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"ABSTRACT

. The Mount Poser. pluton, southern Californla, is one
of a seriés'of la&ered gabbrolc plutqna that occupy
the western margin of the dominantly granitoid Peninsular
Rangeé Bgthoiith. There are four main-lfthologic units
which_can be divided into = plaglociase-olivine series
and a plagioclase-pyroxehe séries.-aThe minerélogy,
petrography amd geochemistry of the rocks of Mohnt Poser
suggesf that this pluton forméd-bf crystal accumulation
from a fractioﬁatiﬁg high alumina basalt;ﬁadaltic andesite
parental magma of calc-alkaline gffinity. Rayle&gh
féactionation models for the distribution of Sr, Rb, Ba
and K 1ndiéate that 67% of the melt must have crystallized
to produce the obsérved agssemblages. ‘This suggests that
other gabbroic plutons within the batholith underwent
similar differentiation, however the vast quantities of
granitic material observed within this batholith cannot
be explained by further crystallization of this parental
melt. The granitic rocks, therefore, owe their origin

to some other process,

ii
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INTRODUCTION) o _ .

' The Mount Foser Complex is a ia&orod gabbroic
pluton,’ exposed on a hill of thé same name, locat;d
in San Diego County, California. The hill 11eé
approxinaxely 50km east of San Diego, (Pig. 1) The
pluton is approxi-ately creacentic in shape, under-
lying 22kn in area, and its long axis trends almost
east-west. The exposed complex ranges in relief

from 1036m above sea level at its base, to 1194m at

the summit of the highest of its twin peaks, (Pig. 2,

© and Plate & #1).

Mount Poser 1is situated in the Cuyamaca -Peak
quadrangle, (Fig. 1). This quadrangle exhibits a
variety of landforms Lnéluﬁing broad tablelands, above
which both rugged Bteép;éided‘bouldary peaks and broad
based cone shaped mountains, with gentle slopes, rise,
(Plate A #2), Deep gor;LB and youthful canyons locally
cut below the extensive upland surfaces, but in placeé
the mﬁjor streams flow through broad mature valleys.
The three major streams and tributaries that drain
the area flow south-west into the Pacific Ocean. The
climate varies markedly according to elevation. The
higher elewatiﬁns have generally lower temperatures
and greater precipitation than the low valley lands.
Vegetation of. the Cuyamaca Peak quadrangle includes

a variety of conifers, deciduous trees, bushes, shru?g
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Figure 1. Location of the Mount Poserﬂplt'rton within the
Peninsular Ranges Batholith, -Southern California., .,
Outlined area represents the Cuyamaca Peak Quadrangle.
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Figure 2. Location of samples used in petrographic
thin section study and geochemical analy-
sis. Outlined area represents the margin
of the Mount Poser pluton, _ '
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and gfasaea. Mount Poaef.supports a variety of brush
species, tha‘noat common of which are the manzanita
and yucca plants, but sage and‘mesduito is also found.
Rock exposures on Mount Poser are poof\pear-the
base, and'inprove both in number hnd'in'size near the

summit, ' ‘ )

This pluton is part of a large geological province

' xnown as the Peninsular Ranges. (Pig. 3). The
Peninsular Ranges extend from latitude.34°N in Alta
California to latitude 28°N in Baja California. On
the west, the Paciftic bord;r land defines the nargin;
while the.eastern limit ig the San Andreas fault systeh.
The core of the province is'occupied by the Peninsular
Rangea Batholith, which 13 a cOlplex sequence of
igneous and netamorphic rocks extending the whole
length of the range, 1000km, and haa an averago width
of 100km. The igneous rocka‘of the batholith range
from.gabbro to granite, in compoaition. but tonalite
and grénodiorite are the noaf\abundant rock types.

The Peninsular Ranges Batholith has been intruded
into a series of iolcanic and aediuantar&,rocks.
Along the western margin of the batholith are upper
Jurassic and Cretaceous volcanics and volcaniclastics
which rest upon marine astrata of late Triassic to late

Jurassic‘age. The pre-batholithic rocks of the central

area are Mesozoic and late Paleozolc clastic aedimenfary

e o )
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Ranges batholith, southern California,,
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rocks. Tﬁe host racks. of the eastern section are
calcaréous Paleozoic ‘and late Precambrian rocke that
overlie Precambrian basement rocks. R
Gastil (1974), has described the metamorphlem | -
of the‘range, Regional metamorphism has altered thesge
“host rocks'and there is some evidence of eontaéf
metamorphrem in areas of low grade reglonal metamorphlsm.
(Gastll et al, 1974). . The pre-batholithic rocke of
the southwestern and northeastern marginal areas are
unmetamorphosed. The western eection is characterized
by fine grained hornfels, slates and phyllites in which
most of tﬁe original textures have been preserved.‘
Contact aureoles are common in this area bqt are narrow
i extent. The central section contains schistose
and plastically deformed host rocks that still contain
relict gtructuree and textures of'pre-aetamorphic
origin. Coarse schists, gneisses and amphibolites
characterlze the host rocks of the eaetern.zone,‘
where '‘sillimanite is commonly found’in the schists.
Metamorphism has completely destoyed any original textures

and structures.

Using the evidence presented agove and the dis~
tribution of rock typea, the batholith has been divided
.into three sub-belts by Gastil et al, (1974), (Fig. 3).
The westernmost sub-belt, the gabbro sub-belt, has

abundant gabbroic rocks which underlie approximately 20%



of this area, The gabbro plutons are commonly layered
and vary in make-up from peridotite to anorthosite, but
include norite, gabbronorite, trocﬁélite and gabbro.
.. Hornblende 1is a common mafic component of all of the
plutons. The remaining rock types in this sub-belt

are tonalite and minor granodiorite. Mount ﬁbser is
exposed in this sub-belt, _ )

The central tonalite sub-belt contains plutons
composéd of mainly leucocratic hornblende-biotite-
~tonallte, grading into granodiorite on a local scale.
Coarse sphene crystals, (0.5cm), are common in the
tonalites, The largest plutons in this sub-belt reach
LOXm in diameter. Granite and gabbroic plutons are
essentially lacking.in this sub-belt.

The eastern adamellite sub-belt is characterized
by tonalites and granodiorites which make up abéut‘
one-half of the area, The remainder of this sub-belt
consists of adam;llite an& graﬁite. Rocks of gabbdbroic
composition are abseht in this sub—belt; .

Krummenacher et al, (1975), have determined a
large- number of radiometric ages on tﬁe rocks of the
Peninsular Ranges Batholith, using Rb/Sr, U/Pb and K/Ar
methods. These ages show, thaé in common with other
Circum-Pacific batholith éomplexes, there is a system-
atic decrease in age from west to east, in'the rocks

of the Peninsular Ranges Batholith. An average age of ..
o




~ approximately 145 m.y. has been determined for the
plutons for the western gabbroic sub-belt, while the
eastern adamellite sub-belt average is about 80 m.y.
The ages agree with thé gtatigraphic limits that were
discussed previously regarding the host rocks. The K/Ar
ages determined from hornblende and biotite contained
in the Peninsular Ranges Bafholithirocks are
systematically loﬁer than the ages determined by the
other two methods. Krummenacher and Gastil, (1975),
also found that the K/Ar ages for hornblende are 5 m.y.
older, on average, than those for biotite, (four ages
~from hornblende range from 93 to 99 m.y., while six
biotite ages range from 90 to 96 m.y.). This diff-
erence in age indicates the lenéth of time required
to cool the rock from 475°C" to 275°C, at which temp=-
eratures hornblende and biotite respectively, are closed
to argon diffusion. - Krummenacher et al, (1975), suggest
"that the K/Ar ages do not indicate the time when the
batholith was emplaced, but record the times at which
upiift and erosion_df the batholith occurred. .This
uplift and erosion is the quickest way to cool the rocks.
And it is suggested, (Gastil, 1975), that this process
ogcurred 5 to 20 m.y. after emplacement.

The same explanation has béen offered for thé

Coast Range Complex in British Columbia by

Hutchison, (1967). However, Symons, (1974, 1977a, 1977b),



found, in paloomagnefic studies, that the remanence
polarity pattern and directions of selected plutons“
within the complex, were incompatible with the uplift
| hypotheses. And further, (Syhons;el9?7a). that the
remanence directions predatelregional.folding of the
plutons and must record their initial ¢ooling.
r Previous field work in the Cuyamaca Peak and
adjacent_quadrangles dates back to early Annual Reports of
the State Mineralogist, (1890). However, more detailed
work has been completed by Hudson, (1922), Miller,
(1935, 1946), and more recently by Larsen, (1948),
Everhart. (1951), Nishiméri, (1976), Walawender, (1976),
and Walawender, Hoppler, Smith and Riddle, (1979).
Their conclusions based on field relations suggest thé
following order of events, depoéition of sediments
followed by metamorphism to schists, gneiséeé and
quartzites. Emplacement of igneous rocks followed
_ next with gabbros emplaced first, followed by tonalite
and lastly granodiorite. In some localities within
the Peninsular Ranges Batholith, volcanism has acc-
ompanied the empiacement of the plutonic igneous rocks.
Several workers have proposed contrasting theories
regarding the origin of the magma and magma types
which formed the Peninsular Ranges Batholith. Gastil,
(1975), has proposed that due td a subducting oceanic

plate under the continental plate of Southern California
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‘magma generation has produced the Peninsular Ranges
Batholith. The differences in the rock conpositioné
empiaced within the batholith results from the differences .
in the cruétal materials available for contribution .
to the magmas. "In the'quter continental borderland...
only melt ﬁewly dérived from either the mantle or the
" subducted oceanic crust,” (p.363), could have contribgted
to the batholith's rocks found here. "In the inner
continental borderland, there may be some contribution
from the fusion of older océanic crust, but no fusion
of older sialic rocks i;'involved. In the western
Péninsular Ranges, fusion of both olderibceanic crust
and the clastic wedge that rests on it may be involved",
1(9;363). Gastil suggests thai processes like those
described above would pfoduce thé zoned batholith as
déscribed earlier in this section.

This type of multiple origin corresponds with
mogs~s which have been largely developed on the basis of
eg?erihental evidence. T. Green and A.E. Ringwood,
(1966, 1967 and 1968),'undertook a detailed experimental
inveastigation aimed at dlscovering how magmas might
form when lithosphere was subducted into the mahtle. It
was demonstrated that andesitic-dacitic magmas could
be formed by partial melting of the mafic oceanic crust
along the subduction zone when lithosphere was subducted

into the mantile, Howeéer, the tholelitic magmas
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associated with andesites and dacites were believed to
have formed not from the subducted oceanic crust, but

by partlal meltlng of pyrolite in the wedge over-

lying the subduction zone. Alternatlvely. water liberated
by dehydratlon of subducted oceanic crust might have
entered the overlying wedge, causing partial melting

and producing hydrous basaltfé;magmas which fractionated
by amphibole separafion_to form a range éf orogenic
‘magmas associated with hydrous high alumina basalts.

- Summarizing Green and Ringwood's resultslit appears
that the ofogenic magmas are derived from partial melting
under high water pressures from two principal sources: -
(1) subducted mafic oceanic crust and (2) the pyrolite
wedge overlying the subduction zone.
The primary magmas produced near the subduction

zone at depths of 80 to 100km consist of hydrous
tholeiitic basalts, close to silica saturation. They are

not andesitic. These magmas undergo fractionation

as they rise princip#lly by olivine separation, and
are reponsible for /the tholeiitic stage of development
of island arcs. Ifagmas produced at depths greater
than 100km rise ahd fractionate to produce andesites,
dacites and rhyolites possesaing the calcalkaline
petrochemical trends which are characteristic of
mature island arc systems..

Green, (1979), has suggested that “mature” sedimentary

- material is invoved in melting at depth and the generation of



volcanic and plutonic magmas in evolved island arc
or contf;entai marginal environments.

Ringwood, (1977), stateé thaf-the basalt-andesite-
dacite-rhyolite series together with their plutonic
equvalents are the dominant constituents of islandnércs.

These experimental results of Green and Ringwdod
contrast very much with the views of Lafsen, (1948),
Nishimori, &19?6), Alvarede; (1977?) and Erikson, (1977),
who all believe thaf the gabbros and granitolds have a
common sou;qe.

larsen, (1948), suggested that the whole series of
rock types of the Peninsular Ranges Batholith were
derived from one single dqeﬁ seated gabbroic parental
magma that differentiated at depths and the
differentiates were systematically emplaced into the
upper crust. This hypothesis has received support
in recent‘sfudies; (Nishimori. (1976), of the gabbros
of the Peninsular Ranges Batholith, and Erikson, (1977),
of the Mount Stuart Batholith of Washington State).

Albarede, (1977), suggests that a tonalite parental
| magma differentiated to form all the rock types of the
batholith, and that the gabbros were cumulatlve in
origin and the granodiorite wéq derived from a residual
magma. |

Several workers, Walawender, (1976), Walawender,

Hoppler, Smith and Riddle, (1977, 1979) and Wilson, (1978),

\
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“have suggested thﬁt the gabbroic rocks are not cogenetic
with tﬁe granitoid rocks of the\R%ninsulé; Ranges
“Batholith. -

| Walawender et al,.(19?9)! try to show the differenées
between the origin of the gabbros and granitoids an&
that quartz diorites present in a few plutons may result
from contamination. _

This study continues the work of Walawender et al, (1979),
uses the petrography and geochemlistry of the Mount Poser
pluton to identify the parent magma of the gabbros, to
recognize the conditions under which they formed and
the fractionaﬁion prdceéses which they undergo. This
gtudy then tests the poésibilities of fractionation of
the parent melt to produce a basaltic andesite or
andesite and also the possibilities of pfoducing
tonalite, g;anodiorite and ultimately granite having
compositions determined by Larsen, (1948) and Nockolds,

(1953), -
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2 .
FIELD GEOLOGICAL OBSERVATIONSI )

‘Phe Mount Poser gabbroic plyton is surrounded by-
the Bonsall Tonalite on the west and the Green Valley
Tonalite on fﬁe east, (Fig. h).l Locally dykes of
Woodson Mountain Granodiorite cut both the tonalite =
units and the gabbro. The gabbro to tonalite complex
has been intruded into a metamorphosed assemblage of

-pelitic rocks known locally as the Jullan Schist,
(Hudson, 1922). Remnants of this sequence of meta-
sedimentary rocks are found throughout the Peninsular
Ranges Batholith, (Larsen, 1948, Gastil, 1975).

The pluton is a heterogeneous body composed of
several rock types. The four main fbck types include
layered and foliated 1eucocratic-amphibole-troctolite*,
(LAT), exposed at the eastern end of the complex,
coarse grained amphiboie-olivina-norite. (AO1N), and
medium grained orthopyroxene-amphibole-olivine-gabbro,
(OA01G), in the central fégion, and amphibole-gabbronorite,
(AGN), which is partly foliated, at the western end.

Near the base of the pluton, on the south-west
slope, an area of LAT occurs. This patch éf LAT
possesses the same characteristics as the main ma;; of
LAT on the eastern side of the pluton, (Fig. 4). The
contacts between the gabbrolic rock types shown on the map

*A11 rock names are after Streckeisen, (1973).



Figure 4. Geologic map showing the lithologic units
within the Mount Poser pluton.
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are approximate and delineate areas of one recognizable

rock type to another. .
- The boundaries between the complex and the surr-

ounding country rock, and the boundaries between each

different rock unit of the pluton, are not generallyl

expoded. But at a few localities relationships can

be deduced with reasonable certainty.

A sharp contact betﬁeen the AO1IN and the OAOlG,
trending N?OOE oceurs through the centre of the complex,
(Fig. 4). On the south-eastern side é transitional
boundary occurs between the LAT and AO1LN. This change
takes place'over.a distance of 1im and is marked by an
increase in grain size and mafic co;tent. Angular
‘inclusions of the LAT are found in the. A01N a short
distance from the boundary. The LAT/0A01G boundary
occurs in the ﬁortheast;.Although the contact is not
exposed, the two rock types outcrop within a few metres
of each other. In the central region of the pluton
the boundary\ of the~II;AT and the OAQlG is marked by
bodies of IAT included within the OAO1G. However,
in one locality OAQlG is seen to abut mutually
against LAT and AOLN,

Boundaries between the AGN and the other rock
units are not exposed. Exposures of AOIN within the

AGN are interpreted'as large inclusions. Veins of

AGN occur within the OAOLG and also apparently brecciate

it.



17

The contact between the small patch of LAT on the
south-west slope and the main AGN mass is never distinct,
but probably parallels the margin of the pluton.

Large, dark green poikilitic amphiboles, reaching
2 or 3cm are found.in-all of these rock units; as well
as Tibrous amphiboles which have developed along -
joint planes, (Plate ﬁ, #i énd,#z).

. Two suites of dykes occur within this complex,

a dark grey foliated suite, (Plate C, #1), (amphibole-

gabbro, AG), and a lighter grey non-foliated suite,

(amphibole-olivine-gabbro, A01G). There are abundant

exambles of both suites of dykes cuttihg AGN, but the LAT -
is penetrated only by the dark foliated'dykés. " No fine-gréined
dykes have been found penetratipg either éhe AOLN or

the OAO01G. A few of the dark foliated dykes cortain

inclusions of LAT. Numerous exposures of AC near the

AGN/OAOLG contact are pulled apart and form inclusions

of dyke material within the AGN. Stringers of AGN

occur sporadically in the AO1G dykes, (Plate C, #2).
‘ Both types of dykes commonly occur in'close

proximity within the AGN and at one locality a dark grey
foliateﬁ dyke crosg-cuts and ézéplaces a light grey,
non—foliated dyke.
. An intrusion breccia occurs near the contact of the

AGN and the 0A01G. This rock has the appearence of

rounded to sub-angular inclusions of OAO0l1G within a
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-
-

grohndmaaa of AGN. These inclusions average 8 to 10cm
by 1520 20cm, (Plate D, #1 and #2). The, groundmass
‘exhibifs flow banding around the inclusions. Subsequent
thin section study has shown that these inclusions do
not possess the mineralogi of the OAle rock unit,
but rather a mineralogy and fexture of typical hornfels.
Although individual rock units show some hetero-
geneity, each rock unit occupies a distinct area
within the plﬁton,'(rigl 4}. In the east, the LAT
outcrops in an elliptical area of approximately 5km2,
or 25% of the exposed pluton. The coarser grained AOlN_
is exposed in the southeast and underlies an area of
less than 20% or approximately 3km2. In the northeast
and centre of the plufqn. the CAQlG occupies approximately

2 of the

3km2, or less than 20%. Almost, 50%, or 11km
pluton is occupied by the AGN, from the western end to
the central area of the complex.

Summarizing the field relationships a transitional’
~boundary exists between the LAT and AOQ1N, yﬁédies of
LAT penetrate the 0AQ01G, which in turn buts égainst the
AOlNﬂ while dykes of AGN occur within the OA01G. These
observations lead to contradictory inteyprgtatiS%s
of the order of events. This, taken with fﬁzﬁpatchy
distribution of very similar rock t&pestiﬁg. LAT at
gseveral different localities, leads to(&pe suggestion

that the complex was formed by multiple intrusion.

]
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Batches of magma of very similar cémpositidn. which
crystalllzed to form the same rock types, were 1ntruded
at several different times at different localities.

Dykes penetrating the AGN unit, which in turn
veins the dykes are-relationships produced as a réghlt o{;
multiple intrusion and also minor movement of the main
body'after dyking. This may be the result of tectonic
instability or of a later nearbi intrusive event.

Two sefies of rocks can be recognized- plagioclase+ -
olivine rocks with a transition from LAT to AOIN- and
the plagioclase+pyroxene rocks of the AGN series.

The 0AO0lG unit contains olivine and thus belongs
in the plagioclase+olivine rock series. ]

The relatlve dyke ages sare certaln. AQ1G dykes
pre-date AG dykes and both sets of dykes post-date the
emplacement of the other rock units of thé complex.

Details of the appearance of these rocks in the field
are now given.,

ORTHOPYROXENE- AMPHIBOLE- OLIVINE-GABBRO

This rock is fine'grgined, (less than 2mm), and: of

reddish  colour, (Plate E, #1). It is the finest

grained major rock unit in.the complex, and has the

most uniform texture. Only the dyke rocks are finer'l‘gz-:ained~

There is no foliation or lineation in this rock unit.
The mineralogy consists of subhedral plagioclase,
up to 55 to 60%, rounded olivine, up to 15%, and-

T8
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subhedral ?yroxene,‘up to 15%. Interstitial amphibole
is present but not abundant, (less than 15%). Table 1
presents the modal mineralogy of this and the other -
rock units. -

On exposed surfaces‘thé olivine and pyroxene
weather a reddish colour, §
LEUQ?CRATIC-AMPHIBOLE—TROCTOLITE ' i'

| _This unit_is medium to coarse grained, (2 to Smm).
A foliat%pn is defined by alignment of mafic lenses,
describea below, which strike nearly east-west with
sub-vertical dips, ;

The mineralogy of this rock unit consists of
gsubhedral to euhedral plagioclase, up to 60 to 65%,
rounded olivine, up to 10 to 15%, and amphibole, up to
10%, (Table 1). Each olivine grain, which weathers a

A
reddish colo&r, is surrounded by a green rim of amphibole.

This mafic assemblage is found as distinct blebs or as
coalesced lenseé reaching a maximum of 5mm by ﬁcm.

The LAT is banded in part, due to variations in
the proportions of the mafics and felsics. This bandiné
is pronounced at the base of the complex near the tonalite/
pluton boundary. The strike of the ﬁﬁnding is sub- v
parallel to the tonalite/pluton boundary, with near
vertical dips. The ﬁ;fic bands reach a maximum thickness -

of 1m and contain a maximum of 80% mafics. Leucocratic

bands average less than 1m thick and contain a maximum



4

o "
G o1
[ 13
ge Le
19 09

Sb-0 6t-0
SHOISNTONI

axad se su0}3BTARIQQY

“3x93

.ropsaa Jesog junol @Yz Jo A¥oTeasuiu TEPOW ‘1 8T1qQel.

1 U 9 1 1 1 q1 €1 - - 1 6
g¥ L 21 €1 Y 91 g1 142 0z 9 £ 6
- g o1 1 92 91 o1 01 ~ - - -
- A 21 v F - - - 9 1. 1 T
- - - - - - - - - L 21 8
- - - 2 - 1 - - o1 Z 1 z
- L - 81 A8 b 8 € 2y 8¢ LT 6
:19 t9 09 19 £s 26 144 134 Ze 14 69 29
Ls-0  a-gv-0 £5-0 B5-dn PE-0  ¥~6-0 bp—0 - TE-dW 912 2Z-dW  gT~dN 9¢-0
31} NOV qTov HTov IV

rh

o10Y%0

mu:cwno.
atoqiyduy
auaxoaAdouyTd
suaxoxfdoyjaQ
BUC.I0) UOT10REY
. 1outds
BUTATTIO
ageTo0TdeTd



22 -

R b

of 30% mafics, (Plate E, #2). These leucocratic bands
display a uniform texture with larger, (smm), plagioclase
crystals than those found in the hafié bands. At the top
of a féw of the leucocratic bands, adjacent-fg’a mafic
band, a smaller, {less than 2cm), band of anorthosite

has formed. Tn the anorthosite bands the plagloclase
displays subhedral to euhedral shapes. These average

5mm .in size. A few éegmat;tic patches, (grain sizé
greater than 5mm), ocecur. ,

%ach variety of mineralogical banding exhibits
its bwh characteristic weathered appearance. The maf ic
bands show a sponge;like texture due to the weath-
ering out of plagioclase, (Plate F, #1). - The remaining
mafics are green on exposed surfaces. In contrast,
the leucocratic bands show cores of reddish mafics
with green rims in a light grey-white matrix of .
plagloclase,

Towards the eastern summit of the hill, banding
within the LAT is gradually replaced by a uniform
texture and finally by a foliatedlgtructure, (as
defined earlier).

AMPHIBOLE-OLIVINE-NORITE

The AO1N unit is characterizéad by having the

coarsest grain size"of all of M&Ent Poser's rock units.

Grain sizes average 4 to 8mm. Subhedral to euhedral

plagioclase, which may reach a maximum of icm in size,
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makes up 35 to 40% of the rock unit. Olivine accounts
rof 35 to 4O% and has a rounded crystal shape.
Amphibole grains are fibrous and make up, up to 15%

of the rock. Subhedral spinel reaches a maximum content
of 10%, (Table 1).. Partial to total replacement of
olivine is characterized by the presence of ye!low-
green iddingsite. There is no defined foliation or
lineation within this rock unit.

On weathered surfaces, the plagioclase appears
as dull white to grey gggins and the olivine as reddish
grains.

Within the unit there is an east to west increase
in the percentage of mafic minerals and in the average
grain size. Maximum variations are: in fﬁe east tﬁe
average grain size is 4mm and the plagioclase content
up to 70%, with olivine accounting for up to 20% and
amphibole up to 10%. In the west the average grain size
is 6 to 8mm with a plagioclase content of uﬁ to 20%,
olivine, 35 to 40% and amphibele, 40 to 45%.

In addition to variations in grainisize and

content of mafic minerals, a difference between the

"

eagtern and western ACLN is seen'on the weathered surface.

In general, the further west, in the rock unit, the more
friable and darker coloured is the hand sample.
Locally, pegmatitic patches, (grain size in excess

of 1%cm), occur, (Plate F, #2). In these patches,
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-which average 2 X 8 cm in size, euhedral zoned plagio-
clase crystals exist. These plagioclase crystals show
greyish cores and white rims. The cores enclose small,

(1 to 2 mm), olivine crystals with amﬁhipole rims.

Mafic and leucoeratic crescentic shaped pods also
occur throughout this unit. (Plate G #1 and #2). The
mafic pods reach 7 X 4o cm proportions and consist of
almost 100% badly weathered.‘reddish clivine grains,
These mafic pods usually have a rim of euhedral plagio-
clase crystals with an averagé\sizéf;f 1 cm. The leuco~
cratic pods are smalier and consist of plagioclase, 80 to
90%, and olivine/émphibole aggregates. 10 to 20%.
AMPHIBOLE GABBRONORITE

Rocks in this unit are characterized by euhedrsal
plagioclase, 60 to 65%, rounded grains of pyroxene, up to
25%, é;phibole, up to 10%, and opaque grains, up to 5%,
(Table 1). ‘The plagioclase averages 5 mm in size, and is
aligned toldefine a weak foliation. The strike of this
foliation trends NE-SW with an average dip of ?5 to the
SE, The amphibole and pyroxene graing average less than
2 mm in diameter.

Weathering of the mafic minerals, pyroxene and amphi-
bole, causes two distinct surface appearances of the same
unit. 1In the east, amphibole exceeds pyroxene in abund-
énce, 25 to 30% and up to 10% respectively, leading to an

overall black and white appearance. In the west, the re-



verse is true. Pyroxene accounts for 15 to 25% and amphibolé

-

for up to 15%. This variety appears red aﬁ@-wﬁife on the
weathered surface,. : : '; |
Within this unit, Several outcrops, (Figure 4), showing
thin folded laminations of altefnating leucocratic and mela-
nocratic dompositions occur, (Pate H, #1 and #2). These
laminations average less than S5mm in thickness, but'reéch a
maximum of 2cm. The mineralogy of these laminations, consists
of subhedral amphibole, olivine and plagioclase, (less than
2mm), with larger, {(up to 1cm), poikilitic hornblende,
Assymetrical relations exist between one get of melanocratic/
leucocratic laminations and the next set. Each lamination has
a sharp bbundary at ifg base, A lower very mafic lamination
composed of olivine and amphibole is fopnd to grade upwards
into progressively more leucocratic bands: (Plate H, #1 and
#2). Amphibole in the%e bands is resistant to weathering,

and stands out in high relief. These features resemble

slumping structures as described by Wager and.Brown, (1967),
for the Rhum Complex. | '
DYKE ROCK UNITS

In addition to those features already described in the
introduction, the dyke units possess the following
characteristics. ‘

The lighter grey, non-foliated, (A0lG), dykes
average 6 to 10 cm in width. One location shows a

25 cm wide dyke.
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Strikes vary from outcrop to outcrop, usually NW-SE, with
70 to ?Soldips. ‘Mineralogy of these dykes consists of

. plagioclase, 43 to 52%, olivin;, 3 to 8%, clinopyroxene,
10 to 16%, amphibole, 16 to 31% and opagques up to 15%,
(Table 1). )

The darker grey, foliated, (AG), unit also averages-
6 to 10 cm in width. At one location a 1 m wide dyke
oécurs. Strikes are variable, NE-SW to NW-SE, yet mosf
dykes have 70 to 750 dips. These dykes are composed of
strongly aligned, elongated amphibole crystals, up to 46%,
_plagioclase, up to 36% and opaque grains, up to 18%, (Table
1). -

INTRUSION BRECCIA

An intrusion breccia has developed in a few locations
near the OAO1G/AGN boundaries.

This unit is éharacterized by fine grained, rounded
tnclusions, (reaching maximum dimensions of 15 X 40 cm),
resembling the OAOlG unit, embedded in a gréundmass of AGN,
The groundmass exhibits a flow texture around the inclusions,

" The inclusions are characterized pj fine grained,
(less than 1 mm) textures, The mineralogy consists of
anhedral grains of plagioclase, up to 60%, clinopyroxene ,
up to 28% and opaque grains, up to 10%, Amphibole accounts
for approximately 2% and is interstial, (Table 1).
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MINERALOGY AND PETROLOGY
Introduction ' \\\L ‘

Mineralogical and pétrological descriptions of Mount
Poser's rock units ;pllo;. A total of 40 thin sections
have been.stuéied. \Modes for the different rock units of
Mount Poser are listed in Table i1, and normative mineral-
ogy can be found in Tables 2-through 7.

ORTHOPHROXENE- AMPHIBOLE-OLIVINE-GABBRO _

This unit consists of well shaped crystals of plagio;
clase, olivine, and clinopyroxene. Very minor spinel and
opaque grains are also present. R;action coronas between
olivine and plaglioclase have deve10ped;_ Plate I shows
typical OAOQ1lG textures and mineralogy.

Unzoned plagioclase, ranging in composition from
Ang, to An93', forms a fine grained, (lesg than 2 mm),
interlocking network of anhedral to subhedral grains. A
very few plagioclase crystals show spotty alteration to
chlorite and calcite. These alteration spots are less

than 0.5 mm in size.
Olivine is also less than 2 mm in size, and usually
anhedral to subhedral. (Plate I, #3 and #4), It is

characteristically altered to iddingsite and magnetite

along internal fractures. -

Albite-Carlsbad, (Tobi, 1963). Paul Cheung (person. comm.)

reports a similar range of plagioclase composition by XRD.



HiL:

28

2o*o
1e'e
e
Vel
L8’ 9t

‘uojnid J9sogd junoM ayaz Jo 3run 33TT0320.4]
-8Toqiydwy-0f3eI000N3T 3yl Jo AJoTeaautuw 9AT]BWION

<00
1€°0
1272
v6*<
18°81
19°¢
gt g1
ge'l
She by
A3
660
0¢g—dli

10°0
1o
g1
S tEt Y
g1l

¢0*0
v o
09°'T
6"t
56°01
96°0
L93°1
6L*2
066

-

L6*29
Let9
[ ¢
AR

dIITOLDOUL~FTOH I HAMV-0T4VHD00NT ]

€00
600
$9°'1

9ty

sLrot
16°¢
1€°01
8570
IME
9y
5z*0
¥-9-0

2o'o
yreo
s 2
vy
99'1¢
et
66° ¢
t6'1
61°g%
g1°e
1170
f1-6-0

200
910 -
06"z
51°g
+
Zveze
CE'T
gy
oLT
tLr9g
98" T
g1*0
b-0

00
L1°0

13%e

*¢ 9Tqeg
2070 dy
600 I
oLt M
16"y 4
Tieen od

—— ed

—_— s
96° ¢ ak
00"y 1a
61°1 oK

—— uﬁH
80" 57 uy
LY ay¥
91°0 19
oT-d



29

) ‘uoanTd JI9s04 junop ay3 Jo jun
23 TION~3UTATTO-0T6qTudwy ays Jo AJoTeIaulw BAT3BWION £ 8TqB]l

20°0 20°0 <0'0 20°0 20°0 10°0 £0°0 €00 co'o dv
61°0 6170 210 900 60  0f*0°  90'0 §O°0 Y10 11
L1'€ £g°€ 61V 06°2 6G*e gr*e 66" € 9Lgf FTAL D I
—_— 21 o 62°0 - -— e — -— —— 52
gz ot LE €1 TARAN Le*6~ 49'g 60°p £ye1T $9°6 9z %1 =2
¢6°12 19841’ TL°6y  6G*62  90°6f  L9'6Z  (G°fE GT°9T  6E°6¢ o4
—_— — -— —_ . - —? z0't 26°¢€ gv*o ¢ sd
— — — -— — -— %89 LytL vl ug
2re vL*O Ls*0 19*1 geto TE°1 6L70 Lite 56°0 B H
§L*S Lg*e 9z'2 Zhs (AR 0£°¢ vo*z VLY Z6'1 1
19°0 A" SR T | £C'o 610 gy o —_ -— ——- ap
-— g1°0 v1°0 —_— — — -— —— -— o1
ov*05  €0'9f £fg ot 16706  T16*2v  T19°16  gg°vy cf'gy  9L'f€ uy
o] M4 e == 66°¢ 6L Gy Y 1€ ¢ 06t 69°¢ qy
gl o —- == gT'0 .« 9€°0 vero 210 £1'G veo 10
Ge—dx * Of—dl TL-di 1e-2 V¥-L{-D 0G0  Ei=dn 61-0 91-9

3LIUON-ENIAI'TO-3TOUIHANY



‘uointd I9s804 JuUNOY ayjy Jo 3TuN 0JQQEH-SUTATTO
-a7oqIyduy-ausxoxlfdoysap aysz Jo AZOTBIBUTW SATIBUWION ‘1 ?TqR]

20'0 20°0 10'0 1070 200 20%0 20°0  20"0 20'0 dy
2z'o 1€°0 S0t 5(0 2vo S¥0 ov*o FARY 06°0 1I
gLt €g°e vy z ob't 1201 AR fo*e 89°2 £8°1 n
_— —_— _— — —_— —_— —_— ——— _— 5]
g9°6 gt v 21l 2P'0T  BGUE 1L°6 6¥" Y Lf'g v6 1 B4
G9°61 6L°Q Lo'9T LE"6T L1001 9L° 6T 6T'2T Zvtoe 96°¢ od
62" 0 929 -— 290 0£°o —_ — N A A Y 54
950 £g°tt — 92°'T 66°0 —_— -— -— 6&t"6 ug
06°1 6Y*T gz°t g1°e 00°9 A 00'9 gs*2 29°¢ it
88" v LL*E A} 'S 9v*T2  96°QT  09'02 S6°L  ge'gl 1q
— -_— £6°0 -— ~—— 190 4 £9°0 -— a
_— s -— — -— _— — — — o7
62°2% 0£*2g 12'9¢ (916 T£°0%  16°9v gL g tF°26  21°6¥ uy
66°9 A4 61°6 896 GL Y vo'y 9g* ¥ 99'v  "61°'9 Qv
810 gT°0 g1'0 §1'0 §1°0 RT'0 81" 0. FAR) gI°0 aQ
¢z~ - ¥z-0 66-0  66—dN  $9=D  ${-D  ge-d -  92-0  9z-dN
. ’ OHBAYD-ANTAITO

—3TOU I HANY-TNAXONEJOHI U0



31

28504 junoy ayy jo 3

01qqeH-3UTATT0-2T0Qq
to'0 f0°0 t0°0 cz'0
ve'e 6I°¢ 1T°¢ vpez
L6°¢ Sh*y TAL ot ¥
¥6*0 L6°1 Li*z gv'o
20°6 08°0T  L2'0OT . L2'6
e€'8T  26'9T  1€°9T  sg'al
68°S 81’9 9L" G 0°'g
C6°CT  f£2°2T  §6°2T  bI°HT
z0°6 zhy 9L°¢ 18°6
£5°0 2L o 29°0 69°0
LL 6T 16*6€ 9L 9¢ 06 TP
V=L¥=0  TO~dN  V-L6-0 H-L1-D
QUTAVO-ITORT HAHY

60°0
60t
oLt
28 L
T2 11
58*L
FrAL S
LE*0
96 1Y
¥0°6
oL'0
4-69-9

800
66°1
g6t
0s°t
ot ot
L0°91

T¢-du

*uognid
fun oxqqes-sToqrydwy ayj pue 3yun
Tyduwy ayzy Jo0 A3oTeaautw JATIBWION *§ BTqEy

£0°0
12°0
£ ¢
91°9
c2 01
tgret

¥=-6-2
oygdava

200
L9°2
9¢°¢
eLrL
T €T
e6°¢
00°€T
50°€
6T LY
LE €
6270
tp-0

—ENIAITO-3TOG I HINY

dy
I
m
h)
v
04
sd
ug
QH
1q
ay
o
uy
Qv
a0



32

to'0
9L
12 M3
016
.. G0°¢T

P

e

gLs
g¥° ot
16°¢
totzs
91°3
g0
g-8¥-0

-

90°0
T0°1
6L°2
gt*L
6Lzt

———

9Lt
ctte.
gy e
vyoov
GP°rT
29'0

- Gg-dH

20'0
62'1
LLz
0l*e
09° ¥
96°6
9{" b1
06*°S
02°61
"16°0¥
Lg*9
2v’o
LY=0

20°0
vg°o
96'2
2Lz
16°6
gLl
29°g1
6Tt
YL g
CLTY
oL 9
6L°0
05-d%i

_ ‘uoganid assog junop ays
J0 FTun ajtaouoaqqen-sroqiyduy ays Jo AFoTBISUTW BATIBUION

20°0  20°0
28°T  ¥6°T
69°2  LL'Z
g¥*z  26°T
€0 v6'z
$1'6 699
gs* L Le°TT
L9y 12
gg*L  €1'g

gety b2ty
69°02  6L"91
£rto tv°o
v-£6-0 1) autt]

€00
1§ Al
617z
LT
go° ¢t
6L°9
gL'6T
9L ¢
22'6
09°9b
pGoL
o
99-0

ALIBONOUEI VI~ 3TOGT HANY

$T*0
to‘z
(6°c
y°2
99°2
€9
g9°@
96° ¥
28°L

CLLbY
£T°LT
€9°0

05-0

20°0
AAY
oL*e

Loy

- 1976

g2°6
PLOET
tate
Lv'g
6 ol
£46°9
LE'o

£6-0

‘9 8TqEg
PT°0 dy
Lg o I
S0° ¢ M

— mo
AR vd
20°L od
129 5d
ge ' TT ug
ge‘et aH
699 1a

— 3N
067t uy
LE*TT qv
L9°0 a0

6.0



33

*uoanTd Jo9s0g junoy ayy Jo
mﬁoompm UOTSNIJUI 8yl JO suoIsSNTOUI
3Y3 Jo AJo[eIBUTU SATIBWION

180 \%mm 0

. 96°2 L1
9g°¢ 91*€

. 6L'g 6'9

" g2tg 1€°6

Lo*L 80°L

zv'g - .¥o°el

g 4841 ‘oLz
o1 z¥ 66°6t
PTPI 6€°0e

gL*0 96°0
a-ob-0 )

*4 ®TQBL
gr'o dy
18°1T I
Al an
66°9 ed
£9°L 04

r— m_m

——— w3
ge* L qH
6T°0T 1a
612 EH

—_— U..H
A Y uy
g6tz qy
a0t 10
6€-0

mzohmbﬂuzm



34

Clinopyroxene exhibits a "sieve@“ appearance and a
generai_anhedral to subhedral shape. (Plate I, #1 and #3).
Average size of the clinopyroxene gra@ps isvless than 2 mm.
Indiﬁfdual grains are not common., Rather, the grains agg-
regate together with other clinopyroxene grains forming

clots.reaching a maximum 4 mm "in.any one dimension. 'The

blebs which occupy the "holes" within the main body of the ~

clinopyroxene grains exhibit characteristic amphibole
properties, (éolour in plane polarized and crossed pol-
arlzed light, and pleochroism), but are generally too
small for .accurate determination.

Very minor amounts, (less than 2%), of subhedral
spinel'occﬁr in tﬁis unit. This mineral is found associ-
ated with interstial opaque grains. These opague grains'.
are fduhd at olivine to olivine grain boundaries. Distinct
subhedral opague gréins also. occur, though not necessarily
_néar olivine grains. Total opaque content is less than
2%. ’

" In a few samples, zamphlbole, (hornblende), poikiliti-
cally encloses all other mlnerals. An average poikilitic
hornblende grain is 6 to 8 mm. Single grains may exhibit
patchy pleochroism in brown/green shades. A few grains
show spotty alteration to a fibrous tremolitic form. This
intercumulus hornblende accounts for a maximum 13% of the

total rock.

Reaction coronas develop at the oliviné/blagioclase.
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interfaces. This marked by embayment of the olivine grains.
The corona assemblagé consists of olivine ¥ (amphibole +
spinel) + plagioclase. The orthopyroxene occurs as thin
rims, (less than 0.5 Lm), immediately adjacent to the
olivine but is not always bresent within the corona assem-
blage. However, when present, orthopyroxene éxhibits mod-
erate plebchroism from pale pink to pale green, suggesting

" hypersthene. .

The next mineral in the corona, which is immediately
ad jacent to the orthopyroxene, or to the olivine if orth-
opyroxene is absent, is aﬁphibole.- This amphibole is
characterized by pale blue/green to green pleochrosim
suggesting an edenitic composition. If orthopyroxene is
missing in the corona, the portion of the edenite immedi-
ately adjacent to the olivine is marked by & thin bleached
zone showing no colour or pleochroism.

Amphibole, possibly edenite, occurs intergrown with
spinel in a fibrous manner. This assemblage occurs imm-
ediately adjacent to the plagioclase, within the reaction
corona. This fibrous mass is not alwasy present.
LEUCOCRATIC-AMPHIBOLE- TROCTOLITE

The well shaped minerals of this rock unit are plag-
ioclasge, olivihe and spinel. Intérstitial minerals are
orthopyroxene and amphibole. Reaction coronas between
olivine and plagioclase occur. Plates J and K shows

typical LAT textures and mineralogy.
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Plagioclase, ranging in composition from An83 to
Angbi, which is unzoned, occurs as a series of subhedral
to euhedral interlocking crystals. These crystals average

2 mm in diameter.

Olivine crystals average 1 to 2 mm in diameter and
reach a maximum of 3 mm. Theae’crystals are subhedral to
anhedral and show extensive,é;bayment due to resorption.
(Plate J, #1 to #4). ut?-r/atién to idding'a;te and magne-
tite has occurred alongyéracks in the crystals. Aggregates
of olivine crystals cur in a few samples, (those from
.the foliated LAT zohe as described in Chapter 2). These
aggregates reac?/a maximum of 5 mm X 5 cm. The olivine to
olivine boundaries, within these aggregates, show alteration
to iddingsite and magnetite. _

Subhedral to euhedral spinel occurs in this rock unit.
it is less tﬁan‘i mm in diameter and less than 3% of the
total rock., It ié generélly found within a reaction corona
between olivine and plagioclase, but a few isolated érains
do occur,

Orthopyroxene and amphibole are present as interstitial
phases. The orthopyroxene does not poikilitically enclose
any other crystals. Amphibole, as an interstitial phase,
shows brown/gréen to green pleochroism and patchy colour

zoning. This suggests hornblende. It poikilitically

* Paul Cheung (person. comm.) reports a similar range of

plagioclase composition determined by XRD.
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encloses plagioclase and/br oiivine in some samples. An
average poikilitiec amphibole reaches 8 mm in‘éize. Some
samples show minor alterétion of the amphibole to a fibrous
tremolitic form. This interstitial mineral, (hornblende),
accounts for less than 10% of the total rock.

The plagioclase/olivine contact is characterized by
a reaction coroné of olivine: orthopyroxeneﬁﬁ%mphiboleht
(amphibole +spinel)}+ plagioclase, (Plate J and K). -This
reaction corona displays similar characteristics as the
corona assemblage found in the 0AO1G.

‘The amphibole within this assehblage is optically'
‘econtinuous with the poikilitic interstitial amphibole.
Minor alteration of the corona amphibole +to a fibrous
tremolitic form occurs in a few samples.
AMPHIBOLE-OLIVINE-NORITE

Plagioclase, olivine and spinel occurs as euhedral/
subhedral minerals in this rock unit. Interstitial phases
include orthopyroxene and amphibole. A reaction coronsa
.has developed between olivine and plagioclase. Platé ﬁ,
#1 and #2 shows typical AOLN textures and mineralogy.
?lagioclase, of composition An86*. averages 3 mm in dia-
meter but a few samples show crystals reaching a maximum
diamefer of 6mm. It is subhedral to euhedral in éhape

and shows no compositional zoning,.

* Payl Cheung (person., comm,) reports a similar value of

plagioclase composition determined by XRD.
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Olivine is subhedral to euhedral and averages 2 to 3
mm in size. (PlétgpL, #1). Clumps of olivine crystals are
the usual mode of QZcﬁrrence rather than distinct crystals.
These clumps are irregular in shape, gnd réach a maximum
diameter of 1 cm. Exteﬁsive alteration along cracks to
iddingéite and maéhetite has occurred.
| Anhedral crystals of spinel make up a maximum of 10%
of the total rock. (Plate L, #2). These crystals reach
a maximum diameter of 1 mm and are found enclosed in
poikilitic amphibole or within the corona assemblage bet-
ween olivine and plagioclase.

Orthopyroxene, as an interstitial phase, makes up
less than 6% of the total rock. An average size of these
grains is 3 mm, One'siide, however, shows an orthopyrox-
ene grain included in amphibole. It has an irregular
shape which seems to have been originally prismatic.

Interstitial amphibole makes up 2 maximum of 20% and
poikilitically encloses olivine and plagioclase crystals.
Olivine grains within a poikilitic amphibole show sharp
grain boundaries., Plagioclase grains within a poikilitic
amphibole, show embayment aldng the boundaries

This interstitial amphibole exhibits brown/greeh to
green pleochroism, (suggesting amphibole), patchy colour
zoning and some samples show spotty alteration to a fibrous

tremolitic form.

- The reaction corona between olivine and plagioclase
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exhibits much the same characteristics as the corona found

in the LAT. The assemblage in the AOLN conéiats of .0livine
+ amphibole + (amphibole+spinel) + plagioclase.

AMPHIBOLE-GABBRONORITE .
The well shaped crystals of this unit consist of
plagioclase, orthopyroxene, and opaqués. Interastitial
.phase include amphibole and opagques. Plate L, #3 and #
4 shows typical AGN textures and mineralogy.

Plagioclase, of composition Ansj to Ango*, forms
subhedral unzoned crystals. -It has a maximum grain size
of 5 mm.

| This unit is the only roék unit of Mount Poser which
possesses prismatic ‘orthopyroxens. Distinct subhedral grains
of this mineral average 3 to 4 mm in diameter. (Plafe L,
#3 and #U4), Agegregates of orthopyroxene crystals reach a
maximum dimension of 1.5 cm. The aggregates are amoeboid
in shape, showing no preferred orientation. This orthopy-
roxene exhibits stronger pleochroism than orthopyroxene
found in the other units. The pleochroism ranges from
pink to light green, suggesting hypersﬁhene. _

Anhedral clinopyroxene crystals, showing a "sieved”
appearance, reach a maximum of 3 mm in diameter. Aggregates
of these grains do occur in a few samples. These clots
reach 1 c¢m in diameter, and occuf in those saﬁples near
the AOIN/AGN and AGN/OAOL1G boundsaries in the central

—— ———— - - -

* XRD determination by Paul Cheung (person. comm, )
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Small, (less than 1 mm), opaque grains make up an average
7% of the total rock. These gralns are anhedral in shape
and are found associated with poikilitic amphiboles.

. In one section a very small subhedral crystal of
spinel was foﬁnd. Otherwiée this~mf;erallis absent from
this rock unit.

Interstitial amphibole eihibi;s dark brown/green
to light bréwn/green pleochroism; ;A few samples show this
amphibole as poikilitic grains enclosing plagioclasé and
orthopyroxene. Such poikilitic graiks feach a maximum of
1 em in dimension., The amphibole shows colour zoning.

Two samples show extensive secondary alteration of
the amphibole to a fibrous tremolitic form. In thése
samples the amphibole content is 40 to 50% of the total
rock. Other mafic minerals are absent from thesé‘samples,
and this explains the field appearance of black, (mainly
amphibole bearing), and red, (pyroxene bearing), weathered
AGN, as described in an earlier section.

DYKE ROCKS

Two sefs'or dﬁkes are present on Mount Poser. A
lighter grey, non-foliated set and a dark grey, foliated
gset. (See Chapter 2). Plate M shows typical light dyke
and dark dyke textures and mineralogy.

The lighter grey, non-foliated set, (Amphibole-
0livine-Gabbro, AOlG), consist of two sub-groups. One
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group contalns plagioclase, 45 to 50%, olivine, up to
8%, and clinopyroxene, up to 15%. Very minor gpinel,
less than 2%, and minor opaques, less than 2%, are also
present. The other group differs from the first by having
abundant opagues, 15%, and no sbinel. Both groups have
interstitial, sometimes poikilitic amphibole, 16 to 30%,
and a reaction corona.between olivine and plaglioclase.
The average grain size is 1 to 2 mm.

Plagioclase, in both groups of light grey dykes, has
a composition of An, ¢ ta Anso*, is anhedral to subhedral’

and unzoned. Very minor replacement by chlorite and cal-
cite occurs in a few crystals of plagloclase.

Rounded gubhedral olivine is characterized by being
partially altered to iddingsite and magnetite along frac-
tures. ' o | \

Cliﬁopyroxene ig present in both groups of lighter
grey dykes as anhedral to subhedral grains. It displays
thé "gieved” appearance as described previously.

Thé spinel present in one group of light grey dykes
is anhedral to subhedral and found either closely associated
with olivine crystals or as an interstitial phase.

Opaques in both sets of light grey dykes, are anhed-
ral to subhedral. |

Interstitial, poikilitic amphibole, possesses a

* Paul Cheung (person, comm,) reports a similar range of

plagioclase composition determined by XRD.
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moderate pleochroism of brown to light brown. This varlety
of amphibole ié probably hornblende. The émphibole enclos-
es small subhedral grains-of clinopyroxene and magnetite.

At the olivine/blagioclase interface a reaction corona
has developed. This assemblage consists of olivine :
orthopyroxene + amphibole + plagioclase. The fibrous
amphibole + spinel assemblage present in coronas of other
earlier described rock units is missing. |

The dark grey, follated met of aykea. (Amphibole~
Gabbro), consists of plagioclase, 36%, amphibole, 46%, and
opaques, 18%. This dyke is equigranular and a strong
alignment of amphibole, (hornblende), and plagiéclase is
_recognized. (Plate M, #3 and #4).

Plagioclase, rénges in composiﬁ;on ffom-An76 to An85*.
It is anhedral to subhedral and unzonéd. Iwinning in these
plagioclase crystals if predominantly of the Carlsbad/Albite
rather than Albite type, which is so common in thé other
rock units. B _

The amphibole, (hornblende), is strongly pleochroic
" from brown/green to lighter gréen. It is subhedral and is
commonly simply twinned.

Opaque grains are generally smaller, (less than 1 mm),

than plagioclase or amphibole, and anhedral to subhedral

in shape.

* Paul Cheung (person. comm.) reports a similar of plagio-

clase composition determined by XRD.
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INCLUSIONS FROM THE INTRUSION BRECCIA

Plate N shows typical inélusion textures and minera-
1ogy.\um£§:;;Q3/§;at;Zd inclusions were chosen for micro-
scopic study to confirm théir affinity to the OAOLlG unit.
However, study has revealed that these inclusions diffor
in minerglogy and texture from the OAO01G unit.

- These rocke are fine grained, 1 mm or less, and con-
sist of plagioclase, up to 60%, clinopyroxene, up to 28%,
and opaques, up to 10%. Amphibole, 2% is present as an
interstitial phase. In thin section triple point grain
boundaries are p;entiful. This and its overall equigranu-
lar nature suggest a hornfelsic texture for the inclusionsﬁ

Plagioclase, has a range of composition of An to

72 .
_An86*' is anhedral in shape and shows ragged cores. Finer
inclusions of opaques and "clinopyroxene, within the plagio-
clase, occur in a few samples. .

Clinopyroxene shows a strong pleochroism of pinkish
tan to light é}een. The crystals are anhedfél.

Opaques, as anhedral grains, are found filling inter-
gsticies between the clinopyroxene and plaglioclase and as

small inclusions within the clinopyroxene.
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PARAGENESIS
Introduction

Many major 1ayered'igtrusions. (ex. Skaergaard, Rhum
and Bushveld), show mineralogical and petrological textures
which classify the rocks as cumulates. Plutons already
gtudied within the Peninsular Ranges Batholith also possess
gimilar prtures and have also been classified as having
cumulate rocks, (ex. Los Pinos, Target Range, and Cortq
Madera). The criteria for recognizing cumulate rocks
follows., ‘

'Bowen, (1928), proposed the term "accumulate" to
describe rocks which he bqlieved, formed as the result of
crystal settling due to gravity. Bowen's terminology was
modified in 1960 by Wager, Brown and Wad;worth. These
workers shortened Bowen's‘term to "cumulates”", and proposed
several prefixes to give a new nomenclature for igneous |

rocks formed by crystal settling and accumulation. The
term "cumulus crystal" has been proposed to replace the term
"primary precipitate crystal". Cumulus crystals are indi-
vidual units of the pile of crystals as originally pre-
cipitated by the ﬁagma before any modification by later
crystallization. The liquid in the interstlicies between
the cumulug crystals may be called intercumulus liquid
and the crystalline material occupying this position,
whether or not it has the same composition as the original

liquid, may be called intercumulus material. The classi-
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fication into types of cumulates has proven useful in
leading to clearer thinking about the details of the solid-
ification processes involved. | .

' "Adeumulus growth" has been proposed for fhe exten-
sion of the original cumulus crystals by material of the
same composition, to.give‘unzoned crystals. This process,
which gradually reduces the intercumulus liquid by mechani-
cally puséing it out, may sometimes reduce.thg amount. of
intercumuips liguid to vanishing point. A&rock proﬁuced
in this way, witﬁ less than 5% of pore material is called
'an "adcumulate™., A "mesocumulate” is a cumulate'rock-éhow-
ing small amounts of intercumulus material. An “orthocﬁmu-
late”" is a cumulate consistihg'essentially of one or more
cumulus minerals together with the products of crystalli-
" zation of the intercumulus liquid, which necessarily has
the composition of the contemporary liquid. Adcumulus
growth is not conspicuous, however the slow crystalliza-
tion of the intercumulus liquid will form successive
lower temperature zonesﬁround the cumulus crystals‘and
new mineral phases, {such as zoned, poikilitic intercumulus
crystals).

The formation of orthocumulates will be favoured

by fast bottom accumulation of crystals. Adcumulus gfowth,
must be favoured by relatively slow accumulation of the

bottom precipitate,

It has proven useful to have a name for the extreme
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typeggf cumulate such as orthocumﬁlate and adcumulate, It
is likely, however, that the pure types will be rare.

| In the layered series of Rhum certain olivine ;ich
rocks have been interpreted as the result of upward
growth of cumulus crystals of olivine as they lay at the
bottom of the magma, forming-the_temﬁorary floor. These
rocks are referred to as having a harristic.structure,
that is, upstanding elongated olivines often exhibiting
parallel growth and with scarcely zoned plagioclase and-
augite crystals in poikilitic patches between them.

Ozcasionally unzoned Qoikilitic crystals which have

- the same composition as cumulus crystals in adjacent
layers, completely enclose many unzoned cumulus crystals.
This type of cumulate is referred to as a "heteradcumulate”.
Such a rock type is seen in the higher olivine cumulates
on Askival and Hallival in Rhum. The diffusion mechanism
_suggested here results in the EOntinued growth of both
cumulus and poikilitic erystals at constant temperature
until little or no pore liquid remains. A heteradcumu-
late may have the same composition as an adcumulate with
the appropriaté variety of cumulué crystal phases and thus
a name linking this cumulate type to the adcumulate is
appropriate., Figures 5 and 6 show diagramatic represen-
_tation of the different types of cumulates.
The rocks of Mount Poser are cumulates. Field

observations and petrological characteristics supﬁoft
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Praclociase : Boundary of the )

curmnujus  crystals (labradorite)}
diagrammatically shown by the
innermost rectangle, The limits
of medium and low remperature
zones, where developed, shown

cutside the cumulus “crystai
boundaries.

residuum.

&

.
Quartz and orthoclase ; locally the final

Piaciocrase: Boundary of the
cumulus  crysmls  (labradenite)
shown by the dotted line. Qut-
side is adcumulate growth of
plagioclase of similar composi-
tion., In places beyond the
broken lines, lower tempersture
zones are shown.

Pyroxene

. Poikilitic crystals., Zoned, .
Olivine but this not shown. Figure 5.
Iron ore

PuaciocLase: The cumulus part
of the crystal is shown within the
doteed line. This has been en-
larged by growth of more plagio-
clase of the same composition,
which fills the crystal intorstices,

4

Diagrammatic representation of plagiociase

cumulates formed from & gabbroic magma.
A, extreme plagioclase orthocurnulate; B,

plagioclase mesocumnulate; C, extreme plagio-
claae adeumulate.

1

Source: Wager et al, (1960).



Flgure 6 Fnl:pnf Olivine Pyroxens

Diagrammatic representation of a crescumulate, heteradcumulate, and ad-
cumulate formed from gabbroic magma. Plagioclase, white; olivine, stippled; pyroxene,
cross-hatched. It is assumed that there was no trapped liquid.

1. Olivine crescumnulate. All olivine shown has the same arientation and is usentmll)
unzoned, The surrounding plagioclase and pyroxene sre aiso essentially unzoned and are
considered to have been formed in the same way as in heterndcumulates.

b. Olivine heteradeumulste. Large poikilitic augite and plagioclase ery Binls, essenuull)
unzoned, ste shown surrounding cumulue vlivines. In this diagram, unlike 14¢, no distine-
tion is made between the cumulus and adcumulus olivines.

c. Plagioclase-olivine-augite adcumulate in which the three types of cumulus crystals are
shown as enlarged by adcumulus growth until all the intercumulus liquid has been elimi-
nated (Fig. 13C). The boundaries of the cumulus cerysials of plagioclase, olivine, and
pyroxene are indicated disgrammaticslly by dotied linea. The material inside and outside
the dotted lines has the same composition. ’

Sourceu Wager et al, (1960).
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this étatement. In the.field mineralbgical banding due to
differences in the content of mafic and felsic componénta,
is observeq. Igneous'lamination due to,alignment of mafic .
‘clots can also be.recognized in the field. Thin section

- s8tudy reveals the following. The general shape of Mount
Poser's primary minerals, (subhedral), is suggestive of a
cumulate origin. 'Tﬁe minerals show no compositional zon-
ing, which is typical--of minerals that are in equilibrium
with a fractionated éarental melt. Minerala in a non-
cumul#te igneous rock will show compositional zoning as
cooling progresses., Mafic minerals tend to be clumped
together, suggesting early fractionation and subsequent
gravity settling. |

As described earlier in this‘section. cumulate rocks
may be further sub-divided on the basie of cumulate and
in%ercumulate mineral characteristics.

The average LAT and AOLN show unzoned cumulus crystals
and approximately 5% intercumulus material. Such chara-
cteristice are typical of adcumulate rocks.‘

The average OAQlG also shows unzoned cumulus crystals
énd 5% or less intercumulus material. This rock would
be clasajified as an adzﬁmulate.

The average AGN shows unzoned cumulus crystals, but
greater than 5% intercumulus'material. Such a rock typs

would be classified as a mesocumulate.

In determining the mineralogical paragenesis of the
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rocks of Mount Poser, it is easiest to summarize the

mineralogies of each unit in tabular form.

ROCK - CUMULUS OR INTERSTITIAL
UNIT PRIMARY PHASE . © PHASE
LAT - P1+01+5p Opx+Anmph
AO1N (Larger grain size & Opx+Amph
mafic content increases)
0AQ1G . P1+01+Sp : Opx+(Minor )Opaq+
0 : : ‘Amph
P1+01+(Minor )Sp+Cpx Opaq+Amph
AQ1G P1+01+Sp+Cpx Opaq+Amph (1)
. : I
. : (I1)
AGN P1+0px+Cpx = Opag+Amph
AG .P1+Aﬁph+0paq Opaqg

The table suggests several points:
1) Plagioclase and olivine are the first minerals .to
crystallize.
2) Cpx is earlier than Opx as a cumulus mineral
3) As bpéques become abundant spinel disappears, i.e.
spihel is earlier than the opaques.
‘4) 1In group (II); with the disappearance of pyroxene as
primary phases,_amphibole and opaques become abundant.
5) We have two main mineralogical groups, based on cumulus
minerals present, (I) Plagioclase - Olivine and (II)

%
Plagioclase - Pyroxene. The recognition of two different

mineralogical groups gugégtﬁp the theory of multiple in-

trusions.
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6) 1In group (I) the light dykes, (AOlG), match with other
rock units Af this group, specificallj with OAO0lG rocks.
These AO01G dykes are possibly residual melts of the OAOQ1G
phase. |

‘In group (IXI) the dark dyﬁea (AG) represent the residual
melt of the AGN phase. In this rock unit amphibole and
opaques have beqome important cumulus phases, replacing
the pyroxenes which were important in the AGN phase.

?7) A transition from LAT to AOLN.

8) Paragenesis of group (I)iP1-01-Sp-Cpx-Opx~Opag-Amph.
9) Paragenesis of group (II) P1-Cpx-Opx~Opaq-Amph.

The minefélogiee of the different rock ﬁnits'of
Mount Poser are presented in Figure 7. The two mineralo-
gical groups, i.e. a Plagioclase - Olivine series and a
Plagioclase -'Pjroxene group, can be recognized.

The plagioclase and olivine bearing rocks of Mount
Poser have developed a reaction corona at the plagioclase/
olivine interface. This coronajis similar in coﬁposition
to the coronas developed in the Los Pinos pluton as des-
cribed by Walawender, (1976). The development of such
coronas has been studied by many workers. A partial
list includes Shand, (1945), Herz, (1951), Gjelsvik,’
(1952), Murthy, (1958), Frodesen, (1968), and Sapountzis,
(1975). In most cases the reaction is considered as
subsolidus, occurring at high pressures and-ﬁppears to be

characteristic of gabbroide emplaced im high grade,

2

-



52

*uoganid aased JUNQY ayjy Jo
1TUN Xooad a3d UoTIINQTIASTP TeoTlForexsuty '/ oldndiy

3TV¥IS IvIILHAA Q&On

S —

bod
/,O

ydwy

xd>H

oot — —

32V d NI ‘
QINHOL TIVIHILVYA

xanu

AYIHILYA SNINWND ﬂ s e

HO Q3L1YNOILDYHY

A3

dg

] 1 ]

OV NOV 9l0OY SIOVO NIOV

1V




53

(upper amphibolite to granulite), metamorphic terfains,
unlike the gabbro of the Peninsular Ranges Batholith.
Walawender, (1976), has shown that the development of a
reaction corona can occur at lower pressure regimes (as
low as 2kbar). B
The coronas at Mount Poser gonsist of the folloﬁing
assemblages, olivine ¥ orthop&goxene + amphibole ¥ |
(amphibole + spinel) + plagioclase, and can be seen in
Plates I,J and K. (Each combination and in which units
they occur, has ©been discussed earlier).
The orthopyroxené does not occur in the coronas of the AOLN
unit, however, minor orthopyroxene is present within the l
coronas of the 0AQ1G anq abundantly found in those of the
LAT unit, Independant anhedral spinel crystals averaging
iess than 2 mm, occur within the‘coronas. These spinel .
,crystals are most abundant and the largest, (up to 2.5 mm),
in tﬁe AOIN unit. The amphibole + spinel.assemblage doés

not occur in abundance in the corgnas of the AON unit.



54

GEOCHEMISTRY ' . .

The major and trace element chemistryi of the Mount
Poser pluton is highly variable and systematic trends
of variation are difficult to discern. The petrclogy
of .these rocks indicates that they have formed by
mineral accumulation and do not represent a series
~of liquids formed by fractionation. This accounts
for the difficulty in discerning any systematic frends.

wager et al, (1967), recognized a chilled facles
ih his study of the Skaergaard Intrusion. It was pro-
posed, in that study, that-the chémistry of this
chilled margin representd the compdéition of the original
parent melt from which the intrusion dFystalliZed.

Cawthorn, (1978), in his study of the Tilting
Harbour igneous complex of Newfoundland, fecoghized
fine grained dykes which he assymed represented liquid
compositions. | l |

No chilled margin has been recognized on the
Mount Poser pluton, and the dyke rocks are not .Jregarded
as the quenched product of liquid magmds. It is very
difficult, therefore, to obtain a clear idea of the
original composition of the magma from which the pluton
crystallized.

Analytical Methods
A total of 48 samples of -the rocks exposed within

the Mount Poser pluton were analysed for 10 major‘
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elements and 10 trace elements. (Sample localities

aré shown in Fig. 2). The trace elements analysed
include V, Cr, Co; Ni, Zn, Rb, Sr, Y, Nb, Ba._ The
analysea’were performed on a Philips PW1410 Universal
Vhécﬁuﬁ.x-Ray Spectrometer, using rock powder pellets.
(Appendix A gives the pré%arafion technique for the rock
powder pellets as well as a discussion regarding their
use). Compton scatter peaks were measured for each’
sample, for U.S.E.S. standard rock powders W-1, AGY,
GSP, BCR, G-2 and for pure gquartz on Ag, Mo, Cr, and W
targetégpbea. From these data, mass absorption values
were determined for each sample. The values derived
from the measurements using the Ag target tube were
used to correct for mass absorption effects the
analyses of Nb and Y. Those #alues derived from the Mo
target tube were used to correct for mass absorption
effects for the analyses of Rb, Sr and Ni. Using the
Cr target tube, values were obtained to correct for mass
absorption effects the analyses of Co, Zn and ﬁa. while
the analyses of V and Cr were corrected for mass absor-
ption effects using data obtained from the use of the

W target tube. The theoretical precislon values for
Rb, Sr, Ba, Zn, f, Nb, V and Ni analyses is ¥ 5%, while
Cr and Co should be within ~ 20%. The values obtained
for the trace element analyses of the 48 samples fall

within the ranges discussed.
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The major elements weré all anélysed using the Cr

“ target tube except for Mn where the Wltérget tube was

used. The values obéained from the analyses were %hen mass
absorption corrected using a computer program. The
precision of those analyses, (Fe203, Ca0, 3102).

involving a count rate of one million counts. is } 0.3%

at the 99% confidence level. At lower count rates, on
other major glement‘analyses: the pfecision iss :‘O.b9%

-+

for 400,000 counts, (MgO, 41,0,), ¥ 0.70% for 200,000

30,
counts, (Ti0,, K,0), ¥ 0.95% for 100,000 counts, (Mn0),
% 1.30% for 50,000 counts, (Na,0), ¥ 2.10% for 20,000
counts, (P205). The major element determinations for
the 48 samples.fall within the ranges discussed. \\
.(Complete analytical conditions for the major and {race
elements are presented in Tables 8 and 9).
Major and Trace Element Geochemistry

Listings of the major and trace elemént values can
be found in Tables 10 through 16. Total iron is
reported as Fezoj. Differences in major and trace
.element concentrations between the individual rock units
are emphasized in Table 10, wherein the range and
mean value for each element are given for all units.

The pluton, in general is characterized by high
A1203, low total alkalies, low SiO2 and low K20.

Chemical characteristics of the individual rock

units will now be discussed.



57

2640d
00604
ob6od
0csod
0¥a0d
0gedd
Cerod
00624
CBho&
00504
oNILLAS

10413
/¥ALHN0D

50V
S0¢
s0F

ZMNI &

0°EvL

19°LT
02° 95
00°ts

0'6ET
9°Gt1
T2 ¥9
05°19

s001
sOv
s00T1
G
SCOT
0¥

mOHxA

9
moﬁka

0T *T

mOHHH

Akl d
I0
SINNGD

v/
oTxT’

0°TFT
T9'91

/

ﬁ.maw
Le9tt
88°<9
£6* LS

‘21°9g

g9°Lt
90°zt
Avad

<

’

NoONNMmM Mmoo Mmoo MmN

HaLIY

062
ov1
o¥e
ote
00t
021
oY1
002
oLT
ez

I

052
002
oLT
06z
06T
0sT
01¢
08T
06T
oFT

a61BOY
autyg
361800
autd
a8I800
281800
autd
Uty
251800

autd

TT  BOIVMITIOO

nwIan
avii
dVIL
002411
day
002411
002471
002411
dvid
dv1y
TYLSAED

oF
O¥
ot
ov
ov
o¥
ov
ot
ub
0
yu

0%
08
0%
0§
06

05

06
0%
05
Sk
AR

19
Ip
a9
1p
ap

B
a9
a9
ap
a9

adand



. *8jUBWETO 90BIF JO UOT3BUTWISLSP JOJ BUOTATPUOD TeOTFIATBUY 6 9TQEL

00604 SOF mm“mm 00T LT°LY ¢ ooz 022 surg 002471 Of 09 10 g
ovzos sov  98.FE soor ogrof £ 00z OLT ourd o0zzd¥1 0z 00T 9V an
oveos  ©ob mwnmm 800T 91°2€ £ C 091 outd 02zdTI  OF 06 9y X
0LZ0S  5O¥ mm”wM 8001 66°4¢ € ogf 00f esx80)  0gzdVT 02 08 om g

o oLzos  soy  98.'E soor or°e € 02  00€ asawop  0zzdTI 02 08 oy au
ogeos  sop Qo.1% soor wgrog . € off  oOT2 sutd Ozzd¥1 OF 05 IO uz
oosod moy OZ1ZL oo vl £ 052 00¥ os2w0p  0zzd¥1 OV 05 O ™
 00%0d SOF  VL'O5 S00T 0825 £ obz  OOF osxmon  Q0Z4FI  OF 06 1D 00
oo oy 5.0 00T 069 £ 00z 0%2 esIB0)  0024FT OV 06 M 1D
ozsod sov Q.51 eoor €rfet € 00V 052 outrd 0zzd¥1 OV 06 " A
DMILLIS BOL  AON FAL A Wo0dV & 7T MOIVWITIOD TVISANO V& AX  FANS NI

/831nnoo



59

v (z )¢

(690

(oT )st -+
(¢ )b -a/N
-a/N
(oof)ect-cve
(v v -¢
(Ty Yv9 —t2
(oL )9e1-vt
) (€2 Y€ -LT
(6g )6TI-GV
(¢g YttT-9¢

(T0°0 )TO°0 ~¥00°0
(€£0°0 )£0°0 =200
)28°0 -96*0
(1€ YT)VO*LTI-¥8°TT
(GV TT)ST €T-€¥°6

(€£1°0 )91°0 -0T°0

(£8°6 V6 TTI-T6"9
(e1°0 )92°0 -90°0
(GL°6T)g0 Te-50"gT
(09°¥¥)99°Ly-0v' 2y
nTOY0

-

¢

o~

mnp utl sjueweTe pesATBUB By} JOJF ﬁmﬂmo:pcmpmn Uf) enf{eA UBIW puB 8Fusy

(92 )19 -a/N

(T )z -a/N

(6 )te -¥
(L62)gof-18¢e
(T )T -U/N
(vL €8 =29
(6T )&t -8
(€ )ot -2¢f
7 (1Y )TIL 62
(B92)9%¢E-LL

(20°0 )$0*0 =~T0°0
(60°0 )LO°0 ~¥0°0
(6L°0 )90°T -26°0
(€2 ¥T)GT GT~€EC €T
(96°€T)69°6T~Q0°0T
(61°0 )TI2*0 —-GT°0-
(gT*2T)GL ET-00°TT
(6870 )o¥°T -TT1°0
(LE°LT)GOBT-L6 VT
(08°0V)9T*2y-60°0F
nToY ,

i

‘uogntd J980g JUNOK °SY3 Mo g3 fun joodJ

‘01 8TqeL
AOﬁ Yoz (1T )12 -8 eg

(g )21 -¢ (2 -1 aN

(@/N) a/N (1 -a/N X
(£62)EEE-T9T (6vE)gee-T192 135 .

(z )¢ -1 (T ) -T - q¥

(69 )6L -16 (0€ ¥V -61 ug
(28T)Tet-68 (29 )OTT-¥¢ ™

(y€ )Ey —¢6e (o2 )ge ~-vI 00

(ot )TeT~v1 (85 )9VI~9T 0

(1€ )s21-9 (0F )06 =6 A

’ (wdd ) INZWNATR

(1T0°0 )20°0 -v00°0 (T0°0 )T0*0 -¥00°0 So
(£0°0 )90°0 -20°0 (¥0°0 )OT°0 -20'0 . 0%
(gv*0 )€9°'0 -0€°0 (£L°0 )L6°0 -66°0 oCeN
(26°6 )TT*2T-80"L (&P vT)0V°9T1-6g°TT 0E
(20°6T)26°92-0T €T (¥€°11)62°9T-L0"Q 091
(91°0 )og 0 —-€1°0 (O0T°0 ){T*0 -L0O°O oul
(LT°2T)Cg ¥vT-2L°8 (¥S'L )06°6 —-£9°C Loaus
(60°0 )Tz*0 -€0°0 (60°0 )9T'0 =G0°0 ¢o1l
(£9°9T)g6"6T-6L TT (2€°22)60°62-9V* LT to

(Y TV)OT €h-62°6€ (6E€°€V)20"Sh—0C TV oty
NTOV 1Vl (%)INGNAT



(22°0
(¥1°0
(Lg¢

(STT)OGT-VL
(g2 )t -1
(v€ )€e -0T
($S€)66E-T6E
(¢ )Y -1
(66 )60T-88
(61 )BT -2T.
(Le )TIE -€¢
(ve )ge —-8T-

(tLz)L62-646¢2

YLE*O —-60°0
)10 ~0T°0
)62 € -vE°2

(TT°21)69°2T-19°TT

(69°9

el -8’9

(12*0 )2z*0 -02°0
(00°2T)6S " ET-60"TT

(90°T

V€T ~06°0

(€9°QT) Ve 6T-21°8T

(go°*9

1)96° Ly—-vL CY
SNOISNTONT

(49 )96 -a/N
(e )& -1
(€2 )62 =vT
(oT€)oyE-uge
(€ )9 -1
(T6 )8OT-T8
(2T )91 -¥
(6€ )Yty -¥¢€
(82 )¥vE ~62
(06¥)L66~06¢

(£0°0.)60°0 —-T0°0
(€T°0 )9T1°0 =T1°0
(YT°T }92°T —-96°0
(19'€T)Le " ¥T~G2° LT
(9€°TT)20 ' €T~L0"6
(6T°0 )12°0 =L1°0

(9€*$T)T9°GT~G0° €T

(LP°T )G9°T =L1°T

(€9°9T) G LI~T9°GT

(60°TY)LL Eb-LG 6E
- oy

.

‘penuizucy ‘01 ¥TABL
(e )t9 -t ed
(¢ )6 -a/N aN
(¢ )zl -a/N X
(gLt)9ghv—-Lle I8
(v YL =T Qy
(zL )TOT-LE uz
(02 YI¥ -6 ™
" (g2 )1€ -T2 09
(¢ )g9 -6T < XD
(g02)eLt-T9 A
(wdd ) INEWTTE
(20°0 )90°0 -T0°0 $o%4
(y1°0 )99°0 —L0°0 oy
(Ty*T Ypve =LL*O olen
(GE'2T)9V yT-8E 1T | O®0
(29°6 )LG°eT-6¢°9 031
(gT°0 )¥2*'0 -91°0 oUW
(T0*0T)8L"2T-0L"L €2agz
(€9°0 )LO'T ~€2*0 201l
(68°8T)9L"0e-LE"9T Colty
(v8°9¥)GL 6V=50"T¥ 251g

NOV

(%) INTWTTA



v

“

suogntd adsog JuUNOK 8Y3 Jo jTun 83yrozoogr-srtoqiyduy
-073ea000N8T 8Yj Jo AI3s8Tweyd juswaye’8dBa] spuv JofBy °'IT oTIqQel

(T
{
a/f

10°0

€00

16°0
YLTLT
96*01
FARds
Zrg
11°0
9122
131y

mmwmz

it

art

10°0
oT"0
99°0
gL vl
61°¢1

210

G6°L

st
9%° L1
GG by
0g—dH

g

6t
214

v00*0
2o'o
L6670
BL*GT
19°9
60°0
6y 9
LO*0
09°te
9t by

gy-0

»

.

¢

Tt .

10°0
sg'o
¥L'0O
OL"5T
iLr'g

g0"0

13081
€1 0
RI"bE
0S¥

v1-0

6
2
c/i
FAt1Y
1
6T
1
R
éc
G

a

10°0
¥0'0
19°0
oV g1
LO'g
Lo*o
9L"%
$0°0
v9*¥e
IR T

¥-9-0

#

(4
/M.
G1e
T
1t
19
T
99
ze

100
c0’'0
650
€0 €T
FARINS
210
6b'g
LO'0
pgeree
18°1¥
g-6-0

1T

[
t/N
]y
T
oV
olT
ve
9L
f2

10'0
{0°0
09'0
6621
2L €T
11°0
gL g
go‘o
LL*TE
06" 1¥

=0 |

g 11
z 2
a/N a/N
Y62 L€
1 1
T2 te
(@ ¥t
e 91
8l 44
1€ 41

10°0  10°0

f0'c  £0'0
1L°0  6L'0
68°T1T  9L'GT
62°9T T1v°Q
t1°0 go*0

066 G6°G.

60°0  60°0

69°6T 60'6G2
ot iy gty

9t-0 Gre=d

31700004~ TOTI HAWV-0ILYHD0ONIY .

P

[he]
an
A
g
au
ug
™
0o

. a9

. A
{wdd }LHanaTy

So2y
0%
oCen
0ed
0w
ouy
mOmmkw
o1
Lolty
otg
(%) IN4:ETa



62

*uoanTd I8B04 JUNOW 3Y3 JO 3TuUN 83FJION=-BUTATTO
-oToqiydwy 8yj3 Jo AI3STweyd jUIWeTe 9oBI] pur Jo[sy

et 8 S et A 02 9° L et
6 ot o1 3 v z1 g it LY
a/n G/H G/l a/m G/ a/N a/m a/N /N
vot . vie 191 0ot - bee fre L12 96¢ 66T
5 v T T2 Z 1 1 T
1y 6L - 6L 16 2L 26 29 14 8L
<ot 62 12¢ €11 66 . og CaT 1A vbe
ot 6€ iy Lz 0t 4 9¢ 43 v
¥T 113 L ee R -2 S S -+2 oy ¥
te €2 ¢t 9 A 2t L 6 91

10°0 10’0 10°C  10°0  T0'0  V0O'O 100 10°0  20'0
€0°0  ¥0'0 €00 £0°0 _ 90°0 900  20'0  20°0  ¥0°0
LL*o  €C'o  of'0  6¥'0  g¥'0 . €9°0  6{0 9¥*0  fp°0
TI°eT  ve'g 8O'L  66°TT  02°6 9072l VLG whUIT (vl
T9°€T  20°ve  26°92  T9°6T €L’z 99°6T  ¥6'9T  OU'fT  6f'fe
61'0  gr'0 61°0  (1'0  ¢T*0  (I'0 QU0 LU0 02°0
PU'TT  L9°€T  €L°¥T  12°0T  96°g ' 2L'g  €O'¥T €2°€1  €g"¢l
010 » 80°0 0170 " {0°0  12'¢. 9T'0  €0°0  ¥0'0  L0°0
EL°6T  GL°€T TOL°TT  2¥*61 -~ Tv°9T1- @676T ~ 90°LT Ev'gT  gO°fT
sE'ey  §9°6f G2'6f L0"3F 6L'TY ' T9'2¥ 00°2y OT'fy 15OV

BC-dW  Ov=dW TL~dN ~ T2=0 V-LE=D  06-0 gg~dW  6T-0  9T-0
AL THON-GNIALTO-ZTOTT Hd#iV

.wmﬁ STAQBL

.

uil
aH
A
I8
qy
uz
N
Q0.
10
A

(wdd ) aNdYHTE

0%

+ 0%y

oCan

0®0

(o )8

ouy
CElagy

otd

tolty

“otg

(%) Luawatd



63

- *uogntd aesod JUNOW eyjl JO 3Tun oaqQesn=-sUTATIQ-oToqryduy
~suexoafdoygag eysz Jo AI3sTwWayo 3UawWaT® 8008I} pue Jofey ‘€1 8Tqel

. b1 14 g €1 61 ot . T b g il
L g £ 1 ¥ 6 a/N L b an
. ‘ a/m a/N a/M 1 G Z ¢ a/N £ X
1319 60t get 9zt ‘192 che yoe .. 6Ef 6l2 JIg
v ¥ € Voo v ¢ y p ay
" vy LS 6t z9 £2 gt vz TV 62 . oug
. 921 611 9% 61T b1 LE 2f €171 ge ™
62 z zz £¢ L1 12 9T 62 8T 0p
66 gL ¥ 69 911 61T gzt 19 06 a9
25 Ly Ly 06 GoT 90T L6 92 £eT A
(wdd ) gHara1a
10°0 100  $00'0 $00°0 100 T0°0 T0°0 100  10°0 S024
f0*0 €0'0 €0'0 fo'0  €0'0  f€0'0  £0°0  20°0  f0°O. 0%y
gL*0  69°0  2g'0  L9'0  95°0  T9'0  L9'0 . 69'C  EL°O o%u
: Lz*zT  ¥@°TT  9€°¥T  9T°2T VO'LT . 0S'GT  TG'9T 6T'CT  06°ST 0®D
2v*2T  92'TT  66°0T 26°2T 6T'0T +vS*2T 080T GI°€T  €¥°'6 091
¥I'0  ST°0  2T°0  SI'0  01°0 2I'0 TI'0  €T1°0  +1°0 oul
. LO*TT  ¥6°6  29°g  ¥6°IT  T6'9 919 SI'L  E¥'6  29'9 ofaaz
2T'0  LT'0  2T°0  61°0 22’0  bg'0 120 900 92'0 01
26'0z 620z 80Tz €6°6T LE'6T S0°9T g6°PT €€70z  T2'61 toty
69°zb  T9'SY  9@°fy  ov b L6°Sh  €L°¥y 2SSk L6'2¥  99°LYy %o1¢
- G2-0  y2-0 650 6G=dK  S9-0  ¥€-D0  -gg-d  92-0 9e-dMN  (¥)INEu@1a

OYEAYD~FNIATIO
~dTOUIHANV-ANIXOURAIOHIYO '



N

*uognyd aesod jJunopw syl -

70 atun oxqqen-eToqTyduy 8Yy3 puB 3TUN 0IQqqBH-SUTATTO
~a7oqTyduy ayz Jo Ax3sTweyd juewafe adevIj pusv Jgolew 41 °1qel

- 13
1
¥i

. Cbt

&

£01
91
gt

(7

13

10°0
11°0

60°1

52 €1
20" €T
g1°0
89 €1
L1t

2y 9t
Lg oY

¥-Ly-0

dn
1
Lz
Ros
Z
1R
1
Ly
Ge
RLS

106°0
91'0
96°0
06'ET
1611
gito
1961
.91
G1°91
LE*6€

194N

96
1

-y

(A

vee

i1
197
Le
LGS

1070
t1to
AN
ISARY!
vgter
L1°o
LgteT

191

T19°6T
50" 0b

ce

12l

(4
Ge
fof
T
66
t1
LE
124
REY

600
S1°0
92°1
Letyt
b6°6
12°'0
gE VT
ge't
G LT
gg ov

¥=L6-D: @~LL-D
ougaEvO-aT0aIid Y

1

¢/H
G
cc

© 00f

¢o"C
2170
6T°1
65°€T
L0"6
61°'0
601
£9°1
The Lt
LL*CY
g-69-D

19
T
£
fot
T
oL
61
’ ot

-

o

TLE

$0'0
Lo
L9°0
61°6T
2601
20
GL° LT
vo° T
60" g1
$0°0Y

T€-du

L1
u/H
14
182
T
29
111
Gt
TL
LL

10°0
v0*0
‘26*0
IR
69°61
§1°'0
00°11T
11°0
L6 b1
b1 oV

V=6-0
oHuqve

u/t
2
a/M
10¢€
a/u
£g
g
41
9g
96¢

T0°0
Aehi¢]
90°1
AR 4
g0°01
02°0
0811
o't
G061
91" ¢k
-0

=dHIATTO-ITO8 1 Ed AV

Lfj
ait

A
an
aH
uz
i
ad
a0

A
Aa;nvezmemqu

5.2

0%a
0%y
oy
08D

i,
R

ouy;
totaaz
o1
oSty
%otg

0

3

(%) LNAETY

S



65

2Lt

100
go*o
gL*o
T
gt*6
ge*e
gL*eT
g6°0
stoe
S0° 1Y

g-g¥-2

t9
a/m
£
yiv-
<
99

Tyt

Te
1¢
6oe

20°0
i1°0
ve*e
12T
198
91*0
6L°6
€5°0
9L*02
ge ey
Gg~dH

S

5
ot
9ge

£9
¥e
9c
89
6ze

10°0
L0'0
1g*0
AN
1211
910
tEL'6
g9'0
Leto9t
96° Ly

L0

o1
14
o1
Lle
L
9L
9¢
ge
114
19

T0°0
t1'o
6L°0
gt 11
9V 1
€20
2¥rot
¥v°o
OL*91
|AANA

09-dH

. *uoyngd I8so0g unocy 8yjz Jo Jiun
e3jaoucaqqen-eToqiyduy 8yl Jo AI38STWAYD JUIWST? ©8O0BIF puB Jofej

~Mom o

L8 9
6

g - 9
T 22
(T 6€¢

T0'0 T0*0

L0'0 L0*0
vyee g6°1
T9°IT  LL*TT
6€°9 TL*L
L1°0 LT0
L¥*6 L6
96*0 18°'0

Z6°6T  LT°6T
cL'gt wvs'gl .
¥-£5-0 6b=0

00T

[}

10°0
Lo*o
68°0
ov*et
oy 1T
L1'0
oL"L
£z2*o
6681
a6°gh

99-0

sge

900
Lo*0
g2
tz'el
b9
L1°0
62°0T
Lo'1T
gL 6t
99" Ly

09-0

FLIUYONOHIVO-TT0d I HAIV

'

L1

gre

. £5
Th
Le
19
106

10°0
99°0
LL*O
go*zt
Le*2t
g1°0
ar*6
£2°0
¥1°gT

gy ok .

£e-0

2¢
T
¢l

e
¢
TO0T
L€
g2
6T
LbT

900
11°0
1A%
£9°TT
£g'6
¥e*o
pLe0T
ab "0
GL'ET
tgr oy

6L -0

‘S1'8TqQEg

k2111
aH
A
18
qy
uz
N
.00
L0
A

(wdd ) INanaT3

So¢a
0%y
0°eN
0ed
0pl
OuN
to%aas
3
tolty
Zote

(&) INarETd



66

suognTd I9804 JUNOK Y3 JO EFOO8Id
uo{ssnIguUT 8Yj JO syosnToUI Jyg
jo AijsTweyo juswa[s 20eIg pue Jofsy

cct
£

- ta

oot
e
601
6t
153
gt
£62

Lo
£1°0
(4
69°21
ge*9
oc*o
GG ET
1208"
veteT
VL tY
a-9%=D

vL
T
01
66t

g8
el
£z
92
Tie

06T
4
113
T6E

T0T
gt
9e
ge
64¢

-

60'0 12°0
(el g1°0
go*e 62't
£0'eT 19°11
pe'L  b2*9
220 ¢e'0
60°TT  GE°TT
06°0  66°0
219 evest
€6°9%  95°LY
60 { 6E-0

‘9T 8TaBl

Tl

* qH
) X
1

ay

uz

S 4

oD
I
A

d)ININETE

ofeN

ono

()|

oun
tolays

o11

€021y
%ot

() IHNATA

SHOISATINT



67

The LAT unit is characterized.by the highest alumina
-content of all the rock units. Cal0 and Sr is =also
high in concentration. Since this unit has been shown
to have the higheét plagioclase pontent of all the rock
units, the above chemical trends are not surprising. In.this
) qnit plagioclase separation from the magma controls the
chemistry. Cr content is high in this unit where it
enters spinel. ' "

The AOIN unit is gharacterized by the highest content
of Mg0 of all the units.a This, together with the
highest Ni contenﬁ of Mount Poser's rocks, signify
olivine'sepafatioﬁ from the melt as the controlling
factor of the chemistry. ; _

The AO1lG unit is characterized by high Tioz,lhigh
Fe203, YV, Co and Zn. These elements probably occur in
the abundant opaques in this unit. QaO is aléo high |
in this unit and is contained inlthe clinopyroxene.

The OAQLG unit cﬁntains a high concentration of
CaQ, where it has entered plagioclase and/or clino-
pyroxene, Cr content is™also high in these rocks where
it has entered the clinopyroxene.

The AGN is characterized by the highest Sr content
of qount Poser's rock units. This, together with high
Cal and'A1203 and a high concentration of plagioclase,
shows that the chemiétry’of this rock unit was contolled -

by plagioclase separation. In addition, orthopyroxene



W

‘in the plagioclase, ",
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and amphibole separation may account for 6thar-chemical~
characteristics, (i.e, Ca0 content. and Ba content
respectively). _ , .

The AG unit contains the highest Fe,05, Co and V
content of all the rock units, 2n is also high in
concentration. All four elements would be concentrated
in the opaque miferals, (which have the highest
concentration in this unit). .

The inclusions contain the highest Ba content
of all the rocks of Mount Poser. Ba, along with Sr,
(which is also high in these rocks}, wcéid be concentrated

-

The significance of the dyke units in the pluton
is difficult.to ascertain. Aside from certain field
i L
relations, (i.e. the darker foliated dykes post-date

the emplacement of the lighter non-foliated dykes, and

both sets of dykes post-date the emplacement of the

other rock units of the pluton), and previously mentioned
chemical trends, one other point may be made concerning
these dykes. Chemically they possess too low of a SiO2
content to be considered as chilled liquids of the
cumulate rocks,

An initial estimate of the water content of the
melt which differentiated to form the cumulates of )

Mount Poser can be made. The Mount Poser pluton was

‘emplaced into a deformed sequence of meta-sedimentary
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rocks, The lack of metamorphic featurés in Mount Poser
indicgtes that the emplacement of the gabbro post-

dates the main metamorphic episode. The metamqrphism of
the country rock; is due to the same thermgl event that
produced the Jurassic and Mesozoic plutons of the
Peninsular‘ﬁanges Batholith, (Gastil, 1975). This

implies that the Mount Poser gabbro was emplaced at a

L]
4

shallow (2 to 3kbar) crustal level. Berggreen and -
Walawender, (1977), suggest thaé the metamorphic N
paragenesis of the nearby Morina Reservoir roof pendént
occurred at 2 to 2.5kbar and 600°C. Using.the‘data of
Hamilton et al, (1964), a basaltic melt at 3kbars will
be saturated with about 6 wt% water. The presence of
olivine and plagioclase on the liquidus indicates

the magma is not water saturated; As an approximation,
therefore, the initial basaltic melt must have contained
lesas than 6 wf% water, but more than the minimum 2.8 wt%®
water necessary for the formation of amphibole, (Burnham,
1972). This presence of hornblende is importént since
most basaltic melts are dry, (less than 1 wt% water).

The occurrencf of hornblende.and the implication that can
be drawn from this presence has'been discussed by other
authors, (Bailey, 1958 and Joplin, 1958). Both authors
agree that the presence of hornblende implies the

preéence of abundant water in the magma,

Figures 8 through 11 show the elemental variation
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Figure 8. Plot of Ba/Sr against Sr (ppm)
for the lithologic units of the
Mount Poser pluton and the grani-- c
toids from the Peninsular.Ranges T
Batholith.
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within the réck unitslof Mount Poser. 1In addition,

the field of trace element variation for eight gabbro
plutons, (Walawender and others uppubliahed data),'énd
the data of Nockolds and Allen, 11953), for the granitic
components of the batholith are shown. These plotse

help to emphasize fhé trace element differences between
gabbroic and granitic rocks of the batholith, as well as

the differences between rock units of Mount Poser.
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PETROGENESIS
The spatial, gedchemical and petrographic charac-

teristics of the rocks of the Mount Poser pluton

indicate that it is part of the system of gabbroic plutoné

that occupy the western margin of the Peninsular Ranges

Batholith.

In deciding on a parental melt from which the rocks

~of Mount Poser formed, it must be noted that, since these

gabbros are of cumulate origin, the bulk chemical
compbsitionﬂcannot therefore represent the composition
of the liquids from which tHey crysfal}ize. Mineralogical
evidence must therefore be usedﬁgé\hélp decide on a -
parental melt. #
Several workers, (Walawender, 1976, Walawender;et'al,
1977 and 1979.,.and Wilssn. 1978), in studies of similar
neighboring plutons have suggested high-alumina basgalt

as the parent magma from which these plutons formed.

Other workers stud&ing plutan showing similar

‘mineralogy, textures, chemistry and rock types, in other

areas of the world, (Mullen and Bussell, 1977, on
intrusions in Mexico and Peru, Mgrfzman. 1978, on a study
from the Soﬁthern Cascades, California; Price and Sintoen,
1978, on a suite 6f granitolds and gabbros ffom Southland'
New Zealand), have also suggested high-alumina basalt .
differentiates from a calc:a}kaline magﬁa geries.

Lewis, (1969), studied éognatehgabbro blocks
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occurring in calc-alkaline basalts and andesites fﬁ%m the

Soufriere volcano, St. Vindent, West Indies. These'bloéks

have similar mineralogies and textures to the rocka of
Mount Poser, ahd-represent cumulates érjéialLiain%ﬂ.

undet high water vapour pressures ‘from fractionating

‘- basalt ma%ma. They are often adcumulates with poikf ¢ .

Cilitie émphibo}es enclosing other mineral phases.

The blocks cqntain interstitial scoria, which Lewis

maintains, represents the parental hagma from which

L the blocks orig}nate?? His arguments suﬁpqrting the

above are now presentad. *

- "There are several lines of ev1dence indicating that
the interstitial. scoria, in most cases, represents
‘the residual liquid and not materiml injected into
the blocks, either at depths or during the passage
of the blocks to the surface. Firstly, the

interstitial sooria is regularly distributed filling .

large and small cavities, and the crystals have the
appearance of being suspended in the scoria, thus
giving no indication that liquid has been forced
into the rocks. Secondly, if the scoria represents
material that has been injected into the blocks, ii’
must have occurred under conditions of perfect
equilibrium with the mineral phases present, othe(:
wise pronounced resorption or reaction would have
occurred. The majority of the blocks with and with-
out interstitial sc¥®ria show no signs of resorption
or reaction.
The suggestion that the interstitial scoria,
particularly the thin film separating the minerals,
" represents a melt which resulted from solution of
the minerals on release of pressure when the blocks
were ejected, or simply melting due to increase of

£

temperature at depth, can also be largely discounted.

If this were the case it would be difficult to
/ account for the larger patches of scoria which are
found together with the thin film separating the.
minerals. It would be expected that the film would
be wider at the ﬂunctlons between minerals of a

dlfferent type where the eutectic temperature wo
be lower, gan between minerals of thg same type?ld

&
»
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The composition of the interstltial scoria is that

of a basalt, and the compositions of the crystals

are those of unzoned high-temperature minerals. If

it may be assumed the composition of the interstitial = -
scoria represents the composition of ‘the almost gas-
free equivalent of the magma which was in equilibrium
with the crystals separating from it at depth, then
in some way crystallization has taken place under
constant conditions, so that the residual magma
among the crystals has remained constant'in comp-
osition. It is considered that this has taken place
through diffusion of components from the inter-
stitial liquid in .the crystal mush to the main
overlying magma body-and vise versa. (Lew1s. 1973, _
pPp.95-97).

Lewis has further shown that the chemistry of the

interstitial scoria closely resembles a high-alumina

basalt and maintains that these blocks indicate fract-

jionation of high-alumina basaltic melt to yield other
calc-alkaline rocks. Hewever, only basalt and andesite
are represented at Soufriere, dacite is not present.

The mineralogy present in these blocks is a high
temperature assemblage, (approx. 1000 C) Tschermakitic
amphibole is present The presence of abundant, very
caleic, (greater than Ango), plhgioclasenendlthe absence
of garnet ipdicates crystallizafion at less than 10kbars,
(Lewis, 1973). Although the metamorphic rocks of the Peninsular
Ranges Batho th are generally considered to have Tormed
at lower pres ure regimes than St. Vincent's blocks,\

@pprex, 2 te- .5kbars, Berggreen and Walawender, 1977);

Helz, (1973) has measured compositions of phases, olivine,

'augite, tschermakite and pargasite, crystallizing from

a basalt magma with falling temperatures, (down to 680Qc),

L&
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at PH o=3kbars. B ' o s.

' Other studies by Longshore, (1966); on the Virgin
Islands Batholith, and by Nishimori, (19?6).‘sn the
Peninsular Ranges Batholith, further support the chdlce
of high-alumina basalt as a parent magma for the
repective batholiths.

A comparison of Mount Poser's mineralogy with

mineralogies typical of high-alumina basalts, now follows.

The anorthite content of plagioclase .in Mount Poser's
rock units may be the key to magma parentageL Plagioclase
ranges in cdmpbsition from'An53 to'An96, (these values are
for the plagioclase occurrihg in the four main rock
units, LAT, AOLN, OAOLG, AGN). Plagioclase with an
anorthite content of greater than Ango is confined,
with rare exception, to three major associations;

1) phenocrysts and crystal ejectahin basalts and rarely

in andesites, from calc-alkaline suites, 2) basic and
ultrabasic rocks mainly occurring in calc-alkaline
suites, and i? metamorphosed calcareous‘sodiments,
(Lewis, 1969). Aside from the last occurrence, which
clearly does not apply to Mount Pbser, the presence of

plagioclase with an anorthite:content greater than An90
implies a calc-alkaline parentage.
.The presence of primary ampﬁibole in the rocks of
Mount Poser implies the presence of H O in the magma,
but it does not 1mply that the magma was water saturated.
Yoder, (1969). has shown, from synthetic systems, that
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calcic plsgidclase in cale-alkaline rock suites may

crystallize from a basalt or andesite magma under

~conditions of elevated water pressure, (PH 0=1 to 2kbars,
: 3 2 .

at 1000° to 1300°C).

To further support the choice of ealc-alkaline
parentage, Xuno, (195Q; 1966), has shown that the |
pigeonitic éliﬁopy;oxene series is an ihdicator'of

tholeiitic parentage, while hypersthenic orthOpyroxene

i, &
- series is an indicator of calc-alkaline parentage. :

-_Smith, (person. comm,), has shown that the ortho- -

.ﬁyfoieﬁe present in neighboring plutons is hypersthene

" and bronzite.

Other workers, (Nishlmorl, 1976, Smith, person.

comm. ), in studies of similar neighboring plutons,

" (Cuyamacsa, Guatay, Los Pinos, Target Range and Corte bladera),

" have shown that the amphibole present is of hornblende

to tschermakitic pargasite composition. If the
amphibole found at Mount Poser is of this compositional

range, {(as it seems from optlcal observations), it

;would be an indicator of calc—alkaline rock series

affinity, (Jakes and‘White. 1972, Alten, 1975, Nishimori,
1976). The clinopyfoxene compositions in these similar

plufons in the area of Mount Poser range in composition

'/from dibpsidic- augite to salite, (Smith, person. comm.).

Mount Pogser's clinopyroxene should show gimilar
. R

compositional ranges. Although salitic clinop&roxeﬂe +
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i1s particularly characteristic of hypabyssal rocks derived
from alkali basalt magmas, (Deer et al, 1963), salite
~also occurs in.calc-alkaline volcanic rocks, (Lewis,
1971), and in cognate gabbro blocks from the Soufriere
calc-alkaline sulte, (Lewis, 1973).

It has been shown fhat olivine was one of the
earliest minerq}s to cfystallize 15 the focks of Mount
Poger, -0livine, while not being a common liquidus
mineral in calc-alkaline andesite, is a common liquidus
phase in basalts and basaltic-andesites.

The parental magma chosen in consideration of the
above constraints is high-alumina basalt-basaltic

andesite differentiates from a calc~alkaline magma“éeries.

o



 DISCUSSTON

The various theories regarding thé'petrogenesis
of the Penipsulér Ranges Bathalith, will now be tested.

Larsen, (1948), has suggested that differentiation
from.a gabbroic melt produced the range-éf rock types
found within the Peninsular Ranges Batholith. Wilson,
(1978), has shown that this may be true for rocks
ﬁarying in composition from pyroxenite to Quartz
diorite in thé Corte Madera pluton, but it is
questionable that the granitic rocks within the batholith
could have been produced by further differentiation.
Figures 8 through 11 show a large compositional gap
between the tonalites reported by Nockolds et al, (195@9.
and the gabbroic rocks in relation to trace element |
content., . . .

To further test this theory, the Rayleigh-
Fractionation Lajy/{ﬁ;yleigh, 1896}, will be used to
derive the amount of melt that must crystallize to
explain the different trace element patterns within this
pluton. The Rayleigh Practionation Law has been used
gince the elements chosen to test the theory are RbD, Ba,
K and Sr, Thesge elements,'which Ringwood has called
incompatible elements, are né; readily accomodated by
any crysfalline phase, rather, they ﬁreferentially enter
‘the coexisting liquids. T |

Several assumptions must first be made. The

-

iy
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parental melt can berreprasented by a high alumina
basalt, (as supported by Lewis' interstitial scoria),
while a residual-melﬁ can be represented by a tonalite.
| Table 17 1ists values used in the following
:%iculations. |

The Rayleigh Fractionation Law iéprepreéenfed bys
7

c-
ce

s/m :
= p(Kg '1); where °

g

Ct=concentration of element e in the residual melt.
Cg=con¢entration of element e in the parental melt.

F= weigﬂt fraction of liquid remaining.

S/h-dlstrlbution coefficient of element e for a single
phase crystallizing from a melt.

Textural evidence shows that plagioclase was oh the
11quidué but near liquidus phases of olivine, ortho-
'perﬁfne and clinopyroxene were present. The toﬁalite is
enriched in Ba, Rb and K while Sr is depleied between
parental and residual melts. ?he element with the
‘largest distfibution coefficient for the observed
liquidus Sr near liquidus phases is Sr. Thls suggests
that. the depletion in Sr is due to -the separation éf one '
of the observed  liguidus or near liquidus phases. " Korringa
' and Noble, (19?1). state that the composition of plag-
ioclase controls the partition coefficient value for

-~ .‘

Sr between the plagioclase and the melt. The plagioclase

N
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Table 17. Values used in the:Rayleigh Fractionation
' Law, (Values reported are in ppm).

High Alumin31 Andesifez‘ "Average"3
Basalt . Tonalite
RDb 9.6 - 10,0 | 140.0
*Ba - 115.0 110.0 660.0
K 3300.0 - 13300.0 20000.0

Sr 330.0 385.0 . 215.0.,

Source  of data:

1) and 2) Taylor, S.R. 1969, B
3) Nockolds, S.R. et al 1953. Average of tonaliteg
numbers 7, 10, 11, 14, 19, 20, 22,
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in the gabbfo units of Mount Poser have a,K maximum
anorthite con&ehtxof Ang, and the corres-

pondlng value of K is 1.2, (Korrihga and Noble, 19713
Using this.value in the Rayleigh Fractlonation Law,

the separation of only plagioclase from the melt will

not alone accoun£‘for the distribution of Sr, Ba; K and

Rb between parenéal and residual melts.J This implies
“thet at least one other phase has separated out with the

. plagioclaee. \%extural evidence shows that olivine dis-

- sappears followed by clinopyroxene , then orthopyroxene,
21l have similar distributions coefficients. Olivine

.has the loweEt reported distribution coefficients among
the liquidus or near liquidus phases for each of- the above
elements, (Phllpotts and Schnetzler, 19?2), and will be
used as a representative of the other phase.- The Rayleigh
Fractionétion Law chenges when two phases separate from |

a parental melt, and takes the following form, (after

Gast, 1968):
1 &
c pl/m 0ly/m
-2 _ plkg (Z2) + K, (1 Z))-1 . yhere
c -
e -
pl/m _ s .. . . :
Ke =the distribution coefficient of element e between
plagioclase and’ the melt. -
Kgl/m =the distribution coefficient of. element e between
olivine and the melt,
Z  =the weight,fraction of plagioclase separated
' from the melt, _ }
1-2  =the weight fraction of olivine separated from

the melt. . '
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To account for thé differences between the parentél
and residual melt by crystaiiization differentiation.'
the abo%e rélationship in terms of plagioclase and._
olivine separation should!génerate a soluéion that is
consistent and realistic for each of the four elements
examined. This solution can be obtained graphically by
1etting‘z vary from 0 to 1 for each element and then

calculating F, The weight percent plagioclase and olivine

separated is equal to 100(1-F){(1-2) and 100(1-F)Z
regspectively, gnd is plotted graphically for each

el ement, (Fig. 12). The intersections of Ba, K, Rb and
the X and Y axes yields the minimum proportions of
plagioclase,-(kn93), and olivine separated that will
account for the opserved trace element patterns of a

differentiating high alumina basalt whose residual

phase is a tonalite. These separations of plagioclase and

olivine range from 83 to 93% and 85 to 95% respectively,
depending on the element considered. Plots of plag-
| ioclase against 6fthopyroxene or clinopyfoxene would
closely resemble Figure 12 because their partition
coefficients are very similar to olivine's for each
element. The weight percent of orthopyroxene and clino-
pyroxene separétion was calculated and the values show
the same ranges as derived for plag;oclasé and olivine.
This suggests that orthopyroxéne or cliﬁqpyroxé;e éan

replace olivine as the second phase and therefore they

:



s

85

100

80
*y
3
(1§]
Z
> -l
o
o

40~

20- | .

Sr Ba Rb K
' 20 40 ) 60 j 80

PLAGIOCLASE {wt. %)

Figure 12. Phase separation curves for Sr, Ba, Rb and K.
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can be‘used to explain the trace eleﬁent differences in _
rocks_lacking olivine. Assuming that 88% of the melt must
crystallize to explain the trace elemnt differences be-
tween the two units, then this crystalline mass mould
be composed of 4% plagioclase and 84% olivine, (orthopyr-
oxene or élinopyroxene). This calculated crystallization
-differentiation of 4% plagioclase and 84% olivine,
(orthopjroxene or clinopyroxene}, is not shpported by f_
:modal mineralogy of the rocks.at Mdunt Poger, It appéaré
highly unlikely that crystallization of the remaining
parental melt, (12%), could explain the trace element
concentration between these two units, (tonalites and
gabbros). Also, crystallization.of the remaining melt
could not have;produced the vast quantity of tonalite,
(50%), and granodiorite (34%), (Larsen, 1948), found with-
in this geologic province. Theseﬁvalues imply a vast
mafic residue should be present beneatﬁ the granitoids
which is not suppdrted byAgeophysical evidence. There-
fore Larsen's proposal to explain the variation in the
rock types within the Peninsular Ranges Batholith is
invalid because of the evidence presented.

TAlbarede, (1977) in hie study suggests that a tonalite
parental magma differentiated to form the batholith in .
which the gabbro was a cumulative phase and the grénodir-
ite was dervied from aﬂresidual magma, The liquidus

minerals at pressures less than 5 kbars for a tonalite melt

L7

v -
Al
X

-

i

e
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are, plagioclase, hornblende and biotlte, (Piwinskii and
Wyllie, 1968). This- suggesta that the gabbros of the,
Peninsular Ranges Batholith which are cumulates composed .
of plagidclase‘pyroxene and olivine, could not be cumulate
phases of a tonalite magma. However, the fonalite magma
could dirferentiate to produce the associated granodiori?e.
bodies, “ ‘. ‘

Further, Walawender, (1976), in his study of a -
neighboring pluton; Los finos. has identified dyke rocks
which represent quenched liguids. These dyke rpcké are of
gabbroic composition. A tonalite could not possibly
fractionate from such.é parental liquid. Therefore
Albarede;s proposal to explain the variation in the rock
types within~the Peninsular Ranges Batholith is inwvalid
~ because of -the evidence presented.

Several workers, (Waléwender. 1976, Walawender,
Hoppler, Smith and Riddle, 1979 and Wilson. 19?8). have
suggested that the gabbroic rocks of/%he Peninsular Ranges
Batholith are not cogenetic with thé\granitoid rocks., In
order to test this theory, simllar calculations using the
modlfled Rayleigh Fractionation Law (after Gast 1968)
will be used with a. high alumina basalt as the parental
b melt, whlle a residual melt, (following the differentiation
’path), could possibly be an andesite, (Table 17), as
suggested by Lewis, (1973). 1In this'case 67% of the magma.

must crystallize to explain the trace element differences
* N .&)

. : i
N 1]
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between andesite and high alumina basalt. Thi.é s.;.rystall- '
ine maés would be compoSedvof 22%lplagiociaseﬂhnd 45%
olivine, (or;hopyroxene or clinopyroxene): _
Although. some gabbroic plutons within tﬂe Peninsular
Ranges Batholith show sub-volcanic features. (ex. comb
layering at Los Pinos), it is prOposed‘that an andesitid-
residual melt is never fﬁlly attained in the peninsular

Ranges Batholith. : *



CONCLUSTONS
1) The Mount Poser pluton has forméd from multiple
intrusions, . ' S P

: ~—
2) The mineralogical and petrological characteristics
sﬁggest the rock units have formed by crystal settling of
an earlier cumulate phase followed by iatér crygtall-
ization of the residual interstitial melt, N
3) The mineralogy and chemistry suggest a parenfal melt
of high alumina basalt - basaltic andesite. This parehtal
melt is of calc - alkaline affinity. It appears that
other such bod%ifjwithin the Peninsular Ranges Batholi#ﬂ
2described by Ldrsén and others owe their origin to the same
process., j . .2 '
4) The trace element chemistry suggests that the\genesis
of tonalites-énd granodiorites within this batholith is
nqﬁfzgl?ted to the parental high alumina basalt - basaltic -

ahdesite melt, but formed by some other process, possibly

a later melt of granitic comppsition.



APPENDIX A

. The rock'powder pellets are. 32 mm in size and were
prepared in the following manner: _
1) Weigh out'approximately'z.ﬁ grams of -200 mesh''rock
powder in a plastic vial, add 4 drops of 2% polyvinyl
alcohol and mix thoroughly.
2) ~Assemble 32 mm die with aluminium sleeve. Place the
rock powder in the die and form a-disk by counterrotaxlon
of the perspex plunger and alumium sleeve.

3) Remove the plunger and sleeve and add about 4 grams
of boric acid backing. '

4) Assemble the rest of the die and press for 15 sec, at
: g)togiéassemble die and place pellets out to dry.

The use of rock powder pellets in major- element
determination_causes slight errors due to grain size 'and
mineralogicél effects. The grain size effects .occur in
samples with an uneven grain size distribution- which results
in fewer larger grains at the surface of the pellet. The
larger grains are usually.the harﬁer minerals while the
finer grains are fhe sof ter minérals. This decrease in
large grains means that some harder minerals will be‘abséht
and ‘therefore a true representative analysis of the sample
will not be obtained. Grain size-effects can be considered
minimal in thése gamples due to the care.taken during.
thé.grin@ing process,

.The‘mine;alogical effect is also known as the biotite
effect; The large platy minerals such as biotite when
pressed will be aligned in a horizontal poéition and

therefore occupy a lérger surface area than non-platy

minerals. The larger surface area causes larger intensities
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of radiation to be ‘emitted for certain majof eiements re-
sulting in higher concentration values of these elements.
The mineralogical effects can be disregarded in this‘ah- |

alysis because the Mount Poser Pluton rocks do not contain

any biotite.
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PHOTOGRAPHIC PLATES



Plate A

Photo 1 - View of South slope of Mount Poser, lookihg
. East. _

Photo 2 - View of North slope of Mount Poser looking
West. Note the numerous land slips.

v
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Plate B -

.Photo 1 - LAT unit with large (1-3 cm) poikilitic horn-

blende. Unit conslists of red, weathered olivine
and light coloured plaglioclase.

Photo 2 = LAT unit with late stage flbrous amphibole
which have developed along joirit planes. Note -
the bimineralic mafic assemblage of olivine
with amphibole rims.
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Plate C

Photo 1 - AG dykes in AGN, Note rectilinear pattern of
dykes, . '

Photo 2 - AQ1G dyke penetrated by stringers of AGN.






Plate D

Photo 1 - Intrusion breccia. Inclusions of fine gralned
plagioclase, clinopyroxene, opaques and amphi-
bole in a ground mass of AGN. .

Photo 2 - Close up of inclusion in the Intrusiqncziaccia.

!
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Plate E

Photo 1 -" Typical OA01G. Unit consists mainly of plagio-
clagse and olivine, with minor amounts of clino-
pyroxene, amphibole and opaques.

Photo 2 - Large scale mineralogical banding in a mafic
member of the LAT.






" Plate F

Photo 1- Weathering of plagioclase from the LAT unit

leaving a sponge - like texture. Dark mafic
clots consist of olivine and amphlbole.

Phofb*z - Pegmatitic patch of . amphibole and plagioclaae
, . in AOQOIN,

.
-
-

"
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Plate G

Photo 1 -~ Mafic lens in AOLN., Note rim of plagioclase
immediately adjacent to lens. :

Photo 2 - Leucocratic lens in AOLN,’






.
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Plate H

Photo 1 - Slumping feature in AGN.composed of a mafic
band of olivine and amphibole followed by
progressively more lencocratic bands.,

Photo 2 - Slumping feature in AGN. -






Plate
Photo

Photo

Photo

Photo

Plane polarized light. OAClG unit. Olivine
with amphibole rim in centre with a "Sieved”
clinpyroxene to the right of centre. Plagio-
clase making up the remainder. Magnification
X 50, Sample §C-3b. -

grossed polarized light. Same .photograph as
1. :

Plane polarized light. OAO0lG unit. Olivine
and plagioclase grains. Poikilitic . amphibole
in upper left. Magnification X 50. Sample
#MP- 59, )

Crossed polarized light. Same photograph as

#3.
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~Plate J

Photo 1

Photo 2

Photo 3.

Photo 4

Plane polarized light. LAT unit, Embayed
olivine grains, showing reaction corcona between
olivine and adjacent plagioclase. ,Corona
agsemblage consists of olivine + amphibole +
{spinel + amphibole) + plagioclase. Magnifi-

cation X 50. Sample #MP-18.

Crossed polafized light. Same photograph as

Plane polarized light. LAT unit, Similar
hoto to #1. Magnification X 50. Sample
M.P-IBI ' )

%rossed polarized light. Same photograph as
3. :

e






Plate

K

Photo 1 - Plane polarized light. LAT unit. Olivine with

Photo

Photo

reaction corona between itself and adjacent "
plagioclase. Corona assemblage consists of
olivine + orthopyroxene + amphibole * (spinel
+ amphibole) + plagioclase, Magnification

X 50. Sample #MP-18,

2 - Crossed polarized light. IAT unit. View of

reaction Corona between olivine and adjacent
plagioclase. Corona assemblage consists of
olivine + orthopyroxene + plagioclase, Magni~
fication X 150, Sample #C-36.

3 & 4 - Plane polarized light. IAT unit. Similar

hoto%raphs to #1. Magnification X 150. Sample
!{P-i ] "






Plate L
Photo 1 -

_Pho%o 2 -

Photo 3 -

75% ioclase. Magnification X 50. Sample

s - L4

[

Crossed polarized light. AO1N unit. Olivine
with interstitial amphlbole. Magnification
X 50. Sample #MP-22, '

Plane polarized light. AOLN unit. Olivine,”

interstitial amphibole and large grain of spinel ~
(dark grey). Magnification X 50. Sample #C-~16.
= 2

Plane polarized light. AGN unit. Orthopyrox-
ene crystals in the centre, with opagues and

.Lm

Photo 4 - Crossed polarized light. - Same bhotograph as

#3.







Plate
Photo

Photo
.‘C '

Photo

Photo
3

Plane polarized light. AOlG unit. Olivine,
light grey, amphibole dark grey, opaques and
;éaﬁioclase, white. Magnification X 50, Sample

gfosaed polarized light. 'Same photograph as
1. . . : ,
Plane polarized light. AG unit. Amphibole,
opaques and plagioclase. Magnification X 50.
Sample #C-57-4. -

;rossed polarized light. Same photograph as
3. - _

“«t

r






Plate N_

Photo 1 - Plane polarized light. 1Inclusions from intru-
sion breccia. Clinopyroxene, opaques and
lagioclase. Magnification X 50, Sample
-39. :

Photo 2 =~ grossed polarized light. Same photograph as
1.

<
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