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ADSTRACT

The Gallinas Mountains, located in northuestern Lincoln
county, New HMexico, were formed by Lhe Intrustion of a rhyolite,
a trachyte, and a latite into previously undisturbed Permlan
sediments,  The problem assoclated with these three Intrusivey
1s the determination of the intrusive sequence, HNone of the
bodiles arc In contact with one another, so the relatlve apes
canmmot be determined directly. A gstudy of the thermal states
of the feldspars found in these intrusives, along with con-
sideration of hydrothefmal actlon assocliated with the bodiles,
is used to arrive at an answer o this problem. It 1s found
that the thermal states of the feldspars from the trachyte
and rhyollite are aboul the same and that they are lower than
the thermal states of the Teldspars from the latite. The
thermal staﬁe data, along with other lines of reasoning,
Is Interpreted by this writer to show that the intrusive
sequence 1n the Gallinas Mountalns is latite-trachyte-

rhyolite,
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INTRODUCTION

STAPEMIENY O PRODIEHM

Ipneous intrusives preacnt nany problems for study, One
of these is the sequence of intrugion, In many cascs, thls
problem can be solved in the fleld by divect observation; in-
truslion of one rocle by another or metamorphism of one rock by
another are penerally satisfactory for determinlng the sequence
of intrusion, but such strailghtlforward means of determination
do not exist in some instances.

Tn the Gallinas Mountains, three consanguineous (see GEMN-
ERAL GEOLOGY) igneous bodles are found completely separate from
one another, and the problem lg to determine the 1ntrusive_

sequence by another method.

PROPOGAL I'OR SOLUTION

Both orthoclase and plaploclase leldspars are kuoown to
exhibit some type of structural change when subjected to differ-~
ent heating or cooling rates (Kuellmer, 195¢; Smith and Yoder,
1956); The relation between this structural change and the
composltlon of the Teldspar is called the thermal astate.,

Kuellmer (1958) has shown that thermal states of feldspar
bhenocﬁysts in a single intrusive vary systematlically with
posltion in the intrusive, and that this variation is related
to the partlcular times of intrusion of the various parts of
the body. Generally, phenocrysts from the earlier parts of

" the intrusion have higher thermal states, reflecting a faster

coolling rate,




This relation between thiermal state and relatlve tlue
of intrusion should hold true Lor scveral intrusive bhodles,
on the conditions that the bodies are consanguineous and that
no reheating of the rocks has occurred,

Thils wrlter wlll measure and compare the thermal states
of feldspar phenocrysts from the Gallinas Mountains in an

ef'fort to determline the intrusive sequence there,
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GENERAT, GIEOLOGY

LOCATION

The Gallinas Mountalns are located in northwestern
Lincoln county, New Mexico, about 75 miles east of Socorro,
New Mexico, (Fig., 1). The mountains are easlly accessible

by dirt roads leading to nearby highways.

PREVIOUS WORK

The geology has been described and mapped by Perhac
(1960), and Kelly (194G). Descriptions of the mines and
mineral deposlits are included in other reports by Grilswold

(1959), Kelly (1949) and Rothroclk and others (194G). 5

STRATIGRAPHY

Descriptions of rocks present in the area, other than :
; Lon
the three intrusions, are taken largely from Perhac, Data %

i
E

1
T

on the Intrusion are primarily the responsibllity of this

writer,

Precambrian Rocks

Granite occurs in three small areas. Alllthree are
the result of exposure by erosion of raised fault blocks,
Only one outecrop is shown in Fig. 2, because the others
are too small to show on this scale,

In the Gallinas Mountains, the granite can only be
dated as pre-Abo, or; pre-Early Permian, However, no Early

Paleozolc intrusions occur nearby, so the rock is most

l1lkely Precambrian (Perhac, p, 13).
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The granite is light grey, massive, medium=- to fine-
gralned, and equigranular, Quartz, microcline, and ollgoclane
are the princlpal constituents with minor amounts of magnetite,

zlrcon, sphenc, and apatite,

PERMIAN ROCKS

Abo Formation

In the Gallinas Mountaing, the Abo formation rests
directly on the Preccambrian granite,

The lower scction of the formation is a basal conglomerate,
composed mainly of pieces of granlte with some fragments of
metamorphic material. Above the conglomerate is a sequence
of feldspathié sandstones and siltstones. The thickness of
the formation in this arca is probably about 175 feet,

The Abo grades upward into the overlying Yeso formation,
and the contact 18 placed by Perhac above the highest strata

in which coérse arkoslc material is found,

Yeso Formation

The Yeso formatlon crops out over a larpge area in the
Gallinas Mountains (see Fig, 2). -

The rock is, for the most part, a medium-gralined feld-
spathic sandstone., Thin layers ofvlimestono and shale are
found at various levels 1n the section. Very little gypsum
is found in this area, Gypsum is characteristic of this
formation in other areas, The‘average thickness of the
Yeso in this area 1s about 1600 feet,

The upper contact with the Glorieta formation ig quite
sharp.

4




Gloricta PFormation

The Gloricta formation i the youngeast sedimentary‘rock
in the area and 1s found capping many of the higher portions
of the mountains. It is a vhlte to light grey, medium-grained
orthoquartzite. A complete section does not exlst in the
Gallinas Mountalns so the total thickness 13 not known, although

250 feet of section 1s exposed,

TERTIARY IGNEQUS ROCKS
In the Gallinas Mountains, three igneous rocks occur
that are younger than the Permian sediments, These rocks
are a porphyritic latite, a porphyritic trachyte, and a
porphyritic rhyolite, These Intruslons are dated as Tertiary
by analogy to intrusions to the south in the Capitan-Nogal
districts in southern Lincoln county, which cut Late Creta-
ceous and Early Tertlary rocks (Griswold, P1, 1), The Gallinag
Intrusives are cbnsidered by Griswold (p., 13) to beiong to E
this same group of igneous bodies.f v

Porphyritic Latite

Porphyritic latite occurs in Cougar Mountain, in the
northeast part of the region (Fig. 2). The outcrop area is
elongate, the long axls of which lies along a north-south
line. Quaternary alluvium surrounds the body entirely, and
no remnants of pre-intrusive rock are found in contact with
the body; Consequently, the shape of the mass cannot be
determined, Perhac (p, 61) belleves 1t to be a small cross-

cutting stock, because of undisturbed Yeso beds nearby (Fig., 2).

The rock 1s massive, with no notlccable flow structure,

e




either macroscoplic or wmicroscopic, Many prominent cast-west
trending, vertlcal Jjolnts exist in the central part of the
body, These Jolnts are clearly secen on aerial photographs,
They may be part of some primary fracture pattern In the rock,.

In hand sample, the rock is holocrystalllne-porphyritic,
vith a medium-grained groundmasgs, Fresh surface color is
light grey, but the weathered surface is medium grey with
limonlte stain. Phenocrysts are euhedral, equidimensional,
white plagloclase crystals, about 1 cm long, Buhedral crys-
tals of hornblende, occurring both as phenocrysts and as
poikilitic intevgrowths in the plagloclase phenocrysts are
common, A few small mafic clots of about equal amounts of
orthoclase and hornblende are scattered throughout the in-
trusion.

Microscoplcally, the groundmans l1gs orthoclase and
hornblende with mlnor amounts of plagioclase, sphene, apa-

tite and magnetite, A few grains of quartz are also present, o

.
2

Groundmass grain size 1s about 0,5 to 2,0 mm, The average

mineral content, as estimated visually in thin section 1is:

Plagioclase (‘ ) .
Phenocrysts (An, 5007
Groundmass 12~14 5 15

Orthoclase 20-255%

Hornblende 25-30%

sphene

Apatite } 5%

Mapnetite

Quartz

Minor deuteric alteratlon occurs as narrow serlcite

rims around the plagloclase phenocrysts, and has converted

hornblende and magnetite to limonite,




Porphyritic Trachyte

A large body of porphyritic trachyte lorms the souﬁhern
and eastern part of the Gallinas Hountalns (Flg. 2). 'That
the intrusive 13 a laccolith is sugrested by the fact that
the upper and lower contacts of the intrusive are conform-
able with the sediments and the central part of the intru-
slve 1s much thicker than the edges (500 feet as compared to
30 feet, Perhac, p., 43),

A northwest trending fault divides the laccolith into
two parts, The northeast part is still lappely covered by
Permian sediments, and many small sills and dikes occur in
this arca,

The rock 18 pgenerally massive, although pronounced
flow structures are found near contacts and in the smalley
dikes and sills,

Hand samples show a holocrystalline-porphyritic texture, .

B el STy
f ZR RV

Colors are variable; purple groundmass with white phenocrysts,
yellowish-tan groundmass with grey phenocrysts (most common )
and grey to browm groundmass with plnk phenocrysts are
typical, Both lath- and rhomb~shaped phenocrysts of ortho-
clase occur, generally 4-10 mm long., Some samples contain
almost all plagioclase phenocrysts, causing the mineralogic
composition of the rock to grade into a latite,
Microscoplcally, the groundmass is orthoclase, plagio-
clase, and remnants of a maflic mineral, probably hornblende,
Quartz, magnetite, apatite, and sphene are found in minorp

amounts, The average mineral content is:




Trachyte

Orthoclase

Phenocrysts 30-407

Groundmass 30-35%
Plagioclase (Ang_ ) 10-15%
Quartz ' 1-5%
Hornblende remnants 1-5%
Magnetite
Apatite } 5%
Sphene

Iatitic Fhase

Plagioclase
Phenocrysts (An6 8) 30-40%
Groundmass - 10-20%
Orthoclage 25-30%
Quartz 1-5%
Hornblende remnants 1-5%
Magnetlte
Apatite } %
Sphene

Hydrothermal alteration occurs throughout the intrusive,
The feldspar phenocrysts are commonly altered to sepicite
and kaolinite on thelr borders., In some of the small dikes
and sills, the groundmass grains are almost completely re-
placed by serlcite, and the phenocrysts are largely altered
to kaolinite, The mafic mineral, hornblende (?), has been
altered to chlorite and then té limonite, Magnétite 1s re-
placed by limonlte, Post-crystallization hydrothermal de-
poslts of fluorlite and copper ores are found assocdated with

the trachyte throughout the area,

T AT D
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Porphyritlc Rhyolite

A rhyolite intrusive body occurs in the northwestern
part of the Gallinas Mountains, This intruslve is also a
laccolith, with conformable contacts and a thiclk central
sectlon that thins rapidly in all directions, Small rhyo-
lite‘dikes and sills extending into the country rock are
asgsoclated with this laccolith but are much less numerous
than those assoclated with the trachyte,

The rock 1s quite massive with no flow structures
observed either macroscopically or microscopically, Several
sets of Jjolnts are present in the rock., Joint planes are
curved rather than straight, giving the appearance of con-
choidal fractures.

In hand sample, the rock i1s 1light yellowlsh~tan, and
has a holocrystalline-porphyritic texture with a fine~grained
to aphanltic groundmass, Mlarolitic cavities that have been
filled with quartz glve the appearance of quartz phenocrysts,
Other partially filled cavities are lined with feldspar
crystals, Phenocrysts of feldspar also occur., The quartz
gralns average about 1-3 mm, and the feldspar phenocrysts,
1-2 mm,

Microscopic examlnation shows ﬁhe groundmass graln slze
to be about 0,1 mm or less. Minerals present in the ground-
mass are orthoclase, plagloclase, quartz, magnetite, blotite,

épatite and sphene.' The average mineral content 1s:




Orthoclase

Phenocryats 5-10%
Groundmass 15-50%
Plagioclase (Ang_g) 10-15%
Quartz v
Phenocrysts "1-5%
Groundmass 10-15%
Magnetite
Blotite
Apatite 5%
Sphene

Hydrothermal alteration of the rhyolite 1s comparable
to that of the trachyte, but developed to a lesser depree.
Sericlte and kaolinite replace parts of the groundmass feld-
spars and the feldspar phenocrysts respectively. Magnetite
and biotite are altered to limonite, No hydrothermal de-

poslts occur 1in assoclatlon with the rhyolite.

Petrologlec Relations

The latite, trachyte, and rhyolite are similar in
several ways., The mhyolite and trachyte contain about the
same percentage of orthoclase and plagloclase, and the }
blagioclase of these two rocks is the same composition, o
The latitic phase of the trachyte and the latite from Cougar
Mountain also contain about the same percentage of orthoclase
and plagloclase., The accessory mineral content 1is practical-
ly the same, except for the mafic minerals., In éddition,
Perhac has calculated the amount of KEO + NaQO present, and
found it to be about 13 percent for each of the three rocks,
The rocks differ in quartz content and mafic minerél
content, the rhyollite contalning the most quartz and the

latlte containing the most mafic minerals,

The simlilarities mentloned above sugrest that the thiree

rocks are consanguineous, .

-~10-~




STRUCTURE

Doming of the Permian rocks by intrunion of the twd
laccoliths, and normal faulting are the prinecipal structural
features,

The domlng is gentle, averaping about 15° (Perhac, p. 88).
Foliation, when found in the trachyte, parallels the dip of
the overlying strata,

The major faults strike northwest and northeast. Perhac

belleves that the faulting 1s a result of the doming.
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MISTHIOD O THVESTIGATTION
The purpose of this sectlion is to explain the theory of

the thevmal states of the feldspars,

THEORY O THERMAL STATES

Orthoclase

Orthoclase 1s, In general, an intermedlate member of
a solld solution series ranglng from pure KA151308 to pure
NaﬂlSiBOSQ Chemlcally, this series ig continuous, butb
crystallographically, it is discontinuous, because there 1s
a change from ménoclinic gynmetry 1n the potash-rich members
to trilclinlic symmetry in the soda-rieh members, Iortunately,
this symmetry change does not aflfect any measurements made
by the methods to be described.

The system Or-Ab is characterized by a solvug, or un-
mixing curve, as shown in Ilg. 3 (Dowen and Tuttle, 1950).
“Water pressure varilations in the system will change the
solldus and lliquidus significantly, but will not appreciably
affect the position of the golvus, because water is not
involved in the equilibria of the unmixing (Bowen and Tuttle,
p. 499).

Several names used for diflerent feldspars in this
paper should bevdefined; A Crue sanldine is a feldspar in
which the two phases have been completely mixed, or homo-
genized, A pseudo-sanidine 1s & feldspar in which the K aﬁd
MNa 1lons are mixed, but the Al and SL lons wetaln much of the
crystallogfaﬁhio ordering characteristic of the sodlce

10w
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and potassic phascs. B pseudo-sanidine and a true sanldine
have almost identical X-ray diffraction patterns, excepﬁ Tor
slight‘changes in the 26 posgitions of some of the peaks., A
perthite 1ls a feldspar 1in which cxnolution or unnixing of
the two phases has taken place ©oO such a degree that on an
X-ray diffraction pattern, cach phase 1s reprcsented Dy 1ts
own particular set of peaks, Porthites'can exist with any
degree of unnixing present.

The process of unmixing and mixing of feldspars can bc
carried out in the laboratory. Ideally, the proccss should
take place lmmedlately when the proper temperature 1s reached
for a given feldspar composition. The process 1s glow, how-
ever (Laves, 1952, p. 5(7), as is the situation Tor many
reactions in silicate systems; Complete homogenization of.
a perthite'can be hastened considerably, as can unmixing
of a sanidine, by the addition ol water to the system for,
although water does not enter directly into the reaction, ¥
it acts as a catalyst (Bowen and Tuttle, 1950), |

Pecause of the slowness of the remixing, pseudosanidines
can be made by heating perthltes to some temperature above
the solvus for a short time with no water present,

Compositions of sanldines can be determined by measur-
ing the difference in 26 posltion of the (ﬁOl).peak of the-
sanidine and the (101) peak of KbrO;, A relatlon exists
between this difference and the WOight percent orthoclase
(Orville, 1963), and is shown on the graph in Fip, . As
mentioned abové, the diffractlon peaks of pseudo-sanldines

have slightly differcnt 26 values than true sanldlne peaks;

~13~




In the case of the (201) peaks, the 26 value for the poeudo-
sanldine is always larger than that for the true sanidine,
This greater value will give anlapparently_higher welght
pPercent orthoclase for a pseudo-sanidine than for a true
sanidine of the same composltion, (see Fig. 4) This apparent
difference in composition is a measure of the dmount of homo-
genization induced into a perthite by heating dry, at a temp-
erature between the solvus and solidus, :

A convenient method of relating the apparent composition
of the pseudo-sanidine to the true composition of the feld-
spar has been devised by Kuellmer (1958). This method de-
fines a number, $, as ;.;.g;%, where Or, 1s the apparent
composition of the pscudo-sanidine, and Ort is the true com-
positidn of the feldspar sample,

Now, 1f several feldspar samples in various states of

unmixing are heated for the same length of time at the same U

temperature above the solvus, and the true composition and
pseudo-éanidine'composition for each sample is converted
to a § value, the samples that were iniltially more unmixed
will have lower § values than the more homogeneous samples.,
Because the initial unmixing of the sample is dependent
only on the coollng rate of the sample, 8 1s thus a measure
of the thermal state of the sample, as defined earlier,
High § values correspond to a high thermal state, and low
5 values to a low thermal state,

A second nethod of determining thermal states of alkali
feldspars was algso devised by Kuellmer (1959). In this paper,

Kuellmer (1959) has showm that X-vay line broadening in each

1
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phase of a perthlte is dependent on the theral state of
the feldspavr, Opecifically, the three causes of line broad-
ening that are dependent on the thermal state are; particle
slze differences of the two phases due to different amounts
of unmlxing, pavticle distortion of ono phase by another dup-
ing wmmixing, and lattice mistalies in the crystal structure,
Kuellmer derived the relation, Lor £ or = o where I

IabfFab  Xab
1s the intensity of the phase abbreviated 1n the subscript,

X is the weight percent of each phase, and,ﬂ 18 the 1ntegral
breadth, which is proportional to the line broadenins.

A'plot, on a logrithmic scale, of welpght percent ratios
vs, Intensity ratios of feldspars of different thermal atates,
should be a series of straight lines (Kuellmer, 1959), each
line representing the broadening ratio for the feldspars of
that particular thermal state, Thus, all feldspars that
fall on a stralght line when plotted on a graph such as the
one in Fig. 5, arve at the same thermal state.

Plapioclase

The plagloclase series is a complete solid solution
serles, with no solvus prescent, Consequently, a method
based on something other than unmixing relations must be
used to determine the thermal states of plagioclage samples.
Two variations of such a method exist (Goodyear and Durfin,
1954; Smith and Yoder, 195G), The method given by Smith aﬁd
Yoder is used in this paper.

Smith and Yoder have shown that significant angular
separation changes occur 1n two paiprs of diffraction peaké

of plagloclase, The palrs are; (131) and (131), and (220)

At
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and (131). 1In general, plagloclases that have cooled rapldly
after crystalllzation wlll have a diffurent anzular scpara-
tion of diffractlon peaks, than plagloclases of the same
compositlion that have cooled slowly. Por the pair of peaks
used in this paper, the (131) and (131) pecaks, thelsepara—
tion is greater for rapldly cooled samples than for slowly
cooled samples,

Smith and Yoder have found that maxlmum and mindmun
values éxist for these separations, The upper line in Fig,
0 represents the upper limit of separation as determined
from data of plagioclase samples synthesized dry: The
curved sectlon of the lower line represents the lower 1iinit
of separation as determined by measurements on plagloclase
samples from the Skaergaard, Great Dyke, Bushveld, and Still-
water igneous complexes. These latter samples are consldered

to have cooled more slowly than any other samples., The o

stralzht section bf the lower curve 1ls deteralned from plaglo-
clase samples from granites., The exact shape and position
of thils section ls listed as uncertain (Smith and Yoder,
p. G40) because doubts exist about the homopgenelty of plaglo-
clase in this range of composition. |
Examinations of (131)-(131) peak separations of plaglo-
clase samples from varlous types of ipgncous rocks were made
by Smith and Yoder, and the results plotted on a graph lilke
that shown in Fig. 6. Generally, plagloclase from pegma~
tites, granltes, and metamorphic rocks plottéd along the
lower curve., Plagioclase from volcanic rocks fell about

halfway between the upper and lower limits for more sodic
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compositions, and slightly higher for wmore calclc compogi-
tions. Only the natural samples tinat had been heated to
temperatures necar their melting pointé, and the synthetical-
ly prepared samples plotted along the upper curve 1in the
more sodic compositions:

The change in separatlion 1s due to changes in lattice
parameters, such as those found in workldone by Laves and
Chaisson (1950). Laves and Chaisson state (p. 589) that
high albite 1s more triclinic than low albite. High and
low, in this case refer to a structural state that i1s depen-
dent on thermal history. More triclinic means that the
crystal structure of the high state is less similar to
monoclinle syrnmetry than Ls the symmetry of the low state.,
This explanation agrees with the peak separatlon data of
Smith and Yoder., The more monoclinic a crystal becomes,
(from a triclinic direction) the more nearly the 20 values

for the (131) and (131) peaks should approach each other,
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EXPERITIMENTAL PROCEDURE

SAMPLE COLLECTION

Twenty-filve samples were collected from the Gallinas
Mountains; four from the rhyolite, fifteen from the trachyte
(including three samples of the latitic phase), and six la-
tites from Cougar Mountain,

The rhyolite samples are located as follows: 21, top -
of Gallinas Pealk; 22, a canyon south of Gallinas Peal; 35,
near the southern edpe of the laccolith; 44, at the south-
east edge of the laccollith, All samples were uniform in
appearance,

Trachyte sample locations are: 3, 18, northwest part
of the maln intruslve mass; 19, 424, 42B, central part of
the main iﬁtrusive mass (420 and 42B are latites); 32, 33,
near the sguthern and western edge of the 1accolith; 7, 31,
313, dikes in the eastern part; 23, 36, 43, 45, sills in
the eastern part (U5 is a latite); 4, small fault block,
this sample 18 very coarse grained.

Because the form of the latlte Intrusive is not known,
locations of samples can not be related to intrusive contacts,

The six samples were collected fronm reasonably fresh rock,

SAMPLE PREPARATION

Orthoclase

Whole rock samples of rhyollte and traéhyte were crushed
to minus 14 mesh and fragments of the phenocrysts pilcked out

under a binocular microscope., Fragments were selected for
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freshness of appearance; only fragments with shiny cleavage
faces were taken, since dull faces suggest a lavge amount

of kaolinite alteration., Despite the care taken in picking
grains, probably up to 3 percent of each sample 1s kaolinite,
The few plagloclase gralns vere vlsually scparated from
_orthoclasge on a color basis, the plagioclase grains present
were much whiter than the orthoclase.

The plcked samples were cleaned in councentrated HCl to
remove the limonific material that was present in almost
all samples, ‘Samples were then ground under acetone in an
automatic mortar and pestle to minus 325 mesh.

Plapgloclase

Whole rock samples of the Cougar Mountain latite were
crushed to minus 14 mesh and the freshest appearing plaglo-
clase phenocryst fragments plcked out under a binocular
mleroscope., These samples were crushed to mlnus 20 mesh, . i
put into tetrabromoethane to separate the poikllitic amphl- @
boles present, and then washed with acetone to remove the
heavy liquid, The plagioclase was then ground under ace-
tone in an automatic mortar and pestle to minus 325 mesh
Plagloclase phenocrysts from the latlitic phase of the

trachyte were prepared the same as the orthoclase.

TREATMENT OF PREPARED SAMPLES
X-ray diffraction patterns were made using a Norelco
high-angle gonlometer with Ni filtered Cu radlation. Scan-

ning speed was %0 20 per minute; chart speed was + inch per

minute. Samples were mounted in aluminum sample holders.
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Integrated intensities of diffraction peaks were
determined by polar planimeter measurements on the charﬁs;

Peak separation measurewments were made to the nearest
0.01° 26 using an englneer's scale,

Orthoclase

A1l samples were divided into two parts, and diffrac-
tion patterns were made of the (Po1) peaks of the two phases
of the perthites; Integrated intenslitles were measured Irom
these charts, and from these data, five samples were selected
to represent the complete range of intensity ratlos. These
samples were heated In a high pressure, high temperature
vessel at 750°C and 500 bars water vapor for 4 hours to sanil-
dinize them completely. After quenching, the samples were
removed from the vessel and again ground under acetone to
minus 325 mesh, About 0.5 welght percent KBr03, uged as an
internal standard, was mixed Into each sample and a diffrac-
tion pattern made of the (101) ICB):'ngealc and the (201) sani- o
dine peak. The true composition of these samples was obtained
by comparing the angular separation of these two peaks to a
graph (Fig. 4) by Orville (1963). A graph of true weight |
percent orthoclase vs,., the integrated intensity ratio was
constructed from these filgures (Fig, 7). It was found later
that one of these samples (4) was unsatisfactory (see RESULTS)
so only four samples were used to determine the stralght line
in Pig. 7. This line was fitted to the points by eye; The |
true composition of all other orthoclase samples was obtained ‘
by comparing their intensity ratios withﬁFig: 7. ‘ - é

The other portion of the samples was heated dry 1in an L
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electrlic furnace at 1040°¢ for 48 hours. The purpose of this
operation was to partlally remlx the samples and form pﬁeudo—
sanidines. The apparent compositions of these pscudo-sanidines
were measured in the same manner as vere the composlitlons of
the true sanidines,

From the foregoing procedure, two conpositlons were
obtained for each sample, one for the true sanidine, and one
for‘ﬁhe pseﬁdo-sanidine; These Lwo compositions are used to
calculate a value of é for each sample: These & values
are summarized in Table I,

Part of the data obtailned above can also be used to make
a graph showlng the line broadening ratio of the samples
(Frig. 5). The welght percent Ab was calculated by subtract-
ing the welght percent Or from 100,

Plagioclase

To use the graph of Smith and Yoder, as shown in Fig,
6, i1t 1s necessary to find both the mole percent An and the
angﬁlar separation between the (131) and (131) peaks for
each sample, '

To determine the compositlon of the plagioclase, part
of each plagloclase separation was fused at about 1250°¢C
in an electric resistance furnace and the Lndex of refrac-
tion of the resulting glass measured by ilmmersion in sult-
able olls. This index of refractlon was then compared to
the curve giﬁen'by Foster (1955) of mole percent An vs;
the index of refraction of plagloclase glass (Fig. 8).

A diffraction pattern for each sample was made in the

28 range of the (131) and (131) peaks and the angular sepa-
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Sample %Crt “Qra Delta Rock Tvpe Ceccurrance
3 43 58 b trachyte main intrusive mass
18 46 61 .72 " "
19 41 38 1.05 i "
32 33 37 94 . "
33 46 57 .20 " i
4 g 48 1.02 " near fault zcne
7 63 71 .78 r dike
31 89 90 91 i o
31, 89 90 91 i i
23 68 72 .88 s sill
36 72 73 .97 i "
43 42 43 .93 r i
21 41 46 .91 rhyolite main intrusive mass
22 42 45 .95 n u
35 40 58 .70 " n
44 42 46 .93 u J



Thils range of error is also covered by the symbol size in

Fig. G,

RESULTS

Values of $ of the Or samples are given in Table I,
along with notes on rock type and sample location,

Two of the $ values, samples 4 and 19, exceed unity.
VAccording fo the theory underlylng the measurement of
this is impossible if the true composition is lhowm

Both true and pseudo-sanidine compositions for sample
4 were measured by the same method, peak separation, so
both values should be equally reliable. A possible explana-
tion for & being greater than unity is that a true sanidine
was not produced by the method used, hydrothermal remizing.
Errors 1n this method include failure to add enoush water
to the sawmple to facllitate remixing. At the temperature
used (750°C) and the time heated (4 hours), the resulting
product would be a pseudo-sanidine that is even less remixed
than the pseudo-sanidine produced by the dry heating at 1040°C
for 48 hours., Iaclk of enough water édded to the sample when
‘prepared for sanldinlzatlon results in the discrepancy of
the § value in sample 4,

The true composition of sample 19 was obtained fronm
intensity ratio measurements, This method is not too precise,
Maximum error produced by-intehsity ratio measurements is
shown to be about 5 weight percent. Thls error, when appliled
to the truec composition of sample 19, 18 sufficlent to ex-

plain the abnormal value of ¢ .
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Data Trom measurenents made on plagioclase samples
1s plotted on Fig, G, and include plagioclases from the
latitic phase of the trachyteQ

The average $ ror the trachyte, except for the tuwo
that exceed unity, is 0,806; the averase for the rhyolite
18 0,89, The second figure of these numbers 1s probably
not Justified because of inaccuracies 1n intensity measure-
-ments, therefore, averages of both trachyte and rhyolite
& values can be consldered to be the same. This means
that the'rhyolite and the trachyte orthoclases are, for
all practical purposes, at the same thermal state, 6on-
firmation of this observatlon is given in Fig. 5, where
all points but one, sample L, are seen to lie approximate-~
ly on a single straight line, therefore showing a similar
thermal state., As has already been mentioned, sample 4 is
probably in error as to 1ts truc composition.

The three latite samples from the trachyte 1accolith
are Been to be at a lower thermal state than samples from
the Cougar Mountain intrusive (Fig. 6). This means that
the rhyolite samples are also at a lower fhermal state than

the Cougar Mountain latite.
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SUMMARY AND CONCLUSIONS
Field velatlons have not permitted the determination
of the sequence of ipgneous intrusion of the three Ilsneous
rocks}in the Gallinas lMountalns, In an attempt to solve
this problem of intrusive sequence determinatlon, a study
of feldspar phenocrysts, both orthoclase and plagloclase,
from the igneous rocks was made in an effort to determine
the thermal-states of the feldsparﬂi Evidence of hydro-
‘thermal action 1s also taken into accouht in the solutinn
of this problem: ‘
Daté Presented in thiﬂ paper show-that the feldspars
from the latite of Cougar Mountain are at a higher thermal
| state than are the <feldspars from the trachyte and rhyolite:_
Phenocrysts from the trachyte and rhyolite appear to be at
about the same thermal state.
| The trachyte appears to be much more'affected by hydro-
_ﬁhérmal action than the rhyolite, No hydrothefmal mineral g
deposits exist in the rhyolite, and overall alteration of
the rhyolite is less than that of the brachyte,
The conclusilon drawn from these data is that the in-
trusive sequence is 1atite-trachyte—fhyolitef
The latlte feldspars are at a higher thermal sfate
than feldspars from either the trachyte or rhyolite, "Accord-
;ng to the theory of thermal states, the latite would be the
earliest of the fhree intrusives,
o age relation between the trachyte and rhyolite can

be determlned directly from the thermal state data, but
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consideratlion of the hydrothermal activity in the areca indi-
cates that the trachyte is older than the rhyolite, If'the
two bodies were intruded at about the same time, as the
thermal state data indicate, hydrothermal alteration and
mineral'depdsits should be equally developed in both intru-
siveg » but this is not SOJ Also, 1f, by some means, both
~were Intruded at the same time, but only the trachyte was
intensely affected by hydrothermal fluidég the thermal
states of the trachyte feldspars would be lower than thoge

- of the .rhyolite because the'hydrothermal action would tend
to unmix the trachyte feldspars.

It 1s suggested by this wrlter that the trachyte was
intruded at some time before the rhyolite, and that the
trachyte underwent extensive hydrothermal alteration, which
 ceased orlwas gfeatly diminished by the time the rhyolite

Antrusion occurred.
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