Geology of Sibanye Stillwater's Benbow Injection Well —
Why the Madison Limestone Was Not Where It Was
Supposed To Be
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ORIGINAL STILLWATER COMPLEX

Stillwater Mining Company

BANDED SERIES

J-M REEF

ULTRAMAFIC SERIES
BASAL SERIES

2.7 Billion-Year-Old Intrusion

Layering Develops Through Slow Cooling,
Crystallization, and Other Processes

Complex Subsequently Tilted and Eroded
to Present Surface
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PHANEROZIC STRATIGRAPHIC COLUMN

STILLWATER COMPLEX AREA
GROUP After: Vhay, 1934; Garbarini, 1957; Lopez, 2001.

YEREIANY <— - FORT UNION FORMATION - Sandstones, siltstones.
)

— | -& HELL CREEK FORMATION - Interbedded gray to chocolate brown sandstones

_| and mudstones.
LIVINGSTON —& BEARPAW SHALE - Dark gray fissile shale
]
q—.rlﬁ {SLII:;E:::SQMM' = Andesite breecia (lahars); porphyritic andesite and diorita clasts.
. S
| JUDITH RIVER
deiorrte 44,. & FORMATION Interbedded zandy shale and tan sandstone.
CRETACEOUS ___{Jt__ & CLAGGETT SHALE - Brown - gray fissle shale.
“=  — EAGLE SANDSTONE - Tan sandstona.
TELEGRAPHCREEK | - Sandy brown to black shale [ Black shale |
HIOBRARA FORMATIONS | CODY SHALE Gray fissle shale and mudstone.
COLORADO <— -8 FRONTIER FORNATION -"Salt and pepper” sandstone.
. <+— - MOWRY SHALE - Sandstone, black shale, fish - scales.
<— -= THERMOPOLIS SHALE - Black shale.
_ Upper sandstone; middle limestone, red shale,
s e lower basal Pryer conglomerata.
& MORRISON FORMATION - Shaley Limestone, red shale.
—_— ya— - SWIFT FORMATION - Glauconitic gray sandstone,
JURASSIC ELLIS !
-4— —= RIERDON FORMATION | PIPER FORMATION - Rad shale, limastona.
17 51— d— - CHUGWATERFORMATION -Red shale and sandstones.
i =& PHOSPHORIA FORMATICHN - Gray limestone, yellow shale,
T
PENNSYLVANIAN i ~@ TENSLEEP SANDSTONE - Calcaraous tan sandstona.
& AMEDEN FORMATION - Limestons and rad shala.
MISSION CANYON LIMESTONE |
MISSISSIPPIAN MADISON LODGEPOLE LIMESTONE Gray limestone.

-a THREE FORKS FORMATICON - Ysllow shala, imastona.

DEVOMNIAN a— —= JEFFERSOMLIMESTONE - Gray to ysllow limestone; petroleum smell.
ORDOVICIAN 4— -= BIGHORNDOLOMITE - Gray dolostoene; pock - marked weathered surface.

= = SNOWY RANGE FORMATION - Gray limestone pabble conglomerate; grean shale.
CAMBRIAN — == PILGRIMLINESTONE - Brown limestona.

GREAT <+—  —#& PARKSHALE - Shales, limestone pebble conglomerate.
= —= WMEAGHERLIMESTONE - Gray limestone.

UNCONFORMITY -
ARCHEAN ol = WOLSEY FORWATION - Grean fissle shals.




fWols,ey Formation, Flathead Sandstone very rarely.
SERIES P ——, ZONES

After Todd and others,
1982; Zientek, 1983.
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PGZ VI - Gabbronorite.

GZ VI - Gabbronorite.

TGZ V - Troctolite, gabbronorite,

AZ V - Anorthosite.

" TGZ IV - Gabbro, troctolite.
ATZ IV - Anorthosite lower, leucotroctilte upper.

TGZ III - Troctolite lower; gabbro upper,
including 4 phase cumulate rock.

AZ I - Anorthosite,
TAZ II - Troctolite, anorthosite.
;ﬂ, A3SZ - Troctolite, anorthosite marker horizon.

GZ 11 - Gabbronorite, anorthesite marker horizons,
A1SZ, A257 =2400, 2500 pC anorihosite marker unit.

NZ 11 - Norite.
_o- TAZ 1 - Troctolite, anorthosite, norite; host to J-M Reef.
_GZ I - Gabbronorite, anorthosite, norite.

NZ I - Norite.

UBZ - Bronzitite,

HZ - Interlayered dunite, harrburgite, and bronzitite;
host to 13 chromite horizons.

BRBZ - Bronzitite; the lowermost layered cumulate rock.

BNZ=SILL - DIKE MEMBER - Diabase, mafic norite,
and massive sulfide; host to NI-CU deposits.

METAMORPHIC ROCKS - Contact metamorphosed,
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After: Vhay, 1934; Garbarini, 1957; Lopez, 2001,
JRIATION - Sandstones, siltstones.

PHIC

EX AREA

RMATION - Interbedded gray to ch
and mudstones.

late brown sandst

gray fissile shale

lgsite breccia (lahars); porphyritic andesite and diorite clasts.

s addad

sandy shale and tan sandstone.

ONE -Tan sandstone.

- Sandy brown to black shale | Black shale |
0 m TIONS | CODY SHALE  Gray fissle shale and mudstone.

LE - Brown - gray fissle shale.
" CREEK |

ATION - "Salt and pepper” sandstone.
- Sandstone, black shale, fish - scales.

LE - Black shale.

ATION - Upper sandstone; middle limest

lower basal Pryor conglomerate.

TION - Shaley Limestone, red shale.

ON - Glauconitic gray sandstone.
ATION | PIPER FORMATION - Red shale, limestone.
FORMATION - Red shale and sandstones.
FORMATION - Gray limestone, yellow shale.

m NDSTONE - Calcareous tan sandstone.

TION -Limestone and red shale.

, red shale;

ON LIMESTONE !
E LIMESTONE

ORMATION - Yellow shale, limestone.
ONLIMESTONE - Gray to yellow limestone; petroloum smoll.
ORN DOLOMITE - Gray dolostone; pock - marked weathered surface)
GE FORMATION - Gray limestone pebble conglomerate; green shale.
mw._.OZM - Brown limestone.
- Shales, limestone pebble conglomerate.
ESTONE - Gray limestone.

>._._oz - Green fissle shales.

- Gray limestone.
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