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Geology of the Bungalow Pluton, Clearwater County, ldaho

Abstract
l he Bung.rlo$ granite plulon i\ onc ol scrcral relativel! unstudiecl Eocene age (I7 5I M,l) plutons locatcd rvrthin llrc Cleanvater
igneous pro\ince of rol|h.rl1 ktaho. This province lie\ rldrg the Kelly Forks lirulr a major norlh$est lrending srjke slip slruc
ture thar separrres thc Crclaccous age (60'90 N{a) Idaho batholith liom Protcrcroic (1150 l:100 Ma) nreta'norphic rock\. This
\tudl used leologic mapping. logeiher with $ln)le rock geochemical analyscs and petrographic thin section obsen'ations. to
documenr fie intemal clcnrical. petrographic .rnd structural chracleinic! of thc pluton and to reconstruct the crlslallization
behrviof nd node oi emphccmcnt. 1he plulon forms .r 225 kmr bI 1600 n c),posurc of granite with steep. unaltered and
undeformed mafgins rnd r well deiincd ncgBljvc gravity anomaly. The rvesl halfofthe plulon has an uppcr surlacc ofporphyritic
gra.irc. lhe lafge Ntr\'-trendmg Kell) Fork\ laLrlt and 3 N S striking nofnral faults cut the plulor. These ncw obscrvalions.
inrrprcred in contert of frevrous linited r.rdionclic agc datirg and srructuml analysis of tbe Kell) Forks iitult. suggcs( |hrt thc
plulon js an isolated borlt passi\,ely emplaced along a slrike slip lectonic \etting which $as acti\e durirg the Palcogcnc. Thi\
sctting contrasts r\ i$ the norfieast rrcnding nom)al faults associated wi$ Eocene igneous prolinces ildjaccnl to thc southcrn parl
(rf the ldaho brtholith. The pluron i! composcd of a suiie of texnually dilerse (fhe grained to polphrntic). yct rcmarknbl\,
ho'nogeneous high-\ilica 175 77 wl '/. SiO.). meraluminous, biolite gfanite. The prelerenlial occurrcncc ofporph!ritic lexirres
and h_vdrous lllinerrls near the edges ol fic pluton suggest that the plukrn cryst.rllized liom lhe margins in$ard with no signiiicant
djffcrenriaiion. In rddition. the pluton \'as inrudcd by minor occurrences ofrh]olite porph],ry dikes. quanz syenirc. lamprophyrc
dikcs and has subsequentl,,''. undergone liniled, pon magnlatic h)_drothermal alteratidr.

lntroduction

Ongoing geologic studics trdjacent to the Creta-
ccous ldaho batholith located in northcrn and
central Idaho have documcntcd numetous Eocene
intrusive and volcanic provinces (Lewis et a].,
1992t .  1992b;  Lewis  and K i i l sgrard ,  1991:
Reyno lds ,  1991;  Lewis ,  1990;  Motzer .  1985:
Sirnpson. 1985; Bennett and Knowles. 19133;
Hardyman, l98l; Nold. J968: Hietanen. l963).
Thesc provinces have been interpreted by most
ptcr iou. re.earcher. Irr r( frL \cnl po.t orogenic
igneous activity following the subduction-reJated
gencration ofthe Idaho batholith. Many ofthcsc
Eocene plutons have been mapped and sampled
on reconnaissance scale. but l i tt le has been done
to document in detajl their internal petrographic
and geochemical variabil ity of to establish the
stluctwal contols on emplacenrent and post nlag
matic defbrmation.

This paper presents new ficlcl and geochemi
cal infbrmation to document the interl]al petro-
logic and structural character of the Bun-qalow
pluton, one ofaseries ofchcnically diverse Eocene
intrusions and volcanic centers thrt makc up the
Clearwater igncous province of nofihern Idaho.
Thc data suggest that this high-sil icr pluton is
surprisingly homogeneous rnd dcvcloped by in
wi:Lrd crystall ization. The pluton has also been
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intruded by later dikes and undergone late stage
hydrothcmral alteration resulting in mineral as-
semblages and geochemical anomalies not ob-
served in other Eocene plutons sunounding the
Idaho batholith. Structural observations indicate
that igneous activity asso0iated with the Clearwatcr
igneous province, and the Bungalow pluton in
particular, is closely confined to a north$,est-trend-
ing strike-slip fault systen that was active dllr-
ing the Paleogene (Ewing, 1980). This tectonic
setting is in contrast to nofiheast-trending exten
sional faults associated with Eocene igneous prov-
inces adjacent to the Atlanta lobe of the ldaho
bathdith (Bennett. 1986: Motzer. 1985).

Field Relations

Geo log ic  Set t  ng

The Bungalow pluton intrudes the northern mar-
gin of the Bitterreot lobe of the ldaho batholith
and Protsrozoic metasedinents of the Belt Su
pergroup (Fig. l). It is dissected by the North Fork
of the Clearwater Rivcr. providing 1600 m of
vertical exposure. The pluton lies adjacent to and
is partly cut by the Kelly Fo|ks fault, one of sev
eral large northwest trending tault zones that
ffansect northern Idaho. The tirult tirrms a knr-
rvide zone ofdefonnation that separates the older
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i-sncous ancl metanorphic countr-v- rocks. An ar-
ra,v ofEocene plutons thal compose the Clearwater
igncous pror,ince have intruded along thc tirull
zone (Fig. l). Childs ( 1983) has pror,ided evidence
thal altemating episodes of k i lomctcr-scalc right
and lelt-latelal strikc-slip morement have occuued
along the f'ault during the Paleogene. Horvever'.
offscl oi the Bungalo\\' pluton by the Kclly Forks
iu r r i t  i .  rn i I in r r l .  r r i th  l r te ' t  n r r " .c r l cn l  con . i . l
ing ol right-lalcral oblique slip mor,ement. North
of the Kelly Forks tault. Belt Supergroup
mclascdimeDts are complexly folded and thrust
faulted. South ofthe tirult. largc cxpanses ofCre
tlceous tonali lc and granodiorite. together with
lesscr anrounN of Precambdlrn metamo phic rock,
are exposed. A series of steep-clipping. northeast
trending f 'aults cut the plutol 'r ic rocks and trun-
cale the southeast end of the Kelly Forks fault.
OtherEoccnc plulous located within the Clearwater
igneous province and along thc northwest trend
ofthe Kelly Forks f 'ault include the BeaverCreek
stock. thc Horscshoe Lake pluton. the [-olo Hot
Springs pluton, and numelous unnamcd bodies
of syenite (Fig. 1: Lewis ct a1.. 1992a). Rhyolite
dikcs are generally abundant throughout thc
Clear$ atel igneous province and intmde all the
plulons (Le\\"is et al.. 1992a).

PotassiunVargon age determinations on biotile.
.15  + /  2 .0  Ma.  (Arnrs t rong.  c t  a l . .  1977)and.13 . l
+/- l.. l  Ma (Hictancn. 1969). provide the only
available age constraints lbr the Bungalow plu-
ton. Owing to the overall mcdium to coa$e gralned
lcxture ol the plutor, which su-sgests slo$ cool-
ing and extensir c subsolidus recr)'stall ization, the
agcs could be anomalously young. reflecting cool-
ing ages rather than cry\trl l ization agcs. Clearl"v.
age determinations of f inc-grained granite and
crosscutting dikes are leeded. Nevertheless. thc
ar,ailable age data contrast with thc late Creta
ceous agcs (65 90 Ma) assigned to plutons of the
Bittenoot lobe ol the ldaho baLholith and are le
nrarkabll, simil lr to nunerous other Eocene plu-
tons in the region rvhich span arr age rrnge of 38-
50 Ma (Arnstrong. 197,1).

Form of Intrus on

The Bungalow pluton ti)nns a colti l ]uously ex
posed body approximately l5 krn in diamctcr and
1600 m thick (Fig. 2). Thc l loor is Dot exposed.
Contacts bctwccn the plutoD and country rock are
stcep-dipping and abrupt. No evidence o1 xcno-

liths or f ' low foliation occur in the granite nor has
there been aD,v apprcciable cortact metanrorphism
or hydrothennal altcration of the adjacent coun
tly rock. This is in contrast to othel more mlfic
Eocenc plutons adjacent to the ldaho batholith.
such as the Beaver Creek stock. $ hich sho$ well
defined igneous foliation and abundant xcnoliths.

Reconnaissance gravity surve) data indicrtc
the existencc of a large. rvell-detined negative
gravitv anomaly centered over-the pluton and
.up l , ,n '  r i c lJ  , ,b \ r r \  r l  iun .  rh  lhe  p lu lon  i .  . leep
sided and upright (Zeitz et al.. 1971J). Morcovcr.
the negati\c gra\ity anomal)', together wlth the
absence of a distinct nagnetic anomaly. sugge!t
that the pluton has no malic root: the plut{)n is
therefore an isolatccl igncous body.

The west halfol 'the pluton is topographically
.ubdueJ.  Tnegu l r r  .heets  , ' l  l , ' r lh r r i t iL  g r rn i te
arc cxposcd over r'r.ruch of this area. Poryhyritic
gnnite is pafily surrounded by fine-grained granite
lnd grades downward into mcdium- and coarse-
grained granitc. Vertical exposures of polphlritic
granite range lrom 100 to .+00 m.

Rhyolite pophyry dikes intrude the margins
and interior of the pluton and sunounding coulr
try rock in numerous locations (Fig. 2). The dikes
tirrnr narrow. resistant. steeply dipping ridges that
can be traced for hundreds of meters to over I2
km, and rarge in width tiom 3 to 30 m. In addi-
tion. a nofthcast-trcnding swarn ofrhyolite dikes
occurs near the southeastern margin of the plu-
ton (Fig. 2: Lewis et al.. 1992a).

A fcrv lamprophyre dikes ale exposed rvithin
and around the pluton. They occur as dark. soli-
tary, near-\ 'edicrl dikes I to 3 m widc cxposcd
firr hundrcds of meters alorg strike. At some con
tilcts, the adjacent granite has been baked and al-
tered. indicating that the dikes were cmphccd at
high |emperatLlle iDto solidified granite.In no cases
are the clikes observed to bc in a statc of disag-
gregrtion or pafiial assimilation. The occurence
of crosscutti lg, undetbrmed lamprophyre clikes.
the tirst to be documentcd in thc Eocene plutons
sunounding the ldaho batholith, provides a sig
nificaDt contrast to the dder (Cretaceous), de-
tirrmed and cominglcd. synplulonic, lnatlc dikes
*ithir the plutons ofthe Idaho brtholith (H),ndman
and Fostcr, 1988).

A snrall ( | kmr) pod of altered quartz sleDite
is located within the poryh,vitic granlte sectron
o l  the  BunguJou n lu t , r r .  I l \  \e r t i rJ l  c \p , ' \u rc  i .
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Figure L Ceolosic rrrap rrd intcFrci!1rjve w L cfos\ seclion of the Bungrlorv plut(n sho$ing nrrjor rock lypcs. cros\ culling
fru l is  ru ld d ikes.rnd lhc (L i \ l r ibur ion olh ldrous minemls compi led f r (mLervis et  r l  1992r Reynolds.  l99l :Hictancn.
1963 ) .

200 n. A 3 m wide tine grained margin marks
t h e  r o r l l r c l n  c , r n r ! l ( l  \  i l h  l , ' r l h l n l i c  S r r n r l r .
whereas thc intcrior is coiuse grained. An abun-
dancc of fractured mineral grains and cloudy teld-
spar indicate that hydrothermal alteration was
l , ' c u s e r l  , ' n  t h c  q r H r t z . ) c n i l c .  M u r (  e \ l e n 5 i \ e
outcrops of syenite ha\,e been mi,rpped in the re-

!  i , ,n  r  ' I l \ i ( le  I  thu  er  rmp l .  ' ,  as  ' cpara lc  in ln ls io l ) .
(F ig .  l :Lewis  e t  1 . ,  1992a) .

Greisenized granite fbrnrs groups of rcrtical
veils and subhorizr)ntrl lcnscs in the southwest
cm quarter of the pluton. Veins ald lenses varl

in size tiom 0.5 k) 2 m fi ick by I 10 5 m long and
are sharpl.v discordant with the wall rock. The
veins shorv no pret'elred oricntatiorl and trppctrr
to have devclopcd independently of the well de
veloped north tendingjoint pattem in the gralite.

The plutol] is deformed by three north-trcnd-
ing high angle normal taults. Evidcncc tbr thcsc
faults is abundant in the nofihern part of the plu-
ton. but bcconrcs nrore obscure 1o the south per
haps indicative of greater tault displacement to
the nofih. The nost promjnent filult is the Wash-
ington Creek fauJt that splits the pluton roughly
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in half (Fig. 2). The west half ol the pluton is the
dorvn thrown bkrck with a possible displacement
of 100 b 700 m. Two othcr faults bound the east
and u'est nargins ofthe pluton. The westem-most
fault, exposed at Camp 60, k)gether with the
Washington crcck tault, separate a down-dropped
block of porphyritic granite from ;n uplilted eastcm
block ol coi:Lrse grained grtrnite. On the extrene
east sidc ofthe pluton a large nonh-trending thult
is well exposed at Fourth ofJuly creek. This fault
ollsets Crctaceous igneousrocks. as wellas rhyolite
dikes with the easl block down-dropped. A11 of
the north and northeast ffending faulrs in the re-
gion postdate thc Keliv Forks fault. yet prcdate
the extrusion of Columbia River basalt (Lewis et
al. 1992a).

Petrography

The granitoid rocks within rhe pluton are divided
b5 gr r in  : i ze  rnc l  te r tu r< .  Th in  :ec t i , ' n  f , ' i n t  c , 'unr .
of 1000 points pcr sample uere used to dcrive
the normalized modal nrineral distribution for thc
thrcc miijor phases (Table I and Fig. 3) and to
dc tc r tn ine  lhc  t l  pc  r rnJ  rm,  'u r t  o l l c (e : \L , r )  m in-
erals present. The bulkofthe pluton is cornposed
of Iight gray. finc-. rnedium- and coarse graincd.
subsolvus biotite granite. Represcntative sanples
ue hypidiomorphic ecluigranular and contain
subequal proportions ofperthit ic o hoclase, pla-
gioclase and quafiz. The dominant rnalic rnin
eral is brown biotite which occurs throu-qhout the
pluton in modal anounts of 1-5 %. Trace amounts
of allanite, apatite, zircon and magnetitc are also
present. Rare occLurences of t'luorite and exten
sivel\-rcphced hornblelde arc found near the mar-
gils of the pluton, whereas biotite is distributed
equalJy throughout the pluton. Poryhyriric gran-
ite occurs over large parts of thc western half of
the pluton and is composed of large euhedral phc-
nocrysts of orthoclase aDd quaflz set in il tlne-
grained to glanophyric groundmass.

Rhyolite dikes consist ofa blue gray ground-
rnass in which euhedral pink orthoclase. white
plagioclase. and bipylamidal sntoky quartz phe-
nocrysts arc enbedded. Phenocryst contenls range
ir,rm | 7-5 | rnodal ' , . Acce.', 'r 'y hii, l i le i{ pre.(nl
aLong with tracc amounts of pyroxene, amphib-
ole. apatite. zircon. magnetite. and tluorite. Mil-
l imeter scale flow-brnding is present in some
rh)'dite dikes. Banding occurs as dark gray lay-
ers ofobsidian and quartz feldspar spherulites that

Alkali Feldsoar Plagioclase

Figure 3. Nlodal distribulid of pluturic rocks asloci ard $ ith
the Bungalow plulon. Nlodes rere dclcrmired b]
pctrographic thir section poinr coundrg (see also
Tablc 1) .  Slmbols:  FGR = inc grained gmnite.
trIGR = lnedium-graincd glanite. CGR = coarlc
Srained granite. PGIi = poryhlritic gflrnire, QSYN
= quarz syenl te.

arc separated by a pale white. tine-grained ma-
trix of plagioclase. K feldspar and quartz. Band-
ing roughly parallels the walls of thc dikes and is
commonly convolurcd.

Yellou-brown to dark-gray lamprophyre dikes
consist of a sparsely porphyritic. intergranular
a.rrangcment of battlemented biotite laths (26 .19
modal %), togcther with subequal amounts ofpla
gioclase. potassium f'e1dspar, and augite. Large
(l-3 cm) isolated crystals ofpink ofihoclase are
the only visible phenocrysts. Small (1-3 mm) vug
like cavities lined with quanz and calcite arc abun-
dant in some of the lamprophyres.

The mineralo-ey ofthe quartz syenitc includes
milky-white perthitic alkili t'eldspar, albirc, and
dark green clots of aegirine-augite. Much of the
alkali feldspar exhibits a checkerboard pattem.
indicative of perlasive albit ic alteration (Parsons
and Brown. 191t,1). The larger plagioclase phe,
nocrysts are stnined and cracked fiom post-crys-
tallization delbrmation. In addition, a very fine-
grained acicular blue amphibole, possibly
arJvedsonite or riebeckite, partly replaces pyrox-
ene. Accessory minerals include siderite and
specular hematite. Fluorite and topaz are present
in trace amounts. Although srnall in size. the so-
dium rich quaftz syenite is the fiISt to bc described
from Eocene granites adjacent to the Idaho
batholith. Other Eocene syenites described thus
lu r  l ron t  the  C iea |u  a lc r  ip  neou\  p ro \  inc r .  r re  no t
hydrothermally altered.

Quartz

r rj:
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TABLE L Norlnalizcd modal point counts of .16 grunite thin s.ctions vs elelation rnd dislance fromplu|L)n nargin

Salnple Elclalion Distance Texture Qua.lz K spar Pl lg Biotite ap

103
35

l ] 0
368
67

i9 l
t 9 l
361
l,+0
162
289
259

t0 l
355
321
)1
3,1
59

105
3t9
) )

291
1 7 5

102
305
363
258
211

90
1 6 1

1 3

t 0
283
l8: l
,t03
296

.r56
109

0
373

1591
t0lt)
12.t6
91 .1

l l 66
20.18
206{l
19u5
ll6tt
786

t27 l
780

152,t

l 75 l

611
611

I 3,11
1131
102

1 5 6 1
6,+6
186

1,112
l98 l
15,15
t38
132

1 1 5 8
10'19
l0 l 3
6 r 0

1091
101

1597
6 1 0

1052
631

13 t9
1 3 1  1
I l'+6

l. . l

0.1
0.3
2.lJ
t.r i
t . ,1
l 2
0 .1
0 .E
,1.3

0..1
6.5
2.1

2 .7
2 .2
1 . 2
0.2

0 .1
0.'7

6.5
t . 0
1 . 5
3.,1
3.,1
0 .8
0.5
2 .1
1 .0

0 .6
2.0
3 .2
3 .5
1 .4
7.5

APL
APL
APL
API-
FGR
FCR
f.GIt
FGR
FCR
IJCR
FGR
FGR
FGR
FGR
FGR
MCR
MGIt
MGR
MCR
N,IGR
MGR
}{C R
\{C R
]\,IGR
MGR
N{C Ii
]\{GR
N'TGR
MGR
NlGR
MCR
\,IGR
N{GR
CGR
CGR
ccR
ccR
CCR
CGR
CGR
CCR
CCR
PGR
PGR
PGR

3,1
.ll
11
30
l l
l l
3,t
21

l9
35
1)
.11
t8
39
l9
38
t6
12
39
3-l
28
33
32
35
32
32
:+u
l 3
36
-16
29
36
23
11

l0
, l l
l l
32
26
33
,13
12

l l
33
35
3 1
i5
2u
32
,ll
26
l0
l 1
21
26

30
29
l5
35
)1
30
l2
3 1
3,1
]IJ
31
52
27
l l
t 2
-16

,10
33
19
33

26
56
ll
5,1
.10
50

22
29

t 5 c
23 C,l
'13 BC2
19 B7
32 ClVrS
39 BN]C
l,l 86
3 I  BG3
33 86

-1.1 BN{G5
l: l  Gl
- l l  BM3
12 G)
3 I  BG3
32 Bt\44
21 BGl
l9 G2
3'1 BN,lC,l
31 B,t
35 BMG4
,l l  BMC4
33  86
,10 85
28 85
16  c3
.11 G6
29 BM3
-15 GM4
28  83
28 BM3
31  85
3 r  8 5
28 87
13 86
1'1 Bl
28  86
14 GIU6
23  85
13  BG3
28 B,l
2,1 83
22 85
3 5  B l 0
29 85

X X
X

X

F
F

X

X
X

X
X
X
X

X
X
X
XX

X
X

X
X
X

X
X

X

X
X
X
X
X
X

X

X
X

X
X
X
X

kc) 1() headings and s)mbols ibr hydrous minefals:
Biot i te: B = bro\r 'n biot i te:G=green biot i te: M = muscovitc; numbefs = modal percent
h = hornblende, numbers = nodal percent: I = fluorite, a = allanite. ap =apatite,
x = presence in samplel mia = occurcnce of rniarolitic ca!ities. F = few, A= abundant
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The grcisens u,' i thin thc pluton consist of a
vein-controlled hydrothemal altcration mineral
assenblage doninated by quartz (60 80 modal
%1 and muscovitc (2G.10 modal 7.) with acces
sory cassiterite and speculal hentatite and lrace
lluorite ard topaz. Quartz has recrystall ized into
smrll anhedral grains that exhibit undulatory ex-
tlnction and sutured grlin boundaries. Muscovite
has replaced ncarly all of the lt lclspar and biotiLe.
Cassiterite is disseminated throughout the greis
ens as 0.05-0.3 mnr euhedral hexrgons, *hereas
topaz filrms isolated, octagonal grains rimnred by
muscovite.

Geochemistry

Thity eight rcpresentative sanlples of the pluton
werc analyzed. including granite (22 samples),
rhyolite. quartz syenite and hydrothermally al-
tered rocks. Two blind duplicrtes \\,ere analyzed
with each sel ol'sanrples. Chentcx Laboratory Inc.
pcrlirrmed the wholc-rock deterninations of I I
major clement oxides. I -2 kg hand samplcs were
submittecl Lo nrultiple stage crushing and pul\,er-
izing to - [50 nesh in a zirconia ring. Afier pul
vedzing. 20 grnm sub samples rvere selected, l'uscd
ancl therr analyzed by inductiYely couplcd plasrna
ato1r)ic emission spectroscop)' (lCP-AES). Detec-
tion l irrrits were 0.01 $t 7c lbr each oxide. Fer
rous iron coltert $as determined separately by
acld decomposition titralion. Major elenent ox-
ides were reproducible to less than 5 wt 7. (ex-
cepl TiO- and P.O.). Bondar-Clegg Inc. pefirnned
the minor and face elemelt analyses on each of
the granitcs. These samplcs were prepared in a
milnner similar to the whole-rock sample plepa-
ration nrethods ancl analyses were obtained by
inslrumental neutron activation analysis (INAA).
Trace elemcnts were reproducible to less than 15
% (except Yb). Thc analytical results, together
$ith standlrd deviations and duplicate analvscs
arc cornpiled in Tablc 2.

N,4ajor E ements

The majorelenent oxidc abundutces for thc gran-
ite are rcmarkably hontogeneous (Table 2). The
gran i tes  r re  h igh-s i l i ca  (75  7?  wL 7r )  and
metaluminous to $eakly peraluminous (Fig. .1).
MgO and CaO show a rcciprocal relationship as
SiO.increases (Fig. 5). Trends for K.O andNa.O
rr re  puor l l  derc lopeL l  ; r rd  rn l l  bc  ; r l i ( c t rd  b )
deuleric rlteration. The ntajor element composi-

tions ofthe rhyolite porphyry dikes are vcry sirnilar
to the granitc (Table 2). The hydrothemral alrer-
ation has affected some of the apical parls of the
pJutorr and masks some of the chemical charac-
tedslics of the glanitic rocks. For example. the
quartz svenite is complicated by an overprint of
sodium endcl]lnent indicative of albitic teration
(Tablc 2).

Trace Elernents

Compositionrl variations for most of Lhe trace
clcments in granitc are not signit'icant (Table 2
and Fig. -5). Barium howcver. decreases u,ith in-
creasing silica. and chondrite-nonnalized rare cafth
clements (REE) decrease with increasing atomic
numbcr (Fig. 6). All grtrnites show a pronounced
t tepat i re  Lu  rn , , rn r l ) .  w i lh  p , , rph1r ' i r i .  g r rn i rc
having the smallest Eu anomalv. The albit ized
quartz syenite is enriched in Ba and light REE
and dcpleted in Rb and 6sx1'y REE relative ro
graDite (Tabie 2.). Greiscns contain elcvated
amounts of Cs. Rb, Th and U (nrble 2) as rvcll
anomalous Sn. Mo. W, Nb. and Ag values
(Reynolds, 1991).

Volati les

Lilt le inlbmation is available Lo help constrain
the volatile content of the magma. The onll hy
drous  n t i r rc r r l  p res<n l  in  . r t . re . .o ry  amour r l .  i .
biotite (Table 1). Rare holnblende (extensively
rephced by biotite) and trace amounts of apatite
and topaz arc present and concentrated in the
marginrl regions of the plutol'r (Table 1. Fig. 2)
$here water was presuned to be more abundant.
ln addition. the chlorine content ofbiotite is highest
in  .amf le .  l rk (n  f rom p , ' rph l r i r i .  g r r rn i le  lear
the projectcd roofofthe plubn (Revnolds. l99l).
Small (0.5 I cm) miarolit ic cavities are observcd
in 26 % ofthe hand specimens ald thin sections
(Table l). The nriarolit ic cavitics are abundant
throughout the pluton and become largcr with
increasing elevation and towards the margins of
thc pluton. The cavities provide e!idence that walcr
exsolvcd in the late stages of crystall ization.

Discussion

Emplacement

The cmplacement and subsequent deformation of
the Bun-qalow pluton appear to have been con
trolled prinarily by the Kelly Forks fault and I

J2 Rc1 n,,lt ls
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TABLE l. (Con t)

D U p l i . J r e . . r , . . 1 \  ' ( .  n  f r , - l : / e J  , ,  l o o '  \ .  r r  r e /

Sr nple # ci DtI ,155-D % Dit

sio.
TIO,
AL.O,
FEO
1-lt .o.
NlnO
Nl(;( )
CAO
NA.O
K.O
P.b,

71.59
0 .23

1 i . 69
l. :16
0.56
0.0-l
0.0-l
0.66
-r.99
.1 .71
0.0.r

11 .61
0.20

] ] . 6 l
1 .53
0.52
0.03
0.03
0.61
,1.02
,t.78
0.02

0.0
L,+.0
0.5
1.1
'7.6

0 . 1
t J . l
:+.5
0.9
1..1

76 .18
0.02

l 3  2 l
0.56
0.23
0.05
0.07
0..16
.1.38
.1.83
0 .01

'76.11

0.01
r3 .02
0.55
0.21
0.05
0.07
0.,18
.1.33
1.19
0 .01

0.3
0 . t
1 .5

0 . 1
0 . 1
0 . 1

1 . 1
0.8
0 .1

Bondrr-Clegg standard\

Srmple # l0 l 0 D cn Dif % Di f CS89-2 CS89 l l)  ' ,  Drl,155 D

C \ 3
Rb 190
Th  18 .0
u .1.-5
T.r 1.2
B l t  510
H f 1
Lr 5l
C e  l l 0
Sm 8 .1
Eu 0.5
Tb  L i
Yb  1 .5
Lu 0.5

-t
190

:0.0

L'1
560

8
59

125

0.5
l . l
3 .0
0.5

0.0
0.0

8.5

9 .3
r).)

r 0 . l
r 2 .8
3 .6
0.0
lJ.7

66.1
0.0

11
581
21.1
7 .8
8 .5
25
5

1 1
5 .8
0.5

.1.0

11
573
21.8
t . 9

25
6

t( l
20
5 .6
0.5

,1.0
u.b

0.0
L 1

t . - l
L 2
0.0

18 .2
10 .5
l6 . l
3 .5
0.0
0.0
0.0

28 .6

0 .8

3 .5

0 1 0
5 1 0

3
l 0
24
1 . 0
0.5
0.9
3.0
0.5

0.8

3 . 1
l. , l

0.10
5,10

3
l 0
23
1 .0
0.5
0.8
3.0
0.5

0.0
l:l.r-)
1 2 . 1
0.0
0.1)
5 . /
0.0
0.u
,1.3
0.0
0.0

I  I . 8
0.t-)
0.0

lvlajor clcmcnl oxide anali se\ b] Chemex Labof.rtof) u\ing ICP AhS: order #l 902,t03,1. 19013506
Trtrce element rnalyses b) B ondaFc legg us ing INAA : order # R90 i 05 99. R90 I 2.199
q Di f  = percent  d i f i t rence:  A "D'at  rhe end ofa sample number indicatcs dupl icate . rnr lysrs

Yza

sio2 (wt %)
ligure .1. Plot of InolecullL| Al.O / CaO + \a.O + K.O (A/

. \ K r  \ .  \ r O  r h e  B u  r " r l n i \  t , h r -
l(nr. Samplcs straddle the alulnim saturation di-
\ idc (A7CNK = 1.0) . r rd show a subt le t rend to-
t!ard\ .rl1 iicrcasirg peruluninous chafrcter $,ith
ncrersirg silicrcontent. S ! mbo1 abbfe!iaiio ns are
rhe s me rs in Fig.  3.  Di I i \ ions in a lumina satura
In)n afe l io l l l  Ragland (1989).

few norlh-trending normal faults. Activation of
N-W trending strike slip l'aults, concomitant with
clock\'"'ise rotation, has been documented to have
occuned in the Pacific Northwest during the Pa-
leogene (Ewing, 1980). The Kelly Forks tault in
parlicular is a local expression of this northwest-
trending regional structure (Childs, 1983). This
tectonic setting could have crcated NE-SW shear-
iDduced extensional stress which lacilitated em
placament. This type of extension contrasts with
the NW-SE tensional basin and range type of
extension found in thr: Chall is (Bennett, 1986)
and Selway-Bittenoot (Motzer, 1985) areas of
central ldaho.

Reconnaissancc geophysical evidence (Zeitz
et a1.. 1978) suggests that the pluton lacks a large
mafic root; it is therefore likely b be an isolated
body and not the cupola of a large batholith. The
lack of interaction with country rock and narrow
fault margins suggest that magma ascended by

 
a
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Figurc 5. Representati\e silice co\uriation diagrams for thc Burgab$ pluion. Anows indicate inrerprccd lrends in selectcd

o\ide \/e le me nts \ crscs silica. Plofted dala arc nonnalized to I 00 .il warcr iiee. S ) mbo I abbrc\ iations irre the sarn c as
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Figure 6. Chondrite norm.rlized liEE plots ibr the Bunga-
lo$ plulon Vrlue\ sho\\,n are alctagcs lbr each
roc k Npe. All rock tlpes sho\\, a pronounced nega-
llve Flu anomlrlv. REE elemen!s thal wcrc lorana-
Llzcdare i erpolated bei$ccn lhc nearest irnalvzed
icighbor elements. Synrbol.rbbre\ iari(Ds are lhc
sune.Ls in Fi r .  3.

shouldering aside country rock along weakzones,
rather than by forceful stoping or assimilation of
the country rock. The abundance of porphyritic
gmnite, hydrous minerals. miarolitic cavities and
rhyolite porphyry dikes in the down-dropped west
half of the pluton suggests that this area was close
to the odginal roof of the pluton. Sintilar down
dropped blocks of lbundered porphyritic roofare
observed in the Challis igneous province of cen-
tral ldaho (Hardyman. l98l) and in the nearbv
Lo lo  Hr r t  Spr ings  p lU lon  I  F ig .  I  nd  No ld .  l . ]hX j .

Crystall lzation

The p lu ton  r r  re rnark rb ly  hornr , lencous  rn  r l .
granitic cornposition and appears to havc crys-
tallized from the margins ofthe intrusion inward.
The spatial position of trace hydrous phases as
u e l l  l r s  l i n c  p r r i n c d  r n d  p o l p h l r i t i c  g r u n i t i c

CaO (wt %)

T  

O 3
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textures decrcirsc systematically il]ward towards
the center of the plulon, su-qgesting that water con
lenls and thcrmal contr-ast were larger ncar thc
margin of the pluton. ln addition, the elevated
position of Lhc porphyrit ic granite within the plu-
ton suggests that it \\ 'as the first to solicl ity rs the
pluton cooled.

Minor ald trace elemenl pallcms pro! ide sune
e!idcncc ofthe crystall ization pattern within the
pluton. Bariurn. for examplc, decreases u'ith in
c rc . r . i r r ! '  S i ( )  . rn r l  re l lecL .  i t . . c lcc t i r r  ine , ' rp , -
ration into biotite and K feldspar (Fig. 5). The
pronounccd light REE depletion (Fig. 6) can be
attdbuted to thc latc clvstallizaticu of allanite and
the negative Eu anomaly suggcsts thrt the magma
u r r '  , l ,  r i r  ed  I  n  'n t  l r  p l l c  ioc  la .e  bc i l l  l  nE . , ,u r . 'e .

Thc quartz syenite bears some geochcmical
and spatial similarit ies with thc porphyrit ic gmn
ite. but is conrplicated by an overprint of albiLic
alteration. The fine-graincd rnargin ofthe quartz
sycnite suggests that it was emplaccd after the
granitc hacl solicl if ied, rather than developing
conagnatically with thc porphvrit ic granite. Al
lcmatively. the mar gin may represent a linc-grainecl
liicies ofpervasile albilic alteruti{)n resulting ftolrl
sccond boil ing of volati les. Supporting ficld and
petrographic evidence lbr this is nranifest i l  the
pcrvasive albit ic replacement of K-lt lclspar rnd
abundant lracturi ng of quartz and plagioclasc.

Th. '  J . \c l , ' n rnent  . r l  the  qur l tu  Inu \ (o \  i rL '
greisens is also relatcd to the concentration of
magmatic fluids late in the crlstall ization history
of the pluton. Excess magmatic pressures which
can dcvclop as a result of a vapor phase voluntc
increase during latc stage magma crystall ization
r r r r ;  h i r r<  c r lck< , .1  ths  r r r i lp . rcL  , ' l ' Ihc  in t ru . ion
in several places. The resulting cracks nray have
been invadcd by acidic fluids resulting in alter-
ation olthe leldspars and biotite to produce mus-
cor,ite and quartz. In addition, some of the met
als (Sn, W in pafi icular) acconpanicci the rising
fluids.

Thc gcochemical signature of the rhyolitc
poryhyry dikes is vcry similar to the griinite (Table
2). Moreoveq the field occurence ofrhyolite dikes
closely coincidcs rvith the margins of the pluton
(Fig.2.). Because the dikes do not intrudc nearbl
Columbia River basall and the dikes are not cotrr
monly located in areas iar from the occurrence
ofEoccnc intrusions, the rhyolite dikes arc broadl)'
coostlained in age 1o bctween middle Miocene

( l7 Ma) and late Cretaceous (66 Ma). Elsewhere.
sunounding the batholith. rhyolitc dikes occur it
similar spatirl and chemical relationship with
Locene granitcs (Le$is et al.. 1992a: Benncu. 1986:
Motzer. 1985: Lconrrd rnd Marvin. 1982). Sev-
eral of these rhyolite dikes have been datcd and
r l l  c , ' i nerde  i l , ' .e11  r=  i  n t1  r  u  i rh  rh . .  r in re  .pun
, ' l  t , ' .ene  ig r reou.  ac t i r i t5  in  IhL . re \ne \ ' r i \e  u r
eas (Man'in et al.. 1989: Armstrong. 1975). Al
though a close spatial coincidence and chemical
similarity exist between the pluk)n and the dikes.
conlirmation of a conagmatic and coeval rela-
tionship will requirc radiometric datin-q ofrhedikes.

Summary

The Bungalow granitc pluton is important becausc
it is one of several rclatively unstudied Eocenc
p lu ton .  Inc . r ted  \ \ i rh in  Ihc  C ler ru i r rc r  igncot r :
province of northern ldaho that intruded along
the Kelly Forks fault, a major northwest-tend
ing strike slip struclure. The pluton is a remark-
ably honogeneous body oftexturally divelse. high-
sil ica, biolitc granite. The vadation in the
geochemistry of the pluton is minimal lbr most
major and trace clcments over 1.6 km of vefi ical
relief and 225 kmr of horizontal exposure. The
occulrence of porphyritic textures and hydrous
minerals near the margins of the pluton suggcst
that magma rnay have crystall ized inward. Later
subordinate rhyolite porphyry and lamprophyre
dikes and a pod of quanz syenite intrudc the granite.
Minor post-magmatic hydrothemtal alteration is
confined to the upper part of the pluton and is
pleserved as albitic and greisenized t'nincral as-
semblages.

Theplutonis afault-bounded,steep-sidedbocly
with unaltered margins and a well detined nega-
tive gravity anomaly. The west halfofthe pluton
has an upper surl'acc of porphyritic granitc that
may represent the roof of the pluton preservcd.
in part. due to down dropping along N-S nornal
faults that post date the intrusion. These obser-
vatiors. when considcred in cottext of othcr ra-
diometdc and structural data. suggesl that the
pluton is an isolrted body passively cmplaced in
a tectonic sctting which produced tensional shear-
ing along thc Kelly Forks tault as aresult ofstrike-
shp movement and clockwise r-otation during the
Paleogene. This tectonic setting contasts with the
northeast trending nornral faults associated with
Eocene igncous provinces adjaceDt to the south-
eru part of the ldaho batholith.

16 Reynolds
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