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Introduction

The west coast of Mount Desert Island, Maine contains the hybridized, layered gabbro-diorite units found in
the Cadillac Mountain intrusive complex. My field area was a 150 m long siretch of excellent cutcrop on the
southwestern coast of Stewart Head (see Wiebe, this volume). The outcrops display the interlayered macrorhythmic
units of silicic, gabbroic, and heterogeneons intermediate rocks which resulted from the repeated injection of basaltic
magma into the Cadillac Mountain granite (CMG). While the CMG was crystallizing within the magma chamber,
basaltic magma intruded and spread laterally across the chamber floor, ponding in topographic lows over the newly
formed silicic crystalline mush and displacing upward less crystalline silicic magma (Wiebe and Chapman, 1993), I
will refer to the process of displacing less crystalline magma as filter pressing. This process results in two types of
fine-grained granitic rocks: crystal-rich rocks, which will be referred to as compaction comulates, and fluid-rich rocks,
which rose diapirically during the filter pressing.

The goals of this project are to evaluate the hypothesis that the basaltic magma injected the granitic magma
chamber, and to determine the crystalline state of the granite into which the magma was intruded. For these
purposes, field relations proved to be invaluable. My field area followed the strike of two macrorhythmic units so I
was able to follow these units laterally as well as vertically. Petrographic and chemical data were also obtained to
establish mixing relationships between the gabbroic and granitic rocks. From these data, ] was able to constrain the
crystallizing history of the gabbro-diorites.

Field Relations

Both of the macrorhythmic units within my field area consist of multiple gabbroic injections at the lowest
stratigraphic levels (Fig. 1). The boundaries between felsic and mafic material commonly are defined by chilled
margins up to 5 cm in width within the gabbro. The grain size, especially for plagioclase, increases in the gabbro
with distance from the chill; from 0.2-0.5 mm at the chill up to 0.5-1.0 min at the center of the intrusion. Between
the chilled injections are pockets and lenses of fine grained, felsic rock up to 5 cm thick. Locally, this felsic magma
appears to have segregated into two parts: the compaction cumulates, which remained trapped between the gabbroic
layers, and the fluid-rich rocks which rose diapirically into and around the gabbro (Fig. 2a).

In sharp contact above the gabbro is an intermediate rock type. This layer has a maximum thickness of 12
cm, and everywhere lies between the gabbro and the granite. Above the intermediate rock is medium grained granitic
rock, typically a homogeneous, biotite granite. The most silicic, medium grained layers in the gabbro-diorite unit
closely resemble the CMG (Wiebe and Chapman, 1993). Within the granite are lenses of finer grained felsic rock
which appear to have been a late stage fluid, concentrated and mobilized within the main body of granite (Fig. 2b).
Some of these lenses contain small enclaves of mafic material plucked from the gabbroic chill below.

Other indications of late stage fluid movement are apparent in the granitic material in outcrop, Thick
gabbroic layers generally display prominent load-cast structures that project downward into underlying silicic layers
(Fig. 2¢). Granitic material immediately beneath these load-cast structures typically shows a strong foliation in
outcrop. Small diapiric masses of fluid-rich felsic rock extend upward from the compaction cumulates trapped
beneath the mafic load-casts.

Evidence that mafic magma was injected into the silicic chamber is provided by a mafic feeder dike that
cross-cuts lower mafic layers and connects to partly brecciated chilled mafic lobes in an overlying silicic mush (Fig,
2d). These lobes will be referred to as “ghost lobes™. Flow foliation in the felsic matrix around these mafic lobes is
evident in outcrop.

Petrographic Data

I examined 26 thin sections of representative samples from the three main rock-types in my area. These thin
sections include 9 gabbroic, 3 intermediate and 14 granitic rocks. The gabbros are fine grained rocks, 0.5-1.0 mm,
composed mainly of enhedral plagioclase laths (20-55%), hornblende (20-60%), and biotite (5-30%). The chilled
margins have diabasic texture while the dike shows lineation of plagioclase as a result of flow folistion.

The intermediate rocks are medium grained, 1.0-3.0 mm, granodiorites with plagioclase being the most
common mineral (35-45%) followed by biotite (10-30%), potassium feldspar (15-20%) and inierstitial quartz (15-
20%). Only one sample, taken from the side of the “ghost lobe™ resulting from the brecciated dike, contained lineated
plagioclase laths (Fig. 2d).
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The granitic rocks can be divided into coarse grained and fine grained varieties. The six coarse grained
granitic samples, representing members of the CMG, have a grain size of 2.0-5.0 mm and contain plagioclase (25-
40%) with some crystals displaying antiperthitic textures, potassium feldspar including both orthoclase and
microcline (15-40%), quartz {15-30%), and mafic minerals including biotite and hornblende (12%).

The fine grained granitic rocks have similar mineralogies to the coarse grained rocks but the modal
percentages vary. These rocks are comprised of crystals averaging from 1.0-3.0 mm in length. Plagioclase (35-45%)
crystals in three of the thin sections display myrmekitic texture commonly on the boundary shared with other
feldspars. Potassium feldspar (10-40%) crystals, principally orthoclase with lesser amounts of microcling, commonly
are anhedral, Quartz (20-30%) is typically anhedral and interstitial. Mafic minerals are mainly biotite (3-20%) and
minor amounts of highly altered relict hornblende.

One sample of quartz monzonite, the compaction cumulate rock, was compared with a fluid-rich biotite
granite for evidence of filter pressing (Samples from Fig. 2¢). The fluid-rich rock contains coarser quartz (1.0-2.0
mm as compared to 0.5-1.0 min) and potassium feldspar (1.5-2.0 mm vs. 0.5-1.0 mim), a lower percentage of
plagioclase (32% vs. 50%), and myrmekitic texture. This texture does not appear at all in the crystal-rich thin
section. The fluid-rich rock also exhibits flow foliation as seen in the lineation of biotite crystals and plagioclase
laths.

Geochemical Data

Twenty one samples were analyzed using X-ray fluorescence (XRF) at Carleton College and inductively
coupled plasma techniques (ICP) at Franklin and Marshall College in Lancaster, Pennsylvania. The gabbroic rocks
are tholeiitic (Fig. 3). Both the dike and the gabbroic intrusions are tholeiitic, but the dike is from a more primitive
source (Fig. 4). The dike on average contains 3% more S$i02, 4% less Fe203, and 1% less TiO2 than the gabbroic
intrusions. The coarse grained granitic rocks are more iron-rich than the fine grained granites (Fig. 4). The fine
grained granites on average contain 6% more 8i02, 2% less Fe203, and 4% more Al203 than the coarse grained
granites, indicating that these rocks are more highly evolved, late-stage crystallization products. Both the Harker and
AFM diagrams support the theory of the intermediate, granodioritic rocks resulting from mixing between the
gabbroic and granitic rocks.

Discussion

Field, petrographic and chemical data provide evidence for the interpretation of the relationship between the
gabbroic dike and the gabbroic layers observed in my section. The similar texture and chemistry of the dike and
gabbroic layers indicate a genetic relationship. The formation of the “ghost lobes” just above the dike can be
explained by a pulse of (he gabbro stemming from the dike and intruding the felsic crystalline mush, forming
pillows which subsequently failed brittlely and scparated (Mattson, 1986). The cracks between the angular chunks of
brecciated mafic material were then filled in with the partially crystalline felsic matrix, resulting in the flow foliation
observed at the outcrop and in thin section.

The evidence for filter pressing and fluid movement is especially evident from field relations and thin
section petrography. The geochemical data are consistent with filter pressing and support the theory, bat do not
prove it. The lineation of biotite and plagioclase coupled with the growth of myrmekite in the fine-grained felsic
rocks indicate flow due to filter pressing. Hibbard (1987) has shown that the growth of myrmekite in two feldspar
granitic systems with at least 10% intercrystalline fiuid is the product of hydrous magma crystallization rather than
subsolidus processes. Hibbard (1987) also indicates that the CMG must have contained less than 30% melt in order
for the strain to resuit in flow foliation.

Summary
The field, petrographic and geochemical data lead to the following conclusions:
1) The dike, of more primitive chemistry than the gabbroic intrusions, was injected later than other gabbroic layers
in my section, yet before the CMG finished crystallizing.
2) The granitic material can be divided into coarse and fine grained types. The coarse grained granites represent the
CMG as seen in other areas on the island. The fine grained granites represent a later-stage, fluid-rich end member of
the CMG and can be divided into two types due to filter pressing: compaction cumulates, the crystal-rich remnants of
filter pressing, and the fluid-rich rocks which rose diapirically into and around the gabbroic rocks. The fluid-rich
rocks contain myrmekite indicating high concentrations of fluid due to filter pressing.
3) The textures observed in the felsic rocks indicate that the granite must have contained between 10-30% melt.
4) Thick gabbroic intrusions display load-cast structures which extend down into the felsic layers. Flow foliation is
observed in the felsic material beneath these “load casts”.
5) The chemistry of the intermediate, granodioritic rocks indicates that they are the resultant of magma mixing
between the granitic and gabbroic rocks.

46




67V-1v d “ssepy Is1otpuy “ssepy Jo cAtup) “Soern) pie o Jo deg] L9 ‘ON

qume) sp2 “ 't ‘wingdeyy pue "1 *ASusyy) ‘Y S0 OISO $66] SOTRIS PRITUY) NINSESHON I0] Yoogapme) dii] PIAL] ssIeqUIRD euIfeu OToNIs
Pal00]j OjuI SUCISIFUL DM)[EsEq FUWR [2ISLOD JO SUOISTNUT JjiioIp-01qqed parsde] ‘g661 ‘eysmepy ‘wewdeyy pue 'V 1100y ‘2GaTM

*€7Z-161 'd ‘g7 “loa PRFSTY [CUIBIGSTy PUE ASO[OUES[OA, JO [eUIiST ‘emBem patynens/souoz

30§ J0UIPIAD IPUR[ID] ‘UIOYHUSNY PUR WIOYNNSD A 18 s9xs[dwios orfeni-omotis o) Jo ANSRUSYIONSJ ‘0861 “¥ UBADIS ‘DOSULIA

“1195-tFS d ‘56 'foa ‘KIO[OIy JO [FUIMG] ‘suonearjduss
DIWON] 22k puE sass1oud onpaeid sureysds muew pozijesii Ajetedidoout Jo UOTIEWIOF(T *£.861 [ [SVUMNN ‘PIeqqTf]
SIIUIIIJOY
‘uoIsSLAUL

ozged v noap pamuonyes] B2AR] qop-audxohd pav sutar[o wE siamp agh vrq 2anmuod
wrow se siofd e ajdures 2ougqed suo o g, “sepdwies e Jo weneip KLIY i 2amdiL]

OfH OZX + OZeN

£ dosoingy motaq 5ap 7 dosolng

Jo— PRIH Wemdg U0 SjUm STANLAIoEOTUT Om)

%«. Jo mrun(od owydeadnens 11 am3iy
lx- 1epeyuw opjuwd jo w g7 PEawu oyruead jo wigy
o
» ca" £ domng . T doring
Qw
0070
EpNEU Sntop P euaxedd pum suwo
08ARIUS MU 1M, 1210
A9AE; I{0) PHEEIT | L, ze
i Heid yusiedde amy
I Dew ARA
enduss OO X
AWl poudd M0 m
Eell] Jusuiwerd
ol pauml My © axow Bupnonaq -Oeld
LM @SEQ W) UonEpeIR
vodwes ap -
andwes qogqed o e
sjpoip
[eLRlEW Il
MM o) peujis suy
Epeiew ofsues aind
9P oM S PIRY SUEA-0[Ed ot ut siod wmp 9jdures oosqqed suo 2y L, PuIEE-OTED PuB Syl
SNPAOY) DR PAPIAID 5T Py 21, ‘seqdies 178 Jo wesBem QTS0 'SA TOIS 1E AnBL]
WP Wa)) £xunya
(%) s Hoiqqedjsoutpue
of oL os o5 or 20qqed jo vorsnpu)
T T Q W puew agjuesd
-4
SunpEn-opay 1: »hel polg>
qe
-
dr 2
onperouL ls =
o ;i .
[ Rfe PR Here
L 49
v w v
Az
opausmop w3
v
Mﬂxﬁ T de SUIRIA ‘DURS] 11953(¢] 1UNOA ‘PeaH] Memals uo
L}
o sjiun ounAgroloe auopaiqqesd oal jo umnjod syderSneng

oBWL09d "SA ZOIS

47



“(BOTEOf MOYJ FURTHPLL SO Yiim TR NIYM)
AOO0I AS]IJ POUTRIT Quif JO SUS[ B PUB *(SIF50UD)
A o Junuosasdar Mpuedd patrea’ sereeo
‘(sausep anbrqo) AUCIP (SI0p PAIENENDUCT)
wrdrew pOYIYY Qs (Nop} GIQQED) "SI 001
NUEIP-014qud 9 JO MOjA 95010 1GT oML

iy
L

“$3501 DIJLAL PALIOIIN, ‘PO TURKAEILOD XUIEUL SDHOI 4 PUROIE UCNIEN0]
Funeorpur $2H M TS 1addn o) w st ,2q0[ 150Y38,, oy ], “(urdse AR Junowuap
$10D PARININOD NI PANOP) 03qYUT Pue (SHYSHIS onbiqo) MuOIp A URMOpUN pUE
{uonetof Mo Tunuapar $M0LIE 1[1IM B8 QM) HH0I O1812] poutad Suly Ynm poalur " N
st ($055012) oyl poura® asIve) “gg “§1.1 1 dosmno owes 31 JO MIA AT gt - x

‘[FUABL DIST3] JO UOHOONT MO POIDINNT SMOGHY *(SUTTITus pa[pg
dunouap $10p Jo SUOTEATIOU0D ISYTN] MM TITR DOROP) 201 01039983
AQ POPUROLINS (T2IT A1) YOI DISIE] YoL-pmp) ‘pautead sulp jo adeig; vz 2mblg

wy OY —_—

R

“(sos50.) Pnresd pourud aswod

JO SIJTI 0M3 DIT SRR BoNIRdwod
ot urr Ay mopiid a1oaqqed mp moleq
POIEIO] I8 SEENUTD uondedwod

U 9 “SHIOI DIS[D) poureId

Qugy 9 JO 57049] Joddn g uroxy

241 $Y00T [OB-PINL] ICHBIOF

O[] DIRDI[RIT SMOITY (20 SHM)
[BLmEW JS1A} Pourvad oty oy Furuls
(suraw poar[gd Sunousp stop Jo
SUONERUINGD JoUTHy QM CIrE PNOp)
moid 2101948 oLy 10T ST

48



