
87sR/86sR AND 18o/16o VARIATIONS WITHIN A SINGLE INTRUSIVE UNIT 

OF THE PENINSULAR RANGES BATHOLITH, 

SAN JACINTO MOUNTAINS, SOUTHERN CALIFORNIA 

R.I. HILL, L.T. SILVER, AND H.P. TAYLOR, JR. 

ABSTRACT SUBMITTED TO THE FIFTH INTERNATIONAL CONFERENCE 

ON GEOCHRONOLOGY, COSMOCHRONOLOGY AND ISOTOPE GEOLOGY 

NIKKO, JAPAN 

APRIL 1982 



. 87sr /~86sr AND 1801160 VARIATIONS WITHIN A SINGLE INTRUSIVE UNIT OF THE PENINSUIAR 
RANGES BATHOLITH, SAN JACINTO MOUNTAINS, SOUTHERN CALIFORNIA 

R. I. Hill, L. T. Silver, and H. P. Taylor, Jr. (Division of Geological and Planetary 
Sciences, California Institute of Technology, Pasadena, CA., 91125, U.S.A.) 

The Peninsular Ranges batholith (PRB) of southern California and Baja California 
shows striking transverse asymmetries in many geochemical parameters (e.g. Early and 
Silver, 1973; Taylor and Silver, 1978; Silver et. al., 1979). Initial 87 Sr/ 86 sr (Sri) 
generally becomes more radiogenic (O.7O3-O.7O8Y and o18o increases (6.0 to 12.8) from 
west to east (continentward), except in the San Jacinto - Santa Rosa Mtns block at the 
extreme northeast. Taylor and Silver( 1978) suggested this anomalous region may be 
attributable to local involvement of the southwest edge of North American cratonic 
crystalline basement in the fusion process that produced these magmas. 

Three major tonalitic intrusives and several smaller bodies in the northwestern 
San Jacinto Mountains are emplaced into a series of metamorphosed ·shales, sandstones 
and carbonates with almandine-amphibolite assemblages. The tonalitic plutons have 
very similar bulk chemistry and isotope geochemistry, and identical mineral chemistry. 
Field relations and isotopic studies (Hill and Silver, 1979) indicate emplacement and 
crystallization within a narrow time interval at 97 ± 1 my. The youngest body (Unit 
III) is 20 x 12 km, funnel-shaped in three dimensions, and exhibits 2.7 km of relief. 
K-feldspar abundance increases and hornblende, biotite and sphene abundances decrease 
systematically inwards. Plagioclase (An35 - An30) comprises some SO - 55% (volume) of 
the pluton. Mineral chemistry variations are minor, and parallel petrological ones. 

87 Sr/86 sr, and Rb and Sr concentrations were measured by isotope dilution. 
Initial 87 Sr/86 Sr(Sri) was calculated assuming emplacement 97 my. ago. Total analyt
ical error in Sri is generally better than ± 0.00005, reflecting the young age and 
low Rb/Sr of these rocks. Replicate analyses of O standards have 2a • 0.05 per mil. 

Variations in Sri are substantial ( O. 7058-0. 7073) within this pluton and seem 
independent of compositi.on. No effect on Sri adjacent to metasedimentary country 
rocks is seen. The western half of the pluton has Sri increasing regularly northeast
wards, reflectlng general batholith asymmetry (Early and Silver, 1973). The eastern 
portion shows complex geographical variation of Sri at the scale of a few kilometers. 

The pluton generally shows a limited range in o18 o (10.0-10.5). Samples adjacent 
to met_asedimentary rocks show enrichment in o18 o of up to 1 per mil, probably due to 
solidus exchange with a fluid buffered by O of the metasedimentary rocks. Samples from 
within 3O0m of known or inferred country rocks are omitted from further discussion. 
The total range in inferred primary ol8o is 9.0 to 10.6 per mil. o18 o shows no simple 
geographic variation. The relationship between Sri and o18o is not simple. On a plot 
of Sri vs. o.19 o one feature is a shallowly curvilinear limit to the high 018 0, low Sq 
sid·e of the array that runs from ol8o • 9.7, Sri• 0.7059, to (10.6, 0.7070). This 
low Sri, high o18 o limit approximates the high Sri, low o18 o limit for the PRB defined 
by Taylor and Silver (1978). Data scatters irregularly from this limit to generally 
higher Sri, and lower o18o (outside the main PRB array). 

It is clear at least three components must have been involved in the generation 
of this pluton. The enclosing metasedimentary rocks are ruled out as a possible comp
onent because there i~ no -field evidence for their incorporation, and their isotopic 
characteristics are not suitable. A small (3 x 5 km) body of granite containing garnet 
and sillimanite (fibrolite replacing replacing biotite and K-spar) crops out some 20km 
southeast of Unit III. We considered that this pluton could be derived from partial 
fusion of metasedimentary rocks at some depth, enabling us to estimate the isotopic 
properties of this material. The Sri and o18 o data (0.712 and 11.9 per mil respect
ively) are cons:stent with such an origin; they are not consistent with derivation from 
the exposed metasedimentary material. The material sampled by this pluton (isotopic 



. daGa asuggest Mesozoic metasedimentary rocks) is a possible component in the generation 
of the large tonalitic bodies. An assimilation - fractional crystallization model 
(Taylor, 1980) has been used to test this hypothesis. Incorporation of such material 
into a mafic tonalite with o18 o • 9.6, . Sri• 0.7058 models the high o18o limit to the 
Sr - 0 data quite well; a Sr concentration of 200 ppm for the contaminant is implied. 
Small amounts of high-level fractionation, indicated at outcrop scale by schlieren, 
blur the Sr concentration pattern and make the data insensitive to variations in model 
parameters, although a small amount of fractional crystallization and a ])Sr between 
separated solid and liquid of~ 1 are implied. We are currently collecting chemical 
data to further test and refine this model. 

We -:annot put such precise estimates on the isotopic properties of the oth~r comp
onents involved in the generation of this pluton. One component has higher Sri and 
lower o18 o (<9.0); this could be an ancient, high-rank cratonic metamorphic complex. 
It could also be ancient altered oceanic crust. The third component, modelled here as 
having o18 o = 9.6, Sri• 0.7058, lies within the overall PRB trend defined by rocks 
from outside the San Jacinto - Santa Rosa Mtns block. The simplest explanation for the 
PRB trend invokes mixing two major components; this implies that our model end-member 
may itself be of complex origin. The material sampled by the sillimanite - garnet 
granite cannot be one of the components for the PRB trend; o18 o is low and Sri is high. 

Conclusions 

1. Variation in Sri within this pluton is subst~ntial; the bulk of the primary 
18o/16o data shows a limited but real range. 

2. Sri and o18 o data demonstrate that at least three isotopicly distinct comp
onents are involved in the generation of a single intrusive unit within the PRB. Data 
from the whole batholith imply that a fourth component is necessary. 

3. The melt generation, collection, and emplacement processes were not able to 
homogenize these components. 

4. Two of the components appear unique to the San Jacinto - Santa Rosa Mtns block. 
One of these components is most likely derived from old cratonic material (Taylor and 
Silver, 1978). The other, sampled by the sillimanite-garnet granite has the charact
eristics expected of Mesozoic metasedimentary rocks, but could have other origins. 

5. The above data implies that magma generation in areas with pre-existing contin
ental crust may sample quite heterogeneous source volumes. Isotopic complexities such 
as those present in the pluton may indicate that magma generation has involved a major 
crustal or lithospheric boundary, perhaps the western edge of ancient North American 
cratonic material 

6. Part of the Sr-0 variation within Unit III can be explained by an assimilation
fractional crystallization model using observed materials as end-member components. 
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