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Abstract:

Major elemental analyses and specific gravity determinations were made on bulked

rock samples [rom 162 localities over the Lakeview Mountains pluton, Mineral separates from 126
localitics were also analyzed, Results show that the pluton is highly homogeneous on the large
scale with high heterogeneity on the small scale. Despite the high homogencity, all analytical
results define consistent zonationzal patterns approximately parailel to the walls of the body and to
the concordant schlicren, This zonation shows that the Lakeview Mountains pluton has a relatively
basic and dense core compared to its margin and implies that the last rock to crystallize was more

basic than rock formed earlier.
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INTRODUCTICN

The small- and intermediate-scale minera-
logic heterogeneity of the Lakeview Moun-
tawns pluton has prevented us frem delineating
compositional zonations throughout the body
by conventional field mapping methods, even
though the preferred orientations ol certain
plapar structures define a strong  pattern
parallel to the walls of the pluton. To test for
the presence of possible compositional variation
(and, il present, irs relation to the structure of
the mass) a means of averaging the local
hererogeneity must be sought, thereby per-
mitting valid comparisons of rock differences
from locality to locality. Modal analyses,
widely and successfully used to document the
variations found in obviously zored bodies
{lor example, Compton, 1955; Reesor, 1958;
Moore, 1963} cannot be applied casily to the
Lakeview Mountains pluton where schlieren
rock types, in single exposures of | m?, range
from leucocratic to melanocratic. Clearly, the
number of thin sections required per outcrop
would be prohibitively large (see Emerson,
1964). For this reason, analyses of bulked
samples per locality were made, aimed ac
detection of systematic changes 1 major
elemental chemistry and specific gravity.
Described here are the results of nearly 2000
elemental and specific gravity determinations
from 162 localities over the exposed area of the
Lakeview Mountains pluton; these demon-
strate both whole-rock and individual mineral
changes, arranged systematically and in cor-
relation with the large-scale structure.
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SAMPLING AND DATA-HANDLING
CONSIDERATIONS

Prior studies of chemical variability in
plutonic igneous rocks {for example, Baird and
others, 1964, 1967a; Richmond, 1965) provided
general guidelines to the sampling of the Lake-
view Mountains pluton, but none of the
earlier studies included rocks in which the
small-scale heterogeneity was marked by
pronounced compositional banding. A pre-
liminary sampling of 30 localities and 344
whole-rock analyses, in the southern part of the
Lakeview Mountains, was therefore necessary
to test:

(1) the required adequate volume of a single

speclmen;

(2) the chemical variability of specimens
collected 1.5 m (5 feet) apare (termed
“within outcrop variability™);

(3) the chemical variability of specimens
collected 91 m (300 feer) apart (termed
“between outcrop varizbility’'}; and

{4) the presence or absence of systematic
variation over the 26-km? (10-square-
mile) area of the preliminary test.

This test (detailed discussion and results in
Baird and others, 1967b) showed thar:

{[)a 40-gram individual specimen was
adequate; and

(2) systematic chemical variations do exist in
the pluton; but

{3) the components ol variability within and
between outcrops were large compared
with the varabilicy over 26 km? (10
sguare miles).

To make possible the detection of the
systematic areal variations in the Lakeview
Mountains pluton, the small- and intermediate-
scale variability must be reduced. It was con-
cluded that nine specimens per sample locality
should be obtained. Sample-locality spacing 15 a
compromise between the expense of collection
and anzlysis and the intended use of the
derived data. From the preliminary study we
knew that patterns of large-scale variation
would be partly obscured by the high com-
ponents ol variability on small and inter-
mediate scales, even with nine specimens bulked
per locality sample. It was planned, therefore,
to treat the derived chemical data by “‘trend
surface analysis” (Grant, [957; Mclntyre,
1963, 1967; Mclatyre and others, [568},
‘... aprocedure by which each map observa-
tion [chemical value] is divided into two or more
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parts: some associated with the ‘large-scale’
systematic changes that extend from onc map
edge to the other and the others associated with
‘small-scale’ apparently nonsystematic fluctua-
tions that are superimposed on the large-scale
patterns” {Krumbein and Graybill, 1965, p.
321). Tolynomial expressions for the trend
surfaces are derived by least-squares tech-
niques (in a manner dircctly analogous to
least-squares curve fitting), and the large
number of coefhicients in the expressions re-
quires a correspondingly large number of data
poines (that 1s, sample localitics). We believe
there should be approximately twice as many
data points as required coellicients, or about
100 localities over the Lakeview Mountains
pluton. A 610-m (2000-loot) grid over the
exposed area yields 165 sample localities (Fig.
1), with a substantial margin for possible un-

1535

collectible sites; however, we found only three
sites that proved to be uncollectible and thus
a grid of 800-m spacing would have been ade-
quate. At each sample locality the nine individ-
ual specimens were collected on a grid of 15-m
{(50-loot) spacing; this interval was sclected
as a compromise between the small {outcrop)
and intermediate (subarea) scales (sec Baird
and others, 1967b).

This sampling plan was specifically devised
to mimmize the small-scale inhomogeneiry
of the rock of the Lakeview Mountains pluton.
Trend-surface analysis is considered here only
as a constraint an the minimum number of
localives that should be incorporated into the
plan. If trend-surface analysis subsequently
proved to be unnecessary or undesirable, then
our only loss would be the effort expended in
possibly “overcollecting” the pluton.

Whole rock
Whole rock and plagioclase

'OO

Mafic quartz diorite
+ Leucocratic quartz diorite
*  Inclusion

Biotite

Figure 1.

Sample locality map, Lakeview Mountains pluton.
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COLLECTIONS AND ANALYSES
PERFORMED

Individual specimen-collection sites were
established by pacing from each field-located
grid intersection, Specimens were obtained
{by hammer) at the closest collectible rock
within a 7.5-m radius. These weighed between
400 and 900 grams each. The sample obtained
from each of 162 localities thus consisted of nine
individual specimens bulked together, a total
of 3.6 to 8 kg. Bulking was achieved by crush-
ing, plate-pulverizing, and mixing the nine
specimens; a riffle splitter was used to obtain
two samples for chomical analysis (162 local-
ities), one sample for mineralogic separation
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(126 localities), and one sample for specitic
gravity determinations (162 localities). In
addition, four specimens cach of melanocratic
and leucocratic quartz diorite and 22 inclusions
were obtained for analysis.

Whole-rock chemical analyses for Na. Mg, Al,
31, K, Ca, and Fe were made by X-ray fluores-
cence spectrography. Plagioclase-quartz mineral
separates were analyzed {or Na, K, and Ca, and
18 biotite separates were analyzed for Na, Mg,
K, Ca, and Fe by the same method. Specific
gravity determinations were made on pul-
verized powders using air-compatison pycnom-
etry. Analytical methods are discussed in
Appendix A; Figure 1 shows the locations of
analyzed mineral separates.
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ANALYTICAL RESULTS values from Appendix B have been plotted on
Figures 2 and 3, respectively, All results are
All chemical and specific gravity results have  summanzed in Tables 1 through 5 as mean
been deposited with the National Auxiliary  values and standard deviztions tor whole-rock
Publications Scrvice as Appendix B of this  analyses and mean calculated anorthite con-
paper.t Results are keyed to a coordinate map  tents and standard deviations for plagioclase
of the Lakeview Mountains pluton that 15 apalyses, with the equivalent K./Na ratios.
included in Appendix B. For a discussion of Except in Table 1, all chemical values are
results, whole-rock specific gravity and sodium  expressed as weight-percent element because
T the speetrographic method used provides an
from ASIS MNational Auxiliary J*ublications Service, ¢/o Clelnentﬂl‘ ana_lysas. In Tﬂblﬂ. L, GL]llL\;'ﬂlf:rlt
CCM Information Sciences, vInc., 22 West 34th Street, values of we1ght—percent O?thl ha.l\'(i been
New York, New York 10001, remitting $1.00 for micro- calculated to permut comparisons with other
fiche or $3.00 for photocopies. Checks may be made studies  based UpoIn wet-chemical  sibicate
payable 1o ASIS-NAPS. analyses.

LF¥or Appendix B. order NAPS Document 00303
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Tanre 1, Quarrz [horre ofF THE Laxeview
Mountais Pretorn: Mean Crraucan ConrosiTioN
axp SrrciFic GRAVITY

MORTON AND OTHERS—LAKEVIEW MOUNT

AINS PLUTON, CITEMISTRY

"

TasLe 3. Scuriere~ oF ran Lasevinw Mousrains
Protox: Mean Crapurcar CovrositioN
AND Seucipic GraviTy

Llewent / Mean {wt 95 Standard deviation
Oaude Llement  Osxle Element  Oxide
Na,/NasQ) 1.94 2,62 0,09 012
Mg /Mg() 2,12 3.52 0.26 0.43
Al ALOy 9,50 17,45 0.39 074
8i/810, 2746 58,75 0.82 1.75
K/K0 1.21 1.46 0.3} 0.57
CafCaQ) 1.92 6.38 0.47 0.66
Pe/lesOy 5.8 7.28 .40 .70
Specific gravity 2817 0.028

DISCUSSION OF RESULTS

Whole-Rock Variation wirhin the Lakepiew
Mountains Plueon

Comparison of results in Tables 1 and 3
demaonstrates that the quartz diorite of the
pluton is highly homogencous on the largest
scale, despite the heterogeneity on a local seale
(see Part 1. PL 3). We emphasize that the
values of standard deviation in Table 1 not enly
include a component of variance related to real
dillcrences of chemistry and specilic gravity
between localities over the pluton, but also
components of variance related to both analyt-
ical precision and local rock variation not com-
pletely eliminated by the sampling procedures
at the locadity level. This high large-scalc
homogencity is evident if values of standard
deviations in Table 1 are compared with the
analytical precisions (standard deviatons) of
analyses of the ULS. Geological Survey standard
rocks G-1 and W-1 (Stevens and others, 1960,
Tables 3, 4). The differcnces between localities
over the Lakeview Mountains pluton are only
two or threc times greater than the errors in
analyses of the single standard rocks for most
elements, and for one element, Na, the dif-
ferences between localitics is less than the
analytical errors in G-1 and W-1

In view of this high large-scale homogeneity,
the detection of meaninglul systematic changes
in chemistry or specific gravity over the Lake-
view BDlountains pluton is difficule using only

Tapte 2. PawriaL AnanLysis of PraclocLAs:,

Laksview Mounraws PruroN

Mean Standard
(w1 9%, deviation
Anorthile content 43.9 2.8
K /Na ratio 0.045 0.029

Tcucocratic
schiicren mean of
four samples

Melanocratic
schlieren mean of
four samples

Element  {(wt, 97) 5 (wt. ¥) <
Na 1.36 0.25 2.69 0.50
Mg 5.32 0.03 0.25 0.24
Al 5.93 .43 12.65 2.36
Si 23.03 2.13 2970 2,95
K 2,65 1.47 0.37 0.13
Ca 4,25 0.36 3.52 1.06
Fe 11,00 0.91 0.53 0.48
Specific
gravity 3.072 0.054 2.695 0.014

standard deviation,

e

direct map plots of the basic data. For example,
specific gravity results (plotted in Fig. 2)
have been contoured independently by each
author. Each map shows a gencral specific
gravity high in the central part of the pluten
and a general specific gravicy low in the south-
western part of the pluton, but the maps differ
in all other details, apparently depending upon
the contour interval selected and the indi-
vidual's prucedures (see Dodd and others,
1965, for z discussion of contouring problems).
Over most of the pluton, the three maps
resermnble topographic maps of karst topography
with scattered closed “‘depressions.”  We
believe that the general arcas of high and low
specific gravity are evident by mere inspection
and that objeciive hand conrouring of the dara
is not practical and does not vield sysiematic
patterns with possible geologic meaning. Some
Tasre 4. Incrusioss orF 1o Lagevinw MouNrarvs

Trurew: Meany CukMicar CoMrosirioN AND
SerciFic (RAVITY

Mcean Mean
(wt 75) (wt O
of 8 of 14
inclusions, inclusions,

single  Standard 13 Standard
Llement  localuy  deviation localities  deviation
Na 2.13 0.13 2.23 0.14
Mg 3.32 0,29 3.22 0.25
Al 9.83 0,52 10.22 0.30
Si 23.12 .60 24,14 (.86
K 1.34 0.27 1,08 (.53
Ca 6.35 0.27 6.57 053
I'e 7.57 1.65 6.70 0.49
Specific

Gravity 2.917 0,021
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Tapre 3. Darvian Asavyskes or B,

Lazryviw Mounrass Poetow

Mcan Standard
Flement (vt %) deviation
Na 0.62 0.08
My 15,4 0,29
K 7.4 1.00
Ca 0.86 0.53
T'c I5.1 049

ents (for example, Na and Al
ore dillicult problems of hand
contouring, So. mdata are shown in Figure 3
Chemical and s, ~lic gravity resules were,
therelore, treated by v A-surface analysis 1o
provide smoothed, objectn.: maps (PL 1) of
variation. This technique can be applied in
several different ways (see discussion in Krum-
bein and Graybill, 1965, Chap. 13}; here we arc
concerned only with the detecuion ol large-
scale patterns that are partly obscured by the
small-scale heterogencity of the pluton. Sur-
faces of succcsswcl} increasing complexity werce
computed through the 8ch degree (or order},
and the increases 1n the closeness of fit ol cach
suceessive surface over the next lower order
surface were studied (Tables 6, 7). Theoreti-
cally, this procedure could be carried on indef-
initely, assuming that an adequate number of
(lata p()inlg Eln[‘l CO}TI}‘)LI[L‘]‘ 111(_’11101‘)’ were Z'l\’klil'
able, Eveatually one could derive a very com-
plex surface that would exacily fit all the data
tor a given element over the pluton. The
resulting map would be objcctive, but it would
tnclude all the small-scale vanability we know
to be partly obscuring any large-scale pattern.
Clearly, the successive computations should
stop at some optimum degree where the desired
large-scale patterns arc evident and where the

chemical el.
present cven
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Sunrtmary o1 TrRenp-Suriace ANALYSES,
Lagpview Movwtains Pouros:

PPracrocLase Fripspar

Tastr 7.

Degrees Percent suin of squares
of accounted for
Degree {reedom
ol {or Anorthite
surlace residual content I, Na Ratio
i 123 13.0 0.3
2 120 24.6 21.2
3 116 315 233
4 111 37.2 39.8
5 105 43.4 141
6 Bh 5315 32,4
7 a0 331 372
8 §1 60,5 09,9

surlace derived does not ignore possibly mean-
inglul data. We have no firm criteria for selec-
tion of this best, or most appropriate, degrec
of surface fitted to each wvariable, but we fol-
lowed a suggestion made by Meclntyre (1967, p.
47). We chose the surface of Jowest degree in a
suecession of surfaces whose sum ol squares of
residuals approaches a constant value, Accord-
ingly, Plate 1 shows 5th degree surfaces of
elemental and specific gravity variations. For
some elements (for example, Na and Al),
higher degree surface could have been sclected
under this criterion, but in the interests ol
dircet comparison of one map with another use
ol a single. common degree seems most appro-
priate. By using this criterion and presenting
Sth-degree trend surfaces, we do not imply
that /f meaningful intormation in the data has
been utilized and that ordy uscless “‘noise”
remains in the residuals from the surfaces. We
do contend. however. that patterns of large-
scale variation are present.

T'o evaluate these statements we show trend
surfaces [rom lst through 8th degree for K in

Tasre 6. Suwmary oF TaeND-SURFAGE Anavyses, Lakeview Mouvxtams Proron:
WaoLe-Rock CREMISTRY axp Sprorrie Gravory
Dregree
of Percent sum of squares accounted for
Dxgree  freedom - - - —
of for Speeific
surface  reswdual  Sodium Magnesium Aluminum Silicon Potassium Calewum Iron  gravity
1 159 1.2 17.2 3.2 u.s 17.2 24.0 8.5 9.5
2 156 17.7 249 1.7 22,9 42,9 40.3 22,5 26.1
3 152 23.6 42.7 22.1 41.3 61,1 33.4 334 42.9
4 147 27.6 48.1 287 51.8 710 63.1 33.3 46.6
3 141 30,9 32.0 34.9 60.3 777 72.1 41.0 48.3
6 134 344 4.4 40.1 63.2 79.0 75.8 4.9 50.2
7 126 40.9 53.1 44.1 65.2 82.6 79.8 3.5 507
8 117 49,1 58.5 48.6 64.3 §3.6 81.2 50.2 545
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Plate 2. The pattern of chemical variation
remains the same for degrees 3 through 8 (our
compurational limit) with only minor irregu-
larities appearing in the higher degree surfaces.
It should be noted that the pattern defined by
the 8th-degree surface for K accounts for 83.6
percent of the total sums of squares; the 5th-
degree surface for Na (P 1} is essentially iden-
tical in pattern but accounts for only 30.9 per-
cent of the total sums ol squares. The 3rd-
degree surface for Na (Fig. 4), which accounts
for only 23.6 percent of the total sums of
squares, still shows the same basic vatiation
pattern.

Howarth (1967) has shown that trend sur-
faces of random numbers can account for a
maximum of 6.0 percent, 12.0 percent, and
16.2 percent of the total sums of squares (95-
percent confidence) for 1st-, 2nd-, and 3rd-
degree surfaces, respectively. Using these limits,
only the 1st-degree surface for Na and the 1st-
and Znd-degree surfaces for Al could be ascribed
to random distributions {see Table 5). Tinkler
has recently suggested (1969) thar meaningful
trend-surface patrerns of geologic data may
exist below Howartlh's limivs.

We conclude, therefore, that consistent,
large-scale vanations over the Lakeview Moun-
tains pluton have been demonstrated.® Patterns
ol clemental and specific gravicy trend maps
are in close, sympathetic agreement and
demonstrare  a  regular  systematic  zoning
generally parallel to the walls of the pluton. 1t
15 clear thar the Lakeview Mountains pluton
has a relatively dense and basic center with
progressively less dense and less basic rocks
toward the margins and a subsidiary basic low
near the southwestern margin.

Schlieren and Inclusions

Analyses of melanocratie and levcocratic
schlieren (Table 3} emphasize the extreme
local heterogeneity of the banded quartz
dioritic rock of the pluton. Inclusions analyzed
were collected in two groups: 8 from cutcrops
in a single siall area of 6-m radius and 14 [rom
separate sites scattered over the pluton (see
Fig. 1). Comparison of results (Table 4) for

these two groups shows that the composition

2 At present 1t is not possible to provide rigerous con-
fidence intervals on these surfaces. As pointed oul by
Krumbein and Graybill {1965, p. 345), confidence intex-
vals on surfaces higher than 1st degree are very com-
plex.
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Figure 4. Trend surface (3rd degree) of sodium
variation, Lakeview Mountains pluton. Contour
lines are weight-percent Na. Surface accounts lor
23.6 percent of the total sums of squares.

ol inclusions is relatively uniform, with as
much variation in one small area as over the
entire Lakeview Mountains pluton. If systema-
tic chemucal variations in inclusions do exist
over the pluten, a much more elaborate
sampling and analytical plan is required to
detect 1t.

A comparison of specific gravity values
between melanocratic schlieren and inclusions
is of particular interest; the presence of layers
as dense as 3.07 lends little support to a concept
of sinking of included material in the magma
forming the pluton.

Mineralogic Variation within the Lakeview
Mountains Plutor

The quartz diorite makmg up the Lakeview
Mountains pluton is a mixture of essentially
{our minerals only. One mineral (quartz} is of
fixed composition; the remaining three (plagio-
clase feldspar, biotite, and hornblende) are
of wvariable compositon. Here we consider
changes in both mineralogic composition and
mineralogic content across the body.

The anorthite content of plagioclase and the
K/Na ratio (Table 7 and PL. 1) yield trend
patterns geometrically similar to patterns from
whole-rock analyses. A sympathetic relation
exists between the anorthite content and the
whole-rock Mg and specific gravity. Similarly,
the K/Na ratio of plagioclase and whole-rock
K are in agreement.



CONCLUSIONS

Analyses of biotite {Table 5) aiso show
systematic variations. Most marked is the K
content; less obvious is the change in Fe, Mg,
and Ca. Whole-rock K. analyses show the great-
cst elemental range in proportion to the amount
of the element present, and the mineralogy of
the quartz dierite dictates that only biotite
can contain K in an amount exceeding about
0.6 percent. The K vanation, thercfore, is
largely a reflection of change in the biotite
content or biotite composition, or both, across
the pluton.

The mean K content ol six biotite samples
from the most basic part of the pluton, and
within the l-percent whole-rock K contour
of Plate 1, is 6.5 percent, and that of four
samples from the basic low, within the 1.4-pes-
cent whole-rock K contour, 1s 8.2 percent. This
range in the K content of biotite in the Lake-
view Mouatains pluton covers the entire
range of K valucs seported for biotites ol
igncous origin (Deer and others, 1962) and
raises the guestion of possible sample con-
tamination by incompletely scparated horn-
blende, the only other dark-colored, non-
magnetic, mafic nuneral in the rock. This
possibility is rcadily discounted; to reduce the
I content of a biotite sample by 1.9 pereent,
through admixing hornblende containing 0.6
percent K (Larser and Draisen, 1950, p. 71),
would require about 20 percent hornblende in
the sample. Such a level of contaminacon
would have been easily detected in the optical
examination of the mincral separates. Further-
more, the addition of 20 percent hornblende
would have raised the Ca content of the sample
to a valuc significantly higher than that actually
determined. We conclude, therefore, that a
relatively large change in composition of
biotite mica must occur across the Lakeview
Mountains pluton.

The available chemical data on mineralogic
variations, taken with the whole-rock chemical
analyses, allow reasonable calculations of the
range of mincralogic variation in the quartz
diorite. Because the total differences in whole-
rock chemistry are small (for example, the
range of Na is only 0.7 percent}, the extremes
were used in the calculations of ranges: the
mean chemistry of the central basic high and
the marginal basic low. Because the eccurrence
of K with respect to mineral phases present is
readily fixed, the amounts of K were divided
proportionally between biotite, hornblende,
and plagioclase. Mg, present only in the mafic
phases hornblende and biotite, was used to
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TaprLe &,
GraviTy axp MaonaL MrakraLogy, LaKEvIEW
Movniarns Pruron

Carcurarenp MinnuwaLoey anp Specirrc

Caleulated Modal
Mincralogy Miperalogy
Volume Percent {(from Part 1,
Basic Basic Table 1}
high low Mean Range
Plagio-
clase Atigp 40 Angy 39 Angg 50,3 34-70
Quartz 29 33 22.2 13-32
Tlorn-
blende 24 14 12.1 4-29
Bietile 7 14 14.4 723
Speciiic
gravity 2,83 2,82

adjust the relative amounts of these phases
determined from the K content. Ca not used
in mafic phases enters the calculared plagio-
clase. Accessory minerals are not considered.
Results are shown in Table 8.

A comparison ol these results with the modes
measured from 16 standard thin sections (Table
8) reveals that the mean mode, as measured,
lies outside the ranges of calculated mineralogy
for all minerals. However, it is important to
note the extreme ranges of modal mineralogy
(Part I, Table 1}: one rock had less than 15
percent total mafie minerals and another had
almost 50 percent. We conclude that maodes
measured (rom 16 thin sections are of litde
value in estimating, quantitatively, the mincral-
ogy of the Lakeview Mountains pluton.

CONCLUSIONS

The detection of systemartic zoning in a
plutonic body with such high small-scale
heterogencity and large-scale homogencity
isan imporrant result of this study. This zoning,
moreover, is the inverse of that vypically
tourd in plutonic rock bedies: descriptions
of granitic masses with more siliceous or potassic
margins are few in number. For those described,
two mechanisms have been advanced in
cxplanation: one consists of alteration of the
margins al the body by late magmatic fluids
(Gilluly, 1937); the other invokes transfer of
sodium and silicon from heated country rock
into the margins of the pluton (Saha, 1958).
The lormer pracess results in the formation of a
readily recognizable mincral assemblage and
texture; the latter requires a specific geologic
setting (Saha, 1938, p. 616-617). Clearly,
neither process is applicable to the Lakeview
Mountains pluton.
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(On petrologic grounds it was suggested
(Part 1) that the part ol the pluton containing
the greatest concentration of pegmatite bodics
was the locus of the last magma to crystallize,
Support for this suggestion was lent by the
structural analysis. This part of the pluion is
also the most basic; the most silicie rock occurs
in an area which was suggested to bave crystal-
lizedl easlicr.

Thus chemical and field data tegether sug-
gost that the magma forming the Lakeview
Mountains pluton became more basic as the
body expanded toward the cast. Mappable
masses of hypersthene gabbro, in disequilibrium
with the main rock of the pluron, are more
common in the central arca than necar the
margins. Appeal to a process of assimilation of
this more basic material by the magma raiscs
spatial and temporal problems, howcver. If
these masses represent relics of partial assimaila-
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tion, now frozen i si, their scarcity in most
marginal parts of the pluton might be attrib-
uted to their roral assimilation in the early-
formed magma. The chemical evidence clearly
contradicts this concept, except very close to
the southern contact of the pluton, adjacent
to the lenticular, layered gabbro body where
partial contamination may have occurred. The
fact remains, however, that included maiic rock
and the most basic quartz diorite of the Lake-
view Mountains pluton are spatially associated,

Signilicant incorporation of siliceous wall
rock in the marginal pertions of the pluton
15 apparently ruled out by structural evidence.
The marked concordance of the piuron and the
contormity of its intemal straceures to the
walls preclude all but minor and local assiila-
tion or replacement, or both. Obviously, any
such reactions would serve to intensily the
observed chemical zoning.
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APPENDIX A: ANALYTICAL METHODS

X-Ray Flucrescence Spectrography

LElemental determinations were made In a vacuum-path spectrograph using tungsten excitation for
K, Ca, and Fe. A demountable X ray source (Henke, 1962) with interchangeable targets was used tor the
lighter clements: Ag L excitation for Al and 8i and Al Ko excitation for Na and Mg. Deails of this
equipment are published clsewhere (Henke, 1963%; Baird and others, 1963). Samples, cxcept feldspars,
were prepared by the moderate-dilution lithium tetraborate method described in ‘Welday and others
(19864). A computer program written by McIntyre {1964) and described by Baird and others (1965) was
used to relate unknow ns to wet-chemically analyzed standard rocks, including those of the U.S, Geslogical
Survey. Teldspar-quartz separatcs were fine-ground and briquetted for analysis and related to similarly
sround pure-feldspar standards. Because of the presence of quartz in the samples, ratios of emission intensi-
ties were used: Na/Ca {lor calculation of the anorthite content, assuming stoichiometric proportions)
and K/Na.

The analy rical precision of this X-ray method has been shown to be equal to or better than conventional
wet-chemical pracedures (Baird and Welday, 1968). The accuracy is more difficult to cvaluate (see dis-
cussion in Baird and Welday, 1968), but in this study it is largely irrelevant becausc we arc concerned only
with relatively small compositional changes in onc rock type, quartz diorite,

Specific Gravity

Coarse powders (— 80 mesh} [rom the plate-pulverizer were measured volumetrically by an air-compari-
son pycnomerer (Beckman model 930) and weighed on a top-loading balance (Mettler P120}. The method
was calibrated using optically clear quartz [ragments. Use ol the pycnometer and its precision have been
discussed in detail elsewhere (Mclntyre and others, 1963).

Mineral Separation

Splits of pulverized, bulked samples were passed through a Frantz separator in the inclined chute mode,
after removal of the strongly magnetic fraction with a hand magnet. Resulting {ractions were cleanly
divided as quartz-feldspar and biotite-hornblende. The former split was fine-ground for analysis, Biotite
was removed from hornblende by a vibratory technique across a sloping surface. Mica separates were
lLiand-cleaned of remaining amphibole under the microscope.



