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LOCATION AND REGIONAL GEOLOGY Georgetown
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DISTRICT GEOLOGY

LITHOSTRATIGRAPHIC MAP

N-S SHEAR ZONE

/

ADAPTED FROM SCARPELLI & HORIKAVA (2017)
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SILICLASTIC UNITS GARNET-BEARING TWO-
(SCHISTS, QUARTZITES) MICA LEUCOGRANITE

CHEMICAL METASEDIMENTARY
UNITS (BIF AND MARBLE)

Brittle-ductile shear zone

Cross Section of Urucum pit looking south

AS OF DECEMBER 31, 2020, THE MINE HAS PRODUCED A TOTAL OF APPROXIMATELY
1,421,625 OUNCES OF GOLD SINCE COMMENCING OPERATION IN 2005
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LITHOSTRATIGRAPHY - BANDED IRON FORMATION AMPHIBOLES Georgetown
QUARTZ + MAGNETITE + GRUNERITE + ACTINOLITE xpl -
o
NOT TO SCALE MAGNETITE + CALCITE + FE-DOLOMITE
DIABASE

GARNET-BEARING LEUCOGRANITE
QUARTZ-BIOTITE SCHIST

QUARTZITE PAAS-NORMALIZED REE+Y
MARBLE

CARBONATE-MAGNETITE-RICH IRON PATTERNS (MCLENNAN' 1 989)
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LITHOSTRATIGRAPHY - FORSTERITE + PHLOGOPITE + TREMOLITE MARBLE Georgetown

TERNARY DIAGRAM FOR CLASSIFICATION
OF MARBLES (STOREY AND VOS, 1981)
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METAMORPHIC P-T CONDITIONS Georgetown

1) GARNET-BIOTITE GEOTHERMOMETRY (HOLDAWAY, 2000) AND GARNET GEOBAROMETRY (WU, 2019) IN METAPELITE

« PEAK METAMORPHIC T ESTIMATION BASED ON 5 GARNET-BIOTITE PAIRS: T(°C) = 592 + 14 (10) (AMPHIBOLITE FACIES)

 P(KBAR) =4.2 £ 0.6 (10) (MID CRUSTAL CONDITIONS)

1) FO-RICH OLIVINE IN METACARBONATE ROCKS AGREE WITH TEMPERATURES IN EXCESS OF 500 °C. THE ABSENCE OF DI IN

EQUILIBRIUM WITH FO SUGGESTS THAT PEAK TEMPERATURES HAVE NOT EXCEEDED 630 °C

ol e
EQUILIBRIUM PHASE DIAGRAM FROM WINTER (2010)
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DISTRICT STRUCTURAL SETTING Georgetown

*D1 — REGIONAL NW-SE FOLIATION IN THE GUIANA SHIELD
D2 - DEXTRAL N-S SHEARING WITH SUBVERTICAL FOLIATION AND TIGHT INTRABAND

FOLDS
I N-S URUCUM D3 - E-W AND NW-SE FRACTURES WITH QUARTZ, CARBONATE, SERPENTINE,
I ~ SHEARZONE DOLOMITE AND/OR PYRRHOTITE FILLING
l
I F2 FOLDS
l
I
l
I - =
| S < e
I / __T_\_~~~_~—~’ -‘)
- mEE T rc- o7
I
ADAPTED FROM SCARPELLI &
HORIKAVA (2017)
N-S STRIKING SHEAR ZONE TIGHT ISOCLINAL FOLDS IN THE HIGH STRAIN

(INFORMALLY NAMED URUCUM SHEAR
ZONE) - RED ARROW SHOWS SHEAR BAND
INDICATING DEXTRAL MOVEMENT

ZONE OF THE URUCUM SHEAR ZONE

*MODIFIED AFTER COMPANY REPORTS



HYDROTHERMAL ALTERATION - DRILLCORES AND GOLD GRADES
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: N-S Urucum
| / SHEAR ZONE

ADAPTED FROM SCARPELLI & HORIKAVA (2017)



HYDROTHERMAL ALTERATION - DISTAL AND INTERMEDIATE ZONES
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HYDROTHERMAL ALTERAT'ON - PROXIMAL ZONE GCeorgetown
APATITE
pARGAS\TE
/ [ e e A=
FE-DOLOMITE  NA-BEARING CALCITE

FERRIPHLOGOPITE

* NA-BEARING HYDROTHERMAL ALTERATION ASSEMBLAGE — NA-BEARING FERRIPHLOGOPITE AND NA-
BEARING AMPHIBOLES (PARGASITE AND MAGNESIOHASTINGSITE)

» (CA-POOR AMPHIBOLE, WHENEVER PRESENT, IS CUMMINGTONITE

« ABUNDANT HYDROTHERMAL MAGNETITE AND SIGNIFICANT VOLUME PERCENT SULPHIDES

* APATITE AS THE MOST IMPORTANTE ACCESSORY PHASE, LOCALLY ABUNDANT

* LOCALLY DISPLAYING STRONG FOLIATION DEFINED BY SUBPARALLEL MAGNETITE AND/OR PYRRHOTITE

STRINGERS



HYDROTHERMAL ALTERATION = SULFIDE-GOLD AND SILICATE-GOLD ASSEMBLAGES
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CAL GRU > ACT APY/LOE?
QTZ
GRT
GRT /
=

VISIBLE GOLD IN EQUILIBRIUM WITH PYRRHOTITE AND LOCALLY WITH
ARSENOPYRITE

ALSO IN EQUILIBRIUM WITH SILICATES, SUCH AS INTERGRANULAR GOLD
IN AMPHIBOLE MATRIX. LOCALLY, EARLY-STAGE GARNET IS FRACTURED
AND FILLED WITH GARNET
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HYDROTHERMAL ALTERATION - P-T CONDITIONS Georgetown

* PYRRHOTITE-LOELLINGITE EQUILIBRIUM ASSEMBLAGE INDICATES
HIGH-TEMPERATURE ALTERATION — LOWER T LIMIT FOR LOELLINGITE
=491 °C (CLARK, 1960)

 GARNET-BIOTITE GEOTHERMOMETRY (HOLDAwAY, 2000) FOR
HYDROTHERMAL GARNET-BIOTITE PAIRS YIELDED T(°C) =574 + 24

(10) (N = 3)

 CALCITE-DOLOMITE SOLVUS GEOTHERMOMETER (ANNOVITZ &
ESSENE, 1987) RESULTED IN A TEMPERATURE OF T(°C) = 546 (N =

1)

* GARNET GEOBAROMETRY (Wu, 2019) FOR HYDROTHERMAL

GARNET YIELDED PRESSURE VALUES OF P(KBAR) =4.8 £ 0.6 (10) (N
=3)

CALCITE DOLOMITE




HYDROTHERMAL ALTERATION - P-T SULFIDE CHEMISTRY

 TEXTURAL EVIDENCE (RIMMING OF LOELLINGITE BY ARSENOPYRITE) SUGGESTS SIMULTANEOUS CRYSTALLIZATION OF
PYRRHOTITE AND LOELLINGITE AND SUBSEQUENT RETROGRADE SOLID-SOLID REACTION TO PRODUCE ARSENOPYRITE.
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* MOST ARSENOPYRITE GRAINS ARE INTERNALLY ZONED AND/OR HAVE COMBINED MINOR ELEMENT CONTENTS > 1 WT%
(MAINLY CO), PRECLUDING THEIR USE AS A GEOTHERMOMETER. NEVERTHELESS, FOUR GRAINS WERE ANALYZED, WITH AS
ATOMIC PERCENT RANGING FROM 32.73 TO 33.16, CORRESPONDING TO (384 < T(°C) <410)

bse
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v

Total

Voo
S 18.665 19.519
Fe 32.632 34.596
Co 2242 0.927
Ni 0.080 0.102
O Cu bdl  bdl
APY Zn bdl  bdl
As 47.123 45.918
Ag bdl  bdl
Sb 0.084 0.042
Te bdl  0.017
Au bdl  bdl
Pb bdl  bdl
Bi bdl  0.042
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Grt+Mag+Qtz
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HYDROTHERMAL ALTERATION - REDOX CONDITIONS

Ceorgetown
THE STABILITY OF MAGNETITE THROUGHOUT MOST OF THE HYDROTHERMAL ACTIVITY ENABLES A CONSTRAINED ASSESSMENT
ON OXYGEN FUGACITY AND SULPHUR ACTIVITY CONDITIONS

HYDROTHERMAL FLUID FLOW, SUCH AS.
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IN ADDITION, OTHER FEATURES SUGGEST RELATIVELY OXIDIZED CONDITIONS DURING

v' FE SPECIATION IN PROXIMAL ALTERATION MINERALS (SIGNIFICANT FE3* IN NA-

BEARING PHLOGOPITE AND AMPHIBOLES)

v V-BEARING MAGNETITE

v BARITE INCLUSIONS IN PYRRHOTITE

" (.33 4
HFW WD |Mag HV  Sig Spot
0.45 mm 10.0 mm 300x 15.0 kV BSE 4.0

Centro de Microscopia da UFMG

ANDERSON & SMITH (1995)



HYDROTHERMAL ALTERATION - PRELIMINARY MODEL FOR THE TUCANO GOLD DEPOSIT GGG

Ceorgetown
» TIME
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CONCLUS|ONS Ceorgetown

* TUCANO IS A RARE EXAMPLE OF A HIGH-TEMPERATURE (HYPOZONAL) OROGENIC GOLD DEPOSIT

v ALTERATION ASSEMBLAGE: SILICATES — AMPHIBOLE-PHLOGOPITE, DIOPSIDE-GARNET
SULPHIDES — PYRRHOTITE-LOELLINGITE

v GOLD: FREE GRAINS IN SILICATE MATRIX, FRACTURE-FILLING IN SILICATES, EQUIILIBRIUM WITH OR INCLUSIONS IN SULPHIDES, FREE GOLD IN

MAGNETITE
v" T CONSTRAINTS OF HYDROTHERMAL FLUIDS: GARNET-BIOTITE (574 £ 24 °Q)
CALCITE-DOLOMITE (546 °C)
LOELLINGITE (NOT STABLE BELOW 491 °(C)

v" P CONSTRAINT: GARNET (4.8 + 0.6 KBARS)
 MAGNETITE IS STABLE IN THE ORE ZONE (LOCALLY EXCEEDING 50 VOLUME PERCENT)
« EVIDENCE FOR OXIDIZED FLUIDS: FE3* IN AMPHIBOLES AND PHLOGOPITE; V-BEARING MAGNETITE; BARITE INCLUSION IN
PYRRHOTITE; MAGNETITE IN EQUILIBRIUM WITH PYRRHOTITE

IMPLICATIONS

* FIRST FULLY DOCUMENTED HIGH-TEMPERATURE (HYPOZONAL) OROGENIC GOLD SYSTEM IN BRAZIL
» OXIDIZED CONDITIONS COMPATIBLE WITH MAGMATIC-HYDROTHERMAL FLUIDS
* OPEN EXPLORATION SEARCH SPACE FOR HIGH-T OROGENIC GOLD SYSTEMS HOSTED IN AMPHIBOLITE FACIES TERRAINS
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