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ABSTRACT

The map area of this report lies between the Continental Divide and
Granby in Grand County, Colorado, and occupies at Teast 160 km~., Most of the
map area is co?posed of a pluton of Boulder Creek Granodiorite (1.7 b.y.) that
is about 80 km“., A pluton of Silver Plume Granite (1.5 b.yz) and a biotite
gneiss unit are roughly equal in area, totaling about 60 km“. Numerous
enclaves of fine-grained granitic rock are found in the Boulder Creek
Granodiorite and in the biotite gneiss, but the Silver Plume Granite contains
fewer. Lamprophyric enclaves and Tertiary andesite porphyry dikes make up
less than 1 percent of the map area.

A long, northwest-trending fault which separates the Silver Plume Granite
from the biotite gneiss unit is the northwest extension of the Arapahoe fault.

The chemical, physical, and petrographic properties of each rock unit are
listed for comparison in a set of 18 tables. Biotite lamprophyre is the most
uraniferous rock, followed by the Silver Plume Granite. Biotite lamprophyre
is also most enriched in elements of mafic affinity such as Ti, Mg, Ca, P, Y,
Sry, Sc, Cr, Ni, V, and Co and, surprisingly in elements of felsic affinity
also, such as K, U, Th, La, Ce, Nd, Ba, Zr, Be, and Pb. All of the granitic
rocks are enriched in the light rare earth elements and Th. Monazite is a
diagnostic accessory mineral for both the Silver Plume Granite and the biotite
gneiss, whereas apatite and sphene are diagnostic of the Boulder Creek
Granodiorite.

INTRODUCTION

The rocks described in this report come from the area shown in figure 1,
which occupies the Strawberry Lake quadrangle and smaller portions of the
surrounding quagrangles in the western part of the Front Range. The mapzarea
is about 160 km“, within which the largest pluton of approximately 80 km“ is
composed of tonalite and granodiorite of the Boulder Creek Granodiorite (~ 1.7
b.y., Tweto, 1977). The other pluton of about 30 km2 is that of Silver Plume
Granite (~ 1.4 b.y., Tweto, 1977). In this map area, however, a Rb-Sr age of
1.5 b.y. was obtained by C. E. Hedge (written commun., 1982). Biotite gneiss
(pre-1.7 b.y. metamorphic complex, Tweto, 1977), with minor granite gneiss,
amghibo]ite, and pegmatite is the third major rock type occupying about 30
km¢. Finally, various granitic enclaves from small (<50 m) to large (1/2 km
or more), and lamprophyric enclaves are found within the major rock units.
Tertiary andesite porphyry dikes are scarce.

Enclave is a good term to use when the origin of a body of rock enclosed
within a host rock is not known with certainty. Didier (1973, p. 1) addressed
this problem when he stated "One of the aims of this book is to create a
simple descriptive terminology devoid of genetic implication, and to this end
the French words "enclave" and "inclusion" are used consistently to refer
respectively to bodies of material enclosed within a host rock and within
individual crystals." It is in this sense that enclave is used in this
report, but even when one knows, with some certainty, the origin of a certain
enclave, it is good practice to use the term because of its strictly
descriptive connotation.
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GEOLOGIC SETTING

A geological sketch map of the Strawberry Lake area with sampling
localities is shown in plate 1 (in pocket). Most of the map area is in the
Strawberry Lake quadrangle, mapped by Schroeder (oral commun., 1982). Smaller
portions of the map area are found in the Trail Mountain quadrangle, mapped by
Izett (1974), in the Granby quadrangle, mapped by Schroeder (oral commun.,
1982), and in the Bottle Pass quadrangle, mapped by Taylor (1975). Portions
of the map area that are in the Mountain Shadows and Monarch lake quadrangles
have been mapped by the author.

The largest portion of the map area (~50 percent) consists of Boulder
Creek Granodiorite, but the Silver Plume Granite and the biotite gneiss unit,
with subordinate granite gneiss, amphibolite, and pegmatite each comprise
about 20 percent of the map area. Enclaves of fine-grained granitic rock
occur in the tonalite, granite, and biotite gneiss, aggregating about 5
percent. Lamprophyric enclaves and a Tertiary andesite porphyry dike, both
confined to the Boulder Creek Granodiorite, make up less than 1 percent of the
map area.

Regional foliations in the biotite gneiss unit, in biotite gneiss
enclaves within the Silver Plume Granite, and in the Boulder Creek
Granodiorite generally strike northeast with steep dips. Divergences from
this pattern are found in the biotite gneiss enclaves in the Silver Plume
Granite and in the biotite gneiss, near the northwest-trending fault, where
many strikes are to the northwest.

The northwest-trending fault between the Silver Plume Granite and the
biotite gneiss unit is the northwest extension of the Arapahoe Pass fault
shown by Pearson and Johnson (1980). There is good evidence for extending the
Arapahoe Pass fault northwest into the Shadow Mountain and Trail Mountain
quadrangles because the quartz monzonite of Stillwater Creek (Izett, 1974) is
on the northeast side of the fault, where it should be, if it is correlative
with the Silver Plume Granite.

A small north-south fault is found in the west central part of the
Strawberry Lake quadrangle, where the faulting has preserved a small inlier of
Mesozoic sediments within the pluton of Boulder Creek Granodiorite.

CHEMICAL, PHYSICAL, AND PETROGRAPHIC PARAMETERS

Table 1 Tlists the parameters used in the description of nine rock units
of the Strawberry Lake area and the number of analyses or measurements made on
each rock unit. The table shows, for instance, that 27 chemical analyses were
made, 61 spectrographic analyses, etc. It also indicates that most work was
done on the two principal plutonic rocks, the Boulder Creek Granodiorite and
the Silver Plume Granite.

0f the nine chemical parameters only peraluminous index needs an
explanation. The peraluminous index (Clarke, 1981) is equal to the ratio (in
A1.0
molecular proportions) of S0 N§ 8 I Crystalline rocks with a
2 2

peraluminous index greater than 1.00 are said to be peraluminous.




2LUN 3200 yYdoed JOy

S1 91 0¢ 16 911 88 98 443 eee ‘paJnseau 4o “u04 pazk|eue
‘saajauwesed jo Jaqunu [plo)
66 T 4 4 S 21 8 6 4% 92 azls uteJy
sJ938ueJsed
€6 1 1 2 S 21 8 8 2€ 1 74 X3put Jo|0) stydeabosiag
‘sisAk|eue |epoy
26 1 1 4 S £l L L 1€ G2 A3taeab apgtoadg
sJ33jsuwesed
00T 1 2 4 S €1 8 6 123 92 £343doad d133ubey 1edtshuyg
S6 1 0 4 12 £l 8 8 €€ 92 £31AaL30001pRY
€2 T 1 2 1 v € € S € 45/9y
19 1 1 2 € S 3 S 14 21 n/uL ‘uL ‘n “wN/e sJajaueJed
‘stsAjeue arydesbousydads Le2 1way)
X3pul snoutwnjedad
12 1 1 2 . 2 ¥ 1 £ L 9 “0%eN/0%)
‘sisAleue eI LwaYy)
001 14 e1> > 1 4 1 Jedu S 02 02 0§ eaJde dew ut
Jtun %204 jo 3bejuadsad |pasy
axyLp 3jLJ0Lpouesy ?jLuedy ?3LJ0Lpourdy sstaub ajLlolq
Kifydaod @849 Jap|nog 3wN|d JBA[LS Ul 94 Aydoudue | jasJd) Jap|nog ul UL S3ARJUd ss1aub 3jtueyy 3jlJolpourdy
ajtrsapue UL SIAP|IUI S9AR|IU3 J13tuedb 3113019 SaAe|Jud J13tuedb 213tuedb 931301q Awn|d JIA|LS  XIBJ) Jap|nog
s|e303 JLjew | |Pws

[sJ4ajaweded jo uotjeue|dxa 404 3IX33 33S]

JLUN X204 ydoead Joy
SIUBWBINSPAW 40 SISA|PUR JO JAQUNU PuB PaJe 3xe ] AJJBQMBJIIS 3yl JO SHJ0J JO u0L3dLJISIp UL Pasn sJajawesed--*1 374yL



Of the physical parameters, radioactivity has been measured in counts per
second (cps) on the outcrop with a Mount Sopris scintillometer, Model
SC-132. The designation m for magnetic means that a rock hand specimen reacts
positively to a large hand magnet; the designation nm means that a rock hand
specimen does not react positively to the same magnet. These data suggest
that the black opaque mineral in rocks designated m is wholly or mostly
magnetite. Rocks designated nm probably contain black opaque minerals that
are hematite and/or ilmenite. Specific gravity has been determined with an
air pycnometer, described by McIntyre, Welday, and Baird (1965). An average
of three determinations for each rock specimen yields a specific gravity with
a +0.008 g/cc maximum deviation.

Modal analysis was done by point counting (generally 550 to 800 points
per thin section). Plagioclase determinations were done by a combination of
maximum extinction angles to the 010 trace, optic sign, and refractive index
comparisons against quartz. The color index of a rock is the sum of the
colored (melanocratic) minerals expressed in percentages. The colored
minerals in the rocks described in this report are: biotite, amphibole,
pyroxene, chlorite, scapolite, all opaque minerals, garnet, allanite, zircon,
sphene, tourmaline, epidote, and monazite. The light (leucocratic) minerals
are: quartz, feldspar, muscovite, cordierite, calcite, fluorite, apatite,
sillimanite, and clinozoisite.

CRYSTALLINE ROCKS

Data on the chemical, physical, and petrographic parameters of the rocks
of the Strawberry Lake area are found in Tables 2 to 18. In general, the
rocks are described in order of their volumetric importance.

BOULDER CREEK GRANODIORITE

The Boulder Creek Granodiorite is a massive to foliated, medium grained,
light to dark gray, hypautomorphic granular, granitoid rock of granodioritic
to tonalitic composition. Biotite and hornblende commonly cluster, giving the
appearance of a coarser grain size. Essential minerals are quartz,
plagioclase (generally andesine, locally labradorite), and biotite. The
plagioclase is commonly myrmekitic and antiperthitic, but not zoned.
Microcline, hornblende, muscovite/sericite, chlorite, epidote, clinozoisite,
and allanite occur sporadically. Apatite and sphene, black opaque minerals,
and zircon (commonly showing overgrowths) are common accessory minerals
(tables 2, 3, 4, and 5).

Using Streckeisen's (1976) classification, which is based on modal
analysis, 13 samples are granodiorite, 10 are tonalite, and 1 is a granite.

Much of the Boulder Creek Granodiorite is homogeneous, but within its
borders many structural and textural differences occur. The largest
structural anomalies are granitic enclaves, from less than 2 m to over 1/2 km
in size. In some cases, the granitic phase contains remnant(?) enclaves of
granodiorite (approximately 1 m). Wisps of biotite gneiss and larger enclaves
of biotite gneiss are not uncommon. Three enigmatic biotite lamprophyre
enclaves, described below, occur in the granodiorite. Small (1-30 cm) mafic
enclaves (gabbroic to dioritic) that are probably restites are common

locally. Large pink porphyroblasts, as much as 10 cm long, are common near
contacts with the biotite gneiss unit.



TABLE 2.--Y, Th, chemical, and spectrographic analyses of the
Boulder Creek Granodiorite

[Delayed neutron activation analyses for U ahd Th by H. T. Millard, Jr., M.
Solt, M. Coughlin, B. Vaughn, M. Schneider, W. Stang, R. Bies, B. Keaten,
and S. Lasater. Rapid rock chemical analyses of SL-35 by K. Coates and SL-
51 by N. Skinner and D. Kobilis. Chemical (X-ray spectrographic) analyses
of SL-57, 66, 67, and 70 by J. S. Wahlberg,J. Taggart, and J. Baker.
Semiquantitative spectrographic analyses of SL-35 by G. Kaczanowski, SL-51
by T. Fries,'and SL-57, 66, 67, and 70 by N. M. Conklin., Significant trace
elements (2 x crustal abundance, or more) are underlined. n.d., not
determined. ]

Boulder Creek Granodiorite

SL-35 SL-51 SL-57 SL-66 SL-67 SL-70
Uieevrvosar  1.67 ppm 0.81 2,32 0.84 0.87 1.24
Theevesanse 37 w 5.5 8.8 7.7 10.4 16.8
ThiUeeseeee 2.2 6.8 3.8 9.2 12.0 13.5

Si05ceevas 60.6 58.1 60,3 61.6 64,7 66.1
AIZBS...... 16.1 16.5 16.9 16.7 15.5 15.3
Fepl3eerees 2.8 2.0 6,031 5,78 6.05 5.66
Feliveesses 3.8 4.3 n.d. n.d. n.d. n.d.
Mgl.e.euenee 3.5 3.7 3.1 2.7 2.3 2.0
Caluieveeee 4.9 5.3 5.16 4.91 3.53 3.49
Nagleeeess 3.2 3.2 3.5 3.3 2.8 3.0
11 3.4 3.2 2,32 2.61 3.10 2.83
HpOteveeees .73 1.0
revaenns .782 702 .80? .602
Ho0=suasuns .33 .21
Ti0peesuene .78 .84 .94 .73 .74 .70
P205....... .34 .41 .40 .30 .20 .20
MnOeeeansee .08 .11 .07 .06 .07 .05
COhuuinnens .01 .01 n.d. n.d. n.d. n.de.
Totaleses.. 100 99 100 99 100 100
KZO/NaZO... 1.1 1.0 .66 .79 1.1 .94
Peraluminous
index... .90 .90 .96 .97 1.08 1,07
Spectrographic analyses, in parts per million
Beeesseanes 20 <10 <10 <10 <10 <10
Basssssssos 690 1000 300 700 700 500
BEusosessss 33 3.3 1.5 1.5 1.0 1.0
Céevvasnnas <100 <100 <100 <100 <100 100
COvecesnnes 22 24 15 15 15 15
Cresesecess 78 98 70 70 30 30
ClUseceenaes 28 39 70 15 15 15
Gaveeesosss 24 24 15 15 15 15
43 30 50 30 10
<25 <10 <10 <10 <10
Ndeeeevanes neds n.d. <70 70 <70 <70
Niveesosssss 56 60 50 30 15 15
Pbevesssess <10 <10 <10 1D 10 10
22 7 20 15 7
m w1 500 500
Veereoeseo. 140 150 70 70 70 70
| P X 30 20 30 15 15
Ybevesessnos n.d. ned. 3 3 1.5 1.5
ZNeeveessse 87 64 <300 <300 <300 <300
Zreeeeesses 120 150 150 200 150 150
La/Nicessoo .73 .72 .60 1.7 2.0 4,7

Lrotal iron reported as Fe203
2101 at 900°C



[Same rock samples as in table 2.

TABLE 3.--Modal analyses and descriptive parameters of the

tr, trace; -, not found.]

Boulder Creek Granodiorite

Boulder Creek Granodiorite

Diagnostic accessory minerals are underlined.

SL-35 SL-51 SL-57 SL-66 SL-67 SL-70
Modal analyses, in volume percent
QuartZieesesoseesovessss 169 20.7 19.0 21.9 25.4 31,3
Microcline.seeeeeossneee 10.8 9.4 - 2.6 3.3 5.5
Plagioclas€iecessooseess  42.5 37.5 59,0 55,7 52.4 37.1
AN)ieecssanececeannsees (35) (43) (38) (36) (32) (32)
Biotiteesoeeseoeserasess 16,9 11.3 11,7 12.6 16.6 23.3
Muscovite/sericiteseceas - 4.0 - - - .3
CRIOriteesenececncncenes - - - .1 - ]
Hornblende.ceeesseoonses 9.4 13.7 7.5 5.4 .5 -
Black opaque
mineralesesseosssseoss .2 .1 .4 .1 .5 .9
Apatiteicescsessnensonsce .7 .5 .8 .7 .8 1,0
2.4 1.2 1.3 .9 .2 .3
tr tr tr tr .1 tr
EPidOteesscceesrsnnanses .2 1.6 .3 tr - -
Allanitesseeesesecacsnss tr - - tr .2 tr
Totaleosseossonasasasees 100 100 100 100 100 100
Points countedeessseses. 801 826 710 684 610 690
Color indeXeeeeesearesss 29.1 27.9 21.2 19.1 18.1 24,8
Average grain size
MN)eseseconnoss 2.5 2.5 3 3 2.5 2.5
Magnetic, m
or nonmagnetic, nm.... m m nm m m m
Radioactivity
(CPS)essnsosensonnsess 110 150 125 105 120 165
Specific gravityeeeeasss 2.770 2,830 2.814 2.795 2.745 2.750
Rock name
(Streckeisen, 1976).... granodiorite granodiorite tonalite tonalite tonalite granodiorite




TABLE 4.--U, Th, spectrographic, and modal analyses and descriptive parameters of the
Boulder Creek granodiorite

[Delayed neutron activation analyses for U and Th by H. T, Millard, Jr., M. Solt, M. Coughlin, B. Vaughn, M.
Schneider, W. Stang, R. Bies, B. Keaten, and S. Lasater. Semiquantitative spectrographic analyses of SL-B by
L. Castillo, SL-50 and 52 by T. Fries, and SL-53, 54, and 61 by N. M, Conklin. Significant trace elements (2 x
crustal abundance, or more) are underlined. Diagnostic accessory minerals are underlined. tr, trace; =, not
found; n.d., not determined; n.a., not applicable.]

Boulder Creek Granodiorite

SL-8 SL-50 SL-52 SL-53 SL-54 SL-61

1.83 ppm 1.38 1.18 1.62 2.52 1.24

6.78 w 14.0 B. 64 18.5 11.6 9.74
T/Useenesnerononnaeen 3.7 10.1 7.3 11.4 4.5 7.9

Spectrographic analyses, in parts per million

Beeteossvseeoreseonaane <10 <10 <10 <10 <10 <10
Blessssrrassoraccnrnane 840 890 1300 700 : 1000 700

3.1 4.2 — 2.7 1 1 1

110 <100 <100 200 100 100

COrenessscnnenansassnne 23 23 15 ity 15 15

Clevecesosesesnonornane 55 97 58 70 70 70

21 56 9.4 30 15 30

27 25 19 15 15 15

68 56 36 150 70 70

[ kY <50 <50 <100 <100 <100

MNeesanooonancossnsanns 730 ’ 1100 710 700 700 500

NDuvevsesonasonsonssnne <25 <25 <25 <10 <10 <10

T O n.d. n.d. n.d. 100 100 70

Nivesassosesasnsnanane 47 57 40 30 30 30

P 1111} 2900 1500 <2000 <2000 <2000

3.7 —I0 <10 15 10 10

SCevaesacenacosasaocnas <10 23 13 7 15 7

SPeseesnsessaassersaces 560 610 550 100 700 700

6300 5400 4200 3000 3000 3000

150 150 92 70 70 70

| 23 36 21 20 30 10
YDeeesssssasecesosooane n.d. n.d. n.d. 2 3 1.5

INeeoorsesssasnsnonnans 52 7 55 <300 <300 <300

Ileeeeecooocssssacanans 100 140 67 200 150 150
La/Nivesoseonareancaoes 1.4 1.0 .9 5.0 2.3 2.3

Modal analyses, in volume percent

QUArtZeeesesecssanceces 16.8 16.6 25.3 23.4
10.2 no 27.6 11.3 5.3 no

Plagioclas@ieesesccesss 32.6 29.5 39.3 36.3
(AN)eeerscsaesseeansses  (30) (31) (38) (35)
Biotiteeseeeesosassseee 32.2 16,3 22.4 20,9
Muscovite/Sericitececs. -- thin 3.8 .6 - thin
Chloriteesescescsccoass .1 .3 .1 -
Hornblende.eseseesesoes .- 3.9 - 11.6
8lack opaque mineral... 2.4 section 1.0 .1 .1 section
Apatiteseecesocesencsas 2.0 .7 .5 o5
Sphene.. 1.4 .7 .4 1.1
ZTTCONeesscenscacnsnnss - .1 tr . tr
Epidote.ccecsececcacene - available .1 -- .4 available
Clinozoisiteceeesennaen -- -- tr .4
Allaniteeesceessecaacee 2.3 - -- --
CalCiteiseasnccnnncense - .4 - --
Totalesosesesoooacences 100.0 100.0 100.0 100.0
Points countedeesveeass 651 767 835 786
Color indeX.sssseescees 38.4 n.a. 21.4 23.0 34.5 n.a.
Average grain size

(MM)eenrasnssaocnanas 3.5 ~3 3 2 2.5 ~3
Magnetic, m

or nonmagnetic, nm... m m nm m nm m
Radioactivity

(CPS)ecsasnocnaennaen 165 150 170 120 130 140
Specific gravitye.eco.. 2.720 2.812 2.759 2.807 2.789 2.850
Rock name
(Streckeisen, 1976) granodiorite n.a. granite granodiorite granodiorite n.a.
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TABLE 5,--Modal analyses and descriptive parameters of the Boulder Creek Granodiorite

[Diagnostic accessory minerals are underlined, tr, trace; -, not found]

Boulder Creek Granodiorite

SL-84 SL-86 SL-93 SL-94 SL-96 SL-97 SL-98
Modal analyses, in volume percent

QUartZeessssaacsseessss  29.4 21.3 18.8 20,8 28.9 30.7 27.1
Microclinessesssssessss 18.1 .5 2.8 12,4 .- 17.8 .4
Plagioclase.eessssesses  35.1 41.1 36.7 44,4 53.5 38.1 42,2
(AN)eseeessnneecnnesess (32) (32) (28) (32) (32) (32) (30)
Biotit@eesooosossssssss 11.9 29.4 31.8 14.7 17.0 11.5 27.7
Muscovite/Sericite. . .6 - .4 .. - tr ..
Chloriteceseeseess N tr - -- - tr 1.0 --
Hornblendeseeeeenoeeaes 1.4 1.3 5.8 6.3 - -- .-
Black opaque mineral... tr .3 tr .1 tr - .9
Apatiteseeessococsnsess .3 .8 .4 .6 .5 .2 .3
SPReNEsvsesenascnrsanne .3 1.8 1.0 .6 - .7 .9
ZirCONessesscassesnsase .- tr tr tr tr tr tr
Epidotesseeesceienaneane 2.8 2.4 2.3 .1 .- tr .4
Allanitesseecesocsssese .- -- tr -- -- tr .1
Calciteeeessssenssensss .1 - . . - - -
Totaleeesoossanessesass 100 100 100 100 100 100 100
Points countede.vessass 725 615 702 712 647 583 669
Color indeXeessesssssss 16.4 36.3 40.9 21.8 17,0 13,2 30.0
Average grain size

(MM)seaecsnscossannans 2.5 2.5 2.5 2.5 3 2.5 2.5
Magnetic, m

or nonmagnetic,Nme... nm nm nm nm nm nm m
Radioactivity

(CPS)esasesenseensses 130 110 120 100 160 175 125
Specific gravityeeeeess 2.727 2,812 2.786 2.803 2.756 2.685 -
Rock name
(Streckeisen, 1976)... granodiorite tonalite tonalite granodiorite tonalite granodiorite tonalite

SL-109A SL-110 SL-111A SL=-112 SL-113 SL-114 SL-117
Modal analyses, in volume percent

QUartZesessesecsceseess 28,0 18.7 20.1 16,5 16.8 27,6 20.3
Microclineeseeessvesses 12,8 13.8 2.0 12,7 9.0 -- 1.6
Plagioclaseeeesssseeses  35.7 43,7 59.8 48,6 46,1 44,2 47.3
(AN)eeeesesaascesaeeees (33) (35) (35) (35) (32) (35) (32)
Biotiteiesooesossssssss 18.4 20.6 17.4 15,8 13.1 23.6 25.7
Muscovite/Sericite..... 4.1 .1 - - W2 N .2
Chloriteecencecsancesss .- .6 -- -~ .3 .- -
Hornblendesssssessnssss .- - - 4.9 8.6 - -
Black opaque mineral... g g t:r2 _E, ; 2.3 2.(75
Apatiteisesesscsccernes . . . . . . .
Sgﬁene................. - tr tr .5 .7 5 .6
ZirCONevseeeessecscsens tr tr tr tr tr tr tr
Epidoteeceecesccssecncse tr .8 .5 .3 1.6 .1 tr
Clinozoisiteeseeseassns -~ .3 tr - 1.4 -- --
Allaniteeseeecnocesnees tr tr tr tr 1.3 tr 1.0
Totaleesesaessesnsanses 100 100 100 100 100 100 100
Points countedeeeessess 592 647 596 612 579 601 630
Color indeXeeesessassss 18.9 22.6 17.9 21.7 25.8 26.7 30.0
Average grain size

(MM)eeeenecensssnnns 1.5 2.5 2.5 2.5 2 2 2
Magnetic, m

or nonmagnetic, nm... m m nm nm nm m m
Radioactivity

(CPS)eeessssansnessss 120 120 100 100 100 90 90
Specific gravityeeeeass 2.762 2.774 2.770 2.767 2.773 2,811 2.787
Rock name
(Streckeisen, 1976)... granodiorite granodiorite tonalite granodiorite granodiorite tonalite tonalite




SILVER PLUME GRANITE

The Silver Plume Granite is a generally-massive, pale-gray to buff,
hypautomorphic granular, medium grained, peraluminous granite which forms an
almost homogeneous mass. Essential minerals are quartz, microcline (locally
perthitic), oligoclase (unzoned, locally myrmekitic or containing quartz
blebs), biotite and muscovite. Monazite is ubiquitous, having been found in
every sample, and zircon (locally showing overgrowths), apatite, and black
opaque minerals are present in most samples. Chlorite and sillimanite occur
locally, and epidote and allanite are rare. Pyrite and fluorite were only
found in one sample (tables 6, 7, 8, and 9).

By Streckeisen's (1976) classification 22 samples are monzogranite, 8 are
syenogranite, 1 is a granodiorite, and 1 is a quartz monzonite.

Foliation symbols shown in the Silver Plume Granite in plate 1 were read
on small enclaves of biotite gneiss within the granite. Pegmatites in the
Silver Plume Granite are uncommon and small, but several, too small to show in
p]gte %, along Lake Granby are notable for small amounts of tourmaline (black
schorl).

Several small (less than 50 m in greatest dimension), but more
radioactive, granitic enclaves occur in the silver Plume Granite and are
described further on.

Locally, but not commonly, the Silver Plume Granite, shows alignment of
microcline laths as often described (Pearson and Johnson, 1980, p. 16).
Locally, thin, parallel, biotite schlieren show evidence of relict structures.

Whole-rock sample SM-4 has been dated by C. E. Hggge égritten commun, ,
1982) using the Rb-Sr method. Assuming an initial Sr®’/Sr®” of 0.7036, which
previous suites of Silver Plume Granite have yielded, gives an apparent age of
about 1500 m.y., an age closer to the Silver Plume grouping (1400 m.y.) than
to the Boulder Creek grouping (1700 m.y.).

BIOTITE GNEISS

The biotite gneiss unit is predominantly a fine- to medium-grained
biotite gneiss (tables 10, 11, and 12), but includes lesser amounts of granite
gneiss, amphibolite, quartzite, pegmatite, and cordiorite-garnet-sillimanite-
biotite gneiss and schist. The biotite gneiss unit is also host to
fine-grained granitic enclaves of variable size that are described further on.

Grain size of the biotite gneiss is variable, from less than 1 mm to 10
mm, but much, if not most of the unit is fine-grained. Foliation is
everywhere present and the rock becomes schistose as biotite and muscovite
increase. Essential minerals are quartz, biotite, muscovite or chlorite.
Microcline and plagioclase (oligoclase, andesine, rarely labradorite) are
generally present. Hornblende, garnet, sillimanite, and cordierite occur
locally. Monazite and zircon are very common, apatite less so. Black opaque
minerals are normally present, epidote and allanite are uncommon, and sphene
is rare.

ratioThe biotite gneiss unit is very peraluminous, and has a high K20/Na20
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TABLE 6.--U, Th, chemical, and spectrographic analyses of the Silver Plume Granite.

[Delayed neturon activation analyses for U and Th by H. T. Millard, Jr., M. Solt, M. Coughlin, B. Vaughn, M. Schneider,

W. Stang, R. Bies, B. Keaton, S. Lasater, J. Storey, and S. Danahey.
K. Coates, of SL-40 by N, Skinner and D. Kobilis.
Bartel, of SL-64 and 65 by J. S. Wahlberg, J. Taggart, and J. Baker.
and SL-34 by G. Kaczanowski, of SM-4 by L. Bradley, of SL-40 by T. Fries, and of SM-43A, SL-64, and 65 by N. M,
Significant elements (2 x crustal abundance, or more) are underlined.

Conklin,

n.d., not determined]

Rapid rock chemical analyses of SM-3 and SL-34 by
Chemical (X-ray spectrographic) analyses of SM-4 and 43A by A, J.
Semi-quantitative spectrographic analyses of SM-3

Silver Plume Granite

SM-3 SM-4 SM-43A SL-34 SL-40 SL-64 SL-65
Usooososoesanassae 8.79 ppm 3.65 6.8 6.77 7.44 6.57 8.27
Theeoeosssooneoonns 37.0 " 30.0 41.0 48.0 27.1 38.2 52.8
Th/Ueeeocesoneanes 4.2 8.5 6.0 7.1 3.6 5.8 6.4

Chemical analyses, in weight percent
Si00eccasecsancnns 72.8 71.0 71.0 71.4 72,0 73.0 71.8
AIZ Jeeeeessccnnse 14,5 14,7 14.8 14,5 14.3 14.7 14,7
Feplgeesnsaennanes L2 2.36 1.82! L4 .B3 138! 137!
Felivveenononnnons .68 n.d. n.d. 1.0 . 6B n.d. n.d.
Mg0uueeueeenennneae .36 .67 .48 .65 .34 .40 .40
[OF- 11 P 1.0 .99 1.27 1.80 .96 .92 1.05
Na20.............. 3.0 2.74 2.B2 2,80 3.30 2.80 3.1
Kolovonnnannnnnnnn 6.0 5.49 5.63 6.00 5,00 5.66 5.49
Hp0 e reveaneranes .59 942 762 .51 .53 712 582
L P, .24 .26 .23
TiOz.............. .27 .32 .28 .33 17 .19 .23
N .13 .15 .14 .18 14 <10 .10
MnO.seaeennnnonnns .02 <. 02 <.02 .04 .04 <. 02 <. 02
COpivenesronnaanes .03 nede n.d. .01 .01 n.d. n.d.
Totaleeessonessnna 101 99 99 101 99 100 99
K20/Na20.......... 2,0 2.0 2.0 2.1 1.5 2.0 1.8
Peraluminous index 1.09 1.20 1,13 1.01 1,14 1.19 1,13
Spectrographic analyses, in parts per million

Becesosaosasnooase <10 <10 <20 <10 <10 <10 <10
Baiieesseessaseses 850 500 700 610 430 300 500
Beeceeeanessennans 1.6 <l.5 <1 1.3 1.7 <1.,0 <1
o ¢ L <100 150 170 <100 150 200
COuevecnacnsncnnas 2.4 <5 <3 1.5 1.4 <3 <3
Crecisesscasssenas <10 5 3 <10 <10 1.5 7
Clsesencnonansnsnss 6.2 15 30 23 12 7 30
GAeesasesasenanane 17 30 30 20 21 15 15
- | 1 70 100 31 0 150
L <25 10 15 <25 <25 <10 <10
Ndeessoassanconnas n.d. 150 n.d. n.d. n.d. 70 150
1 4.9 <5 <3 4.4 2.7 <2 2
T < 50 30 36 21 30 30
SCuvreesnnocnncnss <10 <10 5 <10 <10 <10 <10
SPesseesscssnsvoss 200 200 200 120 81 150 150
Veeoeononsonesnses 17 30 30 21 11 15 30
Yeooeseoseeosanoes 13 <10 10 18 <10 10 15
Ybeveorooaasooanae n.d. <1 n.d. n.d. n.d. 1 1
INiessssncnsnecnne <50 <300 <300 61 <50 <50 <50
Zlecsnanacsnsnnnns 160 70 150 120 62 70 150
La/Niveeosesnonens 11 >14 >23 23 12 »35 75

1Tota] iron reported as Fe203

2L01 at 900°C
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TABLE 7.--Modal analyses and descriptive parameters of the Silver Plume Granite

[Same rock samples as in table 6.

tr, trace; -, not found]

Diagnostic accessory minerals are underlined.

Silver Plume Granite

SM-3 SM-4 SM-43A SL-34 SL-40 S1-64 SL-65
Modal analyses, in volume percent
QUartZieeeeacecsssasaes 23,6 28.6 28.1 23.5 35.1 32.3 24.7
Microcline.eesseecneess 43,1 39.0 43.2 43.0 31.3 28.1 28.3
Plagioclase.eceeeeveess 20.7 22.8 20.7 23.5 26.5 33.3 40.0
{(AN)ierrncasacaansensas (12) (15) (15) (25) (12) (13) (15)
[:31:14 1 7 -7 7.1 .9 3.3 4.5 2.8 4.1 4,9
MUSCOVItReueaononnnans 3.6 3.7 3.5 3.1 3.2 1.3 1.3
Chloriteiceeceessenaess -- 3.1 .6 .8 .3 - tr
Black opaque mineral... 1.5 .9 .1 .9 tr .1 .6
Apatiteeiceceeccncnenes .2 .6 .4 .3 tr - .1
i .2 tr tr .4 tr tr tr
tr tr tr tr tr tr tr
Spheneicceccescsscsnncas -- 3 - - - - -
Epidoteesescscceccencss - tr - . - - -
Sillimaniteeceeeesnceses - -- - tr .8 .B .1
Allanitecieecncsnsecaae - -- - -- . tr -
Fluorite.. -- tr - -- -- - —
Pyriteeeceecscesescsnnes -- tr . -- .- - - -
Calcitececceecennsannae -- .1 .1 - -- - -
Totaleeeseeeeessseseess 100 100 100 100 100 100 100
Points countedeesssesss 813 703 691 800 713 716 750
Color index.ceeveseanse B.8 5.2 4.0 6.6 3.1 4.2 5.5
Average grain size
[:11) P 1.5 3.0 2.5 2.5 1.5 2.5 3.5
Magnetic, m
or nonmagnetic, NM.,. nm m m m nm nm nm
Radioactivity
(CPS)eevesvacnneaeess 350 460 335 450 . 390 320 360
Specific gravity.ecoess 2.630 2.668 2.662 2.660 2.643 2.647 2.664
Rock name granite granite granite granite granite granite granite
(Streckeisen, 1976)... (syenogranite) (monzogranite) (syenogranite) (monzogranite) (monzogranite) (monzogranite) (monzogranite)
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TABLE 8.--U, Th, spectrographic, and modal analyses and descriptive parameters of the Stlver Plume Granite

{Delayed nevtron activatton analyses for U ahd Th by H, T, Millard, Jr., N, Solt, N, Coughltn, B. Vaughn, M, Schaelder, W. Stang, X. Bjes, B, Keaten, and S.

Lasater,

friay, and SL.52 and 8) ty N, N, Conkiin,

underiined. tr, trace; -, not found; n.d., not determined; m.2,, not applicadle]

Semiquantitattve spectrographic analyses of M.-1, 2, and &, and S5L-29, 30, and 31 by G. Kaczanowski, SL-37, 39, 41,42,44,45,46,47 .48, and 49 by T,

Stgnificant trace elements {2 x crustal abundance, or more) are uaderiined. Dlagnostic accessory minerals are

Siiver Plume Granite

M.l .2 L $L-29 SL-30 sL-31 $L-37 5L-39 -4
Uiavoasnnns 2.2) pom 2.1 5.80 b3 5.00 4,42 4,19 6.08 5,59
Thesiesee n.s * n.2 s 70.7 I8 38.7 21.6 ot E)
Th/Usiiiensen R 3 7.8 kimd 53 . 4.9 =3 .
Spectrographic analyses, in parts per million
<10 <10 ., <10 <10 <10 <10 <10 <10
1500 700 120 470 590 470 620 580
T.4 2.4 <1 2.1 2 3.6 2.9 1.8
280 200 270 <100 140 140 150 150
A | —30 T 1.1 —Zs 73 -3 2
1 <10 <10 <10 <10 <10 <10 <10
13 14 22 5.8 18 1 13 6.6
22 26 20 20 23 23 2 18
170 120 150 " 80 60 15 83
< w0 ki <200 F) bag <200 <0
€25 <25 <25 <25 <25 Qs <25 (4]
n.d. n.d. n.d. n.d. n.d. n.d. A.de n.d.
1.0 $.5 8.5 2. 3.7 3.2 3.5 3.0
1000 900 900 100 900 1600 1500 1000
s ] 4 u kS b4 % b
<10 <10 <10 <10 <10 10 <10 <10
210 130 180 120 100 120 140
2300 1300 2100 1200 1700 1200 1400 1000
4l 38 23 <10 2 14 19 16
21 1 n 12 21 16 13 12
n. d. n.de nude n.d. n.d. n.d. A d, n.d.
8¢ §! <50 <0 €S0 <50 <50 <50
130 170 230 84 91 3 96 98
2 2 18 18 22 19 21 23
Modal analyses, in volume percent
2. 3.2 46.6 na 29.6 26.2 35.7 29.1 313
35.1 3.0 17.7 4.1 2.8 26.7 3.8 .3 3.1
1.8 19.7 32.5 12.7 18.1 35.7 22.9 28.0 21.0
(15) {15} (15) (12) (14) (15) {13) (23) (23)
e . .2 2.7 . «9 . N .
MWuscorite . 47 4.1 1.7 2.3 6.2 6. 3.4 6.6 1.1
Chtorite tr L5 N 1.0 - LN ] - - -
Biack opaqu . .3 .6 1.4 .$ 3 te a1 .o
te .3 tr - - 5 tr .1 -
tr .2 tr .1 tr tr tr tr te
lrz "l ol tr tr tr tr tr tr
tr tr tr - - = tr ) K]
. - tr - - - - - -
- tr - - - - - - -—
Totaleevssne 100 100 100 100 100 100 100 100 100
Peints counted. oo, 553 604 661 8z¢ 794 su) 682 140 [11)
Color tndessaciccnes 47 6.2 1.5 S.2 3.2 4.6 3.2 2 5.0
Average grain site
"8)eiasasacennocas 1.§ L5 5 <1 1.5 3 1.5 3 2.5
Magnetic, m
or monmagnetic, e, ~ ] L] (L) m m nm ™ L
Radtoactivity
[ I 0?0 410 280 220 300 330 258 350 3%0
Spectfic gravity.ceo 2,860 2,650 2.630 2,640 2.630 2670 - 2.685 2.651
Roch name granite grenite granite granite granite granite granite granite grantte
(Strecketsen, 1976) (monzogranite) (syenogranite) (monzogranite) {syeaogranite) (syenogranite) (monzagranite] (monzogranite) (monzogranite) (monzograntite}

‘noul one nalf ef the opaque mineral 13 secondary in graia {nterstices.
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TABLE 8.--U, Tn, spectrographic, and modal analyses and descriptive parameters of the Stlver Plume Granite--Coatinuea

sL-42 SL-44 SL-45 SL-46 SL-A7 SL-48 sL-49 SL-62 SL-63
9.0 poa 336 s,83 3.04 5,42 .91 7.35 5. 60 5,76
RN 4.1 a0 32.8 aT 0.1 Tz .y R

Spectrogriphic analyses, in parts per mtilion

a0 <10 <10 <10 <10 <10 <10 <10 <10
120 8% 1000 1200 830 810 730 $0D 300
1.8 L6 2.2 1.9 L6 1.4 <1 <l <1
190 140 190 130 230 200 280 100 200
i A1 .6 —%.0 4.9 A 1 .6 <3 e
<10 n <1 13 <10 <10 n 3 1
s1 1 9.9 S.1 24 9 9.6 7 15
k44 20 24 20 16 22 19 15 15
100 12 130 58 140 120 160 20 150
N i1 <00 aw 100 70

@5 <25 <25 <25 <25 <28 €25 <10 <lo
nd. n.d. n.d. n.d. n.d. n.d. n.d. 70 150
s.1 .8 1.1 6.6 [N 4.0 5.9 2 <z
2100 1400 1600 1400 1100 1500 <2000 <2000
KL 52 25 * 25 ua n 2 3
<10 <10 <10 <10 <10 <10 <10 <7 <7
120 170 130 210 160 160 150 150 150
1900 1800 3000 2100 2400 1900 2100 1500 700
21 48 k4 27 26 15 15

ua 1 12 16 15 15 u 10 15
n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1 1

84 61 86 50 54 66 63 €300 €300
2o 170 280 170 130 110 160 100 70
20 15 17 L] 3 30 27 h L3 75

Modal analyses, in volume percent

19.8 .0 21.0 17.2 2.4 18.6 22.4
370 334 20.5 38.8 47.8 48.3 no 36.2 no
3.6 24.3 46.1 u.0 20.4 23.0 3.7
(18) (20) (73 (1s) (1s) (7 (12)
4.0 3.7 10.0 .8 4.1 4.6 2.
" 1.1 1.3 1.8 3.9 2.5 thin 3.8 thin
.Sl et .2 6.3 - 1.2 -
Black opague aineral [ | 3.4 .6 1.1 1.2 1.2 .5
Apatitecioooarencans e o1 .3 tr tr tr section .3 section
tr e tr .2 tr tr
tr tr te tr tr tr
- - - - - avatlable - avatlable
tr - - - -6 -1
- - tr - - -~
Calctite...... -~ - - - - - -
Totalecoeossecansnes 100 100 100 100 100 100 100
Points counte « 1210 618 629 652 608 679 662
Color 1ndeRieiesesss 1.0 7.3 10.8 8.2 5.9 7.0 noa. 3.5 n.a,
Average grain size
{)ieaievecnnananns ) 2 1.5 LS H 2.5 2 3 3
Magnetic, o
or noamagnetic, na., nm ~ L] L] - ~ "~ na =
Ragtoactivity
(€P3)eeesnvacronseas 3OS 380 390 360 350 430 00 330 Wh
Soectfic graeity.... 2.6%9 2.655 2.68) 2.641 2.679 2,664 - 2.660 -
Rock neme granite granite quartz ranite granite granite
{Strechetsen, 1376} {(monzogranite} ({monzogranite} granodiorite monzonite {syenogranite) (syenogranite) n.a. {ronzogranite) n.a.

‘Am! one Nalf of the oosque mineral 5 secondary in grain interstices.
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TABLE 10.--U, Th, chemical, and spectrographic analyses of the biotite gneiss, biotite lamprophy re enclaves,
a small mafic enclave in the Boulder Creek Granodiorite, and an andesite porphyry dike

[Delayed neutron activation analyses for U and Th by H. J. Millard, Jr., B. A. Keaten, F. M. Luman, J. Storey, S. Danahey, B.
Vaughn, and M. Couglin. Chemical (X-ray spectrographic) analyses of SL-88, 101B, 139, 142, and SM-152 by A, Bartel and of
SL-69 and 71 by J. S. Wahlberg, J. Taggart, and J. Baker. Semiquantitative spectrographic analyses of SL-69 and 71 by N.
M. Conklin and of SL-88, 101B, 139, 142, and SM-152 by L. Bradley. Significant elements ( 2X crustal abundance, or more)
are underlined. n.d., not determined]

small andesite
biotite gneiss biotite lamprophyre enclaves mafic enclave prophyry dike
SL-69 SL-71 SM-152 SL-88 SL-142 SL-101B SL-139
Usesseoesesosseosnan 2,02 ppm 2.69 5.33 8.31 9,52 2.15 3.38
Theesoesvenessesnnse 24,7 ™ 23.4 . 51,6 62.6 2.7 22.9
Th/Useseoeesossssnne 12,2 8,7 4,2 5.2 6.6 <l.3 6.B
SiDz................ 52.4 66.5 62.0 50.0 47.7 46.8 52.2
Alp03i0eeassinsases 26,5 17.0 21.5 11.2 11.7 16.5 15,0
Fepluiuinnnienneans 12,80 7.18! 8.89! 7.77} 7.84} 13,4} 8.511
Felessenenooncsoscns n.d. n.d. n.d. n.d, n.d. n.d. nede
MG0esesasssacnnennns 2.6 2.6 2,23 9,20 9,04 6.07 6.01
Caleevrceconcensnces .27 .82 .38 7.01 7.43 8.54 6,41
NGZO................ «6 1.0 .58 .71 .78 2.76 2.80
KZO"""""“""' 3.84 2,47 2.59 7.67 7.84 2.38 3.51
"50‘“ .942 1,202 .a52 .572 .762 1.212 1.292
HE0™
Ti0peeconesnacacanne 1.07 .76 1.09 1.39 1.12 1.25 1.02
Po0geesesaesasonsans <1 <1 .08 1,53 1.79 .82 1,06
MAO.eevesssscensnnes o1 .08 W11 13 1T 223 12
COZ.......‘......... n.d. nede n.d, n.d. n.d. n.d. n.d.
Totaleseessoocescseae 101 100 100 97 96 100 98
KZO/NaZO............ 6.40 2.47 4,47 10.8 ~ 1041 .86 1.25
Peraluminous index.. 4,64 2.95 4,81 .50 .50 .73 .75
Spectrographic analyses, in parts per million
Beveeeovocessvesanne <10 <10 <10 <10 <10 <10 <10
Baveesssocossessanes 100 500 300 5000 15000 300 5000
Beuesossavassoonsnos 1 <1 <1 -3 - 5 -z s
Ceuieeossnsnsscasccns 100 100 <100 500 700 <100 300
COuvenensessscccnaee 30 15 20 i) 20 20 o)
[ S 150 70 100 500 3D0 300 300
Clseecssennssaccnses 3 70 10 15 50 30 -0
30 15 30 20 2D 30 20
70 70 50 300 300 <5D 200
R ¢ 1} 10 10 kg ksl <10 <0
Ndeeooeseoaessonnnsns 70 70 70 300 700 100 200
Niceesesasasessssnse 70 20 30 T50 T50 - -0
15 1D 15 30 50 15 50
30 15 20 3D 20 - 50 15
Slevesessaassessssss 150 15D 1) 1500 3000 500 3000
Veeoressosesssanesee 70 70 150 200 150 200 150
Yeeesosansosocesasse 50 70 15 50 70 i 30
YDuveaossnosssnscnne 7 7 n.d. 3 ) ) 3
INierrrsennrnssnnses <300 <300 <300 <300 <300 <300 <300
Ileseeeocososssennas 150 300 150 150 150 70 100
La/Nieasesecscacesss 1.0 3.5 1.7 2.0 2.0 <1.7 2.9

1 7Total iron reported as Fe,04
LOL at 900°C
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TABLE 1l.--Modal analyses and descriptive parameters of the biotite gneiss, biotite lamprophyre enclaves,

[Same rock samples as in table 10.

tr, trace; --, not found; n.a., not applicable]

a small mafic enclave in the Boulder Creek Granodiorite, and an andesite porphyry dike

Diagnostic accessory minerals are underlined.

biotite gneiss

biotite lamprophyre enclaves

small
mafic enclave

prophyry dike

SL-69 SL-71 SM-152 SL-88 SL-142 SL~101B SL-139
Modal analyses, in volume percent

QuartZeeessososscoesses 12,0 3.1 - -- 5.7 1.9
Microclineseeessenesses 7.5 4.4 45.8 24.9 tr 10.4
Plagioclaseesssecescane -- 16.5 no 1.6 - 37.9 39.1
(AN)esesscesccosnncrane -- (35) (05) -- (32) (30)
Biotitesseseesoncescess 21,5 16.5 23.6 38.1 28.0 20,7
Chloriteseseesescacenne 2.5 1.8 - - - -
Hornblendesseeescsssees -- - thin 20.8 15.6 20.7 17.3
Monoclinic pyroxene.... -- -- - 5.7 - 2.9
Garnetsseseecccncsseses 42,1 6.2 -—- .- - -
Cordieritecsseesssssass 6.8 12.8 -- - - -
Scapolite {mefonite)... -- - - - - 2.1
Sillimanitececeecseosss 6.2 10.1 section - -- -- --
Black opaque mineral... 1.3 .6 1.3 .5 .9 2.7
Apatitessierencsereasns  -- - 23 47 1.0 1.9
Spheneeecceressesicnses -~ .- 2.6 4.8 1.0 .3
Monazitesssessesessnces o1 tr available -- - -- --
Zirconeessesesoscssases tr tr -- -- tr -
Epidotescceesceccsnaans .1 -- 2.0 5.9 4.8 .7

-- - tr ) tr --
Rutilececssnesccnsssans - - tr tr -- --
Total seseesscsscsssess 100 100 100 100 100 100
Points countedecssesses 601 662 696 598 690 701
Color indeXesesesseseees 67.4 25,1 n.a. 50.3 70.9 55.4 46.7
Average grain size
MM)sesossssvosccossons 3 2.5 2 <1 <1 <l <1
Magnetic, m .
or nonmagnetic, NMeeses nm nm m nm nm m m
Radioactivity
(CPS)eesesssscnsnsnasse 210 155 - 295 - - 160
Specific gravityeeeesse 2,920 2.872 -- 2,899 2.932 - 2,852
Rock name
(Streckeisen, 1976, 1979) n.a. Nede nea. minette-vogesite minette-vogesite diorite monzogabbro
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TABLE 12.--U, Th, spectrographic, and modal analyses and descriptive parameters of the biotite gneiss and biotite lamprophyre enclaves in the
Boulder Creek Granodiorite

[Delayed neutron activation analyses for U and Th by H. T. Millard, Jr., M. Solt, M. Coughlin, B. Vaughn, M. Schneider, and W. Stang.
spectrographic analyses of SL-1 and SL-10 by L. Castillo and of SL-36 by T. Fries.
Diagnostic accessory minerals are underlined.

underlined.

Semiquantitative

Significant elements (2 x crustal abundance, or more) are

tr, trace; =--, not found; n.d., not

determined; n.a., not applicable]

biotite gneiss

biotite lamprophyre enclaves

SL=1 SL-36 SL=76 SL-79 SL-80 SL-89 SL-10 SL-82 SL-83
Usesveoasssosasovsasenses 3.04 ppm 2.65 n.d. n.d. n.d. n.d. 7.68 n.d. n.d.
12,6 " 7.6 n.d. n.d. n.d. n.d. 433 nede n.d.
Th/Ueeeesscansscassance 3.7 2.9 Nade n.d. n.d. n.d. 5.7 nede n.d.
Spectrographic analyses, in parts per million
Besvesossecsossssocnsane 15 15 <10
desssssoasesnssssaness 890 1300 4100
BEissosesssossorsassnne 3 3.1 11
Clirserennesnnsasssasss <100 <100 {10
[ T R | 9.9 38
[ 84 <10 420
ClUeessoscasscsosescsasse 8.9 4.5 36
Gaeesasessessanssasnnse 24 22 25
Laceseccesanaccncesscne 54 39 230
Liceseesernasesesncaees 170 <50 T30
600 1200 1400
<25 <25 <25
n.de ned. ned. n.d. n.d. n.d. n.d. nede n.d.
34 6.5 220
Pivessesosnsncsssseesee 600 2000 >4500
Pbuseesossocrcenseosnss <10 <10 <10
17 21 29
130 180 1700
5200 4100 T500
Vieesosossosssarsssssne 92 52 _ZZU
Yorseuressoansoaonnaese 43 59 64
Ybessseeseonsessanascee n.de n.d. n.de
INisonsosscosasassssnen 91 90 <50
2 240 510
La/Nissssecevenssossoes 1.6 6.0 1.0
Modal analyses, in volume percent
QuartZosoeessssnsssones 51.9 41.6 58.8 47.3 33.3 25.5 - 0.4 --
-- .6 4,2 o3 13.2 4,5 37.6 37.4 37.7
13,3 23.2 24.6 32,2 36.9 20.0 . 12,3 2.8
(28) (68) (15) (17) (28) (28) (08) (20) (08)
Biotitesisesssssssvsonsne 16, 27.8 9. 18,9 14,7 36.9 20,7 12, 20,5
MusCOViteissssearennnas 17.9 3.1 1.7 .5 .3 .8 - - --
Chloriteseseesesocsscsas -- .1 . .2 - -- - - .-
Hornblende..seeessvenee - .9 -- -- - -- 34.2 30.5 29.3
Garnetseesssses - -- -- - .2 1.8 -- - -
Sillimaniteceesasenesse -- .1 .1 -- .2 10.3 -- -- --
8lack opaque mineral.., .5 -- .6 .5 o7 .2 .5 1.9 .1
Apatiteseseercescaneens -- .4 -- - .5 tr T e 37
Sphene.ssssesssssscsnes tr -- - - tr - 13 47 .3
Monaziteeeeseeesocsasse ir tr te o1 - te - - P
ZIrCON.essssessscsccnss tr -- tr te tr - - - .1
Epidotesessesassscnsene -- 2.2 - -- - -- .1 L2 tr
Allaniteseeeesescosesss -- - tr tr - - - - tr
Rutilessecseescececnnas - - - - - - te tr tr
Calcitesssencennoonnsss -- - - - - - - Tr —
Total seeessonsssecesss 100 100 100 100 100 100 100 100 100
Points countedesseeeses 801 681 710 640 1314 514 807 571 711
Color indeXeeseecsoscss 16.9 31.0 10.6 19.7 15,6 38.9 59.8 49,1 55.8
Average grain size
MM)easosssssscscosanse <1 <1 <1 1 1 1 <1 <1 1
Magnetic, m
or nonmagnetic, NMessos nm nm m nm m nm nm nm nm
Radioactivity
CPS)esessnncssnsssssss 180 170 230 240 185 165 250 280 310
Specific gravityeseeao. 2.760 2.807 2,719 2,718 2,749 -- 2.890 2.896 2.899
Rock name
(Streckeisen, 1979)... n.a. n.a. n.a. n.a. n.a. n. a. minette-vogesite minette-vogesite minette-vogesite




GRANITIC ENCLAVES IN THE BIOTITE GNEISS

Granitic enclaves in the biotite gneiss range from 1 m in greatest
dimension to over 0.5 km in greatest dimension. The long, narrow enclave in
the northwest part of the map area is mapped as Silver Plume Granite by
Schroeder (oral commun., 1982) and as quartz monzonite by Izett (1974). My
interpretation of this elongate body as being different from the Silver Plume
Granite is based on its finer grain size, lower U content, and other
parameters. These generally fine-grained granitic rocks are gray to buff and
have hypautomorphic granular texture (tables 13, 14, 15, and 16).

Essential minerals are quartz, microcline, oligoclase (rarely andesine),
and biotite. Muscovite is generally present; chlorite occurs sporadically.
Zircon is very common; apatite and monazite are slightly less so. Black
opaque minerals are generally present; garnet, epidote, allanite, sillimanite,
and tourmaline are rarely present.

One chemical analysis of a granitic enclave (SL-3, table 13) indicates
that the rock is a peraluminous and very potassic granite. Using the
Streckeisen (1976) modal classification 6 samples are monzogranites, 1 is a
syenogranite, and 1 is a granodiorite.

GRANITIC ENCLAVES IN THE BOULDER CREEK GRANODIORITE

Granitic enclaves in the Boulder Creek Granodiorite range from 1 m to
greater than 0.5 km in greatest dimension and are not uncommon. The smaller
enclaves are generally fine grained, but the larger enclaves are slightly
coarser., A1l are gray to buff and have hypautomorphic granular texture
(tables 13, 14, 15, and 16).

Essential minerals are quartz, microcline, oligoclase (rarely, albite),
and biotite. Muscovite or sericite and black opaque minerals are generally
present. Apatite and zircon were found in all of the smaller enclaves, and in
most of the larger enclaves. Chlorite, epidote, allanite, monazite and sphene
occur Tlocally.

A11 four chemically analyzed samples are peraluminous (table 13).
According to the Streckeisen (1976) modal classification 8 samples are
syenogranite, 3 are monzogranite, and 1 is a granodiorite.

BIOTITE LAMPROPHYRE ENCLAVES IN THE BOULDER CREEK GRANODIORITE

Enclaves of biotite lamprophyre, tens of meters in length, tend to
cluster in the south central portion of the map area (figure 2 and tables 10,
11, and 12). A single enclave, similar in size, is found in the south-west
central part of the map area, and another one in the east central part of the
map area has been mapped by Schroeder (oral commun., 1982). The biotite
lamprophyre is dark gray, fine grained, and is holocrystalline. Most
specimens are massive, but SL-10 showed a pronounced foliation. Essential
minerals are biotite and hornblende set in a matrix of microcline, naturally
stained inhomogeneously light brown. Monoclinic pyroxene occurs in SL-142,
and quartz was found in one out of five samples. Apatite, sphene, a black
opaque mineral, epidote, and triangular inclusions of rutile in biotite were
found in all samples. Zircon and allanite occur locally.
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TABLE 13.--U, Th, chemical, and spectrographic analyses of granitic enclaves in the Boulder Creek Granodiorite,
in the Silver Plume Granite, and in the biotite gnetss

[Delayed neutron activation analyses for U and Th by H. T. Millard, Jr., M. Solt, M. Coughlin, B. Vaughn, R. Bies, B. Keaten,

S. Lasater, J. Storey, and S. Danahey. Rapid rock chemical analyses of SL-3 and SL-11 by V. Smith and J. Reid, and of SL-20 by
K. Coates. Chemical (X-ray spectrographic) analyses of SL-147, SM-43B and SM-48 by A. Bartel and of SL-58 by J. S. Wahlberg,
J. Taggart, and J. Baker. Semiquantitative spectrographic analyses of SL-58, SM-43B, and SM-48 by N. M. Conklin, of SL-3, 11,
and 20 by G. Kaczanowski, and of SL-147 by L. Bradley. Significant elements (2 x crustal abundance, or more) are underlined.
n.d., not determined]

Granitic enclave in
the biotite gneiss

Granitic enclaves in the

Granitic enclaves in the Boulder Creek Granodiorite Stlver Plume Granfte

Small - 1 to5m Large - 1/2 km or more Small - less than 50 m Large - 1/2 km or more

SL-11 SL-20 SL-58 SL-147 SM-438 SM-48 SL-3
1.96 ppm Ln 1.55 1.87 3.4 5.0 4,50
86.2 " 33.9 55.1 8.65 75.9 123.0 53,1
. 13.2 355 4,63 22.3 288 1.8
Chemical analyses, in weight percent
5107 c0teecensannncenas 69.3 71.2 71.8 63.8 70,2 70.7 72.4
Al17030000uscnnccsancens 14,7 13.4 15.4 14.7 14.6 14.4 14,5
P X 1.9 1.86! 6.941 3.24! 2.84! 1.6
Feliueeerenosnnoanannen 1.0 .96 n.d. n.d, n.d. n.d. .52
MG0uesesessasorsncnnsan .64 .78 .68 1.09 .86 .69 .29
Calessurasnvasssnnasaes .98 B 2,19 2,51 1,14 .85 .66
Nas0caseonnnsnnsonnnans 2.4 . 3.4 3,20 2,33 2,23 2.7
S Y 7.5 7.4 3.75 4,41 5.33 5.83 6.3
Hp0teenerenernensnnnnns .42 .64
eerareacierenens .70° .512 .912 792 .03
HpO vseesnonnannennnnes .21 .32
Ti0pseevenaessannencens .55 .51 .28 1.02 .44 .41 .29
Po0gecesiosnnssassacnns .23 .09 <1 .50 .12 .16 .12
MN0ueeennsonassssesnnne .02 .04 <. 02 .07 <. 02 <. 02 .00
C0puevuarsnnesnoonsenns .03 .02 n.d. n.d. n.d. n.d. .08
Totaleseeeeveoenassesss 100 100 100 99 99 99 100
Ko0/Nag0sasaeesoosaanns 3,13 3.90 1.10 1,38 2,29 2.61 2.33
Peraluminous index.s... 1.16 1.05 1.02 1.13 1.25 1.25 1.16
Spectrographic analyses, in parts per million
<10 <10 <10 <10 <20 <20 <10
2400 1500 700 3000 1000 700 1100
Blesseessosnnsasnncsens .1 T.1 <1 1.5 <1 <1 2.4
Clrvrevecscanensonsnaes 420 <100 150 300 200 300 210
COevvecsavesansssscaass 5.3 6.0 -3 —7 <3 -7 1.8
CPeveesenessesssencsnsnne <10 <10 7 5 15 15 <10
7 12 1 10 30 7 27
20 14 15 30 30 30 19
Lasecevesseessossseenss 230 67 150 150 150 150 130
Ndecsoesesososocsccnnes n.d. n.d. 70 150 150 150 n.d.
L N 5.3 8.4 3 <0 4
38 38 30 30 30 30 23
a0 a0 7 15 7 5 <10
SPiessssecnsnnasoncssns 270 240 700 1000 300 150 120
Viverooesoanaansnscoass 42 33 15 70 30 30 14
¥ erassssnnnsnsnnncacnsn 15 12 10 50 15 15 17
YDeuesesaosrsoncasesens n.d. n.d, 1 3 1.5 1.5 n.d.
INeeresecosacanssencaas 57 <50 <300 <300 <300 <300 <50
IPeevereneneeronnannans 340 380 150 200 150 150 170
La/Niceessassososceanae 43 8.0 50 >15 21 21 33

1Tota1 iron reported as F9203

2101 at 900°C
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TABLE 1S.--U,Th, spectrographic, and modal snalyses and descriptive parameters of granitic enclaves
in the bictite gneiss and in the Boulder Creek Granodiorite

[Delayed revtron activation analyses for U and T™h by M. T, Millard, Jr., K Solt, M Coughlin, 8, Yaughn, X Schaelder, W. Stang, 8. Keaten, and f. Luman,
Semiquantitetive spectrographic anelyses of SL-4 and SL-17 by L. Cestillo, of TH-2 and SL-25 by G. Kaczenowski, of SL-38 ang SL-43 by T. Fri and of SL-59 by N.
M. Conklin, Significent elements (2 x crustsl adundence, or more) #re underiined. Disgnostic sccessory minerals are underlined. tr, trace; =, not found; n.d.,
not determined] . .

Tranitic enclave In the

Granitic enclaves in the biotite gneiss Boulder Creek
Granodiorite
Saall - less then 50 m targe =14 tm or more + Large -1 tm or wore
%-26 SL-38 SL-43 SL-4 St-17 ™2 SL-5¢9
2.1 1.36 2.78 3.89 .99 2.08
29.9 30.4 75.2 5.6 26.2 2.2
1.0 A T oY 33 1.4

Spectrographic analyses, in parts per sillion

<0 17 ap Qo <10 Qo
220 1700 2000 1100 70 700
2.8 .6 T L4 LS 3.2 a
100 310 3% 320 no 1%0
1.5 %} .2 1.8
Qo 13 «o o Qo 15
a7 30 n 6.5 12
18 25 25 2 22 1%
@0 190 230 160 §4 100
<50 K k) ki) 5 0
260 860 @0 30 €200 70
<25 <25 @5 2% <25 31
n.d. n.d. nd. n.d. n.d. 0
4.3 n 6.2 4.7 2.3 3
1000 24500 700 500 <2000
14 Qo (] 50 i 30
ao n av auv 1] 7
73 29 19 150 3 200
900 6300 3100 2200 1300 150
<10 ” 4 27 Qo 3
17 4 1 15 20 15
n.d. n.d. (XN ned. nd. 1.3
<50 170 55 0 €300
4 0 280 220 130 150
< Y ki u 23 33

Modal analyses, in volume percent

n.a 28.3 8.7 29,2 30,1 35.3 28.5

H.1 38.6 20.8 30.8 39.5 21.9 13.3
Plagioclas 32.8 29.1 32.3 27.0 20.8 29.1 50.7
[LL) PEPPPO 13) (12) (32) $13) 12) (16) (1%)
Biotitescanaee 2.0 3.2 13.8 .3 21 1.2 .
MuSCOViteresens .8 1.1 2.8 2.5 8.8 2.1
Chloritesccesees tr - .1 .6 - - .
Black opagque winerasl. t - 2.5 1.5 tr .8 3
Apatit errece tr -6 =4 ir =4 -
Honazitesceesnns .1 tr - =4 ir tr tr
Zircon.... e k13 =1 1r xr Ic tr
Allanite, - - t - - - -
Stilimanite.eo tr - - .- tr - .-
Tourmaling.eeese - tr - - .- - -

100 100 100 108 100 100 100
Points 549 622 832 800 552 809 o
Color index..... 2.1 3.2 16.5 9.8 7.1 2.5 $. 4
Average grain size
(MM)eceesansooarsencace 1 1.5 2 a a 1 2.5
Hagnetic, =
or nonmagnetic, M .... L Ll » na ] L na
Radioactivity
(€PS)evcacsrceccrsaneas 330 165 325 388 325 280 200
Specific gravity.eeeose 2.620 2,649 2.176 2.630 2.640 Z.640 2,889

Rock name granite granite granite granite granite qranite

{Streckeisen, 1976)... (monzogranite) (monzogranite) (monzogranite) {monzogranite) (syenogranite) (monzogranite) qranadiorite
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According to the Streckeisen (1979) classification for lamprophyres,
minette-vogesite is an appropriate name. The narrow range of specific
gravities indicates the homogeneity of the lamprophyres; five specimens
average 2.903 with maximum deviations not exceeding +0.029 (tables 11 and 12).

Chemically, the biotite lamprophyre is the most unusual of all the rock
units. Both U and Th are high, but the Th/U ratio is close to normal (5.2).
Mg and K, incompatible major elements, are unusually high, as well as the
elements Ba, Sr, P, LREE, Y, Cr, Ni, Sc, and V.

GRANITIC ENCLAVES IN THE SILVER PLUME GRANITE

These granitic enclaves are mappable only where exposure is very good.
They are slightly more radioactive, more melanocratic, and slightly finer
grained than the Silver Plume Granite, and show a subtle porphyritic
texture. Contact relations between the granitic enclaves and the Silver Plume
Granite are generally sharp, but there is no semblance of a chilled border in
the enclaves.

Quartz, microcline, oligoclase, biotite, and muscovite are essential
minerals. Chlorite, a black opaque mineral, monazite, apatite, zircon, and
sillimanite, are common accessories (tables 13 and 14).

The enclaves are peraluminous, and according to the Streckeisen (1976)
classification they are monzogranites.

Th is much more abundant than U in the enclaves, as compared with the
Silver Plume Granite. The LREE are also very abundant.

The origin of these granitic enclaves may be due to local melting within
the Silver Plume Granite.

SMALL MAFIC ENCLAVES (RESTITES) IN THE BOULDER CREEK GRANODIORITE

These small Egenera]]y 1 to 20 cm), mafic, fine-grained, roundish or
discoid enclaves (restites) in the Boulder Creek Granodiorite are abundant
locally. They are too homogeneous to be xenoliths; moreover, no country rock
fits their description. Hence they are interpreted to be restites or
unassimilable constituents of the Boulder Creek Granodiorite.

Their essential minerals (tables 10 and 11) are andesine, biotite, and
hornblende. Small amounts of quartz and muscovite are present in some
samples. Accessory minerals consist of a black opaque mineral, apatite,
sphene, epidote, zircon, and allanite. According to the Streckeisen (1976)
classification sample SL-101B is a diorite.

Abundant elements in the mafic enclaves are Fe, P, Cr, Nd, Sc, V, and
Y. Th is notably deficient.

ANDESITE PORPHYRY DIKE

The Tertiary andesite porphyry dike in the southwest part of the map area
is approximately 9 m wide and at least 150 m long. It is dark and fine
grained. Essential minerals are plagioclase (An30), biotite, hornblende,
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monoclinic pyroxene, microcline, and a very little quartz. A black opaque
mineral, apatite, sphene, and epidote are accessory minerals. An unusual
mineral found in this dike is scapolite (meionite) occurring as phenocrysts as
much as 2.5 x 3.5 mm in size. Microprobe analyses on the phenocrysts by
Isabelle Brownfield (written commun., 1984) indicate the Ca0/Na,0 ratio to be
about 4.4 (tables 10 and 11).

According to the Streckeisen (1976) classification, sample SL-139 is a
monzogabbro. U, P, Ba, Cr, Sr, and the LREE are unusually high.

COMPARISON OF ROCK UNITS
Table 17 1ists Rb/Sr for some samples from each of the rock units. Table

18 summarizes and gives averages and ranges of chemical, physical, and
petrographic parameters of each of the rock units.
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DESCRIPTION OF MAP UNITS

UNDIFFERENTIATED ALLUVIUM (HOLOCENE), COLLUVIUM
(HOLOCENE), AND GLACIAL TILL (PLEISTOCENE)

TROUBLESOME FORMATION (MIOCENE)--Gray tuffaceous mudstone and
sandstone

BASALT FLOWS (MIOCENE)--Dark-gray to black aphanitic basalt;
contains clinopyroxene and altered olivine phenocrysts

ANDESITE PORPHYRY DIKE (TERTIARY?)--Brownish-gray andesite
porphyry dike; contains biotite, hornblende, and
monoclinic pyroxene phenocrysts; dike in southwest
corner of Strawberry Lake quadrangle also contains
scapolite (meionite) phenocrysts

UNDIFFERENTIATED MESOZOIC SEDIMENTARY ROCKS INCLUDING THE
TRIASSIC CHUGWATER FORMATION, JURASSIC MORRISON AND
SUNDANCE FORMATIONS AND THE CRETACEOUS BENTON SHALE AND
DAKOTA SANDSTONE

GRANITIC ENCLAVES IN SILVER PLUME GRANITE (PRECAMBRIAN Y)--
S1ightly porphyritic, more melanocratic, and finer
grained than typical Silver Plume Granite; largest
dimension of enclave less than 50 m

SILVER PLUME GRANITE (PRECAMBRIAN Y)--Buff to gray medium-grained
biotite-muscovite granite; includes some enclaves of
biotite gneiss and very minor pegmatite; whole rock
Rb-Sr age determination on SM-4 is approximately 1500
m.y. (C. E. Hedge, written commun,, 1982)

PEGMATITE (PRECAMBRIAN X?)--Pinkish-gray coarse-grained
microcline-quartz-plagioclase pegmatite; contains small
variable amounts of biotite and muscovite.

GRANITIC ENCLAVES IN BOULDER CREEK GRANODIORITE (PRECAMBRIAN X)--
Pale yellowish brown, fine-grained granite to
granodiorite in enclaves from a few meters to 1 1/2 km
in greatest dimension

LAMPROPHYRE ENCLAVES IN BOULDER CREEK GRANODIORITE (PRECAMBRIAN
X)--Dark gray fine-grained, minette-vogesite
lamprophyre; contains microcline, biotite and
hornblende, and 1-5 percent each of sphene and apatite;
greatest dimension of enclave is less than 100 m

BOULDER CREEK GRANODIORITE (PRECAMBRIAN X)--Gray medium-grained
granodiorite to tonalite; contains biotite everywhere,
commonly hornblende; contains granitic and lamprophyric
enclaves
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GRANITIC ENCLAVES IN BIOTITE GNEISS (PRECAMBRIAN X?)--Generally
fine-grained buff to gray granite, locally more mafic;
as much as 6 km in greatest dimension; locally
containing enclaves of biotite gneiss

BIOTITE GNEISS (PRECAMBRIAN X)--Gray fine- to medium-grained
gneissose and schistose rock, commonly banded or
migmatized; locally contains varying amounts of
sillimanite, garnet, or cordierite; contains local
enclaves of pegmatite, granite gneiss, or hornblendite

FAULT

STRIKE AND DIP OF FOLIATION

STRIKE AND DIP OF VERTICAL FOLIATION

SAMPLE SITE
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