Other values recordod from bleached, white rhyolite éré typically
ebout 4 ppm 8n, Tin was not detected in the vitrophyric rhyolits
exposed in Paramount Canyon.. | -

Beryliium, molybdenum, and tungsten, metais associafed with
many of the world's tin deposits, do not occur in unusual concentra-
tions, although the lower sensitivity 11m1ts of tha emission spectro-
graph used in this study for Mo {10 ppm) end W (20 pnm) are well
above the concentrations of these metals (about 2 ppm each) normally
found in granitic rocks {(Taylor, 1964},

Beryliium does not excead 5 ppm in the rhyoiite samples A
somawhat hlgner concentratlon, honevar, was reported from an earlier
study; a grab sample obtalnad by Warner and others (1959) near the
U, 8, Bureau of Mines adit 1IN, Taylor Creek Prospects site, contained
0,002 pereent BeQ, .or about 11 ppm Be, A mean of 3,6 ppn Be hgé besn
reported for silicic volcanic glasses of the western United States .
{Ceats and others, 1962),

In the Black Range Prlmltlve Area, 1mmed1auslr south of Taylor
Creek, the tin-bearing rhyolite is enriched in beryllium (5. ppm,
reocorded as the 50th percantlle of analyzsd samples) and molybdenum
(5 ppm) relative to othar rhyolites in this paru of the Black Range
ﬁErlcksen and others, 1970}, Contact metamorphlc deposits of beryllium
and tungsten (Jahns, 1944a, b) are associated_witﬁ skallov-seated
: grénitic rgcks atl Iron‘ﬁount;in in the Sierra Cuchillo, a fault-block

range immediagtely east of the Black Rangé,




Tho resulis of the molyLdonum analysis were r& coucidored
reliable, and therefore are deleted from Table VI, Tungston was
detected in only one sample of rhyolite, |

Regionally, the Black Rauge-is part of fhe Hacimiento sﬁb-
province of Coats and others (1963), in which the vo}canic rocks are .
enriched in $in and fluorine relative to those of adjécenﬁ provinces
(Fig. 48)., Average valuss for the Nacimiento subprovince (Teble VII)A
indicate that Sn is slightly enriched relative to the Rio Grande subwe -
pfovince and 3 times that of the Mohave subprovince, Scabier diagrams
Por sach province (Figs. 43, 44, and 45) indicate that there is some
correlation bebwsen Sn and ¥ within ths Nacimientg subprovince, but
that no apparent sorrslation exists Tor thg other two:subprovinces
. (R. R, Coats, 1970, ﬁers, comn,}, Most of the samples analyzed in
the present stﬁdy fall below the Sn méan (13 ppm) reported by Coais
for silicic glasses in this subprovince, Reasons for this discrepancy,

other than sampling or analyitical error, are not immedistely clear,

Fluorine determinations were not made in this study;
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TABLE VIT

Spectrographic analyses for F and Sn in Lkypohyeline

Conozoic silicic volcanic rocks Trom the southwasiern United States,
Data are from R, R, Coats (1970, pers. comn,),

Nacimiento -Rio CGrande lichave
6 650 20 500 20 200 .
1300 - 10 150 0 420
1300 .10 500 0 440
" 10 2100 7 300 ‘0 545
_'10 3400 M 325 0 560
20 3700 6 200 0 580
20 . 4000 5 125 0 760
20 4000 5 300 4 230
30 4000 5 1700 2 350
0 1500 0 ' 850 4 700
5 420
7 500
6 560
8 400 .




o
o

Nacimiento Subprovince”
30 : : : e
25fh
— 20~ e o
&
Q.
=
= 5[
)
10 . ) °
®
: ® .
5..
| 1] | - |
1000 _ 2000 3000 4000

F(ppm)

Fig, 43, Plol of Sn versus F for Cenozoic hypohyaline silicic -
voloanic rocks from the HNacimiento Subprovince, Data from R, R. Coats,
1970, personal communication, :
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Fig., 44. Plot of 8n versus F for Cenozoic hypchyaline silicic

volcenic rocks from the Rio (rande Sub wovznce Data fiem R, R,
Coates, 1970, rersonel comnunication, '




‘Mohave Subprovince

rocks from the Mohave Subprovince, Date from R, R, Coates, 1970,

porsonal commnication,
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APPENDIX

TIN-BEARING NUGGETS

Introduction

During the course of this study, several tin-bearing muggets
wers colleote@ from placer deposits and were analyzed for their tin

content, Two of them also were analyzed for their contents of trace

' elements, Data gabhered from this satellite study could not be readily

intagrated with the foregoing report, hence they are presented here
aé an Appendix,

Wood“tin, the colloform or layered -variety of fiﬁely erystalline
caSSiterite;_has long been of interest to the miner énd mineral -
¢ollactor, Such cassiterite is particularly interesting because qf its
high specific gravity énd tﬁe unusuwal, delicats textures and v;riety
of colors it displays, Few details are known, however, concerning its

origin or mode of crystallization, as the material is found chiefly

- in placer accumulations, Most of the prospecting in fhs Black Range

district has been directed toward recovery of this type of tin.

Pin-bearing nuggets, including fragments of nonacolléform'

" cassiterite as well as the wood-tin, were sampled from two localities

in ‘the Taylor Oreck area, At one of these 1oca1ities, jig concen-
trates were obtained from an old +in mwmill, now dismantled, at the

head of Sawmill Canyon south of State Highway 59 (northeast corner

128
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of Mate 2), The othor 1ocality:i5 in a bulldoxe& Zrroyo ndj&cont to
the Ballnmf cabin on Hardecastile Croek north'of Highway 59,

Most of %hﬁ nuggots are two centimoters or less in'diamﬁtar,
but some aré known -to be fisﬁ~sized‘or even largar; FSix representalive’
specimens are:picﬁured in Figure 46a for comparison, Nuggets #1i, 3,
&, and 6 were obtained from the vicinity of Sewmili Canyon and the
others were eollected_from Hardcastle Qreek, The external forms of
the wood-tin are almost invariably botryoidal, or nodular, which
reflacts'thé growth and interﬁél tex{ure of the material, Gonsiderable
- variations én density, cglor, texture, and mineralogy characterize
these speﬁimens. A1 are believed %o have beén derived from cassi-
torite-hematite velnlets within ﬁﬁe Teylor breek Rhyolite, end to
have been concenirated by alluvial and eluvial pfocesses. fypical
ground@éss-xhyclite was found attachedlto-one of.the specimens (#1;
Tig, 46a), 'It is noteworthy that the cassiterite-hematite veinlets
exposed in the districit contain only wmegascopic crystals of’ca§siterite.
and hematite, rather than the colloform varieties typical of fha ﬁlacer ‘

acoeumulations,

Mineralogy and Texture

The tinabearigg nuggets éxhibit three basié {extures, or com-
" binations thereof: &) colloform, or layered, b) non-colloform
erystalline, and ¢) psaudomorbhicr NMuggets feeturing colloform
textures (wood-tin) are the most common, They are varicolored and
include two principal mineralogical verieties, One is a layefed
aggregate of microcrystalline cassiterité and hemaﬁi%e;lolive—gréen

to dark brown in color (#4). In polished ssction and in thin-section




" :
> e X
s . . N 123
S : o
: e w L EE L . :

Fig, 46a, Repressntative specimens of tin»bea}ing nuggets '
collected in the Taylor Cresk district, . ;
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Fig., 46b, Colloform texiure in a typical tin nugget, WNote '
radial 'syneresis' cracks, MNugget #4, polished section, 1lbx,
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(Fig. 46bL), the uoll.rm {texture extends -thr-ougholut.e nuggol .
Eaéh concentric layer is distinct frgm_ﬁhat adjacent to it, boih in
"color aﬁd, to a lesser extent, in crystal size, Individual, acicular
crystals of cassiterilo are arranged normal to the concentric laysering,
but they gonerally do not extend through the full width of ir-ividual .~
layers, Many nuggots include muliiple nuclous-like areas, some of |
which envelop érains of hematite, Other colloform nuggets-have dense,
opague cores of high tin content that are mantled'pfimarily by silica
polymorphs, .In épecimen #1, the nugget core-is.rimmed by & thin
llayer of fih;ous cristobalite.(lussatits?) and minor tridymite, vhich -
evidently wére deposited against the wall of a fractﬁre in rhyolite;
someléf this rhyolite remains as a coating on the cristobalite,

Iﬁ other'occufrences, both cqlloform-hnd non-colloform sexturss
are pfﬁsent in the =ame nugget. .For example, in specimén #2, the
core congists of radisl plate; of hema%ité that .are mgﬁéled by collo-
form cassiterite, The outer rim consisis of-intérlocking cfystals .
of cassiterite; these ars relatively iarge, épd in sizg they resemble
those exposed in tﬁe qaséiteriteghematite veinlets, ‘

A feature characteristic of‘éhe wood-tin is the dgvelopmenﬁ of
radial oracks that are slightly curvilinear, These‘discontingiﬁiesX
have been referred to as‘syneresis, or shrinkége cracks in allﬁsiqn
4o a colloidal origin, Some cracks intersect the‘suffacex of nuggets;
;hareas othefs begin iﬁ the core regions and‘die ou{ bqforsireaching~
. the surfaces, The crystals within the 1ayérs heve novhere been seen

to +transeot these cracks, indicaﬁing!that the cracks are relatively

younger features,




Nuggoets thalt aro en'tirely' cryatalline bhul non-colloform aro

192

iargely homatitic, These hematite nugpgets are fine- 1o coarsely-
crystalline aggrogates ;f interlocking specularite ﬁlates, with s0me
. intermixed silica, A -

Pseudomorph textures are reletively rare, In one specimon
.(#5), hematite was found to be pseudomorphic after magnetite, which
. features intergrown octahedrons, 1 cm or lsss in maximum dimsnsion,
Tha‘magns%itq has bésn completely replaced by iﬁterlocking blades of
‘hematite, |

Some ;f the characteristic featurss of the colloform texture,
guch as the raéial growth of cassiterite Qicroucrystals across color.
bands, can be explained‘by recrystallizatioﬂ of a previously laﬁinated
fabric-thatAoriginally might have Beén cryptdcrystalline, or non;rys— )

talline, TFollowing this assumption, the color banding is interpreted

as a relict depositional.feature, not the result of Liesegang diffusion -

after orystal growth, The coarser-grained cassiterite layérs are
nearly colorless,—suggesﬁing th;t the color pigmént was removed during
recrystallization, a situation commgn}y observed in the devitrificg-
tion of volecanic glasé 4o form spherulites, During re#?ysﬁallization,
the formerly cryptocrystalline, or noncrystalline tin oxide would ba -
axpecﬁeﬁ 1o enlarge outward and cut across the color leyers, Tf the
.crystals wereg deposited in successive shslls as orystals, the color
bandé should conform to the crystal layers, and the orientation of
these crystals most liﬁely-woﬁld be irregular, as obsefved in the lode
veinlets, ‘ - |

The fact that the rad;al qracks do not transect individual

micro-crysials suggests that thesé eracks arc relatively younger
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features, JSuch radial cracks have boen ciled asc evidonce for
shrinkape, or dohydratioﬁ. It is known, for ;zamplo, that .silica

gel produced in the laboratory chanéos to a chalcedonylike ﬁatorial

and that the gel "underéoes a progresgive volums rgducﬁ;on saused by
.the loss of wa£er and develops characteristic shrinkage oragks"

" {Park and Maoniarmid, 1970, p. 133), Uhether or not they ars shrinkage

' phenomena, these cracks most likely formed vhen the material was

nearly solid, and served as boundary surfaces beyond which the crystals -

could not grow,

| _ The development of multiple nuclei within the colioform tex-
ture, but apparently unrelated in some plécdé to the'mgin laminay -
pattern, is difficult %o axplain'from the stanﬁpoint of sequential
deposition aﬁd/or diffusion phenomena, - These growth nuclel are ‘
similar in some respscis to dévitrification spherulites observed in

voleanic reocks, such as rhyolite and obsidian,
Composition

Chemical analyses made on the above samples range from nearly

rure Fe to pure Sn02, with no apparent gradation betwesn‘sémples

305

in the range from aﬁproximately 0 to 68 weight percent Sno Stepped

o
microprobe traverses, spaced 10 to 20 microns avart, wers made across
several nuggsts fo analyze for -variations in tin, Compositional .
ranges for thesse nuggeté ars recoﬁded in TaSie VIII, The tin content
_ appears to @e uniform f%o%_core to rim of the irndividual nuggets. |
Where recognizable, sympatheiic relationg within individual nuggets

between the contents of tin -2nd iron are more common than anti-

pathetic,
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. TABLE \'TIII .

Tin analyses and specific gravities of selocted .
tin-bearing nuggets from the Black Range, Wew Mexico

Nugged | S.G,l SnOB c;:i;:t, in weightMgzzcentz.
1 4,34 58,1- 76.9 - 68,1
2 6.20 . 97.7-100 98.9
3 5.68 84,2- 89.9 87,3
4 6,36 . 83,7- 95,6 - 88,8
5 2.61 - — S
6 4,81 g 0.2

1Specific gravities were determined by using the Kerr balance
at 23°C, Values obtained are belisved to be accurate to two
decimal places, - )

2Tin analyses were made on an Applied Research Laboratories

EMX-SM electron microprobe by Dr, Chaerles M, Taylor, Stanford

University, using high-purity cassiterite as a standard,

Instrumental errors were corrected, but no mairix correc- .

tions were applised,

As expected, ths more coarsely crystalline, red cassiterite

(#2, FPig, 46a) is richest in tin content (average ~99 percent énoz),
showing }ittle variation from core to rim of the nugget, Of the
colloform varisties, specimen #4 has the highest content of tin
(~89 percent SnOa). The yollow to pale-green layers, present in
both the core and the rim areas, sppear to be richest in tin,  The
greatest variation in +in content was noted in the silica -coated
nuggets (ebout 19 percent 8n0,, vange for #1). The nuggets of crys-
talline hematite were found to be almost devoid of tin (about 0,2 B

percent Sn0, or less),

2
A spectral scan was qade on a part of nugget #4. The field of

view, 260 microns in diameter, iﬁéluded a small nucleus and the outer
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part of a lorpger one.In addition ‘toxSn, the follow’ ton eloments
weée detectod: Si,-Al, Sb, As, Cl, Fe, Pb, Zn, Ag, and 5, -Eloetron
phofographé vore taken to show the distribution of several of these
‘elements (Fig,\47). Except for Ag and 3, the detected elemenis serve'
1o delineate the colloform textura;u Silicon and antimony afa both
concentrated within the nuclei, and also are dissaminated:outsida
these areas. Anwbimony, however, shows a more uniform concentration
within the nuclei, As, Pb, Zn, and Cl are concentrated outside the
nuclei ereas, Their distributions.ars sﬁmilar,_différing chiefly
‘in intensity. Ag and S are.spatially unassociated, and tﬁey do not
appear to be concentr;ted in any one arsa of the nugget,

It is not known whether or not any of tha;e elepen%s,‘whosa
cdncentrafions are largely in trace quanﬁiﬁies, are chemically com-—
bined, The pauci%j of sulfur and its distribution suggest thatlthe ‘
preseﬁce of sulfide minerals. is négligible.A The distribution of‘Pb;

. Zn, C1, and As makes it possible that there may be chemical'bonding-
to form chloride and/or arsenids compounds of Pb and Zn, Anﬁiﬁoﬁy,

on the other hand, probably is not combined with As, bubt may be

present as an oxide or in native form,

Specific Gravity

Specific gravities of the above six nuggeté were determined by
means of the Kerr balance, and are recorded‘in'Tablé VIIT end in ’
fiéura 48, This was done to check(an agssumpbion that, since cassi-
terite (6.8-7.1) is heavier thaﬁ hematite (5,2+5,25), specific

-gravity should reflect tin content, if the nuggets are primarily

A GO S R B S A
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'hematite—éassiterite mixtures as indicatod under the reflecting
and polarizing microscopes,

The nuggotls were found 1o rango in 5.G, {rom 4,34 to 6.36, .
and in tin content from about 0,2 to 99 ﬁorconﬁ. The specific
gravities plotted in Figure 48 clearly do not support the ideal
hematite~cassiterite mixture concepﬁ, but in a general way, ﬁuggats
#2, 3, 5, and 6 conform to the basic assumption; Between nuggets
#1 end 6, there is a compésitional difference of 68 percent SnO‘, but
the nugget with the higher tin content has thenlower S.G. Departureg
'from the'ideél case are best expleined by the pressnce of less dense
impurities and differences in internal porosity, Silica and other
impurities commonXty ars‘presént in wood-tin, and these tend fu 1oysr
~'the S.G, Further, voids generally are created when specular hematbite
plateé are intergrovn, producing a simé.lar effect, particularly within

" the nugget interiors,

Spsculétions on Mode 2£ Origin

The tin-bearing nuggats‘are not found in Eii&’ Euﬁ ooour és
alluvialzand eluvial placer agcumﬁlétions on top of, énd marginal to
the rhyolite &omes. No tin in the district has.bean found in roﬂks'
younger than the Taylor 6reeﬁ Rhyolite, including thé Gila Conglomgrate
‘and the intermediate to mafic volcanic rocks, - The distribution of
the tin nuggets, as well ag the surface coatings ofitypical rhyolite
on some of the nuggets; suggest that thalnﬁggefs were derived from
the Taylor éreek Rhyolite, The fact that most of the gecoverable tin
in tﬁe placer accumulations is wood-tin, rather than the more coarsely -

erystalline red cagsiterite found.in the lode veinlels seems 4o indi-



cate furlher ilhal thyevood-iin formod in-the uppor p.:'; of veinlols,
vhich were subsequonlly romovod whon tho tops of the rhyolilo domos
were oroded,

The origin of wood-iin nuggets has long been atiributed 1o
low-temperature, near-surface phenomeﬂa (e.g., Park and MacDiermid,
1970; Edwards, 1954}, Tho colloform texture is commonly thought to be
a result of deposition from colloidal sclubtions, although "thé part
played by colloids in ore deposition is poorly understood, , ."

(Park and MacDiermid, 1970, p. 134), Support for a solloidal origin
‘has been derived, in part, from the study of laﬁoratory géls; vhich
rather'faithfully-duplicaie the banding obssrved in hatural materials,
Further, opal and cﬁalcedony, commonly assdciaﬁed,Qith;wood—tin, ﬁave
been produced from synthetic gels at room temperatures, One of the
£irst proﬁonents for the colloidal ;rigin of wood-tin was Knopf

(1916 p. 658), who interprefed the "broken ring-like forms" as having
"resulted from the bursting of colloidal membranes by'oéﬁo%ic forces M

Recent study (e.g., Roedder, 1968) has largely'discredi%ed
& colloidal drigin for most colloform textures observed in ore samplés.
" Roedder has commented (p, 468) that "the dominant parameter comtrolling
© ‘the formation of ‘colloform? textqres is a relabively high degree of
supersatﬁrétion, resultiﬁg in relatively high-rates of nucleation and
.*crystalliza‘bion." No s‘ta‘temen‘h-was made, however, ;egard‘i.ng :the
‘effect of tsmpergture on holloforg growth., |

Although the cdlloidal theory has lost much contemporary support,
‘1ow temperatures for the g£owth of colloform cassiterite are still ‘
advocated, .In discus 51ng the tin deposits of Durango, Hexico, Ypma

and Simons (1969 p. 12) postulated temperatures of Iormatlon of 120°C
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and lower: "“Tho exlremely delicate banding of the reniform_wbod—tin -

140

and associatod éhaléadony points to‘minute adjustmen£s to pericdic
changes in tomperaturo and chemical composition of the ore—beafing '
fluid, ., ., . The colloform textures result from suparsaturation;‘a
_condition that camnot éonceivably be maiﬁtained through numerous minor
adjustments at high tempsratures and (fast reaction rates),® .The:
presence of ﬁative bismutﬂ, antimony oxidss (?),‘and lead arsenate
were cited as additionel evidence for a low-temperature origin, Native
‘bismuth, however, is aluo found in hlghntemparature degoszts Mih;ra-
logically and taxturally, the Black Rangs wood-tin 1s similay to that
. found in Mexico, §Pvada, and probably elsswhsre,’although eristobalite
appears to be more commbn,than chalcedony and bismuth.has not been
detected in the tin-bearing nuggets, | ‘

It seems possible that the rélatively high rate of nuclé&tion
and orystallization nec;ssary %o produce colléform textures can also
be achieved at higher tempsratures, under conditions invoi#ing_temm
peratura'gradients, rather than just low temperatures, Further, the
presence of trace amounts of antimony and arsenic (not as sulfides)
does not necessarily restrict the temperature range, although aniimony
sulfides are incompatibleg with‘higﬁ temperatures, From the pﬁblished
record, it is apparent that the elucidation of variables that control
colloform growth is clearly needed, including temperatqre as an ihde—;
pendent variable, Furthermere, if the tin is transported as a colloid
at low temperatures, the polloform textures of wood-tin should be

reproducible in the laboratory,
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