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were near their present position f{exclusive of
Laramide uplift and faulting) by the time of develop-
ment of this latest foliarion.

This author disagrees with Vail's (1955) inter-
pretation of the amphibo;ites and greenschists as
completely texturally altered Stillwater Complex
lithologies, because teXturally unaltered cumulus
caleic plagioclase was abundant in xenoliths found
in the Lodgepole Intrusion (3 km to the ENE of these
amphibolites). Even though those xenoliths were
entrained in the Lodgepole (diorite) magma, only

.the mafic minerals were significantly altered.
(4)Mafic amphibolites and amphibole-plagioclase schist
xenoliths with textures and mineralogies similar to
those described for the amphibolites north of the
East Boulder Fault by Vail (1955) and Garbarini
(1857) are listed 1n Appendix 5, pp. 5-43 to 5-50.
The presence of cthese lithologies among cthe xeneliths
in the Lodgepole Intrusion suggests that the amphi-
belites and greenschists exposed 3 km te the WSW of
the Clover Basin (Lodgepole Intrusion) area continue
beneath the area at depth, stratigraphically above
the Stillwater Complex, because mafic amphibelites
and greenschists are not prevalent in the known gneissice
footwall rocks beneath the Stillwater Complex to the

south.
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The presence of foliated and isoclinally folded
quartz feldspathiec-gneiss and biotite-quartz gneiss
lithologies among the Lodgepole xenoliths suggests
that gneissic lithologies similar to those described
by Page (1977, see p. 36 this text) continue at
depth beneath the Lodgepole Intrusion.

{5)The basic whole rock compositions, with tholeiitic
affinities, of the cumulate textured xenoliths from
the Lodgepole Intrusion, as well as the diversity of
cumulate rock types (from nearly monomineralic
anorthosites to mafic rich lithologies with subordinate
cumulus plagioclase to xenoliths c¢ontaining cumulus
chromite), some showing igneous laminatien, provide
evidence for a xemolich source from a tholeiitic¢ plutoen
in which crystal segregation and accumulation type
processes were operative, compatible with the criteria
of Carmichael et al. (1974, p. 461) Ffor lithologies
from rhythmically layered basie intrusions.

(6)The span of plagioclase compositions (where: An=
An mole % average for a sample, expressed as a whole
number, generally < 1 to = 5 mole % variability
within a given sample) measured by electron microprobe,
for cumulus plagioeclase in the xenolicth suite from the
Lodgepole Intrusion is An62 to AnB86. This span agreed

with the total span of cumulus plagioclase compositions
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measured by Hess (1960), An62 to An86, and Raedeke
(1982), An62 to An86, for cumulus plagioclase bearing
lithologies from the Banded Series of the Stillwacter
Complex outcrop, which is exuposed from 8 to 13 km
south of the Clover Basin area of the Lodgepole
Infrusion.

The agreement in the total span of plagioclase
compositions between the xenmoliths and the Stiliwater
Complex outcrop, as well as the structural and whole
rock evidence from (1) and (4) above, support the
conclusion that the xenoliths are derived from the
underlying Stillwater Complex.

Thé existence of a more differentiated Hidden
Zone (HRess, 1960, p. 101) under the Lodgepole Intrusion
is not supported by any trend to more albitie plagio-
clase compositions in rthe Lodgepole xenoliths., From
density considerations (p.188) and efficiency in
xenolith sampling by the Lodgepole magma , there is
nothing to preclude Hidden Zone xenoliths from having
been raised by the Lodgepole magma, suggesting either
the absence of a Hidden Zone, or a Hidden Zone of
similar composition to the exposed Stillwater Cemplex

lithologies.
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(7) Although no detailed chemistry or petrography

(8)

was performed on xenoliths from Enos Mountain and
Susie Peak intrusions (centered respectively
approximately 9 and 12 kpm north of the nearest
Stillwater Complex outerop, the textural and
mineralogical similarities of xenolith hand specimens
from these localities with the xenoliths studied in
detail from the Lodgepole Intrusion support the
conc¢clusion chat the Stillwater Complex extends
northward to intersect the magmatic plumbing systems
of the Enos Mountain and Susle Pezk intrusions.
Furthermore, the smaller sizes (both largest
single xenoliths and mean sizes for lithologic classes)
of cumulate textured litholegies from the Encs Mountain-
Susie Peak 2aream compared to the Lodgepole area
xenoliths suggest that the Complex is deeper under
the former area. A slower rate of intrusion (allowing
more time for xenolith digestion and/or settling in
the magma} 1s not supported by the angular volcanic
breccias and large volcanic c¢lasts found in the Encs
Mountgin and Susie Peak intrusions.
The absence of any uniform imposed directiomnal fabric
in the wafic¢ wetamorphic mineral assemblages in the

cunulate textured Lodgepole xenoliths suggests that
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these metamorphic minerals did not form during a
dynamic regional metamorphic event. (The 1,600 -
1,800 m., y. feliation (p. 38) was not detected in
any of the cumulate textured xenolicths interpreted.
as Stillwater Complex lithologies, but this was not
unexpected because this.foliation is subtle and
difficult to spat on a meso-or ‘micro-scopic scale
even in Stillwater Complex outerop samples).
The presence of rounded to blocky mafic mineral
domaing (on a mm to em scale), with metamorphic
minexal orientation differing between domains 1in
the same thin section (random or crystalloéraphically
controlled) suggests that metamorphic mineral growth
occurred under isotropic¢ (hydrostatic) conditions ,
probably caused by heating and hydration of the
xenoliths in the Lodgepole magma.

The presence of these mm to cm size, blocky to
rounded mafic mineral domains in basie plutonie
rocks with preserved magmatic fabrics (i.e., cumulus
plagioclase), suggests that the above type of mafic
domains are pseudomorphic afcer primary high tempera-
ture ferronmagnesian minerals. The tremolite/actinolite
(xthornblende) + chlorite mafic mineral assemblages
suggests retrograde metamorphism of these basic

igneous rocks under greenschist faclies conditions.
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The localization of the largest and most abundant
crystalline basement (i.e., cumulus textured and
diabasic) xenoliths in the fine-grained diorite
north and northeast (areas "N" and "NE", Figure 21)
of the Clover Basin area in the Lodgepole Intrusion
suggest that these areas overlie the magma conduics.
The presence of some angular xenoliths with few
effects of assimilation (other than the hydration
¢f mafic minerals to amphibole and chlorite},
suggests rapid xenolith transport. The fine grain size
{ 21 mm) and the large proportion of groundmass
(near 50%) in the fine-grained dicrite suggest
rapid cooling of the wmagma at shallow depths
(caleulared as = 2000 m, based on stratigraphic
thiickness from the base of the Bighorn Dolomite
to the top of the Eagle Formation, and on a late
Cretaceous timing of intrusion, pp.80 - 83).
Although the features above suggest rapid
emplacement and coecling, calculations (p.198)
involving settling rates for one of the largest
and densest (31 c¢wm maximum dimension, density =
3.05 gm/cm?)cumulate textured xenoliths require a
magma ascent rate of only == 1.7 amfsec to counter-

balance xenelith settling, assuming an andegitie
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magma above its liquidus. At 50% magma crystallinity
(i.e., the obseryed phenocryst percentage in the
.fine"grained diorite), xeunolith settling rates
would be negligible ( = 2.2 x 108 ¢m/sec).
(10)Exploratory drilling suggested both at a site in the
‘Cambrian sediments (p. 195), and in the area of
greenschists and amphibolites north of the East
Boulder Fault {p. 197) could provide needed information
on depths to the Stillwater Complex north of its
outcrop belt. Economic considerations of mineral
regerves would depend on the depth to the Complex

and the type of mineralization, if any, encountered.
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AFPPENRDIX 1

WHOLE ROCK MAJOR ELEMENT ANALYSIS BY XRF

%

* %

Intrusive Phases

Xenolicths =

1-B(1l) CIPW Silica Undersaturated

1-8(2) CIPW Silica Saturated (with cumulus
plagioclase) #*¥

1-B{(3) CIPW Silica Saturated Mafie (no cumulus
plagioelase)

1-B(4) CIPW Silica Oversaturated

Comparison of Interior and Exterior of Selected
Xenoliths

Fe203!Fe0 Adjusted to 0.15 Weight Ratio (used in

normative calculations because the primary mafic
minerals in the xencliths are pervasively altered.

Xenoliths classified on the basis of Cross,
Iddings, Pirsson and Washington (1903) (CIPW)
normative mineralogy as:

S1lica Undersaturated -~ nepheline normative

Silica Saturated - hypersthene and olivine
normative

Silica Oversaturated - quartz normative
(see text, p. 134)

for 1-B{2): An {mole %) determined by Electron
Microprobe Analysis, except as indicated.



WHOLE ROCK XRF ANALYSIS-INTRUSIVE FHASES

We. % Oxide
8i0y Ti0s Alz03 Fey0y3 Fel MnQ Mgo Cal Napr0 Kjy0 Po,0s5 LOI Total

Fine grained
diorite (AD-8330). 55.77 0.49 18.14 4.07 3.13 0.14 2.89 5.81 3.64 2.37 0.36 3.17 100.97
Fine grained
diorite(13-81-241) 55.88 0.69 17.58 4.71 2,90 0.13 3,18 6.23 3.74 2.79 0.33 4.46 101.63
Coarse porphyritic
dacite(13-81~240) 60.8% 0.54 16,42 3.59 2.57 0.09 3.20 5.12 3.56¢ 2.80 0.26 3.51 102.56
Coarse porphyritic

dacite(AD-8530) 60.60 0,54 16,37 3.24 2.88 0.10 3.15 5.48 3.77 2.6B 0.26 2.82 101.88
Medium porphyritic

dacite(N-81-140) 65.43 0.45 15.5%8 1.8 2,23 0.06 2.55 3.17 4,36 3,19 0.18 2.54 101.95
Medlium porphyritic

dacite{(10-81-135) 64.50 0.40 14.75 2.19 1.93 0.06 2.53 3.73 3.22 3.58 0.15 4,60 101.64
Rhyodacite

{(N-~81-153) 73.68 0.08 15.05 0.61 1,01 0.02 0.12 0.92 4.75 4,27 0.01 1.46 101,97
Rhyodacite

CB-8550-B-6) 72.39 0.09 14.87 1.05 2,17 0.02 0.11 0.94 4.34 4,36 0,01 1,22 101.55
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13-81-227
N-81-166
NE-~81~500

H-7(1)-18

WHOLE ROCK XRF ANALYSIS -~ XENOLITHS

CIPW Silica Undersaturated

Wt.%Z Oxide
§i0, Ti0; Alp03 Fep03 Fe0 MnQ g0 Cal Nas0 Kjp0 P205
41.38 0.05 19.13 3.55 4.76 0.13 15.1%9 10,19 1.14 Q.35 0.01
46.82 0.05 29,51 0.68 1.08 Q.03 2.85 15.86 2,00 0,16 0.01
46.47 0.13 29,77 0.68 1.38 0.02 1.60 14.49 2,43 0.15 0.02
49.50 0.39 27.26 1.78 1.74 0.04 1.44 13,00 3.20 0.43 0.04
APPENDIX 1 B(1)
1 d | | a | | 1 |

LOI TOTAL
3.75 99.63
1.29 100.34
1.93 9%.07

1.79 100.60



NE-81-502
N-81-110
replicate
N-81-110
N-81-160

13-81-229

An
Mole %

85.16
83,19
83.19
82.3%9

81.75

NE-81-245-1IN81.71

replicate

NE81-245 1IN 81.71

TU-1-80
N-81-113
N-81-~162
B~7(1)-2
E-4

N-7(1)- 16

+ An mele % determined by

81.57
81.53
80.72
80.37
79.72
79.10

CIPW Silica Saturated
(with cumnlus plagioclase)

WHOLE ROCK XRF ANALYSIS - XENOLITHS

Wt. %Z Oxide

5102 Ti0y Al903 Fep03 Fel MnO Mgl Cal Najs0 Kyl P70¢
49.88 0.08 16.22 1.43 2.65 0.11 11.76 15.38 1.11 0.19 ©0.01
47.20 0,08 29.07 0,84 1.22 0.04 2.57 15.17 2.02 0.12 0.02
47.28 0.10 2%.10 0.90 1.22 0.04 2.65 15.36 1.96 0.12 0,01
47.51 0.07 31.47 Q.41 0.91 6.01 1.63 15.64 1.98 0.14 0.02
47.57 0,07 30.75 0.41 0.92 0.02 1.76 15.6%9 2.09 0.12 0,01
47.46 0.11 22.24 1,29 3.13 0.06 7.92 13.92 1.84 0.24 0,01
47.76 0.10 22.25 1.27 3.15 0.06 8.18 14.05 1.69 0,24 0.01
47.59 0.05 28,27 0.89 1.31 0.04 3,85 15.34 1.82 0.20 0.01
46.15 0.08 24.01 1.52 2.30 0.07 5.81 14.93 1.68 0,09 0.02
48.99 0.11 15.88 2.40 3.806 0.13 12.01 12.%0 1.30 0.30 0.01
46.4% 0.08 24.43 1.61 1.89 0.07 5.73 15.37 1.64 0.10 0.02
47.78 0.14 22.48 1.46 3.10 0.08 7.41 13.56 1,82 0.17 0.02
45.93 0.09 24.34 1.83 2,27 0.07 6.59 14.62 1.50 0.14 ¢@.,01

electron microprebe analysis APPENDIX 1 B(2)
1 1 I 1 1 | i i 1 i

Lol

1.73

1.%91

TOTAL

100.
100,
100.
100,
100.
99.
99.
100,
99.
101.
9.
99.

99.

72
09
46
97
61
49
28
60
01
67.
97
93

50



An
Mole %+

NE-81-501 78.64
NE 81-507 78.50
E-1-B-8 78.12
R~81-246 76.45
N-80-TU-5 76.25
NE-81~244IN 73,98%
NE-B81-201 73.96%
N-81-130 71.19%
N-30-TU-3 69.22
N-81-3720A3 62.71
N-81-102 62.33
N-81-203 61.05%

13-8i-237 47.238

*An not determined from micruprobe analysis,

WHOLE ROCK XRF ANALYSIS ~ XENQLITHS

norwative An uvsed instead.

+ An mole % determined by electron
microprobe analysis.

I | |

CIPW Silica Saturated Cont'd
Wt. %7 Oxide

§i03 Ti0, Al,0; Fe,0, Feo0 Mn0  MgO Cab Nas0 K,0  P,0¢
4$8.82 0.07 13.86 1.75 3.62 0.13 14.91 10.10 1.48 0.48 0.01
48.75 0.10 23.62 1.34 2.11 .07 6.48 13.84 1.84 0.28 0.01
48.45 1.15 20,13 95.84 3.93 0.11 3.5é6 .23 2.84 1,15 0.13
47.35 0.13 26.28 1.34 2.27 0.06 3.92 14.00 2.15 0.25 0.03
48,14 0.44 28.16 2.47 1.74 0.05 1.74 13.49 2.51 0.43 0.04
48.01 0.14 14.90 2.67 4.99 0.12 13.50 13.08 1.22 0,20 0.00
48.00 0.07 31.89 0.43 G.62 0.01 1.23 13.98 2.41 0.46 0.01
$7.88 0.18 25.87 1.67 1. 80 0.06 3.40 13.73 2.50 0.22 0,02
50.68 0.18 27.03 1.61 1.93 0.04 2.10 12,37 3.27 0.38 0.02
51,13 0.27 22.24 2.40 2.40 0.10 4.54 11.22 3.16 0.30 0.02
50.87 0.15 18.28 2,93 3.75 0.14 7.86 11.23 2.45 0.52 0.02
52.10 0.10 13.28 1.63 3.71 0,12 12.81 11.69 1.76 0,25 0,01
49.87 0.97 17.94 6.11 5.%4 0.14 4.86 g.50 3.35 .59 0,11

1 1 1 1 1 f 1 i -

LoI

TOTAL

98.83
100.15
100,33

99.51
101.03
100,37
100.60

99.33
101.60
101.39

100.93

99.26

101.063



N~8400~41
NE-81~508
N~81~-161

8300 S. Spiune
TR-1{0} 1
(replicate)
TR-1¢{0)=-1

WCB-1 *

WHOLE ROCK XRF ANALYSIS - XENOLITHS

CIPW Silica Saturated

(no cumulus plagioclase)

¥ Fel not measured

We. % Oxide
Si0» Ti0y Al2045 Fepuy FeO Mn0 Mg Cad Na,0 K,0 P505
52.70 0.17 6.32 3.03 6.68 0.29 17.05 11.17 0.76 0.58 0.01
49.07 0.12 11.65 2.32 4.84 0.15 16.93 10.86. 1.47 0.30 0.01
51.58 0.22 7.07 3.30 6.29 0.30 16.04 12.55 1.00 0.74 0.01
49.34 0.24 8.63 3.89 7.30 0.29 15.96 10.33 0.97 0.85 0.01
48.86 0.33 9,96 4.87 7.15 ¢.24 11.16 10,09 1.10 1.11 0.03
48.83 0.32 9.85 4.98 7.15 ¢.23 11.00 10.03 1.0U6 1.13 wv.0Z
49.03 0.75 14.42 1.49 9.92 0.21 8.24 12.42 2.406 0.45 0.05
for WCB-1. APPENDIX 1-B(3)
Set at Fey03/Fel = 0.15 by weight.
1 i I 1 I i i i i 1

LO1

TOTAL
100.68
100.27
100.85
100.83
100.65
100. 36

101.76



WHOLE ROCK XRF ANALYSIS - XENOLITHS

CIPW Silica Oversaturated

Wt. % Oxide

§i0, Ti0; Al,03 Fez0, Fe0  HnO  Mg0 a0 Wa,0 K0 Pp0g LOI TOTAL
N-7(6)-17 74.56 0.13 14.81 0.77 ©0.25 0.01 0.29 1.93 4.57 2.67 0.02 1.05 101.07
cc-1 75.73 ©0.13 13.41 0.42 ©0.72 0.02 0.49 2.16 2.48 5.87 0.06 2.56 103.30
NE-81-V-1 77.80 ©0.05 14.45 0.21 0.47 ©0.01 0.10 1.61 5.04 2.19 0.0l 0.91 102.37

APPENDIX 1-B(4)



Comparison of Interior vs.

NE-81-245 OUTSIDEx*
NE-81-245 INRSIDE =

Residual (OUTSIDE
- INSIDE) *x*

Residual (as % of
element present)®

NE-81-244 OUTSIDE

NE-81-244 INSIDE
Residual (OUTSIDE
- INSIDE)

Residual (as % of
ealement present)

* QUTSIDE = cuter 4" of xenolith,

*% (+) residual =

'WHOLE ROCK XRF ANALYSIS - XENOLITHS

Wt. ¥ Oxide

Exterior Composition of Xenoliths in Fine Grained Diorite Host

§i0;  Ti0y Aly0; Fe,03 FeDd Mn0  Mgo Ca0 Nay0 K,0 P05 LOI TOTAL
47,03 0.09 22.89 1.16 3.17 ©0.07 7.02 13.02 1.96 0.36 O0.0L 1.70 98.49
47.61 0.10 22.24 1.28 3.15 ©0.06 8.05 13.98 1.76 ©0.24 0.01 1.24 99.74
-0.58 -0.01 +40.65 -0.12 +0.02 +0.01 -1.03 - 0.96 +0.20 40,12 0.00 +0.46
-1.22-10,00 +2.92 -9.38 +0.,64 +16.66-12,80 - 6,86+11.36+50.00 0.00+37.10
47.23 0.14 18.28 2.47 4.33 0.10 10.62 12.70 1.68 0.26 0.0L 1.80 99.63
48,01 0.14 14.90 2.67 4.99 0.12 13.50 13.08 1.22 0,20 0.00 1.53 100.37
-0.78 0.00 +3.38 -0.02 -0.66 =-0.02 -2.88 -0.38 +0.46 +0.06 +0.01 +0.27
-1.62 0.00 +22.68 -0.75 -13.22 -16.67-21.33  -2.90 +2.53+30.00 +100.+17.65

INSIDE = intericor of approx.

1 ft.2 xenolith

element gain going from xenolich interior to xenolith exterior,-residual = element loss
¢ residual as % of element present ={wt.%¥ element residual/wt.% of element in interior of xemolith)x 100

APPENDIX 1-C

| |



APPENDIX 1~D

List of Fey03 and Fe0 standardized at an (Fe204/Fe()

ratio of 0.15 by weight. This artificial ralio was used

in the normative mineralogy calculations because the primary
mafic minerals in the xenpliths are pervasively altered.

Wt. % Oxide

XENOLITHS re20s Fel
CIPW Silica Undersaturated
13-81=227 1l 05 7.01
N-81-166 0.22 1.49
NE-81-500 0,26 1.75
N-7-(1)-18 0.44 2.94%
CIPW Silica Saturated
NE-81-502 0.52 3.47
N-81-110 0.26 1.74
N-81-160 : 0.17 1.13
. 13-81-229 0.17 1.13
NE-~81-245 1IN 0.58 3.84
NE~81-245 0UT 0.56 3.71
TU-1-8C G.28 1.86
N-81~113 0.49 3.23
N-81-162 0.79 5.25
N~7 (1}~2 0.44 2.93
E-4 0.58 3.89
N-7 (1})-16 0.52 - 3.45
NE-81-501 0.69 4.57
NE-81-507 0.44 2.92

E-1-B-8 1.21 8.09



£, % Oxide

Fey04 Fel
CIPW Silica Saturated {(Count.d)
N-81-246 0,46 3.05
R-80-TU-5 0.53 3.49
NE-81-244 IN 0.98 6.52
HE-81-244 QUT 0,87 5.77
NE-81-201 0.13 0.89
N-81-130 0.44 2.91
N-80-TU-3 0.45 : 2.97
N-81-8720-A3 0.74 4.90
N-81-102 0.84 5.63
N81-203 0.68 4.56
13-81-237 1.51 10.08
CIPW Silica Saturated
(no cumulus plagioclase)
N-8400-41 1.24 8.28
NE—Sl—SOé G,92 6.11
H~81-161 1.22 8.15
8300 5. Spine 1.43 9.52
TR-1(0)~1 1.53 10.16
WCB-1 1.49 9.92
CIPW Silica Oversaturated
N-7{(6)-17 0,12 0.83
cC-1 0.15 0.97

NE-81-¥-1 0.03 0.17



APPENDIX 2

WHOLE ROCK TRACE ELEMENT ANALYSIS BY XRF
{(Samples are in the same order as in major element
tables Appendix 1.)

ppm by wt.
Rb Sr Ni v
INTRUSLVE PHASES
Fine graiuned diorite
AD~8380 47 1042 i2 80
13-81-241 55 878 20 107
Coarse porphyritic dacite
13-81-240 40 928 10 88
AD-8530 55 985 30 92
Medium porphyricic dacite
N-81-140 62 890 37 61
10-81-135 62 875 44 58
Rhyodacite
N-81-153 80 877 . 3
CB-8350-B-6 75 896 3 &
XENOLITHS
CIPW Silica undersaturated
13-81-227 10 88 903 21
N-81-166 B 186 39 6
NE-81-500 1 306 23 14
N-7(1)-18 2 323 26' 63
CIPW Silica Saturated(wich
cumulus plagioclase)
NE-81-502 5 189 304 73
N-81-110 - 160 45 20
N-81-160 7 214 41 1

13-81-229 - 190 36 3



ppm by wt.

Ro St Ni v
CIPW Silica Saturated{with
* cumulus plagioclase)
continued
NE-81-245 1IN - 158 277 45
TU-1~80 - 259 85 11
N81-113 - - 172 301 36
H-81-162 - 254 362 96
N=-7(1)-2 2 179 292 36
E-4 - 209 212 53
N-7(1)~16 7 187 348 38
NE-8§1~501 16 256 388 61
NE-81-507 5 210 179 45
E-1-B-8 21 425 55 199
N-8B1-246 2 267 100 42
N-80-~TU-5 18 274 15 68
NE-81-2441IK - 91 486 85
NE-81~-201 11 287 16 1
N-81-13C 1 416 126 42
" N-80-TU-3 - 389 74 38
N-81-8720 A3 4 317 51 95
N-81-102 . 10 404 108 84
N-81-203 - 359 337 83

13-81-237 = 397 61 221
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CIPW Silica Saturated
(no cumulus plagioclase)

N-8400-A1
NE-81-508
N-81-161
8300 S. spine
TR-1(0)-1
WCB~1

CIPW Silica Saturated
N-7-(6)-17
cC-1

NE-81-¥-1

ppm by wE.
Rb Sr Ni v
& 86 478 71
'11 92 468 67
- 76 448 33
& 106 525 88
7 190 5%4 66
4 280 141 221
30 230 = -
133 480 - 16
33 387 -



APPENDIX 3
CIPW NORMATIVE MINERALOGY (wt.Z)
Xenoliths classified on the basis of Cross,
Iddings, Pirssonm and Washington (1903)(CIPW)
normative mineralogy as:
Silica Undersaturated - nepheline normative
Silica Saturated ~ hypersthene and olivine normative

Silica Oversaturated - quartz normative

(see text, p. 134)

Code:

Q = quartz

Or = norihoelase
Ab = albite

An = anorthite
Ne = nepheline
Hy =  Thypersthene
Aug = augite

01l. = olivine

Mt = magnetite
Il = 1ilmenite
Ap = apatite

Ce = caleite

C = c¢corundum

All Peq03/Fel ratios adjusted to 0.15 by weight, unless
otherwise noted., Artificial ratio (0.15 by weight) was
used because the primary mafic¢ winerals in the xenoliths
are pervasively altered.



INTRUSIVE BHASES N CIPW #ORHATI?B HINEEALOGY~{wt.!}

mole- calculated

Q . Or Ab An Ne By Aug 01 Mt P Ap e - [ fvaceion mole Z .
Hgo Au
Fine grained diorite
AD-8380 4,49 34.36 31.59 26.831 - . 15.06 4.51 - 1.34 0,95 . 0,88 - - 0.4%5 34,91
13-81~241 2,11 17.03 32.69 23.70 - '35.89 5.00 - 1.41 1,36 ©0.81 -~ - 0.513  31.43
Coarse perphyritic- -
dacite
* 13-81-240 11.63 16.75 30.50 20.81 - 14,91 2.61 = 1,13 1.04% 0.54 - - 0.566 2%.77
AD~8536 10.38 16.03 32,28 20.06 ~ 13.73 4.76 - 1.12 1.03 0.61 - - 0.561 28.53°
Nedium porphyritic
dacice . . ’
N-81-140 15.52 18.98 37.16 14,68 -~ 11.61 -~ - 6.75 0.87 0.H2 - 0.01 0.617 20.0%.
20-81-135 19.42, 21.86° 28.12 15,71 - 12.03 1.95 - . 0,78 0.78 0.37 - - 0,609 23.32
Bhyodacice ) . : ;
§-81-153 26.41 25.12 40,02 .54 - 2.54 = ~ 0.29 0.14 0.01 - 0.94% 0.148 6.29
CB-8550~B-6 26.14 25,69 36.62 4,61 - 5.85 =~ - 0.59 .0.16 0.02 - 1.31 ;0.0?2 6.67



INTRUSIVE PHASERS * '~ CIPW NORMATIVE WINERALOGY (wt.%)
. ’ wole calculated

Q 3 Ab An He By Aug 01 Mt I1 Ap Ce C fraction  mole 2
’ ngo An
Fine. grained diorite ’ . .
AD-B380 - - 8.13 14,32 |, 31.48 26.74 - - 7,19 4.28 - 6,03 0,85 0,88 - - 0.838 35.81
13-82-241 6.48 16,96 " 32,56 23.60 = §.52 4.68 - 7.03 1.35 0,81 = - 0.851 31.43
Coarse porphyricic
dacita
13-81-240 14,81 16.70 30,41 20,75 - 7.93 2,48 - - 5.25 1,03 0,63 - - 0.910 29.77
AD-8530 13.17 15.98 32.20 2Q.01 ~ . 7.68 4.57 - 4.74 1,03 '0.61 - “« . 0,843 28,53
HWedium porphyritic
dacitce .
* NeB81-140" 16.97 18.96. J37.11 14.66 - 8,36 - - 2.64 0.87 0.42 - 0,01 0.810 20.09
10~81-135 21.32 21.80 28.07 15,68 - 5.82 1.87 - 3.27 0.78 0.37 - - 0,875 23.32
Rbyodacite . .
N-81-153 26,85 25.16 39,99 4.54 - 1.55 - - 0,88 0.14 0,01 - 0.94 0,238 6,293
CB-8550~B-6 26,84 25,67 36.60 4.61 ~ 3.27 - - 1.52 0.16 0,02 - 1.31 0.105 6}}7
’ ' ' . ¥ - f

* Fey03/Fel as weasured by titration for Fel, this page only,



XENOLITHS
Q@ L Or,
CIPW Silica
- Undersaturated {
13-81-227 - 2,18
N-81-166 - 0.95
NE-81=-500 - 0.92
Y Ne7(1)-18 - 2.58
CIPW Sf{lica satue ‘
rated{with cunmglus
plagicclase)
NE=~81-502 - l.1¢
N-B1-110 - 0.73
replicate
N-81-110 - 0.71
N-81-160 . - .83
13-81-229 - 0.73
NE-81-245 IN - 1.4
replicate
NE-~-81-245 1IN - 1.44
TU~1-80 - 1.21
N-81-113 " .- 0.60
N-81=162 - 1.80

Ab

14.31
19.23
27.41

9.51
17.39
16.81
16. 80
17,80
15,85
14,49
15.50
14:72

11.2¢6

- \
CIPW RORMATIVE MINEBALOGY (wt.%)

An

48.15
71.79
71.97
59.53

39.1¢8
71.11

71.20 -

16.26
74.62
52,67
53.10
68,83
592,73
37.49

Ka

2.51
1,51
;.06
0.02

Ry |

12.91
1.91
1.87
1.88

CQs04
0.%3
4.42
2.25
oias

16.64

Aug

3.74
6,11
1,58
4.64

36,17
4.31
4.B5
0.73
2,92

14,09

13,97
6.16

13.55

22,41

01

36.26
4.88
4.56
4,32

6.10
. 3.9%5
3,96
2,7%
3.49
12.96
11.52
5.49
5.61

8.00 -

Mt

Il

0.10

G,10
0.25
0.75

0.15
¢.17

0.19

0.15%
0.1
0.21
0.20
0.10
0,17

0.21

Ap

0.01
0.02
0.05
0,09

¢.03
0.05
0.01
0.04
0.03
0.02
0.02
0.03
0.04
.01

Ce

calculacec

mole
fraction mole I
Hg0 An
0.803 85,81
6.787  81.65
0,649 77.15
0.513  65.28
D.865 77.64
0.744 78,75
0.745  79.34
;9.7¢s 80. 46
0.756 79.19
0,799 74.29
0.807  75.95
0.799 79.58
0.775 78.65
0.813  73.16
i i



CIPW MORMATIVE MINERALOGY (we.2)
. mole Calculated

qQ or Ab An Ne  Hy Aug 0l Nt I} ° Ap e ¢ fraction mole £
Continued Hgh An
B=-71~-2 - 0.63 14.26 60.62 - 0.38 14.14 $.1¢ .66 0.16 ‘1004 - - 0.790 79.36
E-4 . Lo 1.06 15.72 53,76 - . 1.51 11.88 8.90 0.8 0.25 0.05 - - ¢.786 75.18
N-7{1}=16 - | D.86 13.05 60.94 ~ 1.93 10.92 11.34% 0,78 0.17 0,01 - - 0,786 80.55
NE«81-501 - 2.97 13.17 31.29 « 22,10 16,57 12.21 1,05 0.14 0,01 '? - 0.860 64,83
NE-81-507 B 1.68 15.83 56.30 =~ 10419 16,74 ' 4.40 0,65 0.19 0.03 - - 0.810 75.29
‘ E~1<B8 - 7.04 24,91 40.21 - 15,14 5.33 2.96 1,82 2,26 0,32 - - - 0.489 54.57 .
R-81-246 N - 1,54 18.62 62.76 = 2.68 6.62 6,77 D.68 0.25 0.06 - - 0.715 ia.ss
N-80«TYU-5 ' - - 2.58 21.45 64.94 - 3.21 2,01 4.12 0.76 0.84 (.09 - - 0.516 71.93
NB~81-2&%N- - 3.22 10.46 35.64 - 10.00 24.61 16,96 1.44 0,27 =~ - - 0.79§ 73.9%
R=81.202 : - .‘ 2.77 20,58 69.%0 - . 3.80 -4 0.54 0.19% ¢.13 0,03 L= 2,06 0.736 - 73.96
N-81-130 - 1.35 21.76 .60.&0 - 1.85 7.7 5.83 D.66 6.35 0.04 - - ?;699 71.19
NuBO~TU-~3 " . - 2.22 2?.81 58.23 - 5.36 2,75 2.52 6.64 0.35 0.04 - - . 0.586 64.68
N-81~8720-A3 - 1.81 27.11 46.25 ~f 12.94 £.26 . 1.99 '1.09 0.531 ©0.0C4 - - . 0.646. §0.20
N-81-102 | - 3.11 21.16 38.22 - 15.82 15.06 4,15 1,24 0.29 {0.04 - - 0.727 59.87
K-81-203 - 1.77 15.29 28.21 = 27.59 24,93 - 1.00. 1.0 0.1% 0.01 - - 0.842 61,05
13.81-237 - 3.55 28.95 32,8 - _ 15,77 7.88 6.60 2,24 1.88 0.27 - ¢.500 48,96°
: v _ B ;
g



CIPW Silica sety-—
rated (n¢ cumulus
plagioclase)

N-8400-41
NE=81-508
N-8l-161
8300 S. Spine’
TR=-1(0}-1
replicate
TR-1{0)-1

WCB-1

CIPW Silica over=
Eaturated

N-7(6)=17
cC-1
RE-81-V1

Q or

- 3.45
- 1.82
- R 4.43
- 5,12
- 6.%4
- 7.08
32,71 15.78
32,97 34.18
35.%0 212.76

| i

Ab

6.52
12,74
3.56
8.4%
9.84
9.51

20.64

38.69
20.68

$2.05

- GIPW WORMATIVE

An

12.32
24.90
12.76
17.0%
20.05
12,92
27.71

9.42
8.00

7.86

Ne

Hy

1.%6
1.77

0.46

MINERALOGY (wt.X}

Aug 01

35.14 1.26
24,06 19,3%
40,25 9.25

28,47 14,57

26.64 3,30
26.66 2,23
28,26 13.03
1.78 -

I |

Mt

1.82
1,37
1.79

‘2.12

2,33
2.37
2.02

11

0,33
0.24
0,42
0.48
0.67

-0.64

1.45

¢.26
0.25
.09

Ap

0.03
0.03
0.02
0.03
0.07
0.06

0.13

¢.08

9.15

0.01

Ce

(]

mole'031Culated
fraction mole ¥

Mg0

. 95"

.86

0.794
0,440
0.788
0.761
0.679
0.673
0.648

0,436
0.523
0.598

An -

54,26
61.88
48.57
54.80
53.57

33.70

52.98

léf{;

12,48
12,05



Couparisorn of

interior vo ex=

terlor of xenoliths
NE~-81=245 QOUT

NE=~81=245 1IN

WE-B1-244 OUT

KE-81~244 1IN

0r

2.22
1.4)

1.60

1.22

Ab

17,14
15.85

14,56

10.46

CIPW NORMATIVE MINERALOGY (wt,.%)

An

54,36
52.69

42.55

35.04

By

3.63
1.93

$.17

10,00

Aug

9,91

14,09

17.5¢%

24.61

al

11.67
12,96

16,86
16.96

* Mt

Q.84
¢.86

Il

Ap

0.02
0,02

Ce

c

mole Calculated

fractien
Hgl.

0,784
0.799

0.779

. 0,798

mole %
At

72.70
74.29 7

7L1.4¢0
"73.99
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APPENDIX 4
ELECTRON MICROPROBE ANALYSIS OF SELECTED MINERALS

4-4A Plagioclase Phenoc¢rysts in Fine Grained Diorite

4-B Hornblende Phenocrysts in Fine Grained Diorite

4-C Plagioclase in Xenoliths

4-D Mafie Minerals and Alterstion Products in Xenoliths

4~E Diffusion Rims and Plagioclase Grain Interiors
from Anorxrthosicic Xenoliths Iin Diorite Host

4-F Sample #CB-~AD-8530 (Chromite and Tremolite)
4~G Sample ¥E~1-B-8 (Sulfide and Magnetice)

4-H Sample f#8-116 (Garnet and Pyroxene)

Notes:
(1) All Fe reported as Fe0

(2) H,0 not included in totals for amphiboles and
other water~bearing phases

(3) An (mole %) calculated as An = Cal +2?3220+K20) x 100
(&) See Table 5 for * wt.% preclsion for elements analyzed
{3) n.a. - not analyzed for

{6) — (probe readout = 0.06)



ELECTRON MICROPROBE ANALYSIS

PLAGIOCLASE PHENOCRYSTS IN FINE GRAINED DIORITE

>

We.Z Oxide
Najs0 Mgo Al303 8103 K50 €al Mn0 Fel TOTAL An{mole %)

from:
‘N=-81-110%
Grdin #5 -

core 4,91 —_— 26.57 55.88 0.25 9.41 - — 0.07 &7.09 50.16

rim 6.28 — 25.86 57.13 0,32 7.95 D.06 - 87.60 40,37

average 5.60 — 26,22 56.50 0.28 8.68 0.03 0.04 97.34 45.26
Grain f#6

core 5.43 — 27.50 54.16 0.21 10.90 .02 0.13 98.35 51.98

rim 4,60 — 25.88 55.37 0.19%9 10.43 —-— .17 96.64 54.98

average 5.02 — 26.69 54,76 0.20 10.66 0.01 0.15 97.50 53.48
Sample av, 5.31 — 26.46 55.63 0.24 9.67 0.02 0.10 97.452 49.43
from:
NE-81-2440UT
Grain #4

core 5.67 0.07 27.12 55.53 0.23 10.56 — 0.04 99.22 50.04

rim 5.17 0.06 28,00 53.38 0.28 10.67 —— 0.08 97.64 52,48

average 5.42 0.06 27.56 54.45 0.25 10.62 — Q.06 98.42 51.26
Grain #5

core b.33 0.09 25.82 57.20 0.27 9.51 _— 0.04 99.28 51.48

rim 6.40 0.07 25.51 57.27 0.41 8,52 —_ 0.07 98.25 41.41

average 6.38 .08 25.67 57.24 0.34 9.02 — 0.06 98.79 46.70
Sample av. 5.90 _0.07 26.62 55.84 0,30 .9.82 —— 0,06 98.60 48.98
* phenocrysts analyzed in intrusive

phase from these specimens.

APPENDIX 4-a
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ELECTEQ] MICROPROBE ANALYSIS
PLAGIOCLASE PHENOCRYSTS IN FINE GRAINEL DIORLTE (Cont'd)

Wt.% Oxide
Na30  HMgd Al 0, S5i0, K0 Cal Mn0 Fe0  TOTAL An{(moleZ)

from:
N-81-106%*
Grain #4
core 5.05 — 25.99 54,92 0.27 9,37 — 0.19 95.90 49.73
rim 5.85 —— - 24,06 57.33 0.31 7.48 — 0.28 95.34 40.52
average 5.45 -— 25.03 56.13 0.2% 8.42 — 0.24 95.63 45.13
Grain #7
core 5.53 _ 25.60 55,90 0.21 8.58 —_— 0.05 95.87 45.53
rim - 4.58 — 27.17 54.34 0,20 10.5¢% —_— 0.07 97.06 55.54
average 5.06 —_ 26,38 55.12 0.21 9.5% — 0.06 66.48 50.5%
Sample av. 5.26 e 25.70 55.62 0.25 $.00 — 0,30 %6.06 47.83
from:
NE-~81-508
Grain #3 :
core 4.03 — 26.06 52.11 0.16 10.46 0.05 0.0z 92.89 58,28
rim 5.3¢9 — 24.24 56.66 0.33 8.48 - 0.01 95.11 45.531
average .71 —_— 25.15 54.3% 0.24 9,47 0.03 0.02 94.01 51.%0
Grain #4
core 5.28 — 25.05 55.18 0.22 9.55 0,08 0.05 95.41 49,28
rim 5.15 - 23.91 55.38 0,29 8.32 —_ 0.02 93.07 46.26
average 5.22 —_ 24.48 55.28 0.26 8.93 0.04 0.04 94.25 47.77
Sample av. 4.96 — 24.82 H54.84 0,25 9,20 0.04 0€.03 94.13 49.80

* phenocrysts analyzed in intrusive
phase from these specimens,



ELECTRON MICROPROBE ANALYSIS
HORNBLENDE PHENOCRYSTS IN FINE GRAINED DIORITE

¥E. Z Oxide
Na,0 Mg0 A1,0; S§i0, Kp0 Cal MnO  FeO Ti0, TOTALx
from:
NE-81-24400T
Grain #6 av. 1.70 13.39 9.54 44.56 0.75 11.85 0.40 14.57 n.a 96.75
Grain f##7 av. 1.98 10.93 13.27 40.37 0.93 12.31 ©0,17 15.30 nu.a 95.26
Sample av. 1.84 12,16 11.40 42,46 0.84 12,08 0.28 14.94 n.a 86.00
from:
N-81-106
Grain #5 awv. 1.70 11.82 10.74 42.95 0.9%7 11.20 ©0.26 14.52 1.83 96,00
Grain #6 av. 1.84 12.60 11.91 41.05 1.01 10.83 0.14 12.52 1.72 ©3.62
Sample av. 1,77 12.21 11.32 42.00 0.9%9% 11.02 0,20 13.52 1.78 94,81
from:
NE-81-508
Grain #5 av. 1.66 14.57 12.37 41.82 1.26 11.57 0.08 10,08 1.48 94.91
Grain #6 av. 1.54 13.48 9.03 44,53 0.6% 11.41 0.40 13.09 1.48 95.65
Sample av, 1.60 14.02 10.70 43.18 0.98 11.4% 0.24 11.58 1.48 95.68
* Totals do not include Hzoﬁ
APPENDIX 4-3
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ELECTRON MICROPRORE

ANALYSIS OF PLAGIOCLASE IN XENQLITHS

WTZ An {(moleX)
SAMPLE

SAMPLE # Na20 Mg0 41,04 Si0yp K40 Cal Mn 0O FeO TOTAL AVERAGE LOW HIGH RANGE
NE-81-244-IN 0,41 - 34.22 44,73 0.03 19.53 0.13 0.19 99.27 96.17 95.63 96.70 1.07
NE~81-502 1.54 - 30.95 47,18 0.04 16.26 0.02 0.25 96.34 85.16 84.33 87.12 2.79
N-81-257 1.55 0.05 32.36 47.06 0.06 16.40 0.07 0.20 é?.ﬁl B5.08 83.44 86.22 2,78
NE-81-245-0UT 1.66 0.06 33.20 46.66 0.06 17.54 ~ 0.10 99.26 85.08 B81.30¢ 93.02 11.72
N-81-110 1.85 - 31.42 47.88 0.01 16.63 0.03 0,27 98.15 83.19 82.31 84.15 1.84
N-81-166 1.20 - 32.74 47.92 0.06 16.68 - 0.30 99.60 82.862 81.34 83,89 2.55
K-81-160 1.91 - 31.46 48.63 0,06 16,51 0.09 0,37 99,11 82.39 B81.10 83.83 2.49
13-81-229 2.03 - 32.33 47.28 0.06 16.78 0.02 0.37 58.96 81.75 80.63 83.35 2.72
NE-81-245-IN 1.99 0.17 31.61 47.80 0.06 16.4) 0.01 0.03 98.69 81.71 80.69 84.60 3.91
TU-1-80 2,06 0.04 32.18 47.37 0.10 17.02 - 0.12 98.88 81.57 80.90 82.23 1.33
N-81-113 1.94 - 31.15 47.38 0.06 15.81 0.05 0©0.20 96.5% 81.53 80.85 82.35 1.50
N-81-162 2.12 0.10 31.48 49.14 ©0.08 16.54 0,02 0.30 99.84 80.72 79.68 81.36 1.68
N-7(1)-2 2.24 0.08 32.27 47.70 0.05 16.84 - 0.24 99,44 80.37 79.51 80.8B4 1.33
E-4 2.24 0.01 31.89 47.82 0.06 16.21 0.02 0.08 98.33 79.72 77.80 80.80 3.00
N-7(1)-16 2.37 -- 32.04 48.17 0.07 16.55 - 0.43 99.64 79.10 78.38 80.15 1.77

- (denotes probe readout = 0.4Q0) * A (G) ="A” number of analysis on each of "G"

APPENDIX 4-C
i ! 1 | 1 | 1 ¥ 1 | 1 1 | | 1 i

A(G)*
2(1)
2(3)
2(3)
3(2)
2(2)
2(2)
2(4)
2(3)
2(3)
2(2)
2(2}
2(2)
2(2)
2(2)
3(2)

grainsg



ELECTRON MICROPROBE ANALYSIS OF PLAGIOCLASE IN XENOLITHS {cont'd)

WT% An (moleX)

’ SAUPLE
SAMPLE # Na0 Mgd  Al,03 Si0; K0 Cad MnO0  Fe0  TOTAL AVERAGE LOW HIGH RANGE A(G)*
NE-81-501 2.08 0.02 31.20 49.09 0.30 15.17 - 0.14 98.08 78.64 58.26 89,16 30.90 2(2)
NE-81-507 2.36 .0.02 32.04 48.59 0.07 15.90 0.03 0.36 99.36 78.50 76.52 79.92 3.40 3(3)
NE-81-500 2.42 0,01 31.53 48.28 0.08 16.33 - 0.25 68.%1 78.49 76.84 80,73 3.89 2(3)
E-1-B-8 1.71 0.08 29.49 49.32 0.84 14.62 - 0.90 96.97 78.12 57.08 89.64 32.56 2(3)
H-81-106 2.40 0.03 30.76 48.32 0.05 15.07 0.02 0,32 97.49 77.39 75.50 78.68 3.18 2(3)
N81-246 2.65 - 31.06 49.13 0.07 15.82 0,11 O0.38 99.21 76.45 73.78 78.94 5.16 2(3)
N-80-TU-5 2.70 0.07 30.97 49.21 0.05 15.88 - 0.22 99.10 76.25 75.66 77.97 2.31 2(3)
NE-81-244-0UT 2.74 0,13 31.7L 48.63 0.07 16.03 - 0.07 99.38 76.07 75.92 76.17 0.25 2(1)
N-80-TU-3 3.44 0.08 30.17 50.48 0.13 14.35 - 0.33 98.98 69.22 66.01 73.08 7.07 2(3)
N-81-8720-A3 4.11 - 29.15 52,30 0.12 12.75 - 0.45 98.86 62.71 62.25 63.37 1.12 2(2)
N-81-102 4.18 = 28.80 54,01 0.16 12.83 0.05 0.40 100.45 62.33 60.80 63.64 2.84 2(3)
13-81-237 4.22 1.23 22.61 55.36 1.81 §.78 0.07 2.52 96.60 47.28 29.72 57.63 27.91 2(3)
N-81-159% *+ 6.927 - 24,93 59.51 0.64 7.32 0.01 - 99.38 36.44 34.48 38.40 3.92 2(2)
N-7(6)-17"F 8.68 0.01 21.38 65.67 0.78 3.36 - 0.03 99.91 16.80 16.37 17.52 1l.1l5 2(3)

- {(denotes probe readout = 0.00) * A (G)= "A" number of analysis on each of "G" grains

non-cumnlate textured xenoliths: + plagicclase gneiss ++ granite



EMP ANALYSIS OF MAFIC HINERALS AND ALTERATIdN PRODUCTS IN XENOLITHS

Wk, % Oxide

Ba,0 Mg0 Al,0, §i0; K30 €a0  HnO FeO Til,  Cr,0, TOTALS A(G)*

13-81-237 :

hprnblende (av) 1.30 10.04 10.32 43,40 0,75 11.36 0.35 17.83 n.a+ n.a.+ 95.34 2(2)
N-81-245 1IN

hornblende {av.) 1.04 16.19 9.40 48.37 0.26 11.79 .09 8.02 95.17 2(3)
chlorite — 24,54 17.09 30.86 0,01 0.51 0.10 11.80 85.00 2(1)
E-4 :
actinolite 0,65 16,74 4,12 52.72 0.15 12,50 0,16 9.63 96.69 2(1)
hornblende 0.92 15.83 5.97 48.84 0.28 11,99 0.17 10.93 94,93 2(1)
N-81-113
augite 0.37 15.19 2.29 51.22 0.01 22.47 0.17 6.32 98.04 2(1)
N-7(1)-2
hornblende 1.09 17.66 7.21 48,81 0.16 12.43 0.06 8.25 95.68 2(1)
center alteration 1.19 5.47 27.60 44,15 0,09 16.70 — 2.93 98.13 2(1)
assemblage

quartztgégnggsg%glgég?ra-0.02 0.09 0.12 90.98 — 1.18 — 0.23 92,62 2(1)
outer §é§e§%i3§3‘1°n 0.04 0.54 0,50 26.87 0.02 35.00 2.15 1.98 66.01 2(1)
3ﬁgite 0.28 16.03 2,06 52.06 0,01 22,76 0,08 6.05 99.33 2(1)
* A(G) = "A" number of analysis on each of "G" grains

* n.a. = no gnalysis '

— {(denotes probe readout = 0.00)
¢ Hz0 not included im total

APPENDIX 4-D a



NE-81-245 QUT
actinolite

hornblende (av.)

N-80-TU-5
hernblende {av.)}

13-81-229
augite (av.)

N-81-8720-A3
hornblende

quartz

BE-81-500
hornblende

NE-81-507
tremolite {(av.)

N-81-246
chilorice

N=81-159
augite (av,)

NE-81-501
tremolite (av.)

EMP ANALYSIS OF MAFIC MINERALS AND ALTERATION PRODUCTS

Cont'd.

Wt. % Oxide
Na,0  Hg0  Al,03 510, K,0  Ca0  HMnO Fe0  Ti0p  Crp03 TOTAL
0.67 18.40 6.22 52.56 0.02 12.77 0,07 6.86 n.a, mn.a. 97.57
1.26 16.83 .48 48.65 0.24 12.35 0.03  8.23 97.14
1.61 10,92 9.88 43.06 0,68 11.48 0.26 18,31 96.21
0.34 14.40 2,22 51.44 0.04 22,24 0.11  7.90 98.68
1.07  13.13 6.55 46.44 0,43 11.08 0.10 14.16 92.96
— 0.03 0.20 94,16 - —- - - 94.39
0.99 11.46 7.13 46.75 0.39 11.59 0.38 17.02 95.71
0.46  21.15 2.16 55.08 0.11 11.75 0.24  6.40 97.35
0.04 16.6% 10.33 40.96 0.56  1.92 0.22 14.84 85.56
0.94 12.69 3.63 50.59 0.10 20.51 0.18  9.99 98.53
0.63 19.79 4.79 52.62 ©0.32 11.60 0.07 5.19 0.13 0.45 95.37
APPENDIX 4-Db
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A(G)*

2(1)

2(2)

2(2)

2{2)

2(1)

1(1)

2¢1)

2(2)

1(1)

2(3)

2(3)



TR-1(0}~1
actinolite

N-81-257

hornblende (av.,)

N-81-8400-A3

hornblende (av.)

N-81-162
chlorite

N-81-502

augite (av.)}

tremolite

NE-81-244 IN
uralite

actinolice

NE-81-508
hornblende

N-3400-A1

actinolite (av)

8300 South Spine
actinolite {(av.,)

chlorite

EMP ANALYSIS OF MAFIC MINERALS AND ALTERATION PRODUCTS Cont'd.
Wt. Z. Oxide
Na,0 Mg0 Al,0, Si0; K30 Ca0  MnD FeO  TiO0z  Cry03 TOTAL A(G)*
1.13 16.54 B8.04 49.83 0.50 11,52 0,37 8.38 0.18 0,56 97,04 2(2)
0.97 17.68 6,60 S1.26 0.26 11.44 0,40 7.59 0.10 0.38 6%6.67 2(2)
1.46 15,00 9.17 45.53 0.68 11.06 0.13 10.13 0.86 0.18 94.21 2¢2) -
0.01 24.35 18.88 31,17 0.0% 0.36 0,10 11.49 0,09 0.04 86.54 2(1)
0.22 16.38 2.04 52.85 0.02 22.54 0,109 4.04 0.10 0.62 99,00 2(2)
0.38 19.55 3.50 53.53 0.11 12.07 0.113 5.68 0,16 0.55 95.66 2(1)
1.75 15.60 13.58 45.82 0.29 11.82 0.18 9.27 0.30 _— 28.61 2(1)
1.05 17.22 7.68 50.63 0,186 11.59 0.21 .21 0.14% 0.09 97.98 2(1)
1.22 16.20 10,74 47.70 0,22 11.46 0,15 6.62 0,16 0.16 94.64 2(2)
0,38 21.41 0.91 57.29 0,12 12.7% 0,27 5.76 0.01 0.41 98.34 1(3)
0.66 18.11 4.72 52,25 0.20 11.70 0.39 8.10 0,02 0.68 96.83 2(2)
0.02 22.05 16.73 30,07 — 0.76 0.39 13.23 0.73 1.28 85.26 1(1)
APPENDIX 4-Dc
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ELECTRON MICROPROEE ANALYSIS
DIFFUSIOR RIMS AND PLAGIOCLASE GRAIN INTERIORS FROM ANORTHOSITIC

XENOLITHS IN CONTACT WITH DIORITE HOST ROCK

We.%Z Oxide
Na,0 Mgd Alz04 810; K,Q Cal Mn 0 Fe0 TQTAL An(Mole %)

N-81-110
Grain 71

Diffusion Rim 6.53
Grain Interior 3.65

23.53 60,04 1.06 6,30 0.09 Q.15 97.70 (32.52)*%
27.89 49.27 0.18 10,89 _ 0.25 92,13 61.46

ol
£~

Grziu Interior 3.98 ¢ 27.86 51.51 0©.22 1i0.51 0.02 0.36 94,50 58.45
Graln #4

Bbiffusion Rim 3.36 —_ 15.40 70.75 &4.71 1.95 —_— 0.24 96.41 (l4.26)

Grain Interior 1.97 _—

31.75 48.87 0.06 16.66 0.01 0,23 99.55 82.12

Plagioclase from
xenolith interior 1.85 —_ 31.42 47.88 0.01 16.63 0.03 0,27 98.15 83.1¢

NE81-244 OUT

Grain #2
Diffusion Rim 6.19 0.04 26.21 56.92 0.41 9.16 —_ 0.10 9%9.023 (43.88)
Grain Interior 4.46 0.08 28.04 53.81 0.64 11.43 —— 0.20 98.66 56.42
Grain #3

Diffusion Rim 6.50 0.04 24.95 58,35 0.44 8,413
Grain Interior 2.78 Q.08 31.16 49.32 0.08 15.93

98.83 (40.71)
0.05 99.40 75.60

|}
o
o
[\

Plagioclase fron
xenolith interior 2.74 G.13 31.71 48.63 0.07 16.03 —_ 0.07 99.38 76.07

¥( ) = "equivalent" Anorthite content calculated
for glassy melt rim on =xenolith

APPENDIX 4-E
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ELECTRON MICROPROBE ANALYSIS

"(Sample # CB-AD-8530)

Wt.Z Oxide Wt.%” Element
ANALYSIS # MgO A1203 TiOz Cr203 FeO TOTAL Mg Al Ti Cr Fe
CHROMITE
Grain #3
Center 8.41 14.03 0.43 50.58 29.14 100.59 3.87 7.42 0.26 34.60 22.65
Rim 6.16 14.18 n.a. 50.56 29,47 100. 36 3.71 7.50 n.a. 34.59 22.90
Rim 6.46 14,17 0.51 49.69 29,61 100.44 3.90 7.50 0,30 34.00 23.02
Average 6.34 14.13 0.47 50.28 29.41 100.46 3.83 7.47 0.20 34.40 22.86
Grain {11
Center 6.43 13,73 0.36 49.98 30.06 100.56 3.88 7.27 0.21 34.20 23.37
Rim 6.36 13,99 0.65 50.12 29.66 100.79 3.84 7.40 0,39 34.29 23,05
Average 6.40 13.86 0.50 50,05 29.86 100.68 3.86 7.34 0.30 34,24 23.21
Sample Avg. 6.37 14.00 0.48 50.16 29.64 100.57 3.84 7.40 0.25 34.32 23.04
APPENDIX 4-F
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‘TREMOLITE

Grain #4

Grain #5

Sample Average

ELECTRON MICROPRORE ANALYSIS

(Sample # CB-AD-8530) (Cont'd)

Wt.% Oxide
MgQ A1203 S$i029 KZO Cz0 Cr203 Fe( TOTAL
22,27 2.32 56,60 0.22 12.21 1.01 2.86 97.49
24,08 1.87 57.5¢ 0.09 12.22 0.32 2.32 98.48
23.18 2,10 57.10 Q.16 12.22 0.66 2.54 27.98
{ I 1 I ] | | | ] |



ELELTRON MICROPROBE ANALYSIS

(Sample # E-1-B-8)

Wt % Atomice %
ANALYSIS # S Fe Cu TOTAL S Fe Cu
Chalcopyrite
Grain #2 .
Anal. 1 35.12 31.75 33.69 100,55 49,92 25.91 24.17
Anzl. 2 33,10 33.69 31.21 98.00 48.54 28.37 23.190
Wt % Oxide Wt Z Element
S$i02 803 CalC Fel Cul TOTAL Si s - Ca Fe Cu
Ooxide {7) 17.28 1.16 1.25 63.55 7.59 90.84 §.08 0.47 0,892 49.40 6.06
Wt % Oxide
SiOz Ti0, A1203 FeQ FeZOB* Mg0 TOTAL
Magnetite*#*
Grain #1 0.17 4.51 1.59 34.56 57.76 0.46 $9._11
Grain #2 0.10 4.42 1.72 34,54 57.75 0.47 98.99
Grain #3 1l.34 0.01 .18 31.47 63.14 0.17 96.31
Grain #4 0.31 4.02 1.87 34.33 57.01 .33 97.87

* FeO/Fep03 partitioned on basis of normative assumption for
%%Cro04 below detection limit by wave length dispersive spectruscopy

APPENDIX 4-G
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ELECTRON MICROPROBE ANALYSIS

' SAMPLE #8~116
GARNET AND BYROXEEE"

Wt. % Oxide

Nas0 MgO Al204 5iQg4 K, 0 Cal MO Fel TOTAL
Garnet .
Grain #2
Core 0.03 8.73 21.6D0 40.52 —_— 6.58 0,53 24.02 102.01
Rim 0.0 8.64 21.58 39,21 —_— 6.90 0.37 23,50 100.2)
Average 0.02 8.68 21.5% 39.87 — 6.74 0,45 23.76 101.11
Grain #3
Core 0,02 8.44 20,65 39.66 e 7.28 0.41 23.44 99 .90
Rim (1) — 8.99 21.79 139.77 — 6.81 0.48 23,61 101.45
Rim (2) 0.02 9,10 21.50 39.09 -— 6.70 0.42 23,11 98,94
Average 0.01 8.84 21.31 39.51 — ©.93 0.44 23.39 100,43
Sample av.
(Garnet) 0.02 8,76 21.45 39,69 — 6.84 0.44 23,58 100,77
Pyroxene ;
Grain {#1 av,. 1.04 12,37 3.68 51.13 0.03 21.06 0.21 9.92 99.44

APPENDIX 4-H



ELECTRON MICROPROBE ANALYSIS

SAMPLE ffN-81-159

PLAGIOCLASE AND CLINOPYROXENE

{Adjacent Lamellae in mineral grains)

Wt. % oxide Mole X%
Nay0 Mg0 Als0 3 $104 K,0 Cab Ti0y FeD TOTAL An
Plagioclase
Lamellae 4a 6.60 -~ 25.64 57.78 0.46 7.55 - 0.13 98.16 37.67
Lamellae 4b 7.06 - 25.71 59.84 0.51 7.37 - 0.07 100.56 35.56
Lamellae 5a 6.79 - 26.07 58,29 0.31 7.85 - 0.11 99.42 38.26
Lamellae 5b 7.20 - 26,00 58.81 0.36 7.84 - 0.04 100.25 36. 80
wole prop.
Clinopyroxene Ca Mg Fe
Lamellae 1la 1.00 13.08 3.43 51.23 - 19.%0 - 10.96 96.60 43 39 18
Lamellae 1b 1.00 12.48 3.6 51.02 - 20,%0 - 10.57 29.58 45 37 18
Lamellae Za 0.79 12.92 3.07 52.19 ~ 22.09 - 9.99 101.05 46 38 16
Lamellae 2b 0.88 13.47 3.19 50.%1 - 21.39 - g.86 89.70 45 39 16
Lamellae 3a 1.02 12,10 3.52 51.65% - 21,07 - 10.99 100.35 45 36 19
Lamellae 3b 1.09 12,35 3.73 51.49 - 20.99 - 10.03 99.68 46 37 17
APPENDIX 4-1
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Granular amphibolites ....cciiieireinainiaincinnnas 5-45
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EXPLANATION KEY FOR APPENDIX 5

SAMPLE #
the typed sample # below the photo is the one used
throughout the text and appendices.

HAND SPECIMEN:
Tock names assigned according ro the classification
in apter n part based on an interpretation
S the weflc mineritoss onf Covivees. Detotipiior
TeTeteto serolith il Thestor TT section 2

contains a general description of incrusive phases.

THIN SECTION:
examples for notations im ( ):

(An82 EMP) -~ plagicclase anorthite component
rounded to nearest whole number
detexrmined by electron microprobe
(listed in Appendix 4-€)

{An80C NORM)- plagioclase anorthite component
rounded to nearest whole number,
from nermative mineralogy (listed
in Appendix 3)

hornblende (4-Dc) ~ electron micropsobe analysis
listed in Appendix 4-D, page ¢

Lan - microns

MATRIX: '
Host intrusion. (location of matrix in photo
is noted)}

REACTION RIM:
Reaction rim between xXenclith and heost intrusion
noted for hand specimen (and thin section, 1f

thin section contains intrusive - xenolith contact).
SBAPE:

refers to Xenolith shape

rounded: no cormners visible

subrounded: corners visible but well rounded

subangular: corners distinct but slightly rounded

angular: corners sharp

SIZE:
refers to xenolith size only, maxinmum dimension




_.2.

ANORTHOSITE










5-5

(N0 PHOTO)

(Rock sample crushed for whole rock
analysis. Original print did not
turn out)

SAMPLE #
N-31-500

HAND SPECIMEN:
dark grey anorthosite. (97%) plagioclase with
saussuritization along grain boundaries. (3%)
lt. green mafic minerais as anhedral, space
fiilings to 1 mm.

THIN SECTION:
3-7 mm tabular, euhedral plagioclase (An 78 EMP)
moderately saussuritized internally and along
grain boundaries. {(2X) lt. green very fine granular
(20-50 mm) aggregates of pleochroic (green/let.
green} hornblende {4Db) as intercumulus anhedral .
space f1llings; (1l%) mixture of fine grained
(=20 un) aggregates of opaque oxides and 1lt. green
non-pleochroic actinolicte in centers of mafic areas.

MATRIX:
fine-grained diorite

REACTION RIM:
nene

SHAPE:
angular

SIZE:
10 ¢cm






GAEBROIC ANORTHOSITE
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MAFIC GABBRO
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GABERONORITE

ﬂ.ﬂﬂﬂﬂﬂﬂ__ll.-llj_ﬁ“.ﬂﬂﬂﬂr.r-Iln.um










31

TROCTOLITE
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GRANULAR AMPRIBOLITE

— — — [ CC CC Do













5-49

SCHIST

AMPHIBOLE - PLAGIQCLASE
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ALKALI GRANITE
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DIABASE
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GARNET AND PYROXENE
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APPENDIX ¢

LOSS ON IGNITIOR

Franklin and Marshall College Analytical Procedures,

Steven Sylvester (1980)

Zero the balance, (Do not tare until all weighings
are completed !)

Weigh alumina crucible (Record all welights to four
decimal places).

All approximately 1 gram of finely ground rock powder.
Record weight of crucible plus sample,

Place in wuffle furnace for 60 minutes at 900° C,
Remove, cool and weigh (in desiccator).

Weight of sample before heating,less weight after
heating is "initial" loss on ignition., (NOTE: if

sample has lost weight, the loss is positive; if it

has gained welght, the loss is negative).

Determine % loss on ignition by dividing "initial

loss" by initial weight of sample and multiply by 100,

To obtain the true loss on ignition for the sample:

(a) mulciply 0,111342 times the weight % FeO
(detexrmined by titration).

(b) add this value to the loss on ignition (whether

+ or ~). This sum is the true loss on ignition.



APPENDIX 7

XENOLITH DENSITIES CALCULATED FROM NORMATIVE MINERALOGY
Sample No., Density {(gm/em3)

S8ilica Undersaturated

13-81-227 3.01
N81-166 2,80
NE-81-500 2.78
N-7(1)-18 2.79

Silica Saturated
(with cumulus plagioclase)

NE-~81-502 3.01

N-81-110 2.80/2.80 (rep.)

N-81~160 2,77

13-81-229 2.77

NE=81-2451N 2.89!2;91{rep.)’average = 2.90
. NE-81-245 OUT 2.88

TU-1-80 2.81

N-81-113 2.88

N-81-162 3.02

N-7(1)-2 2,88

E~4 2.9%0

N-7(1)-16 2.88

NE-81-507 2.87

E-1-B~8 2.92

N—él-246 2.83

N-80~TU-5 2,81



Sample No.
NE-81-~244 1IN
BE-81-244 OUT
N-81-201
N-81-130
N-80-TU-3
N~-81-8720A3
N~81-102
N-81-203
13-81-237

Silica Saturated

Density

3.05

(ne cumulus plagioclase)

N-8400-A1
HNE-81-508
H-81-161
8300 S. Spine
TR~1(0)-1
WCB-1

Silica Oversaturated
N=-7(6)-17
€C-1

NE-81-VAR-1

3.20
3.08
3.18
3.17
3.14/3.14 (rep.)}

3.13



Sample No. Density

Intzrusive Phases
(fine grained diorite)

AD-8380 2.79

13-81~241 2.86

(coarse porphyritic dacite)

13-81-240 2.80

AD-8530 2.80

method of densiry calculation:

(1)

(2)

(3}
(4)

assume 100 grams total sample, therefore
(X wt.% = X grams)

volume of any normative mineral A given by:

L mele

volume A (cm3) =({prams)Ax
& formula wt.A {grams)

3)

molar volume A {cm

1 mole

sum volumes o0f all normative minerals = total volume (cm3)

rock density (gm/em>) = 100 (grams) total sample
total volume of normative

minerals (cm3)

molar volumes and formula weights from Robie et 2l1.(1979)



AFPPENDIX 38

DIFFERENTIAL THERMAL ANALYSIS OF CARBOWATES

CBS~81~125(¢) Carbonate at ( = 2 mm away from

sample wt =
0.105 g

DTA: *

XRD: #

intrusive) intrusive contact with
coarse porphyritic dacite

sharp, intense, endothermic peak at 924°¢
{(Rutchinson, 1974, p. 453: calcicte =
single sharp intense endothermic peak,
may vary from 860° C to 1010° C - no
other peaks present.)

calcite {(no other phases present in
detectable quantity)

CBS-81-125(a) Carbonate 3' from contact at (c) above

sanple wt =

0.105 g

DTA: *

XRD: &

sharp, intense, endothermic peak at 933°C
{(Hutchinson, 1974, p. 453: calcite = single,
sharp, intense endothermic peak, may vary
from 8609 C ro 10102 € - no other peaks
present.)

calcite (no other phases present in
detectable quantity).

*# DTA:

#XRD:

both samples run against 0.056 g Mgl standard;
air flushed furnace; 1" - 1 nV graph;
differential amplification = 100 x; (Pt + 10 Rh)
vs. (Pt) thermecouple; Al203 ceramic block;

Pt sample holders; temperature calibration
checked with WaCl melting point: (801% C) check.

Phillips/Noreleco XRD: 500 counts full scale;
20/pinuvte; time constant = 0.5





