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Frontigpiece, “The Shipwreck”. View looking east along the southern coastline of Greenhills.
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Abstract

Exposed along a three kilometre stretch of coastline on the southern extremities of the South
Island, New Zealand are a suite of calc-alkaline to tholeiitic ultramafic and gabbroic rocks which
form the southern portion of the Greenhills Ultramafic Complex (GUC).

This complex consists of a layered series of dunite, wehrlite, olivine-clinopyroxenite and gabbro
of Earliest Triassic age (247Ma), which intrude Lower Permian meta-sedimentary lithologies of
the Greenhills Group.

Accompanying the intrusion of the complex is a narrow contact metamorphic aureole which
decreases rapidly in grade from pyroxene-hornfels facies metamorphism, directly adjacent to the
body, to regional prehnite-pumpellyite facies metamorphism, with distance from the contact.

The layered series of the GUC is stratigraphically divisible into an upper gabbroic portion of both
non-cumulate and cumulate gabbroic rocks, and a lower ultramafic portion of dunite, wehrlite
and olivine-clinopyroxenite. The lower ultramafic portion shows well-developed accumulate
structures and textures that are typical of stratiform cumulate intrusions.

Widespread slumping in the layered series in addition to discrete zones of intense brecciation,
faulting, and multiple phases of dyke injection indicate recurring conditions of instability during
the evolution of the complex.

Textural, mineralogical, and chemical evidence suggests that two gabbro suites comprise the
upper gabbroic portion. Namely, a cumulate suite (Shipwreck Gabbro) that is closely related to
the lower ultramafic portion, and a non-cumulate (Barracouta Point Gabbro) suite, which is
thought to have crystallised from a mixed magma.

Whole rock chemistry of the layered series indicates a clear magmatic fractionation trend through
dunite to gabbro, consistent with chemical fractionation from a basaltic parental magma. This
trend is characterised by a systematic decrease in magnesium content with a concordant increase
in silica, aluminium, calcium, and alkalis. A similar fractionation trend is exhibited by the
evolution of the primary mineral phases olivine, clinopyroxene and plagioclase through the
layered series.

The theory that the GUC may have been derived by dry partial melting of the mantle wedge is
supported by the similarity in trace element chemistry between the GUC and N-type Mid Ocean
Ridge Basalt (MORB). Similarly, the trace element chemistry correlates well with recent basalts
and basaltic andesites from the Tonga-Kermadec Island Arc, indicating that present day active
ocean-ocean island arc subduction zones may serve as closely representative models for the
evolution of remnant arcs such as that inferred for the GUC.



The development of a strong tholeiitic to calc-alkaline island arc chemistry in the GUC is typical
for magmatic bodies throughout the Brook Street Terrane, which are thought to represent the
remnant of an ancient island arc system.

A comparison of chemistry between the GUC and that of the Blashke Islands Alaskan-type
intrusion from SE Alaska, indicates that these two bodies have been derived by fractional
crystallisation of a closely similar parental magma, and thus, the GUC can be classified as a
Alaskan-type Intrusion.

The Greenhills Ultramafic Complex was produced as the result of crystal settling during
fractional crystallisation of a basaltic parental magma produced by dry melting of the mantle
wedge in an ocean-ocean island arc subduction zone. Modification of the layered body by
magmatic slumping, mingling and brecciation and faulting depict recurring conditions of
instability within the pluton which is considered typical of island arc subduction zones.































































































































































































































































































































































Olivine Analysis

Rock Type  Webhrlite Wehrlite Wehrlite Wehrlite Wehrlite Wehrlite SW Gabbro SW Gabbro SW Gabbro SW Gabbro  SW Gabbro
OU number  OU 65409 OU 65409 OU 65409 OU 65409 OU 65409 OU 65409 OU 65417 QU 65417 OU 65417 OU 65417 OuU 65417
-15 -29 -19 -18 -17 -28 "(4) “(2) “(1) *(10) “(7)
Si02 39.17 39.19 35.32 38.12 38.94 39.28 54.80 36.61 35.96 36.26 35.95
Al203 0.00 0.00 0.00 0.00 0.00 0.00 0.76 0.00 0.00 0.00 0.00
TiO2 0.00 0.00 0.04 0.00 0.05 0.00 0.05 0.00 0.00 0.00 0.00
FeO 23.60 23.30 23.49 23.93 24.24 24.19 20.59 29.71 30.11 33.18 33.82
MnO 0.37 0.46 0.42 0.44 0.41 0.44 0.75 0.71 0.64 0.68 0.74
MgO 39.60 38.75 38.63 39.05 39.15 39.09 24.64 31.14 29.94 28.97 28.73
CaO 0.03 0.03 0.04 0.00 0.12 0.04 0.57 0.04 0.02 0.00 0.00
Na20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00
K20 0.00 0.00 0.02 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00
Cr20s3 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.02 0.00 0.03
Total 102.78 101.74 97.96 101.57 102.92 103.04 102.19 98.23 96.70 99.10 99.27
Oxygen 4 4 4 4 4 4 4 4 4 4 4
Si 0.99 1.00 0.95 0.98 0.99 1.00 1.32 1.01 1.01 1.01 1.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.50 0.50 0.563 0.52 0.52 0.51 0.41 0.68 0.71 0.77 0.79
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02
Mg 1.50 1.48 1.55 1.50 1.49 1.48 0.88 1.28 1.25 1.20 1.19
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
100 Mg

(Mg+Fe+Mn) 74.64 74.41 74.23 74.07 73.90 73.88 67.29 64.60 63.43 60.39 59.70
Total 3.01 3.00 3.05 3.02 3.01 3.00 2.67 2.99 2.99 2.99 3.00

*na=element/compound not analysed



Olivine Analysis

Rock Type  Troc D Troc D Troc D Troc D Troc D Troc D Troc D Troc D
OU number QU 65427 #2 OU 65427 #2 OU 65427 #2 OU 65427 29 QU 65427 29 OU 65427 29 OU 65427 29 OU 65427 #2
(2) -1 -2 -4 -5 (1)
Si02 39.16 38.56 38.44 38.36 38.13 38.63 36.38 38.54
Al203 0 0 0 0 0 ] 0 0
TiO2 0.063 0.021 0 0 0.062 0 0.036 0
FeO 23.95 24.80 24.10 27.34 26.06 26.50 26.20 24.88
MnO 0.49 0.44 0.50 0.52 0.35 0.40 0.41 0.56
MgO 38.21 37.10 38.24 35.83 35.57 36.58 35.80 38.04
Ca0 0.05 0.03 0.02 0.04 0.00 0.00 0.00 0.03
Naz20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K20 0.03 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Cr203 0.00 0.00 0.00 *na *na *na *na 0.00
Total 101.94 100.95 101.29 102.08 100.19 102.10 98.83 102.04
Oxygen 4 4 4 4 4 4 4 4
Si 1.00 1.00 1.00 1.00 1.01 1.00 0.98 0.99
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.51 0.54 0.52 0.60 0.58 0.57 0.59 0.54
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 1.46 1.44 1.48 1.39 1.40 1.41 1.44 1.46
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 *na *na *na "na 0.00
100 Mg

(Mg+Fe+Mn) 73.6 72.4 73.5 69.6 70.6 70.8 70.6 72.7
Total 2.99 3.00 3.00 3.00 2.99 3.00 3.02 3.01

*na=element/compound not analysed



Pyroxene Analyses

Pyroxene: cpx cpx cpx cpx cpx cpx cpx cpx cpx cpx opx

Rock Type Wehrlite Wehrlite Ol. Clinopx Ol Clinopx Ol Clinopx Wehrlite D  Wehrlite D  Wehrlite D Wehrlite D  Wehrlite D  SW Gabbro
OU number OU 65409 QU 65409 QU 65407 OU 65407 OU 65407 QU 65410 QU 65410 QU 65410 QU 65410 QU 65410 OU 65418
Pyroxene -24 -30 -32 -35 -36 -9 -11 -13 -14 -15 -8
SiO2 52.79 51.39 51.49 53.39 53.47 55.63 52.81 54.74 53.86 54.96 51.11
Al203 2.68 2.76 1.91 1.75 2.00 1.57 1.39 2.14 0.56 1.23 1.13
TiO2 0.66 0.62 0.25 0.22 c.17 0.12 0.13 0.17 0.10 0.14 0.18
FeO 5.82 6.56 4.31 4.59 4.36 3.89 4.66 3.88 3.07 3.87 21.79
MnO 0.12 0.29 0.10 0.21 0.06 0.10 0.00 0.09 0.03 0.12 0.70
MgO 15.60 15.59 16.30 16.57 16.99 17.55 17.68 17.04 16.59 17.20 22.40
Ca0 21.16 23.35 23.02 22.76 22.67 22.51 22.62 23.03 24.78 23.20 0.74
Naz20 0.19 0.21 0.12 0.11 0.12 0.16 0.32 0.26 0.00 0.32 0.00
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr20s3 0.38 0.51 0.21 0.16 0.18 na *na *na *na *na 0.00
Total 99.40 101.29 97.71 99.77 100.02 101.53 99.60 101.34 99.00 101.03 98.04
Oxygen 6 6 6 6 6 6 6 6 6 6 6
Si 1.94 1.89 1.93 1.96 1.95 1.99 1.94 1.96 1.99 1.98 1.95
Al 0.12 0.12 0.08 0.08 0.09 0.07 0.06 0.09 0.02 0.05 0.05
IV Al (%) 2.76 5.66 3.31 2.12 2.42 0.66 2.84 1.77 0.71 0.93 2.65
Ti 0.02 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Fe 0.18 0.20 0.14 0.14 0.13 0.12 0.14 0.12 0.09 0.12 0.69
Mn 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.02
Mg 0.86 0.85 0.91 0.91 0.92 0.93 0.97 0.91 0.91 0.92 1.27
Ca 0.84 0.92 0.93 0.89 0.89 0.86 0.89 0.89 0.98 0.90 0.03
Na 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.00 0.02 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.01 0.01 0.01 0.00 0.01 na “na “na *na *na 0.00
100 Mg/ (Mg+Fe+Mn) 82.40 80.22 86.84 86.02 87.26 88.68 87.12 88.45 90.52 88.50 63.97
Ca 44.64 46.55 46.91 46.08 45.60 45.06 44 .47 46.28 49.31 46.26 1.51
Mg 45.78 43.24 46.24 46.66 47.55 48.86 48.37 47.64 45.93 47.72 63.72
Fe 9.58 10.21 6.85 7.26 6.84 6.08 7.15 6.08 4.77 6.02 34.76
Total 3.98 4.04 4.02 4.00 4.00 3.98 4.03 3.99 4.00 4.00 4.02

*=not analysed



Pyroxene Analyses

opx opx opx opx opx
Rock Type SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro
OU number QU 65418 OU 65418 OU 65418 QU 65418 OU 65417 QU 65417 QU 65417 QU 65417 QU 65417 OU 65417 OU 65417 QU 65417
Pyroxene -2 -16 -17 -9 -1 -2 -4 -5 "(9) “(13) “(14) -6
SiO2 51.76 53.37 54.08 52.70 50.75 52.36 52.76 52.31 54.74 52.12 62.42 52.74
Al203 0.90 1.10 0.92 1.13 3.32 1.00 0.77 1.19 0.61 .87 0.78 1.08
TiOz 0.22 0.17 0.15 0.15 0.53 0.28 0.11 0.16 0.00 0.21 0.17 0.16
FeOQ 22.38 21.55 20.91 19.80 11.74 9.88 9.81 23.28 18.09 25.41 25.27 10.71
MnO 0.92 0.85 0.81 0.63 0.34 0.41 0.38 0.57 0.95 0.89 0.82 0.63
MgO 22.93 22.41 23.58 23.96 13.28 13.06 13.30 21.34 24.82 19.53 19.66 12.82
CaO 1.27 0.85 0.90 1.78 18.50 24.08 23.39 1.27 0.73 0.83 0.93 22,72
Naz20 0.02 0.00 0.00 0.00 0.57 0.18 0.15 0.00 0.00 0.00 0.00 0.13
K20 0.00 0.00 0.00 0.01 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr20s3 0.00 0.00 0.03 0.00 0.13 0.09 0.00 0.00 0.03 0.00 0.00 0.00
Total 100.40 100.30 101.38 100.17 99.23 101.33 100.67 100.12 99.97 99.86 100.06 100.99
Oxygen 6 6 6 6 6 6 6 6 6 6 6 6
Si 1.93 1.98 1.97 1.95 1.92 1.95 1.97 1.96 2.00 1.98 1.98 1.97
Al 0.04 0.05 0.04 0.05 0.15 0.04 0.038 0.05 0.03 0.04 0.03 0.05
IV Al (%) 3.25 1.17 1.29 2.63 4.05 2.48 1.45 1.98 0.06 1.10 0.85 1.85
Ti 0.01 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.01 0.00 0.00
Fe 0.70 0.67 0.64 0.61 0.37 0.31 0.31 0.73 0.55 0.81 0.80 0.33
Mn 0.05 0.03 0.03 0.02 0.01 0.01 0.01 0.02 0.03 0.03 0.03 0.02
Mg 1.28 1.24 1.28 1.32 0.75 0.73 0.74 1.19 1.35 1.10 1.11 0.71
Ca 0.05 0.03 0.04 0.07 0.75 0.96 0.94 0.05 0.03 0.03 0.04 0.91
Na 0.00 0.00 0.00 0.00 0.04 0.01 0.01 0.00 0.00 0.00 0.00 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
100 Mg/ (Mg+Fe+Mn) 63.08 64.07 65.92 67.63 66.25 69.35 69.93 61.46 69.90 56.95 57.31 66.81
Ca 2.51 1.73 1.79 3.51 40.09 48.19 47.20 2.59 1.48 1.72 1.92 46.46
Mg 63.00 63.84 65.58 65.93 40.07 36.37 37.34 60.43 69.92 56.81 56.99 36.46
Fe 34.49 34.43 32.62 30.56 19.84 15.43 15.46 36.98 28.60 41.47 41.09 17.09
Total 4.06 3.99 4.00 4.02 4.01 4.02 4.01 4.01 3.99 4.00 3.99 4.01




Pyroxene Analyses

cpx cpx opx opx

Rock Type SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro BP Gabbro  BP Gabbro
QU number OU 65417 QU 65417 OU 65417 QU 65415 OU 65415 QU 65415 QU 65415 QU 65415 OU 65415 QU 65415 QU 65419 OU 65419
Pyroxene -7 -8 *(8) -3 -10 -11 12 -13 14 -15 *(8) *(9)

Si02 52.60 52.45 54.48 52.99 52.12 51.31 54.03 51.64 51.23 50.43 52.67 51.99
Al203 1.71 0.94 0.86 1.11 2.28 2.24 0.58 1.52 3.06 3.44 1.07 1.56
TiO2 0.31 0.13 0.03 0.21 0.38 0.45 0.08 0.23 0.47 0.67 0.21 0.19
FeO 10.77 8.91 20.84 7.70 9.39 9.05 19.59 7.79 8.61 8.33 28.65 28.50
MnO 0.41 0.37 0.60 0.35 0.41 0.34 0.61 0.31 0.26 0.43 1.22 1.26
MgO 13.18 13.63 24.52 14.53 15.49 13.89 25.07 14.01 15.28 13.67 14.30 13.82
CaO 21.94 21.33 0.43 23.85 21.73 22.30 0.73 22.93 20.83 23.20 1.07 1.78
Na20 0.20 0.14 0.00 0.03 0.06 0.13 0.00 0.11 0.40 0.20 c.10 0.18
K20 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01
Cr20s3 0.03 0.04 0.00 0.00 0.03 0.08 0.00 0.00 0.00 0.00 0.00 0.00
Total 101.16 97.94 101.77 100.78 101.90 99.79 100.68 98.53 100.14 100.38 99.33 99.24
Oxygen 6 6 6 6 6 6 6 6 6 6 6 6
Si 1.95 1.99 1.98 1.96 1.91 1.92 1.97 1.85 1.90 1.88 2.04 2.02
Al 0.07 0.04 0.04 0.05 0.10 0.10 0.02 0.07 0.13 0.15 0.05 0.07
IV Al (%) 2.26 0.33 1.24 2.03 4.38 3.76 1.33 2.36 4.83 5.87 -1.85 -0.91
Ti 0.01 0.00 0.00 0.01 0.01 0.01 .00 0.01 0.01 0.02 0.01 0.01
Fe 0.33 0.28 0.63 0.24 0.29 0.28 0.60 0.25 0.27 0.26 0.93 0.93
Mn 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.04 0.04
Mg 0.73 0.77 1.33 0.80 0.85 0.78 1.36 0.79 0.85 0.76 0.82 0.80
Ca 0.87 0.87 0.02 0.95 0.85 0.90 0.03 0.93 0.83 0.93 0.04 0.07
Na 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.03 0.01 0.01 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
100 Mg/ (Mg+Fe+Mn) 67.75 72.35 67.09 76.28 73.79 72.49 68.87 75.52 75.42 73.54 46.03 45.28
Ca 45.08 45.14 0.85 47.62 42.93 45.81 1.42 47.28 42.68 47.63 2.48 4.01
Mg 37.66 40.13 67.14 40.37 42.58 39.68 68.54 40.19 43.55 39.03 45.91 44.51
Fe 17.26 14.72 32.00 12.00 14.48 14.51 30.04 12.58 13.77 13.34 51.61 51.48
Total 4.01 3.99 4.01 4.01 4.03 4.02 4.01 4.01 4.03 4.03 3.94 3.95




Pyroxene Analyses

cpx opx opx opx cpx opx cpx cpx

Rock Type BP Gabbro  BP Gabbro  BP Gabbro  BP Gabbro  M.Gabbro M.Gabbro M.Gabbro M Gabbro M Gabbro M Gahbro

OU number OU 65419 OU 65422fg QU 65422cq  OU 65422cg QU 65423 OU 65423 0OU 65423 OU 65423 OU 65423 QU 65423
Pyroxene -17 -16 -22 -30 "(23) "(25) *(26) “(17) *(18) "(20)

Si02 50.00 49.36 51.43 51.91 50.94 50.62 52.01 50.59 51.23 52.45
Al203 4.51 0.55 0.51 0.93 o.41 0.46 0.95 0.44 0.95 0.83
TiO2 0.60 0.09 0.15 0.26 0.06 0.10 0.21 0.18 0.21 0.22
FeOQ 6.26 25.37 24.57 9.64 27.69 27.58 12.04 28.11 15.52 12.24
MnO 0.10 1.13 0.82 0.32 0.71 0.64 0.43 0.75 0.58 0.22
MgO 14.75 17.93 18.33 12.75 16.34 16.05 11.91 15.43 11.70 12.60
Ca0O 23.98 0.92 0.91 21.88 1.23 1.12 22.12 1.23 18.55 21.68
Na20 0.14 0.00 0.00 0.25 0.00 0.00 0.24 0.00 0.17 0.18
K20 0.00 0.03 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Cr20s3 0.42 0.00 0.00 0.03 0.00 0.00 0.00 0.02 0.00 0.00
Total 100.76 95.37 96.72 97.98 97.39 96.59 99.91 96.74 98.91 100.43
Oxygen 6 6 6 6 6 6 6 [¢] 6 6
Si 1.85 1.98 2.01 1.98 2.01 2.01 1.97 2.01 1.98 1.98
Al 0.20 0.03 0.02 0.04 0.02 0.02 0.04 0.02 0.04 0.04
IV Al (%) 7.70 1.10 -0.50 0.77 -0.45 -0.59 1.34 -0.71 1.11 1.24
Ti 0.02 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.01
Fe 0.19 0.85 0.80 0.31 0.91 0.92 0.38 0.94 0.50 0.39
Mn 0.00 0.04 0.03 0.01 0.02 0.02 0.01 0.03 0.02 0.01
Mg 0.81 1.07 1.07 0.73 0.96 0.95 0.67 0.92 0.67 0.71
Ca 0.95 0.04 0.04 0.90 0.05 0.05 0.90 0.05 0.77 0.87
Na 0.01 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.01 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
100 Mg/ (Mg+Fe+Mn) 80.52 54.66 56.27 69.54 50.63 50.35 62.99 48.79 56.43 64.30
Ca 48.55 2.01 1.98 46.41 2.70 2.48 46.00 2.75 39.51 44.46
Mg 41.56 54.63 55.95 37.63 49.88 49.66 34.46 48.10 34.68 35.95
Fe 9.89 43.36 42.07 15.96 47.42 47.86 19.54 49.16 25.81 19.59
Total 4.04 4.01 3.97 4.00 3.98 3.97 4.01 3.97 4.00 4.01




Plagioclase Analysis

RockType BPGabbro BPGabbro BPGabbro BPGabbro BPGabbro BPGabbro BP Gabbro  BP Gabbro  BP Gabbro ~ BP Gabbro  BP Gabbro  BP Gabbro
OU number QU 65419 QU 65419 OU 65419 OU 65419 OU 65419 QU 65419 QU 65422 fg  OU 65422 cg QU 65422 cg OU 65422 cg OU 65422 cg OU 65422 cg
"(1) “(6) “(3) “(4) -21 -22 -12 -18 -27 -6 -1 -2
Si02 59.26 56.61 47.57 59.64 44.89 44.67 46.91 53.40 44.58 46.04 46.44 55.83
Al203 26.51 28.87 32.82 26.53 7.59 33.04 33.86 27.77 33.93 34.67 34.77 26.42
TiO2 0.05 0.00 0.00 0.00 0.63 0.00 0.00 0.03 0.00 0.00 0.00 0.00
FeO 0.05 0.00 0.10 0.10 21.66 0.20 0.26 0.17 0.20 0.18 0.15 1.99
MnO 0.00 0.04 0.00 0.00 0.67 0.00 0.00 0.00 0.08 0.00 0.00 0.00
MgO 0.00 0.00 0.00 0.00 10.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 8.55 10.83 16.21 8.42 8.80 17.49 17.05 10.28 19.01 18.37 18.49 10.29
Na20 6.88 5.52 2.23 6.38 0.88 1.07 1.64 5.51 0.86 1.30 1.14 5.29
K20 0.04 0.04 0.02 0.03 0.28 0.05 0.03 0.13 0.00 0.03 0.02 0.17
Cr20s3 0.03 0.00 0.03 0.00 0.03 0.00 0.00 0.02 0.00 0.00 0.00 0.00
Total 101.38 101.91 98.99 101.10 96.05 96.51 99.75 97.31 98.67 100.59 101.01 99.99
Oxygen 32 32 32 32 32 32 32 32 32 32 32 32
Si 10.45 9.99 8.81 10.52 9.63 8.562 8.64 9.90 8.36 8.44 8.47 10.13
Al 5.51 6.01 7.16 5.51 1.92 7.43 7.35 6.07 7.50 7.49 7.48 5.65
Ti 0.01 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.01 0.00 0.02 0.02 3.89 0.03 0.04 0.03 0.03 0.03 0.02 0.30
Mn 0.00 0.01 0.00 0.00 0.12 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 3.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 1.62 2.05 3.22 1.59 2.02 3.58 3.36 2.04 3.82 3.61 3.61 2.00
Na 2.35 1.89 0.80 2.18 0.37 0.39 0.59 1.98 0.31 0.46 0.40 1.86
K 0.01 0.01 0.01 0.01 0.08 0.01 0.01 0.03 0.00 0.01 0.00 0.04
Cr 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
100 Ca
(Ca+Na+K) 40.61 51.90 79.97 42.11 82.04 89.80 84.99 50.40 92.45 88.46 89.86 51.26
Total 18.96 19.95 20.01 19.82 21.53 19.97 19.98 20.06 20.04 20.04 19.99 19.99




Plagioclase Analysis

Core Core Core Core Core Core Core Core Core Core Core

Rock Type  BP Gabbro  BP Gabbro  BP Gabbro  BP Gabbro BP Gabbro BP Gabbro BP Gabbro BP Gabbro  BP Gabbro =~ SW Gabbro  SW Gabbro
OU number  OU 65422 cg QU 65422 cg OU 65422 cg QU 65422 cg OU 65422 cg OU 65422 cg OU 65422 cg OU 65422 cg OU 65422 cg OU 65415 OU 65415

-19 -20 -24 -25 -6 -1 -26 -26 -27 -4 -5
Si02 44.04 45.07 45,18 44.68 46.04 46.44 44.77 44.77 44.58 44 .91 44.87
Al203 34.51 35.03 33.45 35.19 34.67 34.77 35.75 35.75 33.98 33.27 33.52
TiOz2 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.18 0.23 0.23 0.17 0.18 0.15 0.20 0.20 0.20 0.37 0.20
MnO 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.09 0.05 0.02
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca0 18.46 18.68 18.52 18.94 18.37 18.49 19.68 19.68 19.01 19.29 18.62
Naz0 1.03 0.94 0.95 0.97 1.30 1.14 0.55 0.55 0.86 0.98 0.99
K20 0.00 0.00 0.00 0.03 0.03 0.02 0.00 0.00 0.00 0.00 0.00
Cr203 0.00 0.00 0.00 0.02 0.00 0.00 0.02 0.02 0.00 0.00 0.06
Total 98.22 99.98 98.32 100.03 100.59 101.01 100.97 100.97 98.67 98.86 98.29
Oxygen 32 32 32 32 32 32 32 32 32 32 32
Si 8.29 8.33 8.48 8.26 8.44 8.47 8.21 8.21 8.36 8.42 8.44
Al 7.65 7.63 7.40 7.67 7.49 7.48 7.72 7.72 7.50 7.36 7.43
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.03 0.04 0.04 0.03 0.03 0.02 0.03 0.03 0.03 0.06 0.03
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 3.72 3.70 3.73 3.75 3.61 3.61 3.87 3.87 3.82 3.88 3.75
Na 0.38 0.34 0.34 0.35 0.46 0.40 0.19 0.19 0.31 0.36 0.36
K 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
100 Ca
(Ca+Na+K) 90.85 91.62 91.53 91.40 88.46 89.86 95.23 95.23 92.45 91.61 91.20
Total 20.07 20.03 19.99 20.07 20.04 19.99 20.03 20.03 20.04 20.08 20.02




Plagioclase Analysis

Rock Type  SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro  SW Gabbro SW Gabbro M Gabbro M Gabbro M Gabbro
QU number  OU 65415 OU 65415 OU 65418 OU 65418 OU 65418 QU 65418 QU 65418 OU 65417 QU 65415 OU 65423 OU 65423 OU 65423
-7 -1 -22 -23 -24 -26 -27 *(12) -8 "(14) “(15) "(16)

Sio2 45.49 44.63 47.50 46.64 46.63 48.84 48.29 46.77 43.14 53.12 55.85 54.15
Al203 33.43 32.47 34.28 34.15 34.31 33.96 34.25 34.31 32.38 26.71 26.02 29.08
TiO2 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00
FeO . 0.48 0.29 0.41 0.37 0.29 0.20 0.20 0.29 0.39 0.28 0.05 0.06
MnO 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 0.00 0.00 0.03 0.00 0.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 18.83 18.05 18.27 18.53 18.62 17.42 18.19 17.81 17.76 10.65 10.94 12.19
Na20 1.29 1.19 1.32 1.33 1.1 2.01 1.68 1.32 0.82 5.11 4.99 4.47
K20 0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.00 0.03 0.16 0.14 0.13
Cr203 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00
Total 99.55 96.70 101.80 101.05 100.96 102.43 102.64 100.54 94.51 96.03 97.84 100.07
Oxygen 32 32 32 32 32 32 32 32 32 32 32 32
Si 8.47 8.53 8.60 8.52 8.52 8.76 8.66 8.56 8.43 9.99 10.23 9.78
Al 7.33 7.31 7.31 7.35 7.39 7.47 7.24 7.40 7.46 5.92 5.64 6.19
Ti 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.07 0.05 0.06 0.06 0.04 0.03 0.03 0.04 0.06 0.04 0.01 0.01
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 3.75 3.69 3.54 3.63 3.64 3.35 3.50 3.49 3.72 2.15 2.15 2.36
Na 0.46 0.44 0.46 0.47 0.39 0.70 0.58 0.47 0.31 1.86 1.78 1.57
K 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.04 0.03 0.03
Cr 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
100 Ca 89.01 89.31 88.47 88.42 90.26 82.71 85.59 88.21 92.13 53.00 54.28 59.65
(Ca+Na+K)

Total 20.10 20.03 19.98 20.04 19.99 20.01 20.01 19.97 20.00 20.00 19.85 19.93




Plagioclase Analysis

RockType M Gabbro M Gabbro M Gabbro Wehrlite Wehrlite Wehrlite Wehrlite Wehrlite Wehrlite Wehrlite Wehrlite Pegmatite = Pegmatite
OU number  OU 65423 OU 65423 OU 65423 QU 65409 QU 65409 OU 65409 OU 65409 OU 65409 OU 65409 OU 65409 OU 65409 OU 65425 OU 65425
“(19) -2 -3 -4 -5 -6 -7 -8 -13 %(13) "(1)

Si02 53.01 55.20 55.08 69.50 45.85 45.82 46.05 44.35 46.87 46.22 43.97 44.21 45.35
Al203 27.63 28.61 27.16 19.51 34.80 34.87 34.58 31.70 32.74 34.51 33.71 32.47 31.84
TiO2 0.04 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.02 0.00 0.00 0.00 0.00
FeO .13 0.32 0.38 0.03 0.20 0.10 0.18 0.23 0.25 0.20 0.21 0.12 0.11
MnO 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.04 0.04 0.10
MgO 0.00 0.03 0.00 0.02 0.00 0.02 0.00 0.03 0.00 0.03 0.00 0.00 0.00
CaO 11.33 10.95 11.51 0.13 17.43 18.33 17.82 15.61 16.32 18.19 17.35 17.50 17.20
NazO 4.93 5.12 4.81 10.72 0.83 0.97 1.00 1.10 1.70 1.02 0.90 1.77 1.53
K20 0.12 0.16 0.16 0.10 0.01 0.02 0.00 0.01 0.02 0.00 0.02 0.00 0.01
Cr203 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00
Total 97.19 100.39 99.15 100.03 99.12 100.19 99.64 93.03 97.95 100.18 96.21 96.14 96.15
Oxygen 32 32 32 32 32 32 32 32 32 32 32 32 32
Si 9.86 9.82 10.03 12.08 8.49 8.42 8.50 8.72 8.77 8.49 8.41 8.50 8.69
Al 6.06 6.06 5.83 4.00 7.59 7.56 7.52 7.34 7.22 7.47 7.60 7.36 7.19
Ti 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.02 0.05 0.06 0.00 0.03 0.01 0.03 0.04 0.04 0.03 0.03 0.02 0.02
Mn 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.02
Mg 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00
Ca 2.26 2.11 2.25 0.02 3.46 3.61 3.52 3.29 3.27 3.58 3.56 3.60 3.53
Na 1.78 1.79 1.70 3.61 0.30 0.35 0.36 0.42 0.62 0.36 0.33 0.66 0.57
K 0.03 0.04 0.04 0.02 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
100 Ca

(Ca+Na+K) 55.57 53.64 56.41 0.65 91.95 9t.11 90.75 88.64 84.02 90.81 91.34 84.55 86.08
Total 20.01 19.96 19.92 19.87 19.97 19.92 19.82 19.93 19.95 19.95 20.15 20.01 20.07




Plagioclase Analysis

Rock Type Troc D Troc D Troc D Troc D Troc D Troc D Peg D Peg D Peg D
OU number OU 65427 #2 OU 65427 #2 OU 65427 #2 OU 65427#230U 65427#29 0U 65427#23 OU 65425 OU 65425 OU 65425
(7) -6 -7 -8 "(3) (11) "(2)
Si02 46.19 45.96 45.88 45.90 45.23 45.79 46.57 45.65 46.59
Al203 35.30 35.01 34.59 35.70 35.75 34.95 31.16 32.88 32.23
TiO2 0.03 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.14 0.24 0.54 0.18 0.41 0.27 0.10 0.21 0.10
MnO 0.05 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00
MgO 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00
Ca0 19.48 19.36 18.51 18.76 19.18 18.94 16.93 18.88 18.21
Naz20 0.71 0.64 0.99 2.18 2.11 2.44 1.59 1.36 1.74
K20 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr203 0.00 0.00 0.00 *na *na *na 0.00 0.04 0.00
Total 101.93 101.29 100.54 102.71 102.68 102.40 96.42 99.02 98.87
Oxygen 32 32 32 32 32 32 32 32 32
Si 8.37 8.38 8.43 8.29 8.20 8.31 8.87 8.53 8.70
Al 7.54 7.52 7.49 7.59 7.63 7.48 6.99 7.24 7.09
Ti 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.02 0.04 0.08 0.03 0.06 0.04 0.02 0.03 0.02
Mn 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Mg 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Ca 3.78 3.78 3.64 3.63 3.72 3.68 3.45 3.78 3.64
Na 0.25 0.23 0.35 0.76 0.74 0.86 0.59 0.49 0.63
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 *na *na *na 0.00 0.01 0.00
100 Ca
(Ca+Na+K) 93.68 94.36 91.18 82.65 83.38 81.08 85.45 88.46 85.23
Total 19.98 19.96 20.00 20.30 20.36 20.38 19.93 20.09 19.74




Amphibole Analyses

Rock Type BP Gabbro BP Gabbro BP Gabbro M. Gabbro M. Gabbro BP Gabbro BP Gabbro

OU number 65419 (16) 65419 (16) 65419 (16) 65423 65423 65422(31cq) 65422 (31fg)
Amphiboles -20 -18 “(2) *(20) *(19) -28 -10
Sio2 46.36 45.24 47.01 46.30 44.14 48.11 51.27
Al203 7.36 6.85 6.72 7.1 9.19 6.83 0.95
TiO2 1.06 1.41 1.49 1.68 2.43 1.39 0.17
FeO 20.56 19.99 19.63 18.28 16.37 14.09 9.30
MnO 0.48 0.39 0.59 0.32 0.11 0.17 0.44
MgoO 11.08 10.90 10.95 11.00 10.70 13.01 12.67
Ca0 10.87 11.72 11.19 10.93 11.09 11.06 22.45
Naz20 0.71 0.83 0.87 0.93 1.34 1.20 0.25
Kz0 0.23 0.20 0.16 0.45 0.63 0.17 0.00
Cr203 0.06 0.00 0.00 0.00 0.00 0.11 0.00
Total 98.72 97.53 98.61 96.99 96.00 96.15 97.50
Oxygen 23 23 23 23 23 23 23
Al 1.30 1.23 1.18 1.26 1.64 1.19 0.16
Ti 0.12 0.16 0.17 0.19 0.28 0.16 0.02
Fe3+ 1.50 1.07 1.06 0.87 0.48 0.53 0.00
Fe2+ 0.99 1.41 1.38 1.39 1.58 1.20 1.15
Mn 0.06 0.05 0.07 0.04 0.01 0.02 0.05
Mg 2.46 2.47 2.43 2.47 2.42 2.88 2.79
Ca 1.74 1.91 1.79 1.77 1.80 1.76 3.55
Na 0.21 0.24 0.25 0.27 0.40 0.35 0.07
K 0.04 0.04 0.03 0.09 0.12 0.03 0.00
Cr 0.01 0.00 0.00 0.00 0.00 0.01 0.00
Total 15.43 15.50 15.38 15.38 15.46 15.29 15.37
100Mg 61.19 68.74 68.12 73.03 83.06 83.88 98.08
(Mg+Fe+Mn)

Amphibole ferri- ferri- ferri- ferrian- titanian-

name: magnesio-hornblende magnesio-hornblende magnesio-hornblende magnesio-hornblende magnesio-hornblende magnesio-hornblende actinolite

(Ca+Na) 1.95 2.15 2.04 2.04 2.20 2.10 3.62
Ti 0.12 0.18 0.17 0.19 0.28 0.16 0.02
(Na+K) 0.25 0.28 0.28 0.36 0.52 0.38 0.07
Si 6.93 6.87 7.01 6.98 6.70 7.14 7.57
(Mg/Mg+Fe) 0.71 0.64 0.65 0.64 0.61 0.71 0.71



Amphibole Analyses

Rock Type SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro Pegmatite
OU number 65417 (20) 65418 (30) 65418 (30) 65418 (30) 65417 (20} 65417 (20) 65425 (10}
Amphiboles -3 -11 -20 -13 "(6) *(5) *(6)
Si02 44.46 43.08 43.90 43.13 44.91 47.20 44.25
Al203 9.56 10.20 10.36 10.45 9.31 7.80 9.79
TiO2 2.27 2.22 2.25 2.38 1.17 0.91 2.21
FeO 15.48 14.23 14.22 13.78 11.84 12.06 13.74
MnO 0.25 0.31 0.22 0.30 0.30 0.21 0.31
MgO 11.94 12.49 12.91 13.12 13.62 14.50 12.63
CaO 11.93 11.25 11.03 11.29 11.40 11.90 11.43
Naz0 1.55 1.51 1.62 1.73 1.45 1.09 1.41
K20 0.24 0.25 0.21 0.21 0.26 0.22 0.24
Cr203 0.07 0.00 0.08 0.00 0.00 0.00 0.00
Total 97.76 95.55 96.82 96.38 94.27 95.89 96.01
Oxygen 23 23 23 23 23 23 23
Al 1.68 1.82 1.82 1.84 1.66 1.36 1.73
Ti 0.25 0.25 0.25 0.27 0.13 0.10 0.25
Fe3+ 0.52 0.87 0.98 0.92 0.60 0.58 0.67
Fe2+ 1.38 0.90 0.75 0.77 0.87 0.89 1.03
Mn 0.03 0.04 0.03 0.04 0.04 0.03 0.04
Mg 2.65 2.82 2.87 2.93 3.07 3.20 2.82
Ca 1.90 1.82 1.76 1.81 1.84 1.89 1.84
Na 0.45 0.44 0.47 0.50 0.43 0.31 0.41
K 0.05 0.05 0.04 0.04 0.05 0.04 0.05
Cr 0.01 0.00 0.01 0.00 0.00 0.00 0.00
Total 15.54 15.56 15.55 15.62 15.49 15.41 15.48
100Mg 74.68 73.43 75.05 82.03 83.17 82.11 75.14
{Mg+Fe+Mn)
Amphibole titanian- ferrian-
name: magnesio-hornblende tschermakitic hornblende  ferrian- ferrian-titanian-

tschermakitic hornblende  tschermakitic hornblende  magnesio-hornblende magnesio-hornblende magnesio-hornblende
(Ca+Na) 2.35 2.27 2.23 2.31 2.27 2.20 2.24
Ti 0.25 0.25 0.25 0.27 0.13 0.10 0.25
(Na +K) 0.49 0.49 0.51 0.54 0.48 0.36 0.45
Si 6.61 6.52 6.54 6.46 6.78 6.99 6.63
(Mg/Mg+Fe) 0.66 0.76 0.79 0.79 0.78 0.78 0.73



Amphibole Analyses

Rock Type Pegmatite Pegmatite Pegmatite Troctolite d. Pegmatite d. Webhrlite Wehrlite
OU number 65425 (10) 65425 (10) 65425 (10) 65427 (29) 65426 (32} 65409 (W19) 65409 (W19)
Amphiboles "(12) "(7) "(5) -3 -2 -31 -21
Si02 44.75 43.98 44.41 44.05 44.53 43.92 44.17
Al203 7.32 9.93 9.94 11.62 11.94 11.13 10.27
TiO2 0.68 2.63 2.19 2.93 1.97 2.73 2.02
FeO 13.90 13.55 13.18 10.81 7.78 9.76 9.69
MnO 0.36 0.27 0.37 0.19 0.16 0.13 0.00
MgO 12.90 12.78 18.30 14.83 16.13 15.54 15.74
Ca0 11.08 11.14 11.63 11.78 11.68 12.44 11.84
Naz20 0.96 1.67 1.63 4.46 2.08 1.91 1.94
K20 0.18 0.22 0.25 0.17 0.33 0.33 0.40
Cr203 0.00 0.09 0.06 "na 0.35 0.41 0.25
Total 92.14 96.21 96.97 100.84 96.95 98.31 96.32
Oxygen 23 23 23 23 23 23 23
Al 1.34 1.75 1.74 1.95 2.04 1.90 1.78
Ti 0.08 0.30 0.24 0.31 0.21 0.30 0.22
Fe3+ 0.89 0.69 0.68 0.01 0.60 0.52 .65
Fe2+ 0.88 0.97 0.93 1.28 0.33 0.65 0.53
Mn 0.05 0.03 0.05 0.02 0.02 0.02 0.00
Mg 3.00 2.84 2.94 3.15 3.48 3.35 3.45
Ca 1.85 1.78 1.85 1.80 1.81 1.98 1.87
Na 0.29 0.49 0.47 1.23 0.58 0.54 0.55
K 0.04 0.04 0.05 0.03 0.06 0.06 0.07
Cr 0.00 0.01 0.01 "na 0.04 0.05 0.03
Total 15.44 15.51 15.56 16.07 15.63 15.67 15.68
100Mg 80.53 98.47 81.89 85.41 83.92 84.83 94.97
(Mg+Fe+Mn)
Amphibole titanian- titanian-
name: ferrian- titanian- sodian- tschermakitic hornblende  tschermakitic hornblende
magnesio-hornblende tschermakitic hornblende  ischermakitic hornblende  pargasitic hornblende tschermakitic hornblende
(Ca+Na) 2.14 2.27 2.32 3.03 2.39 2.46 2.42
Ti 0.08 0.30 0.24 0.31 0.21 0.30 0.22
{Na +K) 0.33 0.53 0.52 1.26 0.64 0.60 0.63
Si 6.98 6.58 6.58 6.28 6.44 6.35 6.50
(Mg/Mg+Fe) 0.77 0.74 0.76 0.71 0.91 0.84 0.87



Amphibole Analyses

Rock Type Wehrlite Wehrlite

OU number 65409 (W19) 65407 (W002)
Amphiboles -22 -37
SiO2 44.09 49.32
Al202 11.31 8.32
TiO2 2.20 0.70
FeO 8.87 6.24
MnO 0.11 0.10
MgO 15.62 17.62
Ca0O 11.93 12.86
Naz0 1.77 1.11
K20 0.40 0.00
Cr20s3 0.25 0.41
Total 96.56 96.68
Oxygen 23 23
Al 1.95 1.40
Ti 0.24 0.08
Fe3+ 0.58 0.18
Fe2+ 0.49 0.56
Mn 0.01 0.01
Mg 3.40 3.74
Ca 1.87 1.96
Na 0.50 0.31
K 0.08 0.00
Cr 0.03 0.05
Total 15.61 15,32
100Mg 99.59 99.68
(Mg+Fe+Mn)

Amphibole

name: tschermakitic hornblende  magnesio-hornblende
(Ca+Na) 2.37 2.27
Ti 0.24 0.08
(Na +K) 0.58 0.31
Si 6.45 7.03
(Mg/Mg+Fe) 0.87 0.87



Opaques

Rock Type  Dunite Dunite Dunite Wehrlite Wehrlite SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro SW Gabbro BP Gabbro BP Gabbro
OU number  OU65411 QU65411 Ques5411 0ou65409 0uU65409 0ou65418 oues5418 0oues5418 0oues418 0uU65415 0ouU65415 0u65419 0OuU65419
*(18) *(15) *(16) -14 -26 -3 -6 -7 -21 -9 -2 *(10) -19
SiO2 0 0 0 1.06 0.00 0.04 0.04 0.00 0.77 o] 0 0.03 0.22
Al203 6.755 10.922 10.82 5.86 4.19 5.72 0.78 0.21 0.80 2.42 1.43 0.09 0.39
TiO2 0.574 0.393 0.46 4.35 7.08 16.34 0.39 0.54 0.23 5.82 4.91 0.55 0.27
FeO 39.229 34.771 35.64 67.43 71.77 70.10 91.02 92.91 91.59 88.13 88.27 97.48 94.70
MnO 0.577 0.389 0.31 0.39 0.37 0.73 0.03 0.00 0.11 0.28 0.22 0.00 0.02
MgO 3.39 6.685 6.35 2.81 2.17 0.51 0.05 0.27 0.23 0.43 0.31 0.00 0.1t
Ca0 0.049 [ 0.00 0.00 0.00 0.00 0.00 0.03 0.08 0.00 0.00 0.00 0.07
NazO 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K20 0.015 0 0.00 0.00 0.00 0.01 0.02 0.02 0.00 0.00 0.00 0.00 0.00
Cr20s3 46.853 45.617 44.31 14.76 11.74 0.07 0.00 0.02 0.00 0.02 0.04 0.00 0.17
Total 97.4456 98.7792 97.89 96.67 97.31 93.51 92.33 94.00 93.81 97.09 95.18 98.16 35.94
Chromite Chromite Chromite Cr titanomagnetite Cr titanomagnetite titanomagnetite magnetite magnetite magnelite titanomagneti titanomagnetite magnetite magneltite
Oxygen 32 32 32 32 32 32 32 32 32 32 32 32 32
Si 0 0 0 0.35 [¢] 0 0.016 0 0.3056 0 0 0.01 0.0848
Al 2.3859 3.6333 3.65 2.27 1.65 2.272 0.37472 0.09856 0.3728 1.04 0.64 0.04 0.18048
Ti . 0.1293 0.0834 0.10 1.07 1.78 4.14656 0.1184 0.16288 0.07008 1.569936 1.40 0.16 0.08
Fe 9.8311 8.2074 8.52 18.52 20.10 19.776 31.11936 31.33408 30.48256 26.91424 27.98 31.59 31.22048
Mn 0.1466 0.0931 0.08 0.11 0.10 0.20832 0.01152 0 0.03552 0.08608 0.07 0.00 0.00704
Mg 1.5145 2.8129 2.71 0.43 1.08 0.2576 0.03104 0.16448 0.13504 0.23264 0.17 0.00 0.06336
Ca 0.0157 0 0 0 [ 0 0 0.01152 0.0352 0 0 0.00 0.03008
Na 0 0 4} ] 0 0 0 0 0 0 0 0.00 0
K 0.006 0 0.00 0.00 0.00 0.0048 0.01216 0.01056 o 0 ¢ 0.00 0
Cr 11.1007 10.1796 10.02 3.83 3.11 0.01728 0 0.0064 0 0.0048 0.01 0.00 0.05152

Total 25.13 25.01 25.07 26.58 27.84 26.68256 31.68 31.79 31.44 29.88 30.27 ’ 31.81 31.72




Appendix 2

XRF ANALYSES

Major and trace elements were analysed using a Philips PW2400 X-ray spectrometer housed

in the Geology Department, University of Otago.

1) Major Element Analvsis.

Major element analyses where preformed on fused beads produced in Pt/Au crucibles fitted in
a Automated Fusion Technology Pheonix 4000 automatic casting machine at approximately
1100°C. A sample rock to flux ratio of 0.64g to 6.8g (with 1.0g of NH,NO,) was used for all
samples. The flux used to prepare the fused beads is SIGMA brand XRF Flux, Type 12:22
(Norrish) composed of 35.3% lithium tetraborate (Li,B,0,) and 64.7% lithium metaborate
(LiBO,). Major element matrix effects were calcaluated on-line using the Philips Model
(Alphas) from the software XRF control package SuperQ (Philips 1996). Total iron reported
as Fe,O,". Loi represents the loss on ignition values for powders ignited at 1050 to 1100°C
for at least 1 1/2 hours in a McGregor (type G-B) muffle furnace.

For each major element analysis, iron was recalculated from Fe,O, as total iron to Fe** and
Fe** using a ratio of Fe,04/FeO = 0.15. The magnesium number is calculated as

100(MgO/MgO + FeO), where FeO includes Fe** only.

2) Trace Element Analysis.

Samples analysed for trace elements following procedures adapted from Norrish and
Chappell (1967). Samples analysed ‘as presented' using a pressed powder pellet preparation

procedure.



MATOR ELEMENT (HEMISTRY

OU number 65411 65412 65409 65408 65407 65413 65414 65415 65415 65417 65425 65424 65420 65423 65419 65420 65421
Dunite Dunite Wehrlite Wehrlite Wehrlite SWgabbro  SWgabbro SWgabbro  SWgabbro SWgabbro  Pegmatite Wehr/gabbro BP gabbro BP gabbro BP gabbro BP gabbro BP gabbro

-ID- o 005 oy 007 w 019 W 006 W 002 GB 008 GB 010 GB 01la GB 011 GB 020 PG 010 GB 015 GB 017B MG 021 GB 016 GB 017a GB 018
sio; 36.95 37.64 44.39 46.05 50.56 40.83 41.65 42.93 43.20 44.21 43.98 47.94 49.17 50.84 51.39 57.30 61.35
7410, 0.02 0.05 0.29 0.13 0.21 0.88 1.09 0.71 0.96 1.55 1.77 1.08 0.93 1.02 0.88 0.61 0.64
21,05 0.16 0.63 4.19 1.70 2.38 19.98 20.15 23.18 17.24 11.32 15.96 9.08 17.94 17.42 18.21 19.47 17.42
Fe,05° 11.63 10.91 13.85 9.71 7.66 12.84 15.54 10.70 14.61 18.23 15.09 14.28 10.38 10.52 11.24 7.55 7.42
MnO 0.18 0.18 0.27 0.18 0.16 0.15 0.17 0.13 0.20 0.29 0.27 0.30 0.16 0.19 0.22 0.14 0.22
¥g0 42,97 40.56 23.50 26.48 19.04 10.26 6.42 5.20 8.03 10.28 8.87 11.53 6.31 5.31 4.69 2.55 2.12
Cal 0.39 0.55 11.72 12.82 19.74 14.04 14.27 15.54 14.78 13.01 10.36 14.47 9.43 10.53 9.43 8.27 6.75
Na.0 0.00 0.01 0.22 0.11 0.14 0.61 0.73 0.94 0.85 0.85 1.76 1.04 3.07 3.15 2.90 3.53 3.76
K0 0.0% 0.01 0.02 0.01 0.01 0.01 0.03 0.08 0.07 0.09 0.27 0.10 0.59 0.19 0.26 0.15 0.21
P05 0.02 0.02 0.02 0.01 0.01 0.0 0.02 0.01 0.02 0.03 0.03 0.04 0.09 0.17 0.11 0.06 0.21
Loi % 6.85 8.37 1.32 2.24 Q.46 0.29 0.07 1.89 0.14 0.03 1.19 0.20 1.82 0.11 0.52 0.37 -0.03
Total $9.18 98.93 99.79 99.44 100.37 99.90 100.14 101.31 100.10 99.89 99.55 100.06 99.89 99.45 99.85 100.00 100.07
Fe203a 1.740 1.637 2.078 1.457 1.149 1.926 2.331 1.605 2.192 2.735 2.264 2.142 1.557 1.578 1.686 1.133 1.113
FeOa 8.900 8.344 10.593 7.426 5.859 9.820 11.885 8.184 11.174 13.943 11.541 10.922 7.939 8.046 8.597 5,774 5.675

Mg# 0.828 0.829 0.689 0.781 0.765 0.511 0.351 0.389 0.418 0.424 0.435 0.514 0.443 0.398 0.353 0.306 0.272




Trace Element Chemistry

Sample Name Rock Type Zr ppm Y ppm Sr ppm Rb ppm Th prm Fb ppm U ppm Cr ppm Ce ppm Nd ppm

QU 65413 SW Gabbro 15.84 3.39 193.43 0.27 -1.80 3.29 012 140.72 -4.78 1.41

QU 65415 {g SW Gabbro 16.84 4.07 239.18 1.31 0.07 0.46 -0.28 3.27 5.38 -1.65

0OU 65420 cg BP Gabbro 66.16 18.19 242.13 0.75 0.46 6.28 0.01 4.44 14.21 8.19

QU 65420 fg BP Gabbro 46.04 16.12 323.05 13.85 0.05 4.05 1.00 37.11 11.65 7.91

QU 65415 cg SW Gabbro 19.76 10.33 174.56 0.75 -0.39 3.12 1.73 3.58 29.38 4.54

OU 65408 Wehrlite 16.98 2.08 10.82 0.66 -0.91 0.63 0.35 2185.37 -6.28 1.52

QU 65409 Wehrlite 18.61 6.95 40.15 0.14 -0.76 -0.07 1.19 1600.87 -3.19 1.01

QU 65421 BP Gabbro 178.30 32.63 251.17 -0.05 0.39 7.81 0.87 20.49 21.74 16.79

OU 65419 BP Gabbro 79.44 31.36 230.63 3.28 -0.54 3.43 0.45 11.84 14.23 10.46

OU 65414 SW Gabbro 18.04 6.29 203.93 0.98 -1.40 5.56 -0.13 -1.11 5.20 2.53

QU 65407 Wehrlite 16.40 4.57 19.60 0.35 -0.52 1.26 0.97 1842.82 -7.58 1.69

OU 65423 M Gabbro 35.13 17.25 312.27 1.57 -0.08 1.25 0.56 69.96 14.04 10.44

OU 65425 Pegmatite 39.32 39.83 193.51 5.85 -0.67 2.86 0.81 3.76 6.73 8.84

OU 65424 Wehr/Gab 32.91 24.05 98.88 1.92 -1.06 2.45 1.11 236.09 4.65 9.58

OU 65411 Dunite 13.48 -0.58 9.68 -1.31 -0.35 0.08 -0.47 1672.77 -0.61 1.77

QU 65417 SW Gabbro 25.64 12.93 118.18 2.17 -1.21 0.21 1.10 146.33 -4.52 5.13

QU 65412 Dunite 14.68 0.52 9.67 -1.04 -0.08 4.05 0.81 1889.26 -5.21 -0.46

Sample Name Rock Type V ppm Ba ppm La ppm Ga ppm Ni ppm Cu ppm Zn ppm Nb ppm K ppm P ppm Ti ppm
OU 65413 SW Gabbro 409.56 12.13 -4.30 15.00 103.00 12.00 58.00 5.00 8.30 4.36 527.48
OU 65415 fg SW Gabbro 474.76 30.79 2.35 18.00 8.00 20.00 58.00 4.00 66.41 4.36 425.58
OU 65420 cg BP Gabbro 133.81 42.93 4.25 18.00 5.00 26.00 64.00 5.00 489.79 39.28 557.45
OU 65420 g BP Gabbro 310.49 91.85 3.97 17.00 31.00 9.00 58.00 4.00 124,562 26.19 365.64
OU 65415 cg SW Gabbro 684.82 4.89 2.97 16.00 13.00 42.00 73.00 8.00 58.11 8.73 §75.43
OU 65408 Wehrlite 88.10 5.32 1.64 4.00 469.00 7.00 50.00 4.00 8.30 4.36 77.92
OU 65409 Wehrlite 122.99 3.81 4.36 5.00 377.00 8.00 82.00 5.00 16.60 8.73 173.83
OU 65421 BP Gabbro 70.08 80.77 6.58 20.00 12.00 8.00 87.00 7.00 174.33 91.65 383.62
OU 65419 BP Gabbro 268.06 57.76 2.80 18.00 13.00 26.00 91.00 6.00 215.84 48.01 527.48
OU 65414 SW Gabbro 770.10 20.29 0.83 19.00 14.00 21.00 71.00 3.00 24.90 8.73 653.35
QU 65407 Wehrlite 186.14 3.89 -0.61 4.00 188.00 12.00 35.00 4.00 8.30 4.36 125.88
OU 65423 M Gabbro 259.59 51.51 4.26 18.00 24.00 55.00 83.00 5.00 1567.73 74.19 611.40
QU 65425 Pegmatite 482.10 45.82 2.93 19.00 47.00 446.00 112.00 4.00 22414 13.09 1060.95
OU 65424 Wehr/Gab 514.63 31.14 2.66 13.00 52.00 25.00 89.00 5.00 83.01 17.46 647.36
OU 65411 Dunite 15.38 1.15 2.77 2.00 1369.00 8.00 54.00 5.00 8.30 8.73 11.99
OU 65417 SW Gabbro 588.51 25.28 -3.47 14.00 49.00 163.00 §7.00 5.00 74.71% 13.09 929.08
OU 65412 Dunite 25.26 -3.26 2.70 3.00 1055.00 2.00 56.00 4.00 8.30 8.73 29.97

Table Two




REE Data

Rock Type  Olivine clinopyroxenite SW gabbro SW gabbro BP gabbro

OU number 0u65407 OU65415fg  OU65415cg OU65420fg
La 0.28 0.62 0.55 2.86
Ce 1.26 1.59 2.04 7.78
Nd 1.37 1.3 1.98 5.94
Sm 0.48 0.4 0.76 1.89
Eu 0.15 0.38 0.36 0.73
Tb 0.12 0.14 0.26 0.48
Ho 0.18 0.22 0.38 0.71
Yb 0.5 0.56 0.98 1.88
Lu 0.08 0.08 0.14 0.26

Table One REE data for the GUC.

BF gabbro
0OU65420cg

2.74
7.41
5.43
1.89
0.74
0.43
0.62
1.59
0.24

M. Gabbro
QU65423

3.35
8.83
7.21
2.19

1.1
0.52
0.72
1.65
0.23
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