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ABSTRACT

A large granitic pegmatite near Campo, in southern
San Diego County was found to contain several radiocactive
biotite-rich inclusions. The pegmatite is irregularly
zoned, and in general comprises a well defined graphice
granite border zone, an irregular wall zone of intergrown
quartz and perthite, a discontinuous intermediate zone of
blocky perthite, and a well developed but somewhat lrregular
quartz core. The included masses of blotlte~rich rock are
spatlally related to segments of the guartz core and their
content of rare-~earth minerals may he due in part to this
relationship.

The inclusions are composed of interlayered biotite
books and feldspar plates which form a series of folded and
distorted layers that are randomly orlented throughout the
inclusion. Separation and analysis of minerals from the
inclusion were accomplished by means of c¢loud-chamber de=
tection, x-ray powder diffraction analyses, and spectro-
graphic analysis. Thorium-bearing monazite was identified
as the source of the radio-activity.

The rare-earth elements and thorium evidently were cone
-~ centrated in the late residual fluids of the pegmatite.
Pendants or inclusions of apatite-bearing schist are believed
to have provided a source of phosphorous for the crystéllin
zation of monazite. As an additional result of reaction with
the pegmatite solutions, the minerals of the schistose pen=
dant were recrystallized and some mineralogiec changes were

made as well,
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THE GEOLOGY OF THE HOUSER CANYON PEGMATITE
WITH AN X~-RAY ANALYSIS OF MONAZITE

INTRODUCTION

This project was undertaken to determine the nature of
radiocactive mineralization in a granitic pegmatite in San
Diego county and to determine the geochemical significance
of this mineralization. Approximately eighteen days of
field work was devoted to the project and was supplimented
with laboratory study done throughout the three terms of
1950 and 1951 at the Institute. The investigation entailed
location of radiocactive materlal in the pegmatite; construce
tion of a geclogic map of that part of the pegmatite which
contained the radloactive material collection, and separa-
tion of this material into its component minerals; and
finally, analysis and interpretation of the mineral respon-
sible for the radioactivity.

The pegmatite body that was studied 1s a large, pod-
shaped mass west of Campo and near Morena Lake Village in
San Diego County, California. It lies in Sec. 25 T17S R4E SH!.
It can be reached from a point approximately one mile south
of Morena Lake Village, whence a dirt road extends southward
and westward into Houser Canyon.

The extreme northeast part of the mass afforded the
best opportunity for study, consequently topographic control

was established in a 300 foot square area that encloses this
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part., A five foot pontour interval was used and mapping
vas done on & scale of 20 feet to the ineh uaihg paint:
reococupation methods,

Previous work done 1# the area included reconalssance
mapping by Mr, B. Brooks (unpublished) snd reconaissance
study and magpiﬁg by Mr. R, H, Jahns in 1948 and 1949,

The writer is indebted to Mr, R, H. Jahns for guidance
in all phases of this pro}eat, and ta Mr., R. Vbn Huene and

Mr, W. Moiser for assistance ln techniocal phases,
GEOLOGIC SETTING

The pegmatite is exposed on the north slope of Houser
Sanyon where its upper surface forms a dip slope. The dike
18 enclosed mainly by igneous rock that 1s & part of the
Southern Cslifornis batholith, a complex group of late
Mesozolc intruslve masses, Blotlte schist occurs &s pen-
dants and inclusions in the intrusives, The pegmatlite is
in eontact with one of these pendants on the east side of

the dike and with the lgneous rock elsewhere,

PEGMATITE BODY
Genersal Features
The pegmatite body 1s pod-shaped and 1s approximately
500 feet in length along the strlke, the dlstance along the
dip being slightly greater. The attltude of the pegmatite
is such that 1ts top surface forms a dlp slope on the slde

of Houser Janyon, The surface being obscured at 1ts lower
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part by a covering of country rock and waste material, The
pegmatite pod strikes N50W, and its average dip is fifty to
sixty degrees SW,.

Zones of different texture and mineral composition
conform generally to the shape of the pegmatite body. These
zones are the result of progressive crystallization inward
from the contact with the country rock toward the center of
the pegmatite. The zoning is irregular, departing from the
usual pattern in zoned granitie pegmatites possibly owing to
isolation of individual pockets of residual liquids during
cerystallization. These pockets are represented by isolated
masses of blocky perthite and quartz not concordant with the

general zoning pattern.

Internal Structur

In naming the mineral and textural zones, the classifi-
cation proposed in Monograph 2 of "Economic Geology"(z) has
been used,

Border Zone

The border zone, which 1is four to five feet thick, is
mainly a medium to fine-grained graphiec intergrowth of quartz
and perthite., The fine texture of this graphic intergrowth
results in a quartzite~like appearance adjacent to the country
rocks The contact of the border zone with the schistose
parts of the COuntry rock is emphasized by differences 1in re-
sistance to erosion. The country rock weathers away from
the footwall of the pegmatite body, leaving bulbuous pro-

trusions of graphic granite.
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The border zone contains remnants of the country rock
which occur in the form of inelusion of books of bilotite in
coarse graphic texture, The biotite books have an average
dimension of 4 inch thick and five inches in diameter, with
random orientation in the outer two to three feet of the
border zone. The biotite inclusions become more sparse to-
ward the inside of the border zone, and give way to coarser
graphle granite. This characteristic graphic relationship
of biotite to the country rock occurs similarly on the edges
of the included masses of country rock far within the borders
of the pegmatite. This blotite occurrence is probably the
result of assimilation of part of the country rock by the
pegmatite flulds, involving recrystallization and reorien-
tation of the biotite,

The border zone is well exposed at the southern and
eastern edges of the pegmatite body, and quarrying operations
have exposed the inner surface of the border zone along the
eastern edge of the mapped area.

The tontact of the border zone with the wall zone is
very sharp, and can be recognized within a fraction of an
inch.

The wall zone is from five to twenty feet thick and 1is
composed of medium to coarse grained perthite and quartz,
with traces of fine-grained muscovite and a few larger bio=
tite crystals. The rock 1s a light dusty color in weathered

outerop. The wall zone occurs as the firast textural change
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in‘the rock inward from the border zone and 1s obscured in
nmost parts of the area by talus and dump material. The best
outerop occurs in the southeastern part of the map where a
small pod of blocky perthite is contained within it. The
outer contact of the wall zone is very sharp, but the inner
boundry 1s extremely irregular. In one location in the east
central edge of the pegmatite, the wall zone is absent and a
quartz finger occurs adjacent to the border zone. The wall
zone 18 present adjacent to the border zone in all other
parts of the mapped area.
Intermediate Zone

The intermediate zone 1s composed chilefly of coarse
blocky perthite. It is light gray in color, with a faint
brownish tinge, and shows large prominent cleavage surfaces
in outcrops. The zone is very irregular, occurring in the
form of isolated masses either within parts of the wall zone
or adjacent to massive quartz bodles in the core, The zone
is best exposed near the north east edge of the area and its
relation to the quartz core can be seen by referring to
ecross section B,
Core
| The core, or central zone in the pegmatite body is
well developed but somewhat irregular. The quartz masses
are lenticular in shape and conform generally to the shape
of the pegmatite body. Several isolated quartz masses are
indicated on the map in close relationship to blocky perthite
masses. Representation of this relationship can be seen in

the lower part of cross section C. The quartz lenses appear
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to be disconnected, but it is probable that these lenses
are extenslons of the larger central quartz mass that lies
to the west of the area mapped. The relationship between
the quartz zone and other zones can be seen on cross secw-
tions A and B directly beneath the large biotite-rich ineclu-
sions., The quartz is massive and milky with good cleavage
in most outcrops.
inclusions

Iwo main inclusions, containing radioactive minerals,
occur in the area mapped, These are tabular and are roughly
concordant with thé pegmatite zones. They are closely asso=-
cilated spatially with extensions of the main quartz core.
The relationship can be seen on cross sectlon diagrams A and
B. The inclusions are composed of thin books of biotite
interlayered with plates of feldspar, and have been warped
and folded on a small scale so0 that the layers are distorted
and intersecting at all angles, The orientation of the tabu~
lar minerals has no relation to the position of the minerals
in the inclusion except that layers close to contacts are
parallel to the contacts and concordant with the adjacent
zone, Alteration of the biotite has ylelded iron oxides,
which form a red stain on most of the outerops.

An additional included body, non-radiocactive, occurs
within the pegmatite body. This inclusion is thin and tabu-
lar in shape and has a discordant relationship to the larger
concordant inclusions. It is parallel with the pegmatite
zoning in strike, but dips in the opposite direction and
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hence cuts all zones in section. It has been warped and
broken in parts, but is fairly continuous across the pegma=~
tite body. This inclusion 1s & quartz-biotite schist and
has been affected only slightly by pegmatite liquids. The
slight affect that the pegmatite ligulds have had on this
zenolith indicates that it was included later in the pegma-
tite history than were the other inclusions.
Fractures

Fractures occur throughout the pegmatite and show no
systematic orlentation. Several minor faults also are pre-
sent within thé body; these strike NSOW and dip 45 degrees
northe The surfaces of these faults are coated with small
muscovite flakes.
Microscopiec Features

Under the microscope, part of the included rock shows
biotite in sigmoid patterns, with microcline plates between
the curved biotite sheaves, One cleavage trace of the micro-
eline consistantly parallels the cleavage trace of the sur-
rounding biotite. The microcline, in part, fills the inter-
stices between biotite flakes indicating that biotite was
formed first and that mierocline was a result of permeation
of pegmatite fluids. ionazite crystals were formed last.
The proportion of minerals is difficult to determine accur«
ately, owing to the incomplete sampling provided by the few
thin sections, but an approximate estimate includes 50%
microcline (with some microperthite), 40% biotite, and 10%

albite and monazite. The percentage of monazite in thin
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sections examined was about 2%. Secondary albite occurs
replacing microcline around the edges of some biotite flakes.

Euhedral monazite crystal occur in every instance withe
in the microcline plates with at least one face of the mona=~
zite crystal adjacent to a biotite cleavage trace, The
monazite crystals appear to have exerted a strain effect on
the nicroecline. This strain effect 1s evidenced by fractures
radiating outward into the microcline from the edge of the
monazite crystal, As shown in the photomierograph (Fig. 1),
a monazlte crystal occurs within the microcline plate and
adjacent to biotite on either side. A small segment of bio-
tite protrudes into the c¢rystal at 1ts narrow end. Small
feldspar inclusions also occur within the monazite crystals.
In a single section cut from the inclusion area, five euhe~
drons of monazité were observed, four of which were oriented
wlth their b axes parallel to the ¢ axes of associated bio-

tite.



Fige 1+ Photomicrograph of Monszite
erystal in biotite-rich radioactive
inclusion.
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EXPERIMENTAL PROCEDURES

Separation

Material was collected from locations within those Iin-
clusions that indicated highest radioactive intensitles, and
was taken to the laboratory for further processing, The
radloacetive minerals in the samples could not. be located by
inspection or other simple techniques, so that a specilal
technique of separation was developed as the work progressed.

The radicactive samples consisted of easlly separable
mineral components, Biotite was present varylng from minute
flakes to sheets or books 1/16 to 1/8 inches thick and 5
inches in cross section. The larger sheets were predominant.
These biotite books were interlayered with feldspar plates
as much as 1/4 inch thick and some quartz also was present.
The material was friable and could be broken easily by hand.

Initial separation of the mineral fragments was made in
an experimental ore dressing mill, The material was put
through a jaw crusher, the fine component screened out, and
the remaining crushed mixture passed through rolls. The mix~
ture collected from the rollers was separated by hand into
two size grades using a 15 mesh screen. The result of this
separation was three size grades with essentially monominer-
alic fragments consisting predominately of biotite, quartz
and feldspar., Some of the fragments contained minor adhering

or included minerals.
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The next stage of work involved separation of the radio-
actlve particles from the other material in amounts such that
chemical and x-ray analyses could bq made and positive identi~-
fication established. Pure crystalline naterlal was needed,
and further work was aimed at obtaining such material.

It was declded that readiocactive fragments could be detec-
ted and isolated using the autoradiograph method. Glass plates
were coated with geletin and sprinkled with mineral fragments,.
These imbedded fragments were placed in contact with a suite
ably orlented x~ray film. The film was developed at the end
of five days, and dark deposits on the film indicated the pre-
sence of radiocactive minerals., The films, having been oriented
by markingscorrespénding to marks on the glass plate, were
then matched with the imbedded fragments on the plate and the
spots thereby were superimposed on the fragments that caused
the darkening. These fragments then were removed from the
plate for further study. This method provided excellent re-
sults but yielded limited amounts of material and was time
consuming., It did serve to indicate the size grade that con-~
tained the highest proportion of radiocactlive material, and
also indicated that the same mineral was active in all size
rangess

The radioactive fragments were examined mieroscopleally,
and the possibility of either xenotime or monazite was indie
cated by their high indices of refraction and other optical
properties, The interference figures apparently were uni-
axlal, or blaxial with a very small optic angle, These obser-

vations indicated a definite specific gravity range which
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facllitated further separation procedures.

The middle size fraction was between the limits of 30
and 15 mesh screen slze and was found to contain the highest
proportion of radiocactive material. This middle fraction
was treated on shaker tables (wet). This gave satisfaetory
separation between a dark and light fraction, A check with
a detection instrument indieated a concentration of active
minerals in the dark fraction relative to the light fraction.
A large proportion of feldspar and quartz was included with
the dark fraction, and heavy liquid separation was utilized
in taking this out. Bromoform solution was brought up to a
specific gravity of 2.75, and standard heavy liquid techniques
were employed in obtaining two components from the heavy frace-
tion derived from the shaker table. One~third of this frac-
tion sank, and was composed of highly radiocactive material,
the other portion was almost entirely feldspar and quartz
and showed no measurable activity. The heavy dark component
then was examined under a binocular viewer, and was found to
contain 15% to 20% of small red to yellow prismatic crystals
approximately 3 mm long and 1 mm in cross section. The ecry-
stals were flattened parallel to the orthopinacolid with good
development of the (101) faces, and appear to be elongated
parallel to the ¢ erystallographic axis. The (110), (010),
and (100) faces were well developed, and in some samples the
(111) faces were apparent., The remainder of the heavy com-
ponent was mainly bilotite, with some feldspar as attached
impurities,
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It was necessary at this point to devise a system where-
by each specific radicactive fragment could be isolated with
reasonable speed for further study. As this problem was being
considered, information was received concerning an instrument
recently devised by Mr. Eugene W. Cowan, Assistant Professor
of Physics at the California Institute. This instrument, which
was being used to study cosmic ray radiation, is a contin-
uously sensitive diffusion c¢loud chamber that operates on the
same principle as the Wilson cloud chamber but permits contine
uous observations., Too, the cloud tracks genggated by charged
particles remain visible for longer periods of time,

A sample obtained from the autoradiograph studies was
taken ﬁo Mr, Cowan's laboratory and tested in this instrument.
The fragment welghed 1.2 mg and had recorded a moderately
dense spot on Eastman "no-screen" double emulsion x-ray film
in flve days. When placed in the continuous cloud chamber,
this fragment emitted particles at the rate of approximately
25 per minute. Both alpha and beta particles were observed,
and could be differentiated by means of the length and den-
sity of the cloud tracks. A simple cloud chamber then was
constructed by the writer in the geology laboratory.

The chamber consists of a round glass cylinder on a thick
aluminum base. The cylinder was placed on the base and the
Joint between was sealed with methyl alcohol. A metal top
with an absorbent pad on one side was placed on the glass cyl-
inder, and a valve-controlled scource of alcohol was connected

with the pad. A small heating element was placed over this
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metal top, and heated 1t to 36 degrees centigrade. A spring-
loaded platform was used to hold dry ice in contact with the
aluminum base. Thils arrangment produced the proper tempera-
ture gradient to supply alr saturated with alecohol vapor with-
in the cylinder, and thus a continuous cloud chamber was in
operation, Fragments of hand-plicked pegmatite material were
placed in the cylinder, and within a period of five minutes
it was simple to deternmine which fragments were radiocactive
and to what degree by watching the electron and alpha~rarticle
tracks leading away from each mineral particle. In this man-
ner fragments from every size fraction were checked, and
approximately four ounces of radiocactive material was collected.

It was found that the radiation came from a group of
small crystals similar to those that had been determined by
the autoradiograph method, and that no other significantly
radicactive fragments were present. The crystals range in
color from deep red to honey yellow, and appear to be mono-
elinic and of prismatic habit. Microscopic examination indi-
cated that all the crystals were of essentially the same min-
eral specles despite the color differences, The purest cry-
stals then were separated for use in chemical and x-ray exame

inrtion,

X-ray Examination

The honey-yellow crystalline material was lsolated,
erushed and halved; one portion was analysed spectrograph-
ically by a testing laboratory and the other prepared for

x-ray analysis. Another sample was obtained from the deep
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red material, and also was prepared for x-ray analysis,

Copper radlation was used in the x-ray work. The wave
length of the unresolved CuK radiation was taken as 1.5418
Angstrom units, and the United States Geological Survey
tables of 4 spacings were used in computations. A nickel
filter was used with a North American Phillips camera having
a diameter of 114.6 mm., The computed d spaces are comparable
with d spacings obtained from a monazite from southern Korea
by lMr. C. W, Chesterman(3) and reported in a paper by Mr.

C. Osborne Hutton(3).

The correlation of d spacings between the red and the
honey-yellow crystals was perfect, thus demonstrating the iden-
tity of the different colored crystals. The d spaces for the
three highest intensity lines are given below in Table 1.

TABLE 1
Red Crystal Yellow Crystal
Spacing Intensity Spacing Intensity
3.25 7 3427 7
3.06 10 v 3.07 10
2.84 8 2.85 8

The correlation of 4 spacings between the data presented by
Hutton and the present experinmental data is excellent, and

confirms the identification of the mineral as monazite.



Complete comparison of these data is presented in Table 2,
and a reproduction of the powder diffraction photograph is

shown in Fig. 2.

Chemical Analysis

The spectrographlic analysis showed the following chem=-
ical constituents: Major constituents (greater than 10%)
Lanthanum, Cerium, and Phosphorous. Intermediate (1 to 10%)
Neodymium, and Praseodymium. Minor constituents, Silicon 1%,
Calcium 5%, Yttrium ,5% and Thorium .1%, The chemical com=
position thereby suggested is essentially (Ce, La, No, Pr)
PO4 with ThOo, and hence is compatible with identification

of the mineral as monazite.
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TABLE 2
COMPARISON OF MONAZITE PATTERNS

Mcnazite from San Diego Co. Monazite from Southern Koreal7)

Spacings Intensities Spaecings Intensities
5013 3 - —
4,70 3 4,72
4,15 3 4,17
3.48 5 3452
3.27 7 3431 7
3.07 10 3.09 10
2,96 2 2499 2
2.85 8 2.88 7
2.59 3 2.61 2
2.44 3 2.45 3
2.18 4 2419 4
24130 4 2.139 6
1.957 6 1,969 5
1.928 1 - -
1.890 2 1,899 2
1.870 ) 1,875 6
1.794 3 1,800 2
1.760 1l 1.766 4
1,734 4 1,746 6
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usuvally concentrated in the residual liquors because of
thelir inability to maintain electrical neutrality of the
structures when they substitute for the large cations in
silicate minerals. The inability to maintain electriecal
neutrglity is due to the high valency of the rare-~earth
elements which cannot be balanced by a suitable exchange
between other parts of the structure, For this reason
and from the fact that minerals that can acéomodate the
rare-earth elements at high temperatures are so rare that
concentration of these elements in residual fluids is not
impeded, 1t seems probable that the elements Ce, Pr, Nd,
and La, (always found together in mineral occurrence)(é)
have been concentrated in the pegmatite under consilderation
to such an extent that stable equilibrium with the P04 in
nonazite structure was attained,

Thorium also continues to be concentrated after the
main stage of crystallization has been completed, despite
its high E value. This is explained in the same manner as
the concentration of the rare~-earth elements(4), and 1s due
to the difficulty of a tetravalent lon of such a large ionic
radius in entering the magmatic silicate structures(7)u

The scource of the phosphorous in the monazite might
be the pegmatite liquid, as some phosphorous might remain
as a residuum of material not taken up by formation of apa-
tite during the earlier stages of crystallization of the

parent magma. Iifonazite and other phosphorous~bearing
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minerals commonly occur in pegmatites having this residuum
as their scource of phosphorous(s). In considering the
occurrence of monazite within the blotite~-rich inclusions,
however, the locallzation of monazite points to a different
explanation.,
No monagite 1s present in the pegmatite outside of

these inclusions, nor do any other phosphate minerals occur
in the pegmatite proper. This leads to two alternate hypothe
eses: First, the phosphorous could have been the result of
a residuum left over from the parent magma, and 1its subsequent
concentration in the inclusion could possibly be the result
of a diffusion of phosphorous ions into the inecludion. Dif-
fusion would probably be slow and incomplete at the moderate
to low temperatures within the pegmatite; and if this mech-
anism were responsible for the entrance of the phosphorous
into the inclusion, some phosphorous bearing minerals would
be expected to appear elsewhere in the pegmatite., The absence
of other phosphorous bearing minerals in the pegmatite, and
that fact that a valid reason for any such affinity mentioned

above 1s not evident would obviate this hypothesis in favor
| of another. Secondly: The inclusion itself might have been
the scource of the phosphorous. Thin section study of in-
cluded masses within the pegmatite, but near the border zone,
shows small crystals of apatite in limited amounts., These
same sections show little or no evidence of monazite formae-

tion., Inclusions near the center of the pegmatite, either
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ad jacent to or very near the quartz core, show excellent
development of euhedral monazite but do not contain apatite,
It is probable that apatite~bearing inclusions, which were
in a position near the center of the pegmatite, were under
such conditions of pressure and temperature that reaction of
the late concentrated rare-earth elements and thorium with
the phosphate mineral (Apatite) in the last liquors of the
pegmatite was possible to a high degree. The caleium pro-
bably was taken up in forming limited amounts of albite,
The inclusion was permeated with these late liquidsj and
minerals were formed in equilibrium under conditions of high
pressure, moderate temperature, and high concentrations of
volatile constituents, It is thought that this second mechw
anism is probably the explanation for the scource of phos=-
phorous in the monazite. The determining factor in satisfy=-
ing the equilibrium of the monazite as opposed to the apatite
is thought to be the high concentration of rare~-earth elements,

If the phosphorous in the monazite was derived from with-
in the inclusion, a scource of apatite must be postulated for
the roof pendants in the late Mesozoie intrusives. The closest
correllation to these inclusions is the Julian schist
(Triassic?)(l) for which the type section is fifty miles
north of the mapped area. These schists are variable in com=
position and are reported to be predominately metasediments.
It is possible that the scource of apatite in the inclusions
was the phosphate content of these sediments, Published
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datacl) indicate little or no apatite content in Julian
schist, but data are not available for the blotite schist
inclusions present in the area studied., It is quite pos~
sible that apatite could have been introduced into the
biotite schist at the time of the Mesozoie intrusion and
should the metasediments prove to be barren of apatite,

this would serve as an alternate hypothesis,
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