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T RIEICTION

The Spanish Peaks igneous complex of Colorado is a couwpositionally
diverse group of stocks, déikes, and other intrusions of Tertiary age,
ranging from silicic to wltramssic in composition. Knops (1936) recog-
nized and clessified the great ddversity of igneous rock types in the
complex, He atiributed this diversity do magnatic differentistion at the
two main centers of inirusion and fo variations in rate of cooling and
wa{er content. He @lso related chemical peculiarities of the Spanish
Posks couplex with oiher igneous rocks zlong vhe east flank of the Rocky
Howntlains,

Jolnson {1968), who performed g more ccuplete survey of mapping,
imeous vetrozrapny, and cherdeal analysis of the complex, stated that
the goperal order of infrusion wes Srom silicic to mafic; howsver; the
intrusicn of the radisl dikemy ar 2 separele group is from malfic to silicic.

Using Sy isotopic daita ané X, Bb, O8r, and Ba concentrations, Jahn
(1973) consiructed a model Tor the formation of the Spanish Peaks complex.
His S disotopic datz rmiled oul a comagraltic origin for all the igaeous
rocks of the complex, which precludes the fractional crystallization of
-a gingle perent megom as suggesied by Enopf (1936). Also, the Sr isotopic
initind reliow from the Sperish Pesks complex are similar to other Cenozoic
igmeous yvocizs of the southern Rocky Hountain region, sugeesiting similar
modes of origin (Jehn, 19733 Doe, 1968).

Jehn (1573 sugoested thal there were at least two separate sources
Tor the ignsous rolks =t the Spardish Pesks complex. He hypothegized that
the lewprophyric magmes could have been derived from phlogopilte-bearing

horrblende peritotite by a snail degree of partiald aelting in the upper



sntle and thatv the granitic magmea could have formed by partial melting
of =zmphibolite or basalt in the lower crust. Mixing of these two indepen-
-Ganit magnas could then foxrm the ihﬁermediate rock types.

This study determines the distribution of the rare earth elements
(592) in representative ssmples of the Spanish Pesks igneous complex and
uses these data in conjﬁncticn with major element analyses and Sr lsotoplc
dota to iest varioqs models for the origin of the complex., 3By assuming
& given mineralogy for the source rock and a given degree of partiel
melting or fractional crystallization the hypothetical REZ composition
of the melt can be ecaleulated using known distribution coefficients,
these hypthetical compositions are then compeared with the compositions
of the igneocus rocks to test the given model. Srari/SrB6 initial ratios

aye uzed to limit possible sources.
GBOLOGY

The Spanish Pesks igneous compler of south-central Colorado is a
clessic srea of shallow Tertiary intrusions. Stormer (1972) gave K-ir
ages of 22 - 20 wiilion years for samples from this couplex. The
complex consiste of two main intrusive stocks which furm Past and West
Spenich Feals, a sysien cf radiating and subpaiallel dikes, and some
smaller stocks and plugs (Figure 1),

The lgneous Tock types are petrograpbilcally and chemdcally diverse,
and they muWve up a continous gradation frnﬂ silicle fo ultramaiio, with
the most abundant typs being syenodicrite (Jonnson, 13583 Enopt, 1935).
The gereral order of intfusion wag graniltic o mafic as determined by

®)

eross~cutting relationships (Jonnson, 1961).



Figure 1
Goologic nep of the Spanigh Fewis lgneous complex with sample

localitics indicated,
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The Spanish Peelks are anpraerﬂ ely on the axis of the Ia Veta

Syneline vhich i the structural feature that forms the norihern ex-
Ngs!

tension of the Ratone Zasin, The La Veita Syneline iz a hreoed, awd“det“lc
oyneline with a sieeply vping western linb and zently dipping eastern
Jimb, ITgneous rocks of the complex initruded sedimentary rué 8 renging
from Fennsylvenian to Focene {Johnson, 196&), Johnson {1861) stated

that the dilte pattern was controlled by a combinationrof the joint

petterns generated hy reglonal folding and by the empiacement of the

Bast and West Spanish Pesks stooks.
EXPERIMERTAL LEITHE0DS

Sample Preparation
Hznd specinmens of sowre gemples eralyzed in this stody were collected
by the avthor in the Tield and trimmed t0 remove weathcored suvfaces,
thin sections were prepared and deseribed (Appendix 1). A portion of
the hand specimen was ground in a ftungsten parbloe—ﬁlﬁza ball wixer
mill end sieved through a 100 mesh sieve., Other samples were obtained
e gample =plits Irom Ross Johnson of the United States Geologieal Survey,

Denver, Colorado (Johnson, 1968).

Several Samples conteln significant amounts of elteration or secondary

mivnersls (Appendix I). RBE should be relatively unaffecied oy most
weathering processes, unless weainsring is severe (Philpotis, et al, 1970;

Tionovy et al, 1957). Uhe Sr /ar' initial ratios in such relatively
young rocks would not be significantly affected by the preferentisl move-
went of BRb or Sr because of the relatively long half-life of Rb87, unless
the intrusion were contaminated by the introduction of Sr with a dif-

farent lsotopic cowposiiion than the hest rock.



Atomic Absorption Speetropiotouctry end Ignition
‘omic ebsorpiion spectirophotomeTry (AA) was used to determine the

concentrations of the major cleuments in the samples collected by the
aulhor. The technigue econsists of dissolution of & powdered szuple in
a leflon-lined bomb with HF acid and agua regia followed by the addition
of boric acid and dilution with deionized weter (Buckley, et al, 1971).

The results of A4 analyses for three U,S.G.5. sizndard rocis are
coupared to averasgs values for each elenent Irom Hlanagan (1969) in
Pable 1, The agreement between the author's values and the standor
enalyses for most elements is good. The greciest absolute errors were
in the Si{}'2 values which are low vy sprrominately 1.7 percent. Silicoen
pnalysis by A4 is difficult and improvement was noticed with certain

g, A SR ¢ e 3 3
yofirenerts, L doteiled denori

fde

i

on of AA technigues is given in fppendix IX,

2

47

Ignition was performed on samples to determine the total wolatile
content, Arproximaitely 0.5 gram of sample was pleced in g preweighed
platinun erucible and was weighed to the nearest 0.0001 z. The crucible
was placed in a muffle furnace at 1000°C for 20 minutes snd then was
cooled in a desicecator., The crucible was reweighed and the percentage
ignition calculated.

kiaps Spectrome try

Strontivm isotopic date were obiteined from three granitie samples
by mass speclrometry using techniques similar to Methot (1973). The
Hb and Sr coneenlrationz woere obtairned by x-ray fluorescence. Thé erroxr
in the ib/Sr ratio by this technique has been estimated as 2.5 percent.

Replicate aunlyses of Sr87/3r86-rcﬁio for the Eimer and Amend SrCO3
gtandzrd gave valuves of 0,7083 + 0.000€,. A more detasiled description of

experimentiat meihiods is in Appendix IX.
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Neutron Activatiog Analysie

The conceriwations of the REE were determined by radiochemical neutron
ectivation enalysis (JAA} (Denechaud, et al, 1970). Powdered samples were
sealed in polyethylene vials and ivradiated in the reactor core. They
were then removed end the REZE were chenicelly separalted as a group fronm
the ganmple and precipitéted as REE oxalates., The precipitate was mounted
on cards and goma-ray spectra were obtained on a Ge(Li) detector coupled
with & 4095 channel anslyzer, Peak areas of different elements for the
semples were compared with standards o determine concentrations.

The resulis of Yeh (1975),-using‘ﬁ£e same equipment and techniques
es the suthor, are compared with the resulis of Hackin, et ol, {1970) ana
Gordon, et al, (1968) for U.S.G.S. standard rock BOR-1 (Table 2), Thae
égraement between the results ¢f Yeh (1573) and Hosltin, et al, (1970) is
good. The lower agreement between Yeh (1973) and Cordon, et al, (1968)
may be due to the lesser accuracy of ingtrumental His compared to radio-

chemical WAA, Agpendix IT contains a more detailed descripiion of WAA

techniques,
RESULTS

Intro&ﬁction
Ssmples wore selecied for trace element analysis which are represen—
Tative of najor element coapositions For the dikes and Past and Vest
Spanish Pealis. Iderogranite sanples were analyzed for the REE, major

eleinents, =nd Sr isolopic composition because of their anomalously low

LAL conitents.
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Major'Elements

Samples representing a range of 3102 contents woere chosen for analysis,
Silicic reooks were overssmpled because o low REE content was found for
one silicic sample and the author wished 1o delineate between high REE
gilicics and low REE sililcics.

ilajor elements determined in this study are sumnarized in Table ZA
and oiher najor elenent analyses of samples for which RIE data were obiained
are in Table 53 (Jéhnson, 1568), Samples #97, #168, end #17% are clas-
sified as lamprophyres; #178 s a gabbro; #86, #108, #113, and #137 as
intermediates; and BE. Spanish Pegk, Lount ¥estas, #78, #87, S. White Peak,
#5, sud #16 as silicic rocks,

Lajor element data are plotted on & modiTied AFM diagrem (Figure 214
inddlcating a trend from el¥oli-rich rocks o Fe and kg Rich vocks wiih
decreasing 3102 content, This trend is Verf sinilar to cale-alkaline
igneous rocks of oceanic island arcs (Green and Ringwood, 1968). Most
sauples plotted fall on & general trend botween the granitic field and
the lamprophyric field; however, seversl intermediste and mafic composition
semples are scatitered outside this trend.

A sinilar trend on the AFM dlagrem was noted by Siems (1968) for
voleanic rocks of rhyolitic to intermediate composition of the Silver
CLifl-Roslte Hills districet which is a nearby area 0i Cenrozoic volcanic
Filows. These rocks are of similar age to the Spanish Peaks, but any
major raxze or ultramafic roeck types ave lécking.

The CelePeW. normative compositions calculated from major element
doota are in Table 4. AlL silicic end intermediate samples coniain guartsz

in the noruw, The three lamprophyres have nornative nepheline and olivine,
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Pigure 2

Fodified AT diagrem using major clement data Zrom this study
g0d Trom Jonason (1968),

© data by the author
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Fe as F9203
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N520+ K2O

s data from Johnson (1868)
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Sr /hr80

Initial Ratios
The Sr dsotoplc composiiticons of three granitie somples are in Table 5,
These thiree samples are micrograniies which ocour as smaller satellite
; s B e B o w 5
intrusicnze. Sr” '/ S initiadl ratios Zor these sanples wcre deterninsd
because their RZE condents were snomalously lows o calculate the

initiz) ratios from the arBT/DhE)

present ratios an age o7 25 millico
years was agsumed, which is compatible with the XK-Ar ages ohiained by
Stormer (1972). Sr8?/5r86 initizl ratios for these
0.7079) are identicel, within limits of experimental error, with initial
ratios obt tained by Jdahn (1973) for three other grenitic rocks in ihe

Spanish Peeks complex (0.7049-0.7085). Jann (1973) repoxied a range of

3 =

SrB?/SrS initiel ratios in twenty sanples froa a wmirumm of 0.7042 for
é dlorite to a maximus of 0,T7030 f21 & syensdicriite, and he fourd ithat
no isochron could be drawn using the whole rock daila.
Rare Farih Elements

The REE data obtained by HAA are in Tables 6 and 7, énd in Figures
3 and 4 ag RaER concentratioha/chonérites versus REE stomic nuber, &8
concenvrations are normalized relative to chondritic meteorites (Haskin,
et al, 1968), which are assumed to have a REE composition equal tc the
average terresirial RER compositiion,.

Some zroups of samples classified on the basis of petrography and
mejur clement chenistry can be further subdivided on REE compositions,
The nafic rocks irclude three lanprophyres and a gabbro. The lamprophyres
are characterized by relatively high, variable absolute RER contents; high
light ==3/heavy REZ ratios, and no Eu anomalies (Pable 7). A Lu anomaly

cen be defined as a Iu cﬂnﬂeniratlon wiich ls discontinuous with the

other I5E values on a chondrite-normalized curve, Tor this study a Lu
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TABLE 5

Strontlum Isotopic Rafice T Hatellite Granites

sarole &n87/5:%% (5187 15,86 (sr8715:%% snivial
Mount Mestas 1,27 0D,70482 0.7078 + .000E
M. White Peak ¢.20 0. 7060 0.7079 + .0005

Piug #16 7 . 2,24 : 0.,7078 0.7C70 + .0003
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Figure 3a

(Top) Comparison of EEE contlent in lamprophyric sszuples
chondri tes.
& Dike 797 (minette)

O Dike #168 (odinite)
£ Dike 5173 (monchicuits)

Figure 3b

(Bottom) Comparison of REE content in intermediate ¢conposi~
tion samples to chondrites.

¢ Dike #85 (syenite prophvry)

i1 Dike £113 (syenodiorite porphyry)
A Dike 108 (syenodiorite porphyry
v Dike #137 (syenodiorite
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Figure 4a

(Top) Comperison of HEE content in silicic samples to chondrites.

o Dike #87 (grancdiorite porshyry)
0 Bzst Spenish Peax {(granitc porphyry)

& Dike 778 (granite porphyry)
v liount lestas (microzranite)

TS e gan g I
Figure 40

_ (Bottom) Comparison of RED content in satellite silicice and
gabbro to chondrites.

v Dike #178 (zevbro porphyry)
o South White Peak (graniteg
O Stock #5 §granite)

& FPlug #16 (microgrenite)

21
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concentration is considersd 1o be a negztive Eu enomsly if the Fu/Zu* raetio

is greater izan 1.2. ZIZu* ig the Eu concentration obtained by interpola-

e oy

tion from the other ELT concentrations {(m=inly Sm, 0d, and Tb), The other
nefic rock is a gabbro porphyry which has = lower lignt ZEE content,; but

otherwige similar REZ compogsition as the ,La.t”‘pfop}"'rcs.

L InE]

Szniples of iantermediate composition have sinilar HUE patterns 1o one
gy x

another even though their S;LO2 contents range from 47.4-60,3 percent,
The totel REE content ard light B/ hesvy RER ratios (le/Tu ratios) of
y

these szmples are significently lower lhan the lamprovhyres (Table T)e

The siliecic dikes #87 and #78 and Zast Spanish FPealr granite have
lower, but similer, overzll REE ccncentrations to the lamprophyrss and

inters=diate rocks. Dikes #87 and #78 have no Bu anomzlies, but Hasgt

.
- hen 2
[ORS-i%

Iy

bt

Snenisn s o nezative Eu

The other silieic intrusions, iount Hestas, the smaller satellitis
hodies #5 end #15 and to a lesser extent South White Pesk, ere chizrscterized
by muech lower iotel REZ content, no Eu esnomalies and lower light 3BE/

heavy REEY ratios than the other silicic rocks (Table 7).
DISCUSSIO}I

Introduction
L reasonsole model Ior ihe orgin of the bypanish TFeolrs igneous complex
must explaln Fnovn TfHeld relationships, pzirogra LY s experimental petrology,
ceochemical @:d isotopie dats. The basic i'n;odel being tested is that the
complex forawd by partiel melting c¢f two sources and by tdxing of t};e nagnas.
The lewprophyres formed by partial : 1elting of phlogepite-bearing hornblende

eridotite, +the rranites b ertisi wmellirny of smphibolite o pranulite
3 ! 5 y

cend the dintermedlate compositions by nixving of these two nagusa (Jalm, 1973).
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Porawticon of Lemprophyras and Gabbro

Several mechanisns have beser proycaed for the zeneration of lam-
provhyric masins. Bxperimentoal porzisl neliing o garmed peridetite at
- high pressure followed by fractionstion can yisld o lamprorhyric wepema
(0'Hera =nd Yoder, 1967). Using Sr is sopic and itrace alement data,
John (1973) conciuded thet the source of the lamprophyrie me-mas of the
Spanish Feeits complex was the partial meliing of the phlosopite-bearing
hornblende periistite in the upper uenile, The glhali-xich Llamprop-
bhyres can be explained bv this process; but not by simple fraciionation
of a single mosma 28 propesed by Koopnl (¢ahn, 1973). The &v iscicvic
ard trece elemsnt data of Jahn (1973) do not sruppo:-f”u the hypothesis of
fractionation of a single magma to produce the ranse in coxpocition at

The KOS date exe compatible with the propossd partisl melitiax of
peridotite for the formation of the lamprorhvrie masmas. The parvial
melting relationshine of Haskin. et al {(1970) are used to test this model,

Bauation (1) swmarizes these relationsiiips.

0y/c, = (1-(1-2)")/x (

-t
-

¥heres
GP = concentration of the itract element in the wmelt
CA = average concentraticn of the trace element in the systzm

"

X = he fraciion umelied
= bulk distribution coefficient for the trace element
The ddoiribution coefficlent is deflued as the ratio of the concentration
in the solid phaose ¢ the trece element to the conceuiration in the meit.
IHdncraln with distreibution coefficients sreater than one ftend to concenirsie

ihn frace element relative to the melt and ndnerels with distribution coel-
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ficients less than one tend %o envich the aslt in the trace element relative

to the mineral, he bulk diziribution coefficients for the RIE are cal-
culated asswdng non-modal freetional melding, The bulk distribution coel-

- ficients are recslewlated for each different degree of partial meliing
to reflect the chenging proporiions of minerals es certain ninerals are
preferentially melted. The distribution coefficients of Higuchl and

Hagasows (1969)5 rhilpotis and Schuetzler {19?0}, Schnetzler and Failpotis

+
Y

(1968), and Schnetzler and Fhilpoits (1570} sre used (Appendiz III).
The First of two models for the Formatiocn of the lamprophyres (model A)

0.5

-2

assvines the following compositisn for the horrblende peridouiie

-percent phlogopite, 10 percent hornblende, 40 pereent diopside, and 69.

percentrolivine. This is similar to the model peridotite mineralogy

propoged by Jaim {(1973). The hydrous phases (ralu wodte snd hormblende)

are gssuned to melt first followed by proporiicunsl meliting of dicpside

and olivine, so that after 3 percent partizl meliting the proportions of

minerals in the =olid phase would be 7.7 percent hornblends, 20.6 percent
diopeide, and 71.6 percent olivirne. The upper portion of the field of

REE distributions for high temperature~high pressure peridotites is in

Plgure b (Loubeﬁ; et al, 197%; Philpotts, et al, 1972; Beid and Frey, 1971).

Because the model of Jahn (1973):100ates the hornblende peridotite source

in the vpper mentle 1t can be ressonably assumed that the peridoiite

could be enviched in the REX. There are indipétions that ths upper mantle
is Lieterogencous and chemically differentiated (d:nrwood 1975). In

this case the parent peridotite iz ascused %o be at the upper limit of

the field of HiD content of peridotites. The RBZ composition of the

1

negma predicted by 3 percent partial melting of Jlodel A peridotiie does

T

not sgree well with actual lamprnpavre BEE distridbuticns foxr ihe heavy



Figure 5

Theoretical RHE compositions of melts formed by % percent

partial melting of model A pexidotite and 3 percent, 5 percent,

10 perecent, and 20 psrcent paritisl melfinzg of model B peridotite,.

ER)

The rense of REE compositions Trom this study for the lamprop-
hyres is shodeds The REE distribution for szbbro semple #1785
is shown os a dashed line. After 3 percent meliting the propor-
tions of minerals in the residval phase of model F peridoiite
would be 7.2 percent dicpelde, 2.1 percent zarnet, 23.7 percent
orthopvroxens, and 68.4 percent olivine, After 10 porcent
partizl melting the proporiions would be 2.2 percent sarnet,

25,6 percent orthopyroxere, and 72,2 percent olivine.

27
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i {(Fizure 5}_7 If the ESL compositicn of the source peridotite is
essumed to be lower the theoreiieal D compesition of the magma still
does not agree well with lemprophyre 2D distributions.

he theoretical REE ccmposition of the melt compares much more
closely to the actual concentrations in the lamprophyres i a small amount
of garnet ds included in the residual peridoiite minerslozy (tiodel B).
If gornet is acded to the mineralogy then hormblende must be removed
beceuse these phases are Inconpsiible at pressures iz the upper mantle
(Kushiro, 1970)}. With inecreasing pressure and iempereture anphibole
bresks dowm snd garnet becomes stable., The Héo from the hornblends
becomes an inversiitisal vapour phasc (ﬁVllie, 19?1). On a temperature
versus pressure Glagren for peridotite contalning 0.1 percent H20 the
rhase boundary beldween horrblends peridotiie and garnet peridotiiaz,
the solildus, snd theoretical geothsrm a1l intersect at rouwshly 80 kilg-

neters depth and slightly over 1000°C (¥yllie, 1971). If 2 higher H,0
content and phleogopvite are present ampnibole would be stable to greater
depths (Ringwood, 10755 Wyllie, 1971). 4s partial melting cceured and
HEQ wes removed Irom the system amphibole would no longer be stable

and the hornblcende peridotite could chunge to a garnet peridoiite.

The peridotite ﬁineralogy in the second model for lanwpdrophyre
seneraiion (Lodel B) econsists of 0.5 pgrcen¢ phlogopite, 2 parcent garnety
S5 percent diopside, 23 percent crithopyroxene, and 65 percent olivine.
Ito and Kenunedy {1967) observed in melting.of dry natural peridotite
that elinnpyroxene is the first phase wo melt followed by garnet,
orvhopyroxene, snd olivine., Por liodel B the author asswused that the

phlogoplte and diopside preferentially melt followed by constant propor-~

tional melting of garmet, orthopyroxens, and olivine. The predicted
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conpoalitions of melis generated by B_percent, 5 percent, 10 perceni, and
20 percent partiel meliing of Model B peridotite are also in IFigure 5.
The source peridciite could have been a hornblende peridotite that
vwas being chanzed to a garnst perddotite at the time of partial meliing,
Hornblende is reguired in the model peridotite proposed by Jahn (1973)
to explain the K, b, Ba, and Sr concentraticns in the lamprorhyres.
Hornblende is not required as a residual phase to expiain the K, Rb, Bea,
ani Sr data, S0 Moéel B peridotife is still congistent with these daia.
The acitual REE compositicns of the lamprophyres sre very similar to
the compositions predicted by 3 to 1C percent partial meliing of iodel B
peridotite. The theoretical REE disﬁribufions are generally higher for
the intermediate 2EE than the lamprorhyres, The range of RSP compositions

obsorved For the lamprophyres could ve due fo heteorogeneitly vithin tas

peridotite gource or different degrses of partial meliing, If more
olivine is included in the model reridotite, higher HEE distributicns

are produced in the melt. If mors garnet is included in‘fhe model &
steeper curve for the theoretical melt results. The pércentage of gernet
in the model source must be 1 to 3 percent if the theoretical melt cope
positions ere to mateh lamprophyric REE compositicns for the heavy Foi,.
It is theoretlically possible fo produce the REE distribuiions ond ¥,

%, Ba, and Sr concentrations in the lamprophyres dy 3 to 10 percent
partial mweliing of phlogopite~bearing gernet peridotite.

One gabbiro sample (44,0 percent 3102) was avnalyzed end has a REE
composition sindler to the lampropbyres, but slightly lower light RER
concentrations {Figure A4b). This rock could have resulied from a nigher
degree of partial melting {adout 20 percent) of the zarnct peridotite

pource which vyroduced the lampropiyric magmas (Pigure 5). Partisl
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meltings of peridotite can give rise o basaliic compesition relts tIto
and Kennedy, 19673 Kushiro, gt 2l, 1968; Wyllisz, 1971; Green, 1973},
Formation of Gramitic Recks of the llair Intrusive Sequence
Granitic melis can be produced by vartisl meltine of a compositicnally
wide range of materials (Winkler, 1974), Partial meltine of high-grade
metamorphic rocls cen result in water~undersaturated pranitic meltis

(Brovm and Pyfe, 1970}, Jabn (1973) stated that the sranites of the

Spanisgh Pesks complex wgre_derived from partial meliine of material in

the lower crust. Due to the low Sro /sroC initisl ratics of these sranites,
their sourc; could not be the hishly radicgenic aversge Irecambrian upper
crustal material, but rather the maflic rocks of the amphibolite or

eremdite facies of the lower crust (Jehn, 197%). Doe (1968) found this

to be truve for Sr oand Th isotopic datzu‘ This wodel emn also he testod

with BEZ cdata.

The lower continental erust is assumed to be composed of neta~-
morphosed Precambrian continental tholeiites end zabros vhich after
metamorphisn to the amphibolite facies could have: 55 percent plazio-
clase, 30 percent hypersthene, 10 merceni hornblende, and 5 percent
clinopyroxene,

The KER composition of an average crtho-amphibolite formed from
contineutal tholeiites and gebbros is in Figure 6 (Balashov, et al, 1972).
Using the céistribution coefficienhs for silicic rocks of Hagasawa and
Sehretzier (1971), Fhilpotts end Schmetzler (1970), and Schnetzler and
Fhilpotis {1970) a5 compiled by Arta and Hanson {1975) and the partial
nelting relationships of Haskin, et al, {(1970), asswning modal fractional
nelting, ihe theoretical REE cowpositions of masmas generated by 10 percent,

20 percent, and 30 percent partial meltine of this emphibolite were cal-
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cutated and are in Fizure 6 along with the range of values for the three
granite sanples wiith nigher REE content.

These disfributions ere similar to those obltained for iast Spanish
- pesk, Dike #7€, and Dike #87. The variations from the theoretical dis-
tributicns, such 25 the size of the negative Zu encitaly cor the higher
heavy RIS corcentrations in Bast Spanich Fealr may be reasonavly explained
by wvarieticns In the mineralogr, percent melting, or RIZ concentrations
¢ the scurce amphibolite., For exsmple, if the amowat of hornblende is
increaesed relative to the other minerals in the model amphiboiite the
REH concentrations in the hypothetieal meld are reduced, especially
for the intermediate to hesvy EiEE, snd the negative Bu anonaly is reduced.

Formation of Silicie Rociks of Saiellite Intrusionc

The RiD distributions of South White Pegk, liount ilzstss, Steck #5,
and Flug #16 do not have the same patiorn as the other granites. ‘Thése
sateliite grondtes plot at the exireme slkali-rich end ol the trend on
the AF diagram cxcept for South White Peek which has lower alkelis and
& nigher ZEL distribution. These granlites also have fewer nafic minerals
than other grenites of the complex.

The anomzlously low REE contents of these granites are consistent
with formation of these magmas by partisl nelting of peridotite which
1s depleted in HEE in the mantle, because granitic melts are usually
enrichked in the REZ relative to the source. However, there is dispute
about the possibility of producing a silicic melt from the partial
melting of peridotite. Experimentzl studies of Kushiro (1970) and
Xushirg, et al (‘19?2) indicate thet a quartz-normative licuid can be
produced by partisl melting of a hydrous peridotite. Green (1973)

stated that silicic magnas cennot be devived from partial melting of



Figure 6

Theoretical REZ compositions of melts formed by 10 percent
(upper line), 20 percent, and 70 percent (lower lins) pariial
melting of nedel emphiholite { open cireles). The ronee of

REE compositions from this situdy for the nmein sesuecoce arexnltic

rocks is shadeds

33
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peridotite and that exverimental siliecic liguids are due io the dig-
et e P B N .87 4,86

equilibriw: crystaliization of olivine on quenching, The Sr- ' /Sr

initial ratios obfained for the Licunt Hestas, South White Peak, and Plug

16 smmples (0,T070-0.7079) ere within the range of reporied values for
o . .87 .86 . ... P - b el -

peridotites, but Sr™ /Sy initial raitios for most pristine peridotites

are helieved to be lower than these values (Fawre ana FPowell, 1972).

. BF 5 B8 o s " ’ ,

The Sy /Sr° initial ratios for these samples are the same as those

" deisrmined by Jshn (1973) for other granites in the complex wvithin the

error limits,; suggesting a similar origin Zor all the granites. These

8
ratios are too low to have formed from average Irecambrian upper crust.

Another possiblity considered is that the.REB, especially the light
REE, were removed from the magma at the time of emplacement by metascmatic
solutiong from the intrusion. This nmight be possible becpuse the grardies
with anomalously low EEE contents are fine-grained snd could have Tormed
by the rapid,femoval of water from the magma at the time of crystelliza-
tion. This possibility, however, iends 1o be refuted by the werk of
Kovalenko, et al (1956) who found that the heavy REE seen ic be more
mobile then light REE in nmebtasomatic solutions.

A third pessiblity is that these anomalous granites, like the other
gilicic rocks, were also derived frowm the partial melting of auphibolite,
bus their low REE contents were controlled by mineral phases such es
amphibmle, apatite, monazitey or allanite that would reduce the awount
of RRE in the melt relative to the residual solid. Thus, if the source
had & vagicble residual mineralogy, large variations in REE content
of ihne allicic melts could result. Examples of variatlons of REE content
procucsa in giliecic melis by variantion of some of the above minerals

will be given in the rest of this section.



36

Iyakhovich (1967) showed that in nonazite-bearing granites
monazite coniains 40 pergent 4o S0 verceat of the total REE content.
The same may be (rue for monagsite In mome mafic metsmorphic rocits,

_ because monzzite is abundant in some metamorphic rocis (Vlasov, 1966 ).
Monasite is o RED phosphate which incorporates the lighter REE and
rejects Bu ond the heavier REZ (Vlasov, 1966). Allanite is snother REE
mineral vd.th cheuleal affinities siwmilar to wmonaxite,

If e melt ibrée& Irom the payiial meliing of an anphibolife and
was in equllibriwn with = fraction of a percent monazite dhe melﬁ would
be highly depleted in the light BEEE, If a few percent apatite were
ineluded in the mineralogy of the amphibolite this would result in & melt
¢epleted in IEE; especially the intermediate HEE. The rejection of Eu
by the norasite and apatite could be counseranted by the plagioclase
conecentrating whe Bu thus, no net Buv anonsly would resvlt. Fox example
if we assume an initial mineralogy of 1 percent allanite, 5 percent
clinopyroxene, 30 percent hornblende, BO'percenﬁ hypersthene, and 34 percent
plagioclase for the amphibolite, 3 percent modsl partial melting would
result in a magna with REE composition A (Figure 7)., This RES dis-
tribuition is gimilar to those for samples 75 and #16. If we assume
a mineralogy of 6 percent apatite, 5 percent clinopyroxene, 10 percent
hornblende, 30 percent hypersthene, and 49 percent plagioclase for the
amphibolite, The magma formed by 3 percent modal partial melting wouid
have the X35 composition B (Figure 7). The RUE composition of South
White Peak is similar fo couposition B, This, different wsrouwnis of
allanite, spatlte, and amphibole in the amphibolile source snd amell
degrees ol partiel melting could resudld in preduction of the entivs

rangre of AnY contenis ol the graniies.



Figure 7

o

Theoretical ZEE compositions of melts formed by 3 percent
partizl meltineg of model aophibolite fopen circles) of
compositions & and Be The range of REE composiiions from

this study for the arnomalous gsatellite granites is shaded.
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Poariial meliing of peridofite mipht explain the low IREL contenis in
the grenites, yel tends to be reruted by experimental peirolosy. XYartial

velting of empbiboiite containing minor pnoses such as allantite, apatite,

a3

and h@rnhleﬁde seens to be e nmegt reasenable model For the production
of the granites with aspozsiously low REE contenis. Other minor nineral
phases roy also cause the fractionaticn of the IED into the residual
phase. Distribuilon zoefficients for the ZXE are not.available for nany
winor phabes wﬁich‘migh; oceur in mafic miphibolites,
Pormaiion of the Intfermediate Iocks

The igueous vocks of the Spanish Peelrs complex form a comxlets chenienl

gradation Jrcn the silicie granites te the ultramafic lamprophyres. Jahn

(1973) suggested that the intermediate rocks were formed by the mixing of

nfent angues, grenidie and lamprophyrle which wiowld exslain the

)

Sr dsotopic dats, the XK, Rby Ba, and Sr concenirations and {ne elliali-~rich

rocks of intermediate composition. The total REE condents (Table 7) for
the dlfferent rock types are comsistent with this mixing‘ﬁodel and the REE
digtributions for the intermediate rocks are gernerally between the lanprope
hyviec and granitic ZEE distributions on the chondrite normelized graphs.
On the AR diagram most intermediate samples fall on a geﬂeral trend
betwesn graﬂites and lamprophyres, but several intermediate and mefic
sunvles 1ie ouisids this trend. Samples #86, 37108, and #1153 are between
The grandiie fleld and the lamprophyric field of the AR diggram and
somple #1337 ig not. Sample #9137 has the least 8102 of the intermediate
rocks omd nay hove a different oxlgin than the other intermediate rock
laamples. The samples that fall outside the trend on the AV diagram

eould not have Tformed by direct mixing of granitlic and lemprophyric

N STAS 4
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Yechaps sone or all intermediate rocks formed by higher degrees of
partisd meliing of the same asphibolite which produced the grernitic marmas.
Tha disteibution coslficients JTor the HED for hornbleude are o function of
the 1201t composition and range widely from granitic melts o basaltic
melte (Appendix III), In Figure 6 the AEE distribution coaff:.cmnta used
for hornblende are for hornblende that is in equilibrium with a silicic
melt. In Tigure 8, the REI compositions of theoretz‘.cé.l meliss produced

by 10 percent, 20 perceut, 70 percent, and 40 percent pariial wmelting of
amphibolite with a mineralogy of 55 percent, plazioclase, 30 percent
hyperstiene, 10 percent hormblende, and 5 perecent clinopyrozene are
rloited slong with the range of REE distributions for the intermediate
rocks. For this model the REZ distribution coefflc.:e,ents for hornblende
were assumed to be an average of distribution coefficienis for silicic
melts and mafic melts. The HER compositions in the internediate sauples
cowl.d be produced by 20 pereent o 40 percent partial meliing of the
enphibolize This model seems more appropriate than the miyxdng model
of Jaim (1973) because the intermediate intrusions are guite voluminous

compared 1o the silicic and mafic intrusions.
COHCLUSIOIS

Jain (1973) stoted that trne lamprophyres at Spanish Peeks formed
Teon the pariisl nelting of phlog oplte—bear:t.ng hornblende peridotite in
the upper manitle, thet the grenites formed by partial mel$ing of amphibo-
Jite or granulite in the lower crust, and that fhe intermediate composi~
ticas forned by mixing of these two independant magmas. %his study suppoxts

Jernts model with certain modifications.



Fipure B

Theoretical RER compositions formed by 10 percent, 20 psrcont,
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Tho lamprophyres formed by 3 to 10 percent partial melting of
rhlogepite-bearing marnet peridotiic in the upper mantle. REE data
indicate that gernet is a necesspory miinersl in the residual phase after
partial melting of the peridotite., The mafic rocks originated by higher
degrees of partial melting of the came perxdcdotiie source as the lamprop-
hyres. The grenitic rocks formed from the partial welting of amphibolite

in the lower crusts The silicic rocks wiih asnomelouzly low IZE contents

.
J-

could have come from tne partial meliing of amphibolite with differeunt
gmounts of minor phases such es allenite, monazite, apaltiie, and hornblende,
The interwodiate rocks formed in some cages byrthe mixing of granitic

end lamprophyric nmagnes ory; alternaiely, by higher percentages of partial
melting of the amphibolite than that necessary for the goneration of the

gilicic melis.
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APTENDIX I

Petropraphic Doseriotions

Thin sections of the euthor's cannles are descritved below, HNineral

percentages were obitained by visuel estinztes.

South White Tegl:
A light gray, holocrystalline granite composed of 15 perceni anhedral
quartz (,1-1.0 mm.), 45 percent subhedral crthoclase (0.04-1.0 mm.), =0 pﬁrcent

subhedral zened oligoclase (An 0,05-~0.6 mie )y 5 percent subhedral brown

2g}
viotite (0.1-0.6 mm.}, 2 percent subhsdrel hornblende {0.2~1.0 mm.), and

1 percent subtedral magnetite (0.05-0.2 rm.).

Stock #5:

A grey, Tine-grained, holocrysinlline graniie wiih 20 psrcent erdiedral
guartz as phenoerysis and in the groundusgs (0.01-0.5 mm.), 60 percent
subhedral orthoclase (0.01-0.2 rm,.), 10 percent annedral plagioclase

{0.01-041 mm.}, & percent alterstion minerals, and 2 percent subhedral

negnetite (0,02-0.1 zm. ).

Plug #16:

A very Fine-grained, off-white, holoecrystalline microgranite with
12 percent snhedral guartsz (0;05~O.1lﬁm.), 50 percent subhedral and
euhsdral orvhoclase as phenocrysts and in the groundmass (0.05-C.7 mm.),
35 percent snhedral antiperthite (0.01-0,02 mm.), 1 percent secondary

calcite (Q.05-0.1 mm.)g and 1 percent subhedral blotite (0.01-0.2 mme ).

Dike #97:
A light trovm, holocrystalline minette composed of 30 percent alicred

“pubhicdral ovthoclase (0.02-0.1 mm,), 20 percent subhedral oligoclase
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&

(0.C2-0.08 mm.*, 75 percent subhedral red bilotite rhenccrysis (C.1-2.0 mm.),
3 percent subh2dral green augite (0.05-0.3 mmu.), 1 percent anhedral
olivine (0,02-C.1 rm, ), £ oubhedral altered magnetite (0.05-0.6 rm.),

-and 1 percent ealcite (D,CE»O.S mm.).

Dike #1168

A dark gray, holocrystalline odinite with 10 percent anhedral
orthoclose (0.05-0,1 mn.), 20 percent subhedral labradorite {0.02-0.4 itia ) y
15 percent clays, 4 péréent subkedral biotite (0.01-0.05 mm.), b percent
evhedral magnetite (0,01-0.07 mm.), 10 percent subhedral apatite (0.02-

0,% mz.), 8 percent enhedral caleite {(0,02-0,1 mm.).

Dike

en

775

=t

A daxk prey, holocerysislline morchiguite containing 40 percent
guhedral btitensusite (0,05-1.0 mm), 25 percent subhedrsl labradorite

(4n_.) (0.02-0.5 mm.), 20 percent anhedral orthoclase (0.01-0.0% mm.),

oa

5 percent subhedral blotite (0.01-0.1 mm.), 3 percent subhedral masnetite

(0,01-0,05 mm. )« 5 percent chlorite (0,01-0.71 mm.).

The folloewing samples were analyzed for the REE and were obtained
from Ross Johnson, U.8.CGeS., Denver, Colorade. Thsse peirogsraphic

deseriptions are swmearized from Johnson (1968).

Best Spanish Pesk:
A very liabt sray granite porphyry with 40 vercent anorthoclese

with phenocryats up to 10 mm,, %1 percent oligaclase (An..) with

25
phenocrvots as much as 3.5 mm. acress, 17 percent snhedral to subhedral

quarte, 2-5 percent blotite and hornblende, 19-31 nercent groundmass,

and 9 percent miecrceperthite.
I P
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liovnt Nestos:
A verv lisht gray holocrysislline microgranite with 20 percent
quarts. €0 percent ancrthoclase, 17 vercent oligoclase fAn15), 2 percent
! ]

wagnetite, and {treaces of biotite, limonite, chlorite, and clay.

Dike #783

A granite porphyry with the following ranges in composition: 5-15 per-
cent guzriz, %0-50.percent orthoclase, 30-38 percent oligoclase (Angoi,
2-6 percent bictite, 0-3 percent hormblende, 1-5 percent megnetite, and

traces of corundumn,

Dike #27:

A pranodiorite porphyvry with phenocrysts of olisoclase, microcline,
bintite, and hornblende. Hedsal ecommosition is 8 percent guartz, 28 per
cent orinoclase, 1 percent microcline, 45 percent oligoclsse, 4 percent
biotite, 1 percent hornblende, % nercent megretifte and ilmenite, <1 per-

gent apatifte and corundum, and 10 percent secondary minerals,

Dike #06:

A light zray syenite porphyry with pheﬁoérysts of oligoclase,
suglite, and red biotite. Moﬁal analyvsig is 1 percent guartz, 45 percent
orthoslezse, 36 percent oligoclase (Anso), trace of biotite, 4 percent

augite, % percent ampnibole, traces of corundum and apatite, % percent
memelite, tiace of limonite, 3 percent caleite, 3 percent clay, and

trace of seoliis,

Dike #1008
A light gray syenodiorite porphyry containing phenoerysts of olieoc-

clase, hornblende, and augite, The composition is 15 percent orthoclase,
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~

45 percent olicoclase (An ), 3 percent red biotite, Z percent green

25
hornblende, 4 percent green augite, 1 percent zpatite, 5 percent mamnetite
end ilmenitse, 3 percent limounite, 4 percent chlorite, and 17 percent

ze0lite,

Jile #113:

A light, rediun gray syvencdiovite prophyry with pelmcerysis of
hornblende and olizoclase., liodal compositlion is 2 percent cuertz,
12 perecent orthoclzse, 41 percent oligoclase (Aﬂ25)a 9 percent hornblende,
6 vexceni auvgite, 1 percent biotite, traces of apatite and sphene,
11 percent paznetite, 6 vercent chlorite, trace of epidote, 5 percent

zeslite, and 4 percent clay.

ke #1727
A mediunm, dark grey microsyencdioriie composed of 6 percant orihoe-
lase, 31 percent andesine (An40). 2 percent biotite, 8 percent zuziie,
6 percent acmite(?), 3 percent masetite and ilwenite, 3 percent epatite,
) !
e

5 percent calcite, 4 percent clay, 25 percent chlorite, and 7 percent

limonite.

Dike #178:
& mediwm olive-brown gabbro porphyry with phenocrysts of labradorite

(24 percent) {An60), 4 percent red biotite, 5 percent red hornblende,

20 percent green ausite, 1 percent apatite, 12 percent mosmetite and

idlmenite; 12 percent chlorite, 2 percent caleite, and 4 percent zeolite.



APPEUDIX 11
Experimental ilethed

njor Element Analyesis by Atomic Absorption Spectrophotometry

Semples were dissolved in HF zeid and agua regia in a feflon~lined
bowb and diluted for anslysis. Exacily 0.100010.0002 gram of peowdered
sample was welshed into the teflon cup of the bomb. Using s small
graduated eylinder, 6 ml. of concentrated IF acid and 1 ml. noua regiea
were added to each sample. The boub was then sealed and placed in a
drving oven at 110°C for approximately 45 minutes or wntil all the
maberial was dissolved to visible insvectlon., After beins allowed to
cool 1o room temperature, the bomb was opened and the sanple was checked
for complete digselution. The samplie wes ousntitatively transferred 1o
a leflon begker containing 4.00 srezs of borie zeid, about 75 ml. of
distilled-deionized water were added, znd the solution was stlrred

with a teflon siirring rod until the boric scid was dissolved. The

48

solution was transferred o a 200 ml, volumetric flask and 1 ml.+ 0,01 ml.

of La Stock soluvicn was pipetted into the flask. After dilution to
200 ml. the solution was stored in 2 polyethylene bottle.
3 “BH 2O in

ctilled-deionized water to obiain the concentration of 4986 uvmm./mle

The La Stock solution was prepared by dissolving Lall

A blank solution, usea as & zero reference for the analyses, was
prepared by conbinine 6 w1, HF acid, 1 ul, aqua regia, 4,00 grems of
boric acid, and 1 ml. of La stock soluvion and diluting fo 200 ml,

Two gowbined standard solutlons were prepared Lo approxinate the

composition of o aranite and a laaprophyre (Table 8), Commercially
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5 A} e
elerent porcantration (pom) concentrotion {pom)

A, 50 50
Fe 7 10 60
lig ' 4 40
Ca _ 10 70
Na 20 20
K 20 , 20
Sr 1 6

Ba e 5



obtained shandard solutions of 1000 meo./1. concentration of different
elemcnts were pipetied tomether and diluted with blank sclution 1o pre-
pare these stendards., Another stonderd was prepared Jor both the granite
- gnd the lemvrophyrz standards by diluling these 1:2 with blark,

A peritin-Plmer Iodel %058 atomic abrorption specirophotoneter was

used for the'analyses. Analyses for Si, Al, Fe, ¥a, ¥, and Ca were
performed with stock sample solutions. Some sample solutions were di-
luted 1:5 for amal}ses qf Mze For the gnalysis of Fa, X, Sr, and Ba
s solution of RbCl was added to all ssmples, standards, and bLlaxnlk,
The resulting concentration of about 1000 mg./1. Rb helped to eliminate
jonization interferences of these elements in‘the Tlarme. Table 9 zives
the instrument settings for the analyses of the different elements,

The followines chanses in AA fechnicues are neted to loprove resulis.
The ¢ snalyees for Al were done on the siock sample solutions ond snalyses
for Ca, Pe, lz, end Na were performed with a solution diluted 1:10 from
the étock semple soluticn and containing.1000 me./1s K and 1000 mz./1.
Sr., The Ta solubtion was omitted from the procedure. The analyses for
X were done with a solution diluted 1¢10 from the siock soluilon and
containing 1000 ng./1. Na. The Sr was added to eliminate ionization
interferences Ffor Ca and Mg, while the K did the same for Ia eznalyses
and e for the X analyses. Stock solutions of 10,000 mz./1. Sry, X, and

fa were prepared using SrCo_ . KCI1, and HaCl,

3

The samples were diluteéd to a concentration of 40-60 ppm Sr for the
analysesrof 5i., Fach sample solution was run at least five times and
tternated with o standard scluition belween each sample solution run.

The ame was adjusted to be only slichily reducing with no carbon
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build-up on the burner head. The more oxidizine flame reduces the

sensitivity Tor Si but results in a nore siable flame and better resulis.

liass Spectrometry

Mass spectrometry technioues were adapted fronm llethot (1973).
Powdered somples were digsolved in hyvdrofiuocric and perchloric acids in
a teflon dich. The samples were cvaporated cn a hot plate to nesr dry-
ness and the material was redissolved in 1 FNormeld hydrochloric acid,

The strontiun waé separated by a cation-sxchange isechrisue using
colums of rgsin. The columms were eluted with 2 Hormal hydrochloric
pcid and the strontium collected in feflon bealkers. These samples were

oncentrated, evaporated Lo dryness, and heated to oxidize oraanic
resi‘ue.

A G-inech radius, 60° zector mmoo speciroucior was used to obiain
Sr??/SrSG ravlos Tor these samples., The semples were digssolved in 5
Hormal nitric acid end evaporated on a tantalim filament.

Veluves for Rb and Sr concentraticns of the whole rock szmples woere
obtained by enerzy dispersive x-ray fluorescence. A radioacthive Cd109
x~ray source was used and the x-ray Iluorescence was detected by a
Si(ii} getector coupled with a 256 channel anslyvazer. The BHb and 5 pesk
arcas of the ssuples and standards were determined by a compuler analysis.

This x-ray fluorescence techniogue iz relatively inaccurate in
comparison to the ptandsaxrd practise of determining RAb and 8r concentrations
by dseouope dilution, However. because these rocks are young in relastion
1o the Bh-32 isotople system. errcrs in the Bb and Sr concentrations will
have & siall effect on (Sr87/5r86) initial values.,

The valucs reported for fSrB?/SrGG} initial were calculated from

the followlne ecuation:



f

fSrB?/" Us)Inﬂolal {3 8?/5r °Y - (® 167/°r863(ch°

The calculoticins ore nsdes with the assunption that ths zge of the

un
‘J

irmeous boales is 25 million years,

Yeutron Activation Analysis

Aprroximately 0.3 zraus of powdered samples and liocuid standsrd
were welgued to the aearest 0.0007 xz. info clean polyethylene vials
and the tov was heatl sealed with a soldering mume. About S0 mg. of Fe
wire were woighed 1o fhé nearest 0.0001 =z, for each soople and stand
ard, and ihe wires were wrapped spirally sround each vigl with tape.

The e wire served as a neutron lux ronitor 1o correet for differences
in neutron flux within the reacior core. liost runs consisied of four
samples and two standards.

The ssmmples and sisndards were irradiaied for epproxcimaltely two
hours in the core of the fensral Atomic TRICA Vark II rezctor at & flux
o£¢°1013 neutron ufh;z sec. OSanples were left in the reacior sool for
between 4 and 24 hours depending on the activitye. The sauples were then
moved 1o a laboratory for the chemical separation of the RBEE from the
ook samples.

The chemical separstion of the RER from a silicate rock sample is
geseribed Ly Denachavd, et al, (1970). The separation technigue
bagleally consisis of fusion of the rock samples with Eaaoz and gub-
soguony dissoluvion. The REE, Fey Als and 51 are precirltated as av-
droxides and momoved by centrifusing., The 51 is removed by vreclpltation
with reletine The Fe is removed by an ether exiraction and the RER sre
finally precipitated with cxalic ac1d as REW oxalates. This precipitionte

is D1l tered, dryed. and mounited on cardboard covnting cards for radio-
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pagev. The FEE oxalates are precipitated directly from the liguld
giandard and also nounted on a counting card,

The standards and samples were counted on a Ge(Ii) samma detector
coupled with a 4095 channsl analyzer. Gamma-roy spectra were taken for
each sauple at about 1-day, 3-day, 10-day, and 40-day intervals after
the irradiﬁtion. The early cownt sets were uséd for the analysis of
short hali-1ife REE ;soﬁopes and the later sets for lonszer half-life
isotopes. ‘

The Fe wires were counted on the Ce(Ii) detector at least two weeks
after irradisiicn. From these data the relative neutron flux which each
'sample or signdard received could he calculated.

The concentration of anv given element was calculated from the ratio
off the pealt arcas of the sapmple o the standard. Correciion factoers for
sample welfhis, chemicel yield, radicvactive decay rate, and fiux
¢ifferences also had to be included in the final caleulations,

The pezk area for a gamma photopealk wes calculated by swuring the
counts in the central seven chennels of the peak and subtraétina of? an
average background value from each charmcl. The averaze backerouad
count for each peak was obtained frdm hand plotted graphs of the peak,
The peak area was corrected for radiocactive decay by a factor of ax5
where A is the decay constaﬁt of the isotope cnd t is the time between
ihe gtanderd count and the sample counf,

Iecauvse the chendcal separation of the REE is not quantitative, the
fical calewiotions must include a corresction for the chemical yield, A
given cusntity of Y88 tracer was added lo the samples and standard before
tne chemical separation. The Y88 pots ﬁhemically like Dyv. The 1.8%6

f

Uev peak of ¥~ was used o monitor the yield of the REE in the chemical

pseparation.
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The different HIE bove diflercnt relative yields., A REE carrier of
known compouitisn was ndded to each saumple and standard prior to. the chemical
separation %o correct for this fractionztion. After the samples had been
covnted Ior the 4C-day county, they were cut open and sbout one-elghth of.
the oxalate was rencved, These samples were gealed in plastic and placed
in a polyvethylene vial for relrradiaiion. The vials were placed in the
rotery specinen racxc of the reactor and irrediated for one hour at a flux

of approxizately 1:6 X ‘}O neutrons/cn 2 S6C.

After eizht days these samples were éo*mted for about one hour on
the Ge{li) detector. The relative chemicsl yields Ffor the REE wes caiw
cuwlated by comparingzg the pealits ol a8 given elemont ol the ganple to the
stondard, The standard was aszsured 0 have a 100 percent yield. The

-3

aheolute cherical yield for esch 2lement was then caleculaited and the final
concentration for the RSE in the semples could be obtained,.
The followine ecuation summarizes the calculations
Cs = {As/Anm) (6n/Gs) {(Pn/2e) (Cn/Y)
vheres Cs = concentration of the clerent in the sample in pym
i Gz = concentration of the element in the stax;o‘.ard in ppn
As = peal area in counts per unit time for the sanple
in = peak ares ir counts per vnlt time for the standard
Gs = weight of the irrsdicted sample in g
G = velsht of t:h@ irradiated stendard in g
Pz = ¢on/me for the Fe wire surrounding the sample

™n = cpn/me for the Fe wire surrounding the standard

24:2
i

- abgoluite chemical yield Tor the element

from Yeh (197%)
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The precicion of this radlochemiczl HAA technisuc was % 2 percent
for La, Ce, 81, Bu, Yo, and Lu; =+ 5 percent for Th and Hos and

+ 15 percent for &d {Denechaud, et al. 1970).



57

APTLIDIN 7T
DISTRIDBUTIC COEFNICNIILTSF

Distribution coelficiente for bassitis nnd ondenitic »oslo

i

ortlio~
olivine dingnide hornhlende ooymot DT TIRNR nhlosonite
Ce 0.,00869 ¢.070 0.20 0.028 0.024 0.0%4
Ha  0.00&5 0,12 0.%3 0,068 . 0.0%3 0.0%2
Sm  0,0066 0.18 0.52 0.29 0.054 C.03%1
Fu 0,0088 .18 0.59 0.49 C.024 0.0%0
Ga  0.0077 0.19 0.63 0.97 0.0581 0.0%0
Dy  0.0096 0,21 ° 0.64 ST 0.15 0.030
Exr 0.011 0.17 0.55 6456 023 0.054
¥b  0.014 0.16 0.49 1145 0.34 0.042
Lu 0.016 0.13 0ed3 1.9 O.42 C.040
Distribution coefficients for rhyolitilec rocks
hypersthene clinopvroxene hornblenda plagiocliase

Ce 0.15 0.50 Le52 0.27
Kd 6.22 1.11 G.20 0,21
Sm 06.27 1.67 7.77 0,13
Eu 0.17 1,56 5.14 2.15
Gd 0.34 1.85 10.0 0.097
Dy 0.46 1,93 13.6 0.064
Ex 0.65 1.66 12.0 0.055
Yo 0.86 1.58 8.38 0.049
Lu 0.90 1.54 5.5 0.046

* taken from Arth and Hanson (1975)

original references: WNagasawa and Schnetzler (1971), Higuchi zpnd Napasawa
(1869), Philpotis and Schnetzler (1970), Schnetzler and Philpotts
(3.968), and Schunetzler and Philpotts (1970).
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ABSTHACT

The Spoandsh Feoks digmeous complex, south-central Colorndo, conglsts
of Tertiory intrusive mocks vhich rance Iron lanprophyodlc to mrandtice
.in compasition and form two mein stocks surrcunded by a radial dike swarm
and other suziler slocks and plugs. Porivial melding of phlosopite-bearing
hownblends peridotite o fornm the lamprovhyres and portial melving of
anphibolite or sranulite as the origin of the mranites has been proposed
by Jamm (1973) for the Spanish Peaks complex. Jahn {1973) stated that the

intermediate rocks foxned from the mixineg of the independent lamprophyric

and granitic magmas,. To test Jzhn's model representative gamples were

- : G5 87 .. 86 4. :.a :
analyzed Ior mzlor clement compoziitlion and Sr ‘/Sr initiel ratios. RER

coneentrations for the lamprovhyres ave meuerally high for the 1izht TR

ard low for the heavy RIE with hish Ie/Tu ratios‘fai@5~203 P Diey o 3he 38
e Ius averasge Le/Tu=%53%), TFor intermsdiate rocis the HR concealbrations
are lower then ihe lamprophyres for ithe lisht 753 (55,7-20.% ppa Lai o36-

o 55 p;x Iy everame Ia/Tu=149), Concentrations in the main sequence granites
are sonewhat lower 5till (58,0-8%.6 pnn Tas «%5-1,02 ppm Ius average La/Tus
156}, Severzl silicic rocks havine ancmalously low RES contents weia
tnelyzed (259-18.8 poit Tog .08-.21 ppm Iv; averase Lo/Ju=1%.3). The

o o 87 .. 80
range of S /Sr

initial ratics for ithree of ithe anomelous granites
i 0707007079, ' -
The dats from this study used in conjuncilon with the results of
Jahm (197%) indieote that the lamprovhyres of the complex formed by 3 to
E 3
1C percent portial meliineg of phlosopite-hearinsg carnet peridotiite in the
vpper mantiec, The silicic rocko originated from 10 to %0 percent partial

neltineg of amphilboelite in the lower crust derived fyom snetamorphoged



continental tholeiifes and pgabhbros, The silicic rocks with anomslouzlvy

low RS coniontn could haove forwed frow tne poartial meliing of samphibolite

with diffcrent omounts of allondide, monanive, apatite, and hornblende

15 formed in some cases by the mixdnes of sranitic
and lomprovnyric mampas or, alternaiely, by sreater degrees of paritial
melting of the anphibolite than that necessary for the zeneration of

the siliclc nelis.



