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Sapphirine-bearing metamorphic rock associated with sulfide deposit

- An example at Custer Country, Colorado, U.S.A

Sotaro Baba*
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Figure 1. Simplified geological map around Wet Mountain (modified after Tweto, 1979).

Sampling localities are also shown,

E1. YTy FUHEAOHEE (Tweto, 1979%8IE)
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Sample No. Rock name Mafic mineral Felsic Mineral  Trace
Basement
908-1A  Mafic gneiss Hbl Pl Iim
908-1B  Mafic gneiss Cpx-Hbl PI-Qtz Tit-Ap-Zrn-Ilm
908-1C  Banded gneiss Bt Qtz-Pl Tit-Ilm-Ap
908-2 Gabbro Hbl-Cpx-Opx Pl Cc-Ilm
908-3 Granite Hbl-Bt PI-Kfs-Qtz Ap-Zm
908-4A  Calcsilicate Cpx-Hbl-Grs-Ep Pl Scp-Tit-Ap-Opq
908-4B  Calcsilicate Cpx-Hbl-Grs-Ep Pl Scp-Tit-Ap-Opq
908-5 Granite Hbl-Bt PI-Kfs-Qtz Iim-Ap
908-7 Mafic gneiss Hbl-Oamp Pl Cc-Ilm
908-8A  Felsic gneiss Grt-Bt-Hbl-Mus Qtz-P1 Ap-TIim
908-8B  Leuco granite Grt Kfs-Qtz Ap-Zm
908-8C  Felsic gneiss Bt Qtz-Pl Iim-Zm-Ap
908-8D  Mafic gneiss Hbl-Bt Pl Ilm
908-9 Ultramafic Opx-Olv-Spl-Hbl -— Sep*
Xenolith
909-2A  Mafic gneiss Opx-Bt-Hbl Qtz-P1 Ilm-Ap-Zm
909-2B  Mafic gneiss Opx-Cpx-Hbl Qtz-Pl Iim-Ap
909-3C  Calcsilicate Hbl-Cpx Qtz-P1 Tit
909-3D  Calcsiicate Hbi-Cpx-Bt Pl Tit
909-3F  Quartzite -- Qtz Opgq
909-3G  Calcsilicate CaAmp-Cpx-Bt Qtz --
909-3H  Calcsilicate Hbl-Cpx-Bt Pl Opg-Ti
909-31  Calcsilicate Hbl-Cpx Pl Opgq-Tit
909-3]  Calcsilicate Cpx-CaAmp-Mus-Bt Pl -—
909-3K  Calcsilicate Cpx-CaAmp-Bt Pl-Qtz Opq
909-4 Calcsilicate Hbl-Grs-CaAmp Pl Tit
Basement
911-1A Bt gneiss Bt-Grt Qtz Ap-Zm
911-1B  Granite Bt Qtz-Pl-Kfs Iim-Ap-Zm
911-10  Mafic gneiss Hbl PI(Cc) Chl*-Tit-Ilm-Ap-Zrn
9114 Schist Chl*-Ep* PI(Cc) (relic igneous textue)
911-7 Schist Bt-Act - Iim-Zm
911-8 Granitic gneiss Bt P1-Qtz Ilm-Ap-Zm
911-9 Mafic gneiss Hbl-Bt PI-Qtz Ap-Zm
Xenolith
912-1A  Spr-metamor. Rock  Bt-Spl-Cm-Spr-Crd-Ged -— IIm-Zm
912-1B  Grt-Bt gneiss Grt-Bt-Crd Qtz-Pl Sil-Ilm-Zm
912-1C  Spl-metamor. Rock  Spl-Opx-Mus - Pylite
912-1D  Spl-metamor. Rock  Spl-Opx-Mus-Crd Kfs Pylite
912-1E Bt gneiss Bt-Spl-Mus - Ilm
912-2A Bt gneiss Bt-Spl-Mus-Oamp Pl Ilm-Zm
912-2B  Mafic gneiss Opx-Hbl-Bt PI-Qtz Ap-Opq

“Table 1. List of mineral assemblege
Act, actinolite; Ap, apatite; Bt, biotite; CaAmp, calsic amphibole; Cc, calcite; Chl, chrolite; Cpx, clinopyroxene;

Crd, cordierite; Crn, corundum; Ep, epidote; Ged, gedrite; Grs, grossular; Grt, garnet;Hbl, hornbrende;
Ilm, Ilmenite; Kfs, K-feldspar:Mus, muscovite; Oamp, orthoamphibole; Olv, olivine; Opq, opague mineral;
Opx, orthopyroxene; Pl, plagioclase; Qtz, quartz; Scp, scapolite; Sep, serpentine; Sil, sillimanite; Spl, spinel;

Spr, sapphirine; Tit, titanite; Zm, zircon, * as secondary mineral.
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Sample No.  059012-1A 05909-3G

Anal. No. 1 2 3 4 5 6 7 1 2 5

Spl Spr Crd Cm Crd Bt Ged Oamp Cpx Bt

Sio, 000 11.62 4838 000 4861 4144 4266 51.56 55.18 41.95
TiO, 000 000 000 000 000 069 000 000 000 031
Al,O, 61.14 65.13 3342 9937 3343 1565 19.18 636 072 1241
FeO* 21.56 498 2.37 0.61 235 497 10.96 4.60 2.37 3.73
MnO 030 027 022 000 000 000 0091 045 028 0.19
MgO 13.27 1799 1223 000 12.18 23.84 2040 2043 17.53 2549
Ca0O 000 000 000 000 000 000 071 1299 25.05 0.06
Na,0 000 000 000 000 000 000 285 130 0.00 053
K,0 000 000 000 000 000 833 0.00 086 0.00 1046
Total 96.27 9999 96.62 9998 96.57 9492 97.67 98.55 101.3 95.13
(0] 4 20 18 3 18 22 23 23 6 22
Si 000 137 494 000 496 582 6.02 720 198 596
Ti 000 000 000 000 000 007 000 000 000 003
Al 197 905 402 199 402 259 3.19 1.0s 003 2.08
Fe 049 049 020 001 020 058 129 054 007 044
Mn 001 003 002 000 000 000 0.11 005 001 0.02
Mg 054 316 18 000 185 499 429 425 094 540
Ca 000 000 000 000 000 000 O0.11 194 097 0.01
Na 000 000 000 000 000 0.00 0.78 035 0.00 0.15
K 000 000 000 000 000 149 0.00 015 000 190
Total cation 301 1410 11.05 200 11.03 1556 1578 1553 4.00 1599
Xmg 052 087 09 000 09 090 077 089 093 092

Table 2. Representative chemical compositions of constituent minerals
FeO*, total Fe as FeO. Chemical analyses of minerals were performed using an electron microprobe with an
energy dispersive X-ray analytical system (HITACH-S3000N) at Univ. of the Ryukyus
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Figure 2. Photomicrographs of the microtextures observed in collected samples in this study. (a) & (b)
Sapphirine (Spr)-Spine I(Spl) association in 05912-1A. The Spr occurs around the margin of Spl, and in
turn Spr is surrounded by cordierite (Crd). (c) Corundum enclosed by Spl and Spr. (d) Spl-Orthopyroxene
(Opx) association in 912-1C. (e) Biotite (Bt) and quartz (Qtz) symplectite occurs in garnet (Grt)-bearing
felsic gneiss (908-8B). (f) Clinopyroxene (Cpx) and hornblende (Hbl) in calcsilicate (909-3H). (g)
Grossular (Grs) and calsic-amphibole (CaAmp) bearing calcsilicate (909-4). (h) & (i) orthopyroxene
(Opx) bearing mafic gneisses (905-2A & -2B). (j) Crossed polarized view of (i). (k) amphibolite (908-2A).
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Figure 2 (continued). (1) Grs — Hbl - Epidote (Ep) association enclosed by Scapolite (Scp) in 909-4. (m) Cpx-
Hbl in metagabbro (308-2). (n) Grt-Bt in felsic gneiss (308-8A). (0) Olivine (Olv), Spl and amphibole (Amp)
inclusions in large Opx (908-9). (p) Olv crystals are replaced by chrolite and serpentine. (q) crossed polarized
view of granite (908-8B).
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Figure 3. P-T grid for FMAS and KFMAS systems at low oxygen fugacity (Hensen, 1987; Hensen & Harley, 1990:
Bertrand et al., 1991; Harley; 1998) showing divariant fields relevant to the mineral associations observed in sap-
phirine-bearing metamorphic rock. Dashed arrow represents P-T path of South Harris sapphirine-bearing granulite.
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