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ABSTRACT

The joint pattern in the Jarilla Mountains igenous rocks does
not have a strong preferred orientation. Statistically the orien-
tation is shown to be nearly random. The range has two large areas
of strong to moderate fracture intensity. The rock geochemistry
studies show anomalous values for barium, copper and lead. The
copper and lead concentrations are bimodally distributed as deter-
mined from log probability plots. The distributions containing the
higher Cu and Pb values are interpreted to be related to hydrothermal
mineralization. There are no strong preferred orientations to the
geochemical anomalies. But a strong correlation does exist between
the areas of strong to moderate fracture intensity and the anomalous
copper and lead values. Geochemical values obtained in this study
are compared to the concentrations obtained in the orientation study

at Kalamazoo, San Manuel District, Arizona.
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SCOPE OF THE STUDY

Purpose of the Research

The intrusive igneous rocks of the Jarilla Mountains were studied
with respect to their content of copper, lead, zinc, iron and other
elements, and their joint pattern and intensity of fracture. The purpose
of the study was to determine the relationship of the metal distribution
in the igneous rocks to the orientation and intensity of fracturing
and to the areas of known or posgsible mineralization. Detailed geclogy
and mineralogy of the ore bodies has already been published and is not
the purpoge of this study. The Jarilla Mountains have produced copper,
lead, iron, gold, and silver (Schmidt and Craddock, 1964). Most of
the production was from replacement bodies in limestomes that lie adjacent

to the intrusive rocks and from a few small placers.

This study indicates that the metal concentrations in the intrusive
rocks are related to the areas of known mineralization -and to the in-
tensity of fracturing in the intrusive rocks. This relationship may prove
helpful in determining the origin and travel routes of the mineralizing
fluids. Also the copper, lead and zinc concentrations may be used as
background values with which more detailed surface or drill samples can

be compared.



Tocation of the Study

The area investigated is the Jarilla Mountains located in the Tularosa
Basin, south-central New Mexico. The range is in the south-west quadrant of
Otere County near the town of Orogrande lying in Townships Z1 and 22 South,

Range 8 East, west of U, $. Highway 54 {See Figure 1).

PHYSTCAT CHARACTERISTICS OF THE JARILLA MOUNTAINS

Physicgraphy, CGlimate, and Vegetation

The physicgraphy, climate and vegetation of the Jarilla Mountains have
been described in some detaill by Seager (1961} and by Schmidt and Craddock
{1964), ¥For the purpese of this report the area may be described as a low
range of mountaing {1200 Ffeet maximum relief) with steep, rugged slopes, a hot,
dry climate and very little wvegetation. These factors dictare the type of
material available for geochemical sampling, essentially rock or colluvium
in thisz case. They alsoe effect the type of wetallic dispewrsion patterns
arcund mineral deposits, in this case secondary dispersicn is severly limited

and requires that geochemical prospecting focus on the primary patterns.

METHODOLOGY

Field Sampling Procedure

The rock samples were cclilected and joint orientaticn measurements were
made at the ssme predetermined locations. These locaticns were cecasionally
adjusted in the field. The total area of ignecus outcrop was determined from

the geclogic map of Schmidt & Craddeck (19642, with a planimeter, to be 6.9
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square miles. The monzonite adamellite {Tim) crops out over an arvea of 3,3

Fa)
§

square miles {including interior wetamcrphic vocksl. The monzonite adamellite

area represents (6% of the lgneous outcrop. 1 this area, mapped as Tim,

71 locations were sampled and & 66 of these locations joint orientations were
measured. Svencdiorite crops cut over an area cof 0.8 square miles re~
presenting 12% of the ignecus cutcrop - 14 lecations were occupied in the area
mapped as Tis. Orthoclase adamellite corps out over 0.6 sguare miles or

%% of rhe avea and 11 locations mapped as Tic weve cccupied. The leu-

corhvolite covers (.2 square miles or 3% of the area and 3 locations were

occupied in the area mapped as I The outcrop area of the undifferentiated
dikes was not measured, but 16 areas were samples and joint orientations

measured. Table 1 summavrizes the sample locations.

In each of the four major rock types. The sample locations were spaced
as evenly as possible. The greatest distortion from a uniform distribution
occurs in the south end of the area mapped as Tim (Figure 2). In this area,
numercus unmapped outcrops of metamorphic rocks, prospect pits and wmine
dumps caused the distortiop in uniform sampling distribution. Each sample
area represents approximately 0.07 square miles of ignecus outcrop. The
sample areas are about 1500 feet apart onthe average and never cleser than
500 feet. Each location was predetermined, in the office, based on unlform
distribution, and adjusted in the field, based on megascopic Gbservatioﬁ,
to be the same as, or representative of, approximately 0.07 sqguare miles
(1400 x 1400 feet) of ignecus outcrop surrounding the sample area. The

rocks were collected and joint orientations measured from an area
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at least 10 yards in diameter at each location. Locally mineralized veins
or prospects were avoided. One area of pyritized monzonite adamellite was

sampled because the sulfides were distributed over a wide area,

REVIEW OF THE LITERATURE

Previous Research in the Jarilla Mountains

The geology of the Jarilla Mountains has been described by Hidden {(1893),
Lindgren, Graton and Gordon {1910), Meinzer and Hare (1%15), Darton (1921, 1928),
Lasky and Wooton (1933), Needham (1937}, Kelley (194%9), Reynolds and Craddeck
(1959), Seager {1961), Schmidt (1962), Schmidt and Craddock {1964), Jaramillo
(1973), Beane, Jaramillo and Bleom (1975), and Bloom (1%77). Most of these
contributions are concerned with some asgpect of the metallic mineralization in
the range. The bulletin by Schmidt and Craddock (1964) has the most recent
geclogic map of the entire vange and was therefore used as a base in this re-
port. Samples collected for this report are cross-referenced with Plate 2

in Schmidr and Craddock (1964) (See Table 14).

Joint Pattern and Fracture Intensity

Rehrig and Heidrick (1972) related regional fracturing to porphyry
copper mineralization in a number of Laramide stocks in Arizona. Mackin (1954)
and others showed how tensional joints in the Granite Mountain laccolith
formed travel routes for mineralizing fluids that fed magnetite/hematite

replacement bodies in limestones adjacent to the intrusive.



RESULTS OF THE 31UDY

Data Analysis

In thie study, the orientation ¢f steeply dipping jcints and the in-
tensity of fracturing was measured at 110 locations as described in the
section on Sampling Procedures lsee page 4). The data, which is presented
in Map 1 and Figure 2, was then subjected to statistical analysis. The
joints were measured at a number of locations in each sample area and then a
single average was recorded. The strikes and dips refer to joint sets
rather than individuél joints. An arbitrary field classification was
devised for caregorizing the fracture intensity into three groups: strong,
moderate, and weak. The strong group consisted of numercus joints per sel,
spaced at intervals from a fraction of an inch toe three inches apart. In
most of the areas classified as strong fracture intensity,. the rock could not
be broken to a fresh surface. Moderate fracture intensity had a fair number
of joints per set, with the fractures greater than three inches apart. The
areas classified as weak had only a few widely spaced jeints per set. Sheeting,
as produced by exfoliation, was not recorded since this type of jointing was
found to be near surface phencmencn and invariably oriented parallel to ex-
isting topography. The histegram labelled Tim in Figure 3., shows the joint
orientation for menzonite adamellite {Tim), which is the most abundant rock
type in the range. The fractures appear to have two preferred orientations,
one at N-50°-E and the other at N-60"-W with the N-30"-E set slightly more
prominent. Vistelius (1966) has described a statistical technique for de-

termining the probability that the observed

10
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distribution (histogram Tim) is the result of random deviations from a
uniform distribution, or that a preferred orientation exists. The data
from the joint measurements in monzonite adamellite will he used to de-

scribe the details of the technique.

o~ Py
The sampling distribution of :%: (Chi Square) is given by the ex-

pression:

t,w"\ .
P AR Gomimne)”
) cat %

where «#; is the number of observations in the £* class corresponding
to the probability X , and ¥, is the overall number of observations.
The degrees of freedom listed for Chi Square is equal to the number of
. TS .

independent sums generating (}Q , that is the degrees of freedom
V=¢-4 . 1In applying this distribution to the data observed in the
field, ¥YI¥; becomes.nwﬂd, which is the expected value if the distribu-

tion is uniform. This is,ﬂwq:aibm;fnumber of intervals used in the

histogram, giving the formula: i}iz‘ [ (mﬂéhqm;’)l
I et et i ol
2§L Al
£2]

The problem is then stated as follows:
The joints in the monzonite adamellite (Tim) have
different orientations as shown in the histogram

of Figure 3 and the Table in Figure 4 .

The null hypothesis (Ho)consists of the supposition of a uniform
distribution of the orientations of the joints. In accordance with the

Ho’ in each interval there will be an identical frequency of orientations

12
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equal to the total number (183) divided by the number of sections

(6). The expected value in theory is equal to 30.5 The critical
value, which would allow rejection of this distribution under the

null hypothesis, in favor of an alternative distribution, is equal

to 5.29, with 5 degrees of freedom, and &= .05 (Burington, 1965).
This value lies in the interval 0.50'(C¥§(5.29)‘< 0.25 (0(5(5.29)¢5
.40 from interpolation) suggesting a probability of about 40% that

the distribution in histogram Tim is due teo random fluctuations of

a uniform distribution. Geologically this indicates that the frac-
ture pattern is complicated and may be radial, concentric or hap-
hazard, as is found in a shattered stockwork. The statistical
treatment provides additional information on how many observations
might be required to determine a‘statistically significant preferred
orientation. In this case, if the number of observations were doubled
and the distribution stayed exactly the same, the probability that

the observed histogram was due to random fluctuations in a uniform
distribution would be less than 10%. If the joint pattern were to be
used to determine the stress Environment, then at least double, and
possibly three or four times as many observations would be required to
distinguish a clear signal from the high background noise. This in-
dicates another potential type of misinterpretation. That is, if the
number of observations is high enough there will almost surely be a
statistically significant preferred orientation. This is where geologic
judgement becomes critical and it becomes necessary to define the
problem being solved very specifically and it is mandatory that the

number of observations per unit area be taken into account, if two or

14



more areas are being compaved. In this case, the data shows the joint
patitern approaching & stock work configuration for Tim, which is cor-
reborated by the radial dike patterns shown on the geclogic maps of
Schmidt and Craddeock {1964} and Seager (1961), and a weak preferred
orientation. The joint histcgram for Syenodicrite (Tis), labelled Tis in
Figure 3, displays the major preferred crienitaticn of N-15"-W and a
gmaller peak at N-657.E, Jsing the same statistical technigue as de-
scribed above, O.ZSQ?? 5 8.63 ® 0.10 indicates that there is a 13%
probability that the distributidn in the Tis histogram is due to the
random fluctuations of a uniform dstributicon. The preferred orientation
in this case is much more assured thap in the Monzonite Adamellite. If
the number of measurements with this distributicn were doubled the
probability of a preferred orientation would exceed 9%.5%. The Syenc-~
diorite has obvicusly undergene a different stresgs history than the

Monzonite Adamellire.

Figure 3 labels the joint histegram for the Leucerbyelite, Til,
Although there is only one significant peak at N-SQ—E, statistically
the Til histogram has a high probability of being due to random
fluctuations of a uniform distribution (0.75 & 5 3.74 < 0.50).

AT least three rimes as many measuvementa would be required to give a

statistically significant preferred orientation.

The strike histogram of the Orthoclase Adamellite (Tio) is labelled
Tio on Figure 3. The fractures strike N-40"-E and N-45°-W but the statistical
significance of the preferred orientation is low (0.75 ﬁ%%/ 5 3.86 <, 0.50),
and the oumber of measurements should be increased by at least a factox

of three to obtain statistical significance.

15



The jeint orientation and fraciture intensity data is summarized in T

The areas of intense fracturing are outlined on Figure 2 {aee page 8).
In the northwest corner of the map, an isclated outcrop of Monzounite Adamellite
is moderately fractured. The center ¢f the map contains a "IV ghaped area,
trending east-noertheast-south-southwest and north-nerthwest-south-socutheast,
of moderate and strong fracture intensity. The rock types in Chis area are
Syvendicrite, Monzonite Adamellite and Orthoclase Adamellite. The largest area
of moderate and strong fracturing occurs at the south end of tThe range in an
elliptical shaped area that frends northwest-southeast. The rock type in
this area is predominantly Monzonite Adamellite with a small area of Leu-
corvhyelite, Fracture intengity is compared to the metal distributicn in the

rock geochemistry section {pate 19 et al).

Rehrig and Heidrick (1972) in their study of regional fracturing con-
cluded that "the cyrucial structural difference which best contrasts ore-
grade prophyries from the barren stocks is the intensity and complexity of
the fine fractures and the vesulting interlaced network of core~hbearing
micro~-veinlets and micro-joints which were available to the mineralizing
fluids". 1In the Jarilla Mountains, the Syencdiorite (Tis) appears to fall
quite clearly into a non-productive stock clasgification. T has a system
of orthogonal fractures striking east-northeast and north-northwest and the
intensity of fracturing is weak. Monzonite Adamellite {Tim), on the other

hand, appears ta be closely similar to productive stocks in regard to

fracture intensity. Since the fracture intensity scale used in this study is

oy
(a3
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relative fraciture intensity of the rocks in the Jarilla Mountains, the cor-
relarion with other non-productive and productive Laramide stocks in the south-

westh 1s Lenative at best.

The fracture pattern in the Jarilla Mountains intrusive rocks do not
appear to be comparable fo the tensional joinits described in the study by
Mackin and others {(1954). In general, the fracture sets in the Jarilla's are
much more hapazard Then those described in the Granite Mountain study.
However. there may be an interior depletion of irvon in the Jarilla‘ts that is

similar to that described by Mackin (1954).

Beane and others (1%75) note that two distinct fracture orientations
are exhibited by the intrusive rocks of the Jarilla Mountains. In the grano-
dicrite and latite {Syencdicrite and leucorhyolite in this study) they found
fractures trending N-5-E and N-50" to 55 -E compared o N_15O-w, N~65Q~E?
and N-5°-F for the regpeciive rock types in this study. In the monzenite
{monzonite adamellite in this study) they report joint sets have N-34"-F and
N—SSOmW trends compared ta N~SDQ~E1 N—bOD—W'in this study. Beane and cthers
(1975 use the fracture orientabinn data te corroborate petrological data that
indicates that the grancdiorite and latite (syenodiorite, leucorhyolite; this
report) are genetically related and that the monzonite (monzinite adamellite;

this report) post dates both. The data presented here would support the
P |4 P PP

conclusion that the syenodiorite and monzonite adamellite were subjected

18



to quite different stress regimes. Although the ayencdiorite appears
to have similar fracture orientations to the leucorhyolite their re-
spective fracture intensities arve different, so witheut additional

jeint orientation measurements this study cannot support a structural

relationship between the syenodicrite and leucorhyolirte.

LITHOLOGY

The base geologic map uged in this study was from Schmidt and
Craddock (1964), as were the ignecus rock names. Sedimentary and
metamorphic units were not sampled in this study and are not de-
scribed. (For details see Schmidt and Craddock {1964), Seager
(1961), Beane et al (19753}, and Bloom (1977).) The igneous rocks
congist of: extrusive basalt of Recent age, and Tertiary intru-
sive biotite syenodiorite, monzonite adamellite, orthoclase adamellite,
leucorhyolite, and undifferentiated dikes. Talbe 3 summarizes the
mineralogy and nomenclature used by workers in the Jarillas for the

major igneous rock Lypes.

ROCK GEQGHEMISTRY

Application of Rock Geochemistry Literature o This Study

Mackin and Ingerson {1960) found that biotite and hornblende
phencerysts were largely destroyed in the intericr of the Granite
Mountain Laccolith. Tension jeints with bleached selvages appear to
be the conduits that allowed the iron which was removed from mafic
minerals in the center of the igneous body to be transported to

their peripheral
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limestones. They propose deuteric alteration as a hypothesis for the

origin of the ore~forming fluid.

Theobald and Havens (1960) found that the alteration of biotite
in a quartz monzonite sill resulted in the loss of iron and other base

metals.

Griffitts and Nakagowa (1960) proposed that anamolous copper and
zinc values in monzonites were due to leakage from nearby ore deposits
during mineralization rather than to an originally high metal content of

the parent magma.

The Searchlight, Nevada, quartz monzonite stock was studied by
Shrivastava and Proctor (1962) and Proctor and others (1973). They
found that the lowest copper values in unaltered rocks were spatially
assoclated with an area that gave the highest copper values in altered
rock. They also found that the highest concentration of copper in un-
altered rock is in the area nearest the vein system that produced the
largest amount of copper. The whole-rock contents of gold, silver,
lead, and zinc also revealed well-defined patterns that were related
to alteration and spatially associated with mineral deposits. They
concluded that "significant losses of trace elements in the altered

igneous rock mass suggests a non-productive intrusive body.,!

Putman and Alfors (1967)(1969) in an extensive study of the Rocky

Hill granodiorite stock determined the metal variation patterns within

21



the stock, estimated the within-pluton variance and compared this data
to petrologic facies within the stock and to other similar intrusives
in Arizona. They concluded that whole-rock trace element data is
better than mineral phase trace element data and sampling should be
governed by local variations found in the field and not held to rigid

grid intersections.

Mantei and others (1970} suggest that anomalous Au, Ag, Cu, Pb, and
Zn values in the Marysville, Montana, granodiorite stock are the re-
gsult of solutions from mineralized veins penetrating out into the
wall rock. The vein material is relatively more enriched in Au and
Ag than in base metals and that anomalous values for Au and Ag are

stronger and more extensive than those for the base metals.

Govett (1972) in a rock geochemistry orientation survey in
Cyprus demonstrated that anomalous dispersion patterns for Cu, Zn,
Ni and Co could be reliably measured in pillow lavas for a maximum
distance of only 20meters from the massive sulfide deposit. By
the use of a statistical discriminant analysis technique an anomalous

zone could be recognized more than 2000meters from the mineralization.

Coope (1973) lists several important porphyry copper deposits
which were discovered, or their potential indicated, by the applica-
tion of geochemical exploration methods. He describes the various
methods used in selected case histories and indicates the direction

of on-going research.,

22



Sheraton and Bleck (1973} studied tin bearing granites in Australia
and determined that granites assoclated with copper or lead/zinc minera-
lization did not show ancmalous abundances of Cu, Pb, or Zn. They con-
cluded that if mineralization is regarded as an independent by-product
of magma generation, rather than of differentiation processes, then the

lack of correlation ig explicable.

Olade and Fletcher (1976) used a selective extracticn technique
to investigate the sulfide iron distribution in the Highland Valley,
B. C. porphyry copper deposit. The results emphasize patterns related
to gulfide, wersus total metal, and are shown to be consistent with

mineralogical zouing within the deposit.

Chaffee {1976) described the zonal distributicn of selected
elements above the XKalamazoo porphyry copper depesit. The paper pre-
sents the best rock-gecchemical corientation study publiszhed to date
in the United States. Core and cuttings from two drill holes were
analysed for 60 different elements. Each hole sampled a different
major rock unit and penetrated all the existing. alteration zones and
the ore zone. It was found that Cu, Mo, Ag, Au, Co, Mn, Zn., Tl, Rb,
Li, Fe, Na, X, 8, Se. Ba. B show scme fype of zoning velative to fthe ore
zone. Chaffee suggests that trace elementsg should be wvaluable in eval-
uating areas whevre disseminated pyrite is found, and that elemental
zoning should be at least as useful as alteration-mineralization zoning
for evaluating rock bedies thought to contain blind deposits similar

to the Kalamaroo depesit.



Olade (1277} studied major element halos in granitic wall rocks
of porphyry copper deposits in British Celumbia. It was found that

Na,O, Ga0, MgO, and total Fe decre
3 » Mg,

W

seg from the outer margins of the de-

N

whu

posil to the imner zenes of intense hydrothermal alteration and met-

1

allization, while K,0 and K. 0/Na.0Q ratios incresse inward, Olade con-
E 2 2 /:

cluded that the use of major element halos is morve advantageous and
=1 )

lese time-consuming than guantitative miuneralogical techniques in

oo

delineating anomalies and distance to mineralization.

Laboratory Procedure

The sample areas where joint orientations were measured and rock
specimens taken have been previuusly described in the section on FPield
Sampling Procedure (see page 4). The effects of weathering on the rock
gpecinens was kept to a minimum by collecting large samples and breaking
them down in the field to the freshest rock available. in the laboratory
the rock samples for chemical analysis were reduced to a powder by the

following procedure:

1. The fi

i}

t size field samples were broken with a hammer con a
stainless steel plate. Only completely fresh chips were retained for

mechanical crushing.

-

2. The chips were then successively reduced in a jaw crusher with
ceramic plates, a Bico pulverizer and finally about 50 grams were reduced
te minug 200 mesh in a Beuhler pulverizer-mixer.

3. The minus 200 mesh material was analyzed by emmission spec-

trography and atomic absorption.



Twenty samples were analyvzed for 35 elements on the Wadsworth
mounted, Jarrell-Ash, 1.5 meter, DC arc emission spectrograph, which
is equipped with a water cooled arc stand. The film was vead on a
15 X Jarrell-Ash microphotometer comparator. A 10 mg. portion of
each sample was completely burned in the arc. This work was done by
W. A. Bowes & Associates, Steamboat Springs, Colorado.

One hundred and forty samples were analyzed for 4 elements on a
Perkin-Elmer Model 103 atomic absorption spectrophotometer and twenty
samples were analyzed for 1 element on a Perkin-Elmer #360., For copper,
lead, zinc and iron 2 gm of sample were weighed into a beaker. Then
5 ml. of concentrated nitric acid and 15 ml. of concentrated hydro-
chloric acid were added. This mixture was heated on a hot plate and
leached for about Z hours until all the liguid was nearly evaporated.
Finally, 10 ml. of concentrated hydrochloric acid and 100 ml. of dis-
tilled water were added and brought to a boil. The solution was then
transfered to a 200 ml. volumetric flagsk and made up to the volume.

For molybdenum 10 gm. of sample were weighed into a beaker, 15 ml. of
concentrated nitric acid was added and the mixture was heated on a hot
plate until the brown fumes were gone. The beaker was allowed to cool
and then 15 ml. of concentrated sulfuric acid was added and the mixture
was heated until the brown fumes were gone. When the solution was cool
10 ml of concentrated hydrochloric acid was added and again heated until
the brown fumes were gone. Finally, 25 ml, of distilled water was added
and the mixture was brought to a boil and then allowed to cool. Cal-
cuim and iron interference was eliminated by adding 5 ml., of aluminum

chloride solution. The mixture was then transfered to a 100 ml wvol-
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unmetric flask and made up to volume. The A. A. ingirumeni paramelers
P

are summarized in Table 4.

Analytic Regults

The emission spectrograph was used in the first stage of This llth-
gecchemical project to identify and semi-quantify 35 elements that could
provide insight into geochemical and ore depositicnal processes or patterns.
Nimeteen of the thirty five elements that were looked for were within the
limits of detection and are reported below in Table 5. The sixteen clements
not reported here include Si and Al, which were present in ell samples in
amounte above the upper limit of discrimination, and Au, Mo, W, Sn, As, Bi,
Sh, Cd, Rb, Ce, Cs. Li. Ga. Re, which were not detected in any samples.

The spectegraphic results were helpful in determining the standards re-

quired for the atomle absorplion analvsis.

Table 5 presents the emissicn spectrograph data in four groups
according te vock type, and in three element groups according to assvclatious.
Ta the chalcophile group copper, lead, and zinc are discussed in detail
later in the paper {see page 52 et al), Silver was detected in three
samples and apperas Lo be associated with higher than average lead content
regardless cf rock type. here does not appear to by any special relation-
ship of silver values with known mineralizaticn, extensive alteration or

geochemical anomalies.

The two siderophile elements nickel and cebaltf, although often
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TABLE 5 EMISSION SPECTROGRAPHIC ANALYSIS
K, P Reported in %, Fe in PPT, All Other Elements in PPM

COMPARISON OF
SAMPLE CHALCOPHILE SIDEROPHILE LITHOPHILE ROCK ATOMIC ABSORPTICN
NUMBER TYPE ANALYSTIS
Cu Pb Zn Ag Ni Cc Cr v Ba Sr Zr B Be La Sc Nb Y K P Cu Pb Zan Fe
1 20201 - 5 20 100 50 2000 1000 150 L 5 ¢ 26 10 20 1 .1 Tis 10 22 535 35
2 15 20 - - 5 - 200 30 2000 1000 200 - 5 - - 10 10 2 1 Tis 6 11 1la 25
3 20 20 - - 5 30 150 50 2000 1000 200 - 5 20 20 10 10 1 L Tis 13 12 36 38
11 15 30 - .5 3 - 150 50 2000 1000 200 - 5 20 10 10 L 2 L Tis 7 24 25 1%
Avg.Tis 18 23 - - 5 . 150 45 2000 1000 188 - 5 37 17 10 13 1.3 . 9 17 33 2%
13 40 30 - - 5 10 70 50 2000 1000 150 - 5 - L 10 - 2 .1 Tie 35 36 65 24
16 Wi - - 5 - 150 530 100 700 100 - 5 - - 10 - L .1 Tic 2 5 21 %9
avg.Tio 25 20 - - 3 3 110 50 1050 850 125 - 5 - . 10 - ..l
17 10 30 - L 5 - 300 - 1000 500 200 - 5 - - 20 10 3 - Til 5 8 13 3
18 10 30 -« - S - 300 - 2000 300 100 - 5 - - 10 L 3 - Til 5 6 23 6
Avg.Til 0030 - . 5 - 300 - 2000 400 150 - 5 - - 15 . 3 - 5 7 18 5
21 40 30 ~ L S - 300 30 1000 700 150 - 5 100 - 10 10 L.5 .1 Tim 46 17 21 3
24 10 20 - - 5 10 150 50 2000 100C 200 10 5 10 10 10 20 1.5 .1 Tim 5 5 26 20
32 10 30 - - 5 - 200 50 2000 100G 20C 10 5 50 15 10 30 2 .1 Tim 3 6 21 7
44 10 50 - - 5 - 150 50 2000 1000 100 10 5 20 L 0 10 2 .1 Tim 5 21 25 15
53 10 16 - - 5 - 150 50 2000 100C 150 - 5 20 10 10 20 3 .1 Tim 2 7 15 4
55 10 30 - - 5 - 150 50 2000 1000 150 - 5 - - 10 1w 2 .1 Tim 6 9 40 19
58 10 10 - - 5 30 100 30 - 200 1.0 - 5 50 - 10 - - .1 Tim 4 4 26 7
50 10 20 - - 5 - 200 50 2000 1000 100 - 5 7 L 10 -~ 2 .1 Tim 3 8 25 17
73 10 10 - - 5 - 150 50 1000 10060 100 - 5 70 10 10 20 2 .1 Tim 3 5 22 7
80 10 10 - = 5 - 150 30 100 500 200 - 5 20 - 10 20 1 .1 Tim 2 3 11 4
84 10 20 - - 5 - 150 50 300 5300 100 - 5 20 1 16 - 5.1 Tim 2 10 30 7
20 1C 30 « - 5 - 200 50 3000 1000 100 - 5 100 L 10 10 3 .1 Tim 5 & 36 10
Avg.Tim 13 23 - - 5 . 171 &7 1582 825 138 . 5 56 . 10 . 2 .1 79 25 10
Lower
Limit of 5 1020¢C .5 5 10 20 10 10 100 10 10 2 20 5 0 10 5% .1%
Detection
(~) Not Detected (L) Detected But Below Limit of Detsrmination
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assoclated, have two distinctly different distributions. The nickel
is evenly distributed at 5 ppm throughout all the rock types. Rosler
and Lange (19272} indicate that Ni should decrease from cver 100 ppm

in basin ignecus rocks to about 50 ppm in intermediate and & ppm in
acid rocks. The Jarillas appear to be depleted in Ni and magmatic
differentiation appears to have had little effect on this element,
Cobalt content in most magma series decreases from 50 ppm in basic rocks
to about 5 ppm in the felsic end member and thevre is scome indication
thatthe distribution in the Jarilla®s follows this decreasing mafic

to felsic trends. The Co content displaved in Table 53 and Figure 4 is
very erratic and is prcbably most affected by the fact that the con-
centfation is near or below the lower limit of instrument detection.
Chaffee {1976) shows a small Co anomaly in the propvlitic zone and
then a large increase that peaks at 30 ppm in the ocre zone between

the phyllic and potassic zones.

The guantities of thirteen litheophile elements were determined
by emission spectography and listed in Table 5. Chromium in the in-
trusive rocks of the Jarilla Mountains was present in anomalously high
amounts. Hawkes and Webb{1962) indicate that the Cr content of felsgic
rock is about 25 ppm and that chromium has a strong asgsociation with Ni
and Mg. Rosler and Lange (1972) report Cr to decrease from 300 ppm in basic
rocks te 530 ppm in intermediate to about 30 ppm in acidic rocks. The
trend in the Jarillas {see Figure 5) is from an average of 130 ppm in
Syvenodiroite Lo 300 ppm in Leucorhwvolite - just the oppesite of the trend expected

and an order of magnitude higher than the gquantities reported in the
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literature. The spatial distribution is probably related to rock Lypes
since cther trends are not apparent. Vanadium is reported in the 1it-
erature to avevate 40 ppm in felsic rocks and about 100 ppm in inter-
mediate types. In the Jarilla's V averages between 40 and 50 ppm and

ig very evenly distributed throughout the vange except in Leucorhynlite
where it is apparently absent {see Figure &), Vanadiun is asscciated
with Fe and Ti in magnetite, a mineral which is not found in the Leu-
corhyolite. The bavium content of felsic rocks is reported to average

840 ppm with an increasing trend from basic through intermediate to acidic
rocke averaging 300 ppm, 500 ppm, 800 ppm respectively. In the igenous
rockes of the Jarilla Mountains, the barium content averages 2000 ppm in
biotire syencdiorite and 2000 ppm in leucorhyelite and in the monzonite
rocks vanges from less than 10 ppm to 3000 ppm. Chaffee (1976} presents

the barium distribution at San Manuel as follows: background - 600 ppm,
possible slight anomaly in the prepylitic zone - 700 ppm, a strong anomaly

in the ore zone that increases below the ore to 15300 ppm, also there may

be a negative anomaly above the ore in the phyllic and phyllic-argiilic

zones, The spatial disrribution of barium is shown in Figure 7. In the

south east end of the range samples 58, 80, 84, and 16 outline an area of low
barium content. Sample 90 is from a pyritized area and has the highest

barium concentration found. There are a few barite veins in the north end

of the range near samples aveas 344 and 27 (see Figure 1). The Ba is probably
concentrated in orthoclase and sericite‘where it substitures for K in the ¢

{

erystal lattice. The spatial distribution of Ba {Figure &) and K (Figure

hY

14) are nearly identical. Rosler and Lange (1972) report 400 ppm strontium

in absic rocks, 750 ppm
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in intermediate and 250 ppm in acidiec. This study shows 1000 ppm in
the biotite syenodiorite and 400 ppm in the leucorhyolite. TFigure 8
shows a depletion of Sr in the southeastern part of the range similar
to that shown in Figure 7 for barium. The zirconium content, shown

in Table 5 and Figure 9 , ranges between 100 and 200 ppm. The lit-
erature indicates Zr increases from 100 ppm in baeic rocks to 250 ppm
in intermediate and decreases slightly to 200 ppm in acid rocks.
Essentially all the Zr is found in zircons, which are a common ac-
cessory mineral. Boron was found in three samples in the north-central
part of the range (Figure 10 ). The value of 10 ppm or less found in
this study agrees with the values reported in the literature, but Chaffee
(1975) found a B concentration of up to 35 ppm below the ore zone, which
is very similar to the Ba anomalies he found. 1In the Jarillas, boron
and barium are apparently unrelated. Lanthanum concentration ranges
from less than 20 ppm to 100 ppm. The literature reports 10 ppm in
basic, 60 ppm in intermediate and 40 ppm in acid rocks. La is usually
assoclated with other rare earth elements Sc¢, ¥, Th, Nb, and found in
allamite, apatite and monazite. The orthoclase adamellite and leu-
corhyolite contain no La probably becauee of the absence of apatite in
the particular samples analyzed. The spatial distribution (Figure 11)
of La does mot reveal any association with known mineralization. Scan-
dium was detected in eleven of the twenty samples analyzed, ranging
from detectable but less than 5 ppm to 20 ppﬁ. This rare earth is re-
poerted to average 20 ppm in basic rocks and about 3 ppm in intermediate
and acidic types, so the Jarillas are slightly enriched in this element.
Figure 12 shows a depletion of Sc in the southern part of the range,

which corresponds to the area of known mineralization. ROsler and Lange

35



Tor A e







At ) \\’\g-\:%;‘ P
(«jé"“ﬁpt\‘z; ”
[

[t
\

)

ol
ErASn
T




e



o~
—
]

FIGUR

-S¢

PPM

z




£1972) veport that vitrium averages 20 ppm in intermediate vocks and 40

ppm in more felsic varities., In the Jarilia Mountains. ¥ valueg range
from below the 1imit of detection up to 30 ppm. Unlike the other rare
carth elements the leucorhyolite contains detectable amounts of Y. In
addition te assoclating with the other rare earths, ¥ can substitute

for Ca in crystal lattices. The spatial distribution of Y may indicate

a depletion in the southern end of the range (Figure 13). Potassium
ranges from not detected through detected but below limit of deter-
minaticn up te 3 percent. The literature reports the potagsiun content

of basic rocks average less than 1 percent, intermediate rocks 2 percent,
and acid rocks 3-4 percent. The high K values ccocur in the leucorbivelite
and in samples 53 and %0 of monzonite adamellite. Sample area 90 containg
abundant pyrite. The spatial distribution of potassium is‘similar Lo

that of Ba, Sr, and Y, in that the southern end of the range appears to
have a lower concentration than the cenitral and northern areas (Figure 14).
Phosphorus decreased from 0.1-0.2 percent in basic and intermediate vocks
to abour 0.07 percent in acidic rocks. In the Jarilla Mountains P is
found in all rock types, excepi leucorhyelite, in a narrvow concentratbion
range of detected bul below The limit of determination te 0.1 percent,
which is the lower limit of determination. The bictite syenodicrite ap-
parently has less P than the monzonitic rocks. ALl the rock types ex-

cept leucorhyelite have reported apatite as an accessory mineral.

ATOMEC ABSORPTTON TNSTRUMENTAI PRECTS TON

The results of the fests for the precision of the atomic absorption
analysis are given in Table & {see pages 47,48). TFour replicates of two

different samples
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and three replicates of two other samples were used in the test. The
values are reported in parts per million for copper, lead and zinc and

in parts per thousand for iron.

The statistical terms used in this section are defined as follows:
(Koch and Link, 1970; Pawlowicz, 1974; Walpole and Myers, 1972)
Mean - is a measure of central tendency; in a sample of L
numbers Xl, XZ"'“““" Xn the mean is defined as X and
=i Yo
Maximum - is defined as the highest observed value in a set of

numbers.

Minimum - is defined as the lowest observed value in a set of

numbers.

Range - is defined as the difference between the maximum and min-

imum observed wvalues.

Variance - is a measure of dispersion about the mean; in a sample

of 7 numbers le qunwaﬂj Xn the variance is defined as
”SZ“ and 82 = éi (X~ X))
€z M-

Standard Deviation - (Std.Dev.) is the root-mean-square deviation
of a sét of observations from their mean. Standard devia-

tion is defined as '"S" which is the square root of the

variance. S = V S2
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Coefficient of Variation - (C.V.%) is defined as the standard de-
viation expressed as a percentage of the mean.

C.V.% = §/X - 100%

90% Confidence Interval - (90% C.I.) this measurement incorporates
three basic attributes of the sample: The mean; The standard
deviation; and The sample size. In this case we use a two-
gided confidence interval given by the expression 90% C.I. =

+ & S/\jA, where t is student's t statistic

5%

s is the standard deviation, and ~vi_

is the sample size

Upper Bound - (U.B.) is defined as the mean for a set of observations

plus the confidence interval. U.B. = X + too S/

Lower Bound - (L.B.) is defined as the mean for a set of observations

minus the confidence interval. L.B. = X - t5% SA’Wx

NOTE: This use of confidence intervals allows one to say with 90%
confidence that the Syenodiorite in sample #3, Table 6

contains not less than 9.2% nor more than 16.2% copper.

Precision - is defined as the closeness of agreement among replicate
results obtained under a definite set of conditions. The
U.B. and L.B. in Table € define the precision of atomic

absorption analytical method.
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Accuracy - is defined as the nearness of the mean (X) of a number
{71 ) of results to the "true" result. There is nc test

of accuracy in this study.

DATA ANATLYSIS FOR Cu, Pb, Zn, and Fe

The content of copper. lead, zinc, and iron in the igneous rocks of
the Jarilla Mountains is presenfed in Table & - 11. This data is analyzed
statistically by a procedure using probability plots and alsc computer
generaged histograms and scatter diagrams are presented (Figures 15 & 16).
Tennant and White (195%) describe a method of studying the distributiocn of
geochemical data by pletting the values on logarithmic probability paper.
Gutjahr (1273) presents a detailed description of the statistical procedure
used to check for normality by pletting the empirical distribution functions
of the data on normal probability paper. The data analysis presented in
this study combines the techniques described in these two references by
first checking for normality of the data according to the method de~
sceribed by Gutjahr and then analyzing the metal distributions geologically

using the technigque outlined by Tennant and White.

COPPER DISTRIBUTION

Tables 7 through 11 present the copper values and samples locations
numbers for Monzeonite Adamellite, Leucorhyolite, Syencdiocrite, Orthoclase
Adamellite and Undifferentiated Dikes respectively. The analysis were
separated according to rock type in crder to obtaln as homogenecus a

population as possible. Figure 17 shows the distribution of Cu in Tim,
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Variable

Cu
Pb
Zn
Fe

Variable

Cu
Pb
Zn
Fe

Variable

Cu
Fb
in
Fe

Variable

Cu
Pb

TABLE 6 - ATOMIC ABSORBTION INSTRUMENTAL PRECISTON

SAMPLE NO. 85 MONZONITE ADAMELLITE (Tim)

(Cu, PFb, Zn in PPM; Fe in PPT)

Cu B Fe

226.0 42.0 85.0 8.0

203.0 40.0 68.0 9.0

205.0 38.0 81,0 9.0

205.0 39.0 81.0 9.0

TOTAL MEAN MAX TMUM MINTMIM

839.0 209.8 226.0 203.0

159.0 39.8 42.0 38.0

315.0 78.8 85.0 68.0

35.0 8.8 2.0 2.0

RANGE VARIANCE S5TD. DEV. C.v.% U.B.
23.0 118.25 10.874 .18 222.54
4.0 2,91 1.708 4,30 41.76
17.0 54.91 7.411 .41 87.47
1.0 0.25 0.500 5.71 9.34

SAMPLE NO. 31 MONZONITE ADAMELLITE (Tim)
(Cu, Pb, Zn in PPM; Fe in PFT)

tu 2 In e
1.0 5.0 18.0 11.0
2.0 5.0 10.0 12.0
3.0 4.0 18.0 12.0
2.0 5.0 15.0 12.0

TOTAL MEAN MAX IMUM MINIMUM
8.0 z.0 3.0 1.0

19.0 4.8 5.0 4.0

61.0 15.3 18.0 1C.0

47.0 11.8 12.0 11.0

RANGE VAR IANCE STD. DEV. C.V.% .8,
2.0 .67 .82 40.80 2.96
1.0 .25 .50 10.53 5.34
8.0 14.25 3.78 24.75 19,65
1.0 .25 .50 4.26 12.34

SAMPLE NO. 3 SYENODIORITE (Tis)

Su B z Te

15.0 19.0 35.0 42.0

12.0 10.0 40.0 38.0

11.0 7.0 34.0 34.0

TOTAL MEAN MAXTMUM MINIMUM

38.0 12.7 15.0 11.0

36.0 12.0 19.0 7.0

109.0 36.3 40,0 34.0

114.0 38.0 42.0 34.0

RANGE VARTANCE STD. DEV. C.V.% U.B.
4.0 4.3 2,08 16,44 16.18
12.0 39.0 6.25 52.04 22.53
6.0 10.3 3.22 8.85 41.75
8.0 16.0 4,00 10.53 L4, T4
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156.9¢6
37.74
70.03
8.16

9.16
1.47
30.91
31.26

90% C.

+12.79
2.01
8.72

.39

+1+ 1+

I.

PPM
PEM
PPM
PPT

90% ¢, I.

.96 PPM
.59 PPM
4.44 PPM
.59 PPT

1+ 1+ 1+ 1

90% C.1I.

3.51 PPM
+10.53 PPRM
5.42 PPM
6.74 PPT

+ §+

1+1+}



TABLE 6 CONTINUED

SAMPLE NO. 89 BASALT (Rb)
(Cu, Pb, Za, Mo in PPM; Fe in PPI)

ce EDY E2Y Fe Yo
50.0 5.0 792.0 69.0 1.0
42.0 5.0 %6.0 46.0 2.0
50.0 7.0 70.0 63.0 4.0

Variable TOTAL MEAN MASLIMUM MINIMUM
Cu 142.0 47.3 50.0 42.0
Pb 18.0 6.0 7.0 5.0
Zn 186.0 62.0 70.0 46.0
Fe 178.0 59.3 69.0 46.0
Mo 7.0 2.3 4.0 i.

Variable RANGE VARIANCE STD. DEV. CuV.% U,B. L.B. 90% C.I.
Cu 8.0 21.3 4.6 2,76 55.12 39.55 = 7.79PPM
Pb 2.0 1.0 1.0 16.67 7.68 4.32 + 1.68PPM
Zn 24.0 192.0 13.9 22.35 85.36 38.64 +23.36PPM
Fe 23.0 142.3 11.9 20.11 79.435 39.22 *20.11PFT
Mo 3.0 1.6 1.3 53.5 4.5 0.1 + 2.2 PPM

TABLE 7 - ATOMIC ABSORPTION ANALYSIS OF MONZONITE ADAMELLITE (Tim)
(Cu, Pb, Zn content in PPM; Fe in PPT)

Sample Number Cu Pb Zn Fe Mo
24 5.0 5.0 26,0 20.0
21 46.0 17.0 21.0 3.0 2.0
32 3.0 6.0 21.0 7.0
44 5.0 21.0 25.0 15.0 0.4
55 6.0 9.0 40.0 19,0
58 4.0 4.0 24.0 7.0
60 3.0 8.0 25.0 17.0
80 2.0 3.0 11.0 4.0 1.0
84 2.0 10.0 30.0 7.0
90 5.0 8.0 26.0 10.0
29 2.0 13.0 33.0 5.0
33 2,0 4,0 37.0 14,0
51 1.0 1.0 25.0 13.0
23 11.0 11.0 38.0 17.0
39 1.0 1.0 30.0 13.0
20 1.0 8.0 27.0 3.0
30 2.0 5.0 20.0 19.0
43 3.0 4.0 10.0 10.0
57 3.0 10.0 26.0 20.0
&7 1.0 16.0 36.0 23.0
61 5.0 10.0 23.0 16.0
48 5.0 23.0 83.0 8.0 1.0
82 6.0 5,0 -15.0 19.0
49 5.0 6.0 42.0 16.0
36 5.0 5.0 13.0 11.0
311 4.0 25.0 25.0 4.0
34 2.0 8.0 22,0 11.0
28 2.0 8.0 30.0 15.0
2% 6.0 16.0 25.0 15.0
158 10.0 2.0 19.0 12.0
62 3.0 7.0 35.0 14.0
86 5.0 2.0 27.0 8.0
27 5.0 5.0 19.0 19.0
45 10,0 6.0 18.0 16.0
15 20.0 13.0 27.0 8.0
35 10.0 5.0 17.0 11.0
37 6.0 2.0 14.0 15.0
63 7.0 5.0 30.0 17.0
41 3.0 8.0 14.0 16,0
50 6.0 12.0 58.0 26.0
42 9.0 5.0 26.0 19.0
81 15.0 25.0 65.0 3.0
54 1.0 5.0 12.0 2.0
22 6.0 11.0 32.0 28.0
59 3.0 5.0 20.0 15.0
25 3.0 8.0 47.0 30.0
46 1.0 5.0 51.0 17.0
38 3.0 3.0 39.0 2.0
40 4.0 4.0 23.0 16.0
56 2.0 3.0 55.0 2.0
87 1.0 8.0 15.0 2.3
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TABLE 7 CONTINUED
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Sample Humber

83 4.0 8.0 34,0 9.0
79 3.0 5.0 30.0 13.0
64-68 4.0 5.0 28.0 6.0
74278 8.0 1.0 48.0 14.0 1.0
69-73 9.0 5.0 20.0 5.0
53 2.0 7.0 15.0 4.0 .4
52 1.¢ 3.0 3¢.0 15.0
31 2.0 5.0 15.0 12.0
85 210.0 40,0 79.0 2.0 2.0
EL 2.0 8.0 25.0 15.0
13 5.0 11.0 11,0 2.0
9z 12.0 3.0 21.0 3.0
91 205.0 6.0 25.0 18.0 12.0
g3 5.0 3.0 3.0 8.0
38 10,0 10.0 7.0 8.0
302 1.0 3.0 45.0 8.0
424 4.0 12.0 46.0 22.0
322 15.0 8.0 24.0 3.0
328 5.0 1C.0 26.0 17.C
334 3.0 4.0 14.0 3.0
Variable TOTAL MEAN MAXTMIM MINIMUM
Cu 793.0 1.2 210.0 1.0
Pb 596.0 g.4 40.0 1.0
Zn 2063.0 29.1 83.0 7.0
Fe 880.0 12.4 30.0 2.0
Variable RANGE VARIANCE STD.DEV.
Cu 209.0 1170.8 34.2
Pb 38.0 41.3 [
In 76.0 222.0 i4.9
Te 28.0 41.8 6.5
TABLE 8 - ATOMIC ABSORPTION ARALYSIS OF LEUCORHYOLITE (Til)
(Cu, Pb, Zn, Mo content in PPM; Fe in PPT)
Sample Number Ly b Zn Fe Mo
17 5.0 8.0 13.0 3.0 1.0
19 5.0 6.0 23.0 6.0
323 4.0 7.0 7.0 5.0
Varizble TCTAL MEAN MAXTMUM MINTMUM
Cu 14.0 4.7 5.0 4.0
Eb 21.0 7.0 8.0 6.0
Zn 43.0 14.3 23.0 7.
Fe 13.0 4.3 6.0 3.0
Variabple RANGE VARIANCE STD.DEV.
Cu ' 1.0 0.3 0.6
Pb 2.0 1.0 1.0
Zn 16.0 65.3 8.1
Fe 3.0 2.3 1.5

TABLE 9 - ATOMIC ABSORPTION ANALYSIS OF SYENODIORITE (Tis)
(Cu, Pb, Zn, Mo content in PPM; Fe in PPT)

Sample Number Cu Fb In Te Mo
10 5.0 25.0 44.0 22.0 1.0
11 7.0 24.0 25.0 16.0
1 10.0 22.0 55.0 35.0 2.0
6 13.0 15.0 70.0 6%.0 1.6
5 5.0 14.0 51.0 £3,0
3 13.0 12.0 36,0 38.0 1.0
7 28.0 12.0 €0.0 58.0
2 6.0 11.0 16.0 25,0
&4 2.0 10.0 49.0 36.0
8 16.0 10.0 47.0 36.0
337 15.0 8.0 29.0 23.0
385 5.0 6.0 36.0 33.0
G4 6.0 5.0 15.0 28.0
S 3.0 5.0 30.0 8.0
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Variable
Cu
Pb
Zn
Fe

Sample Funber
303
Ll
215
306
362
301
114
14
13
16
352

Variable

Cu
Pb
Zn
Fe

Variable

Cu
Pb
Zn
Fe

Sample Numbar
324
348
326
420
421
346
115
95
411
347
380
320
384
321
344
447

Variable

Variable
Cu
Pb

Zn
Fe

TABLE 9 CONTINUED

TOTAL MEAN MAXIMUM MINIMUM
134.0 9.6 28.0 2.0
179.0 12.9 25.0 5.0
583.0 40.2 70.0C 15.0
470.0 33.% 69.0 8.0
RANGE VARIANCE 3TH,.DEV.

26.0 48.4 7.0

20.0 44.3 6.7

55.0 207.0 16.3

61.0 25%2.9 15.9

TABLE 10- ATOMIC ABSORPT'ION ANALYSIS OF ORTHOCLASE ADAMELLITE (Tio)
(Cu, Pb, Zn, Mo

content in PPM; Fe in FPT)

cu B m e
1.0 5.0 47.0 12.0
52.0 99.0 120.0 22.0
2.0 5.0 23.0 14.0
5.0 3.0 26.0 15.0
3.0 5.0 47.0 27.0
5.0 4.0 20.0 3.0
7.0 3.0 17.0 4.0
9.0 13.0 37.0 33.0
35.0 36.0 £5.0 26.0
2.0 5.0 21.0 9.0
1.0 4.0 63.0 10.0
TOTAL MEAN MAX MM MINIMUM
122.0 1.1 52.0 1.0
182.0 16.6 99.0 3.0
486.0 4472 120.0 17.0
173.0 15.7 33.0 3.0
RANGE VARTANCE STD.DEV.
51,0 277.5 16.7
96,0 840.5 28.0
103.0 924.4 30.4
30.0 92.8 9.6

Mo

2.0

TABLE 11— ATOMIC® ABSORPT ION ANALYSIS OF UNDIFFERENTIATED DIKES (Tid)
(Cu, Pb, Zn, Mo content in PPM; Fe in PPT)

cu ® zn Fe
111.0 7.0 26.0 11.0
37.0 4.0 30.0 40,0
30.0 36.0 130.0 63.0
28.0 6.0 16.0 4.0
21.0 6.0 72.0 20,0
15.0 11.0 56.0 45.0
8.0 23.0 58.0 22.0
6.0 ¢.0 25.0 15.0
5.0 11,0 17.0 6.0
5.0 5.0 36.0 23.0
3.0 5.0 20.0 4.0
3.0 7.0 41.0 27.0
2.0 5.0 19.0 2.0
1.0 €.0 £0,C 15.0
1.0 9.0 52.0° 45.0
1.0 €.0 26.0 10.0
TOTAL MEAN MaXTMUM MINTMUM
281.0 17.6 111.0 1.0
156.0 2.8 36.0 4.0
664.0 41.5 130.0 16.0
352.0 22.0 63.0 2.0
RANGE VARTANCE STD.DEV.
110.0 761.1 27.6
32.0 69.4 8.3
114,0 832.8 28.¢
61.0 317.3 17.8
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Distribution of Cu in Monzonite Adamellite (Tim)

FIGURE 17
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plotted on normal probability paper. The data clearly does not fall on
a straight line and therefore is not normally distributed. Figure 18

is a normal probability plot of Cu in Tis, Tioc and Tid. Although the
number of samples '"w!' taken in these rock types are small the plots re~
veal a distinct non-normal distribution for copper. The three samples
of leucorhyolite have not been plotted. The Cu values in Tim are next
plotted on the logarithmic probability paper of Figure 19 . This plot
shows a straight line for most of the data with a break occuring at the
upper end for a few of the highest copper values. Ahrens (1965) re-
ports that in igneous rocks copper and many other trace elements in-
cluding zinc, lead and molybdenum are lognormally distributed while the
major elements including iron are normally distributed. Based on the
conclusions of Ahrens, Tennant and White and a number of other authors
it will be assumed in this study that copper is lognormally distributed
or more precisely that the Cu values can be transformed into a normal

or near normal distribution by taking the log of the values. Having made
this assumptions then the interpretation of Figure 19 is that copper is
bi-modally distributed. The lower part of the curve represents the
background values for Cu from 1 to about 15 ppm. This background dis-
tribution is presumably the result of magmatic differentiation and em-
placement of the monzonite adamellite stock. The more steeply sloped
curve represents a copper distribution added to the background by a
subsequent process, probably hydrothermal mineralization, The samples
making up this upper slope are #85 - 210 ppm, #91 - 205 ppm, #21 - 46 pOm,
and possibly #15 - 20 ppm, #76 - 20 ppm and #69 ~ 24 ppm. These last

two samples are part of two different five sample traverses that are
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" Undifferentiated Dikes (Tid)
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Distribution of Cu Biotite Syenodiorite (Tis)

FIGURE 18
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FIGURE 19:

Distribution of Copper in Monzonite Adamellite
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averaged in Table 7 and described in detail in Figure 20. A common rule
of thumb for determining the lower limit of anomalous values or thresh-
hold value is to add two times the standard deviation to the mean value.
In this case, the Cu threshold would be 80 ppm if the raw data is used

and 34 ppm if the log transformed data is used and graphically the mean
plus two standard deviations occurs where 97.5% of the population is less
than the value of 21 ppm. The probability plot technique gives a lower
threshold value because the second distribution, representing mineraliza-
tion has been removed from the analysis. In Figure 21, ppm copper in bio-
tite syencdiorite (Tis) orthoclase adamellite (Tio) and undifferentiated
dikes (Tid), is plotted on a log probability paper although the number

of values determined for these rocks is actually too small for a rigorous
analysis. The Gu values in Tis are log-normally distributed in one back-
ground popﬁlation. Orthoclase adamellite appears to have two distributions,
with samples #23 - 35 ppm and #444 - 52 ppm defining the upper line in the
plot. The undifferentiated dikes present a special problem because they
are not a homogenous population. The rock types range from basalt to
granite (See Table 3 &14). The logarithmic probability plot shows two
populations, which are probably due to different rock types and to minera-
lization. All the rock types indentifed generally as Tid are outlined in
Table 12. Possible anomalous values of copper in the Tid are samples #326 ~
30 ppm, #421 - 21 ppm, #324 - 111 ppm, #420 - 28 ppm., Table 12 summarizes

the anomalous copper values.

Rosler and Lange (1972) report that copper decreases from about
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FIGURE 21:

Distribution of Cu in Biotite Syenodiorite (Tis)
n mn 1 Orthoclase Adamellite (Tio)
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TABLE 12 ANOMALOUS COPPER CONCENTRATION IN PEM

Sample No. Cu
85 210
91 205
21 46
15 20
76 20
69 24
444 52

13 35
324 111
326 30
420 28
421 ‘ 21

Sample No. Pb
13 36

14 13

4hdh 99
326 36
115 23
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100 ppm in basic rocks to 30 ppm for intermediate o 10 ppm in acid
rocks. Specifically they give average values of 5 ppm for Syenites,

5 ppm for Diorites and 20 ppm for Granites. Chaffee (1%76) shows

Lo

the copper content continously increasing at Kalamazoo from a min-
imum of 100 ppm up to the ore zone. The background in this area is
indicated to be about 30 ppm. The spatial distribution of copper is

ghown on Figure 22.

LEAD DISTRIBUTION

Sample locations and lead concentrations are presented in Tables
7 through 11 {pages 48-50), The normal probability plot {Figure 23) of
lead values in Tim does not fall on a straight line indicating that Pb is
not normally distributed. The log normal probability plot of Pb con-
centration shown in Figure 24 indicates one population of log-normally
distributed Pb values in the monzonite adamellite. Figure 25 shows
normal probability plete of Pb concentration in biotite syenodiorite
{Tis), orthoclase adamellite {(Tio), and undifferentiated dikes (Tid);
none of the distributions are normal. The lead values are next plotted
on log-probability paper (Figure 26) and show that Pb in Tis has one dis-
tribution with no anomalous values while Tio and Tid have two distributions
each and a few values that may indicate mineralization. In the orthoclase
adamellite samples #13 - 36 ppm, #14 - 13 ppm, and #444 - 99 ppm form the
second distribution. The two highest values of Pb in the dike rocks
are samples #115 - 23 ppm and #3260 - 36 ppm and they appear to form a

distribution distinct from the background values. Lead values that may
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Distribution of Pb in Monzonite Adamellite (Tim)

FIGURE 23:
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FIGURE 24:

Distribution of Pb in Monzinite Adamellite (Tim)
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FIGURE 25:

Distribution of Pb in Biotite Syenodiorite (Tis)
Orthoclase Adamellite (Tio)
Undifferentiated dikes (Tid)
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FIGURE 26:

Distribution of Pb in Biotite Syenodiorite (Tis)
Orthoclase Adamellite (Tio)
Undifferentiated Dikes (Tid)

- -] P~ w ['+] =+ L] & — & & =~ B 3 - i
2
o
w
o
n‘ — 4 — e - ‘-
g - 1] =
& =
(=]
- — H
o iy e |
\
\
n =
— .““.“‘ \ .‘&.—,—
L\ N |
o e '
b ¥ - h Tl - ——{v T =
-1 H- D - \ ‘P TR
= \ R
o HE O H I "3"‘_ —] :ﬁ\ L H
o X . \ 1
\
| \C gL
s N :
gk - —N= i
i = e TN
T N N
& _k L b4 8-
i) ¥ - - N i M s
i == =1 == ] HEE \
o —t—t—1—THN \
w i
i | s s
N Wl
& | N
LE 1NN} \ N B
S — HH
2= it ST 1T
g| - \
@ F - - —f— 5 ""W
“ITT - =) =f=l=[=1— a 1]
L I T
2 x
o4 _ {4 ‘.“, NHEREL YNE
H- s =) s o 2
w
o
w
@
@
@
«
& i i
L]
g L - L]
A I |[
4 .
o W0 = w el = L]
dggg g g ¢ ¢ o o

66




bhe associated with mineralization are summarized in Table 13.

The spatial distribuiion of Pb values are shown on Figure 27.

Lead averages 8 m in basic rocks, 15 ppm in intermediate and 20 1M
8 Pp PP

in acid rocks {Rosler and Lange (1972)).

ZING DISTRYBUTTON

Sample locations and zinc concentraticns are presenkted in Tables 7
through 11 (pages 48-50). The zinc distribution in monzonite adamellite is
log-normal with one populaticn as shown in Figures 28 and 29. The distribution
of zing in bilotite svenocdiorite is apparently normal with one population.
The Zn values in Tis plot as a gtraight line on the normal probability
plot {(¥igure 30) and display a distinct break in slope on the locg-normal
probability paper (Figure 31). Zinc may be normally distributed in this

rack type because of the close assocation between zince and iroen as

shown in the scatter diagram Figure 16. The zinc distribution in ortho-
clase adamellite and undifferentiated dikes is log-normal as shown in
Figures 30 and 31. There is apparently conly one zince population in Tio
and Tid rocks. Zinc is a very minor constituent of the cres found in

the Jarilla Mountains and this fact is apparently reflected in the trace
distribution of zinc in fresh igneous vocks of the range. The spatial
distribution of Zn is shown in Figure 1 and Map 2. Chaffee {1976) re~
ports a brcad negative anomaly for zine adjacent to the ore zone. Rosler
and lange (1972) indicate that zinc averages over 100 ppm in basic ig-

neous rocks, about 80 ppm in intermediate types, and 60
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Distribution of Zn in Monzonite Adamellite (Tim)
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ppm in the acid end member.

IRON DISTRIBUTION

Iron, along with the other major rock forming minerals, is re-
ported in the literature to have a normal distribution in igneous rocks.
The Jarilla Mountains proved to be no exception to this rule as Fe was
found to be normally distributed in all the igneous rock types. Figure
32 and 33 show the plots of Fe for the various rock types. The break
in slope of the Tid plot is probably due to differences in rock type
rather than a bimodal distribution. Tables 7 through 11 give the
sample locations and iron concentrations for all the igneous rock types.
The spatial distribution of iron in parts per thousand is given in Map 2 &
Figure 1 . At Kalamazoo Chaffee reports a positive iron anomaly ranging
between 20 and 30 ppt above the ore zone and notes that the iron dis-
tribution is related to lithologies. Rosler and Lange (1972) show that
Fe content in igneous rocks decreases from 80 ppt in basic rocks to 60

ppt in intermediate to 20 ppt in acid rocks.

MOLYBDENUM DISTRIBUTION

The background values for Mo are approximately 1.1 ppm in mon-
2onite adamellite, 1.4 ppm for biotite syenodiorite and 2.3 ppm in basalt
which correspond quite well with the wvalues given by Rosler and Lange
(1972) of 2 ppm basic and 1 ppm in intermediate and acid rocks. At
Kalamazoo Chaffee (1976) reports a Mo background of about 1.5 ppm and a

Mo ancmaly that extends above and below the ore zone with values over
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Distribution of Fe in Monzonite Adamellite (Tim)

FIGURE 32:

6666

6'66 8'66

66

VO LY LA L Y 94 L4y [y

o8 0L

09 05 OF 0E (074 o1 1 g0 20 T'0 s0°0 100
g
o’
01
s 1
\\\
o
0¢
o~
g
100 G001 20 g0 T c 01 02 0ot o 05 09 oL o8 06 66 8'66 666 66°66

wil ‘od

74



(Tid)e
(Tio)x

.

0.2 01 0.05 0.01

05

10

20

99

99.9 99.8

99.8 99.9

40 30

50

70 60

99.99

75

FIGURE 33: Distribution of Fe in Biotite Syenodiorite (Tis)
Orthoclase Adamellite (Tio)
Undifferentiated Dikes (Tid)
o] %
¥ i i r
N ¥ |
1 %\
\ N\
N
i \ 0@ - \ g ¢ RN
\ THS 1
H > @R EEEnaEEaEAS 3
n - ==
P WUINKC
St - ‘ 0 ‘
: =E> 3 N :
)resa sl
———..-'—.— - s = - j
- N
N
= HH = LN
\\ x
A
o
o o o o 2 o o o
0 ~ o iy A 5] =]
 Idd ut uoal

99.99

a9

70 o5

30

20

10

005 0.1 02 0.5

0.01

40 50 60

Cumulative % Distribution



10 ppm confined to the ore zone. In this study one ancmalous value of
12 ppm in sample #91 is associated with a Cu anomaly. The spatial dis-

tribution of molybdenum is given in Figure 34 .

CORRELATION OF JOINT PATTERN AND METAL DISTRIBUTION

With the exception of two weak anomalies in samples #15 - 20 ppm
Cu in Tim and #115 - 23 ppm Pb in Tid all the anomalous metal values
occur within the area of strong to moderate fracture intensity (Figure
35 ). The two strong copper anomalies in samples #85 - 210 ppm and
#91 - 205 ppm are associated with strong fracture intensity. There
may be a weak correlation between the N-60-W preferred fracture orien-
tation in Tim (Figure 34) and the geochemical anomalies in samples #85
to #420 and samples #421 to #324 to #91.' In general, the geochemical
anomalies do not appear to have any prominent linear trend. The large
eliptical area of moderate to intense fracturing in the southern end
of the range contains copper anomalies 1, 3, 5, and 7 and lead anomaly
3. The "T" shaped area of fracturing in the central part of the range
contains the copper anomaly 2 and the lead anomalies 1 and 4. Copper
anomaly 4 and 6 and lead anomaly 2 are isolated cases not associated
with the areas of wide spread fracturing. The copper anomaly 7 is
associated with skarn mineralization (Figure 22). Rehrig and Heidrick
(1972} state that "repeated activiation of this fracture system played
an important role in mechanically préparing gsround to allow porphyry
copper mineralization to attain ore grade" and apparently, in the

Jarillas, even geochemical anomalies in the hundreds of ppm range are
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so controlled. Mackin's (1954) study of the Granite Mountains iron ore
deposits revealed a joint pattern that provided travel routes for iron
rich mineralizing fluids to escape from the center of laccolith and move
into the limestones on the periphery. In addition to the systematic joint
pattern the Granite Mountain igneous rocks are depleted of iron in the
central part of the body. In the Jarilla Mountains there are extensive
areas in the southern part of the range with lower than average iron
content. Whether this represents depletion or not is open to debate.

The probability plot for iron (Figure 32) does not allow part of the Fe
population to be significantly depleted. If depletion were an important
process that operated on part of the population a break in slope on the
Fe probability plot would occur. 1If a constaﬁt amount of iron were re-
moved from the entire population, an dnimodal distribution would be main-
tained. Alsoc the amount removed might be so small as to be obscured in
the random fluctuations of the sample and analytic procedure. Based on
the data accumulated in this report, it is my opinion that the iron
deposited in the limestone replacement bodies was not obtained from the
igneous rocks exposed at the surface of the Jarilla Mountains. Figure 20
shows three SW to NE sampling traverses made in igneous rocks adjacent

to iron rich skarns. Five samples were collected in each traverse at

100 feeot intervals starting a few feet from the skarn - monzonite ada-
mellite contact. The metal concentrations graphed under the cross-~
sections may show an introduction of metal values on the southwest side
of the skarn. If additional sampling confirmed thils relationship a case

could be made for mineralizing fluid flow and travel path.
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The zonal distribution of selected elements above the Kalamazao

i

perphyry copper deposit provides a model with which tThe element dis~
tribution in the Jarilla Mountains can be compared {Chaffee, 19767,
Below the ore zone at Kalamazoo boron, barium and potassium are en-
riched and zinec and pogsibly iron are depleted., In the Jarillas

three samples contalning detectable boron occur in the center of the
range, barium is abundant throughout the rvange except for an avea ©

the extreme southern end, and the potassium distribution is very simi-
lar to barium which probably substitutes for X in the crystal lattice

of feldspar and mica. In The Jarilla Mountains zinc and iron average

25 ppm and 1.4% vepsectively and three sawples in the central and
northern end of the range contain silver in amcunts zlose to the 0.5

ppm detection limit, these values are comparable to ones reported

below the ore zone at Kalamazoo. The generally low copper and moly-
bdenum values in the Jarillas are not in agreement wih scwe of the value
reperted at Kalamazce for the area below the ore zone. Also, the gen-
eral geolegy of the Jarilla Mountains arvgues against the ocutcroping ig-
neous rocks being part of a root zone of an eroded porphyry system.

Schmidt and Craddeck (1964) and Seager (19617 indicate that the intrusive
rocks in the southern end of the vange form a complex roof area with
xencliths and roof pendants of sedimentary vocks.

The two drill boles from which Chaffee {1976) obtained his sample mat-
erial were collared in propylitic and plhllic-argiliic altered rock with a

minimum copper concenitrvation of over 100 ppm copper. Lf the Jarilla Mountains

are part of a porphyry copper system, and the rocks now exposed are not
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below a previously eroded ore zone, then they are above or adjacent to
the ore zone and unfortunately if an ore zone does exist in the Jarillas
it is significantly further away from the samples taken in this study
than the ore zone at Kalamazoo is from the top of the core holes sampled
in Chaffee's study. A more conclusive geochemical study of the Jarilla
prospect will have to wait until additional orientations studies similar

to but more extensive than the one at Kalamazoo are completed.

CONCLUSTONS

Preferred orientation of joints in the Jarilla Mountains is weak
and obscured by local radial or random fractures. Geochemical anomalies
do not form significant linear trends. Fracture intensity can be map-
ped and areas of strong to moderate fracturing outlined. Copper and
lead geochemical anomalies are highly correlated to areas of strong to
moderate fracturing. A comparison of the element distribution in the
Jarilla Mountains with the distribution at the Kalamazoo porphyry copper
deposit is inconclusive. Seager (1961) and Schmidt and Craddock (1964)
both note that the igneous intrusives in the Jarilla Mountains were
forcefully emplaced. Seager indicateg that the entire intrusive, much
of which is unexposed may be a laccolith and that much of the intrusive
exposed in the range should be classified as a chonolith and not a stock
which is a discordant steep-walled intrusive. M. R. Mudge (1968) studied
the depth control of some concordant intrusives and concluded that a
minimum of 3000 feet of overburden is required to contain a concordant

pluton. If the thickness of cover is kss than 3000 feet, the sedimen-
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tary rocks behave in a brittle fashicn allowing steam and magma to escape
and a discordant intrusive is emplaced. Stringham (1959) and DeGeofroy
and Wignall (1972) in studies concerned with criterian used to distin-
guish preductive from barrven intrusives list passgive emplacement - ¢ross
cutting structive as either the most important or second mest Important
characteristic of a productive gtock. It may be then that the Jarilla
intrusive was oo deeply buried at the time of emplacement to firm the
steep-walled, discordant, passively emplaced body that results in ground

preparation reguired for a porphyry core system to form.
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