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Introduction

Carlin was discovered in 1962. When Carlin was discovered, the deposit was the first sediment
hosted disseminated gold deposit of the “Carlin Trend”. The Carlin deposit has been the most studied of
the sediment hosted (“Carlin” type) disseminated gold deposits. The research done at the Carlin ore body
has been instrumental in understanding the “Carlin” type gold deposits. Examples of important research at
Carlin include documentation of silicification and carbonate removat (Hausen and Kerr, 1968; Radtke et
al., 1980; Hausen, 1985; Radtke, 1985), depth of mineralization and role of organic matter (Kuehn, 1989),
and wallrock alteration associated with gold mineralization (Bakken, 1990).

The purpose of my research is to use different techniques to determine the age of gold
mineralization at the Carlin deposit using samples taken from the underground workings. To be able to
determine which technique would be most useful for dating gold mineralization, and to obtain well-
documented samples such that the dates are meaningful requires an understanding of stratigraphy, the
structural relationships, the background geochemistry of the rock units, and the geochemistry and alteration
mineralogy associated with fluids travelling along faults and within permeable rock units.

Stratigraphy

Gold mineralization associated with the Carlin Underground is restricted to two stratigraphic
formations: Silurian-Devonian Roberts Mountain Formation (SDrm), and Devonian Popovich Formation
(Dp).

The Roberts Mountain Formation is divided into four sub-units, from top to bottom: silty
limestone 1 (stls1), silty limestone 2 (stis2), silty limestone 3 (stls3), and silty limestone 4 (stls4) (Fig. 1).
Each of the sub-units are informal names used by Newmont Gold in the Carlin Trend. Stls4 is the basal
unit of the SDrm and comprises a thin to thickly bedded, planar laminated silty limestone. The stls3 is a
thin to thickly bedded intensely bioturbated silty limestone with abundant rhythmically repeating clastic
beds. Stls2 is a thin to thickly bedded, intensely bioturbated, and variably carbonaceous silty limestone.
Intercalated light gray calcarenite beds are present in the upper portion of the stls2. The stls2 locally has
rhythmically repeating clastic beds and debris flows with coarse sand to cobble size bioclasts. The stls1 is
a thin to medium bedded, carbonaceous silty limestone with interbedded thin planar limestone and light
gray calcarenite beds. The silty limestone of the stls 1 unit contains both burrows and “wispy” texture,
resulting from the collapse of the burrows in intensely bioturbated areas. The thickness of stls1 varies at the
top of the SDrm from 0 to 35ft due to a faulted contact. The stis1 and stls2 units of the Roberts Mountain
Formation are dominantly the host of gold mineralization at Carlin. However, in the northern Carlin Trend
gold mineralization dominantly occurs in the Popovich Formation, which is higher in the stratigraphic
column.
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The Popovich Formation overlies the SDrm and is divided into two sub-units at Carlin: nicrite
(Dp1), and silty micrite (Dp2) (Fig. 1). Dp2 is a thin to thickly bedded, highly carbonaceous silty micritic
limestone. Dp2 is sparsely interbedded with thinly bedded light gray calcarenite beds. Dp2 is highly
fractured and develops a graphitic sheen along fractures and faults. The thickness of the Dp2 unit varies
between 30ft and 70ft due to the faulted contact between the stls1 and Dp2. Dpl is a medium to thickly
bedded, carbonaceous micritic limestone. Calcite veining is widespread in the Dp1 unit. Gold

mineralization is sparse and localized in the Popovich Formation along large faults at Carlin.

Structure

The structural history at the Carlin deposit is complex. The deposit is in a fault block that is
bounded by three regional structures: the NW bearing Castle Reef Fault, the NW bearing Leeville Fault,
and the NE bearing Hardie Fault (Fig. 2). Several generations of faults and folds occur within the deposit.
Igneous rocks are also exposed throughout the deposit in the form of lamprophyre dikes.

The faults present include high angle normal faults, low angle normal faults, and low angle thrust
faults. The high angle normal faults are the most abundant faults associated with the Carlin deposit. Three
generations of normal faults are present: NNW1 faults, NE faults, and NNW 2 faults with associated
lamprophyre dikes (Table 1). The NNW1 faults are the oldest faults and are offset by the NE faults. The
offset of the NNW1 faults by the NE faults are best observed by looking the Carlin Pit map that was
produced by Newmont geologists. Stereonets of the exposed faults were used to identify that the structural
geology of the pit is similar to the underground structures. The bearings of the NNW1 faults range from
315° to 360°,

The NE faults are the second oldest of the sets of high angle normal faults. The NE faults offset
the NNW!1 faults, but do not offset the NNW2 faults with the lamprophyre dikes. However, the NE faults
are offset by the NNW?2 faults with the lamprophyre dikes. The bearings of the NE faults range from 0° to
035°,

The NNW2 faults are the youngest of the high angle normal faults. Most of the NNW2 faults
have lamprophyre dikes associated with them. The lamprophyres are primarily located along the NNW2
faults, but also occur locally where these faults with the dikes cross, large NE trending faults. The age of
the lamprophyric dikes are about 158ma (McComb, 1994). The intrusion of the lamprophyric dikes at
Carlin corresponds with the 158ma time of emplacement of the Goldstrike Stock (Arehart et al, 1993). The
age of the lamprophyres were taken from fresh biotite grains using K-Ar dating techniques. However,
some of the NNW2 do not have the associated lamprophyres. To determine whether the NNW faults
without the dikes are NNW1 or NNW?2, crosscutting relationships to the NE trending faults must be
observed. If the fault has been offset by the NE faults, it isa NNW1 fault. If the fault has not been offset
by the NE faults, it is a NNW2 fault. The orientation of the fault will not help determining whether the
fault isa NNW1 or NNW2. The NNW2 faults have similar orientations to the NNW1 faults. The bearings
of the NNW?2 range from 330° to 360. Crosscutting relationships to NE faults are the only way to identify
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ated with the Carlin Underground Deposit.

FIGURE 2. Map of Important Faults Associ



Carlin Structural History

Present Oxidation
20Ma to Present High Angle Fault Extension (Reactivation of Faults)

Barite, Sphalerite, & Galena Veining (Remobilization)

35Ma to 20Ma Low Angle Fault Extension (Low Angle Normal Fault Diagenesis)
Gold Mineralizing Event

119Ma to 152Ma Elko Orogeny (SE Dipping Thrust Faults & SW Plunging Folds)

158 Ma Lamprophyre Dike and Goldstrike Stock Emplacement

NNW?2 Faults Develop with Strikes Ranging from 330° to 360°

NE Faults Develop with Strikes Ranging from 0° to 035°

Possible Development of Hardie Fault
NNW!1 Faults Develop with Strikes Ranging from 315° to 360°
360Ma to 315Ma Antler Orogeny (Roberts Mountain Thrust, NW Dipping
Thrust Faults, & NE Plunging Overturned Folds)

374Ma to 367Ma Rodeo Creek Formation Deposited
Sedex Barite, Sphalerite, and Galena Mineralization
'394Ma to 374Ma Popovich Formation Deposited
421Ma to 394Ma Roberts Mountain Formation Deposited

Table 1 — Structural geologic history of the Carlin gold deposit.

Anthony Chakurian, CREG 1998 Annual Report




if a fault without a dike is a NNW2 at Carlin. The Hardie Fault is the only NE fault that offsets NNW?2
faults. However, NNW1 faults are offset by several NE faults. Even though the Hardie Fault offsets the
NNW?2 faults it is probably the age of the other NE faults. The offset of the NNW2 faults by the Hardie
Fault is most likely due to reactivation of the NE fault by high angle fault Basin and Range Extension from
20ma to present (Thorman et al., 1991). The Hardie Fault is probably the age of the NE faults but was
reactivated during Basin and Range Extension. The Hardie Fault is not younger than the NNW?2 faults
because of a localized presence of lamprophyric dike in the fault. The localized presence of lamprophyre
in the Hardie Fault is similar to the other NE faults.

Also associated with some NNW?2 faults are flower structures. The flower structures show that
there has been strike slip movement along the NNW2 faults. The fault with the flower structure is a
conjugate fault to the Unk Fault (Fig. 3). The Unk Fault is a NNW?2 fault with a lamprophyre dike.
Unfortunately, no crosscutting relationships associated with the faults bearing flower structures have been
determined. More work is planned for the Unk Fault area. Because of the crosscutting relationships
between the NNW1, NE, and NNW2 faults all of the high angle normal faults are pre 157ma. However,
reactivation of the faults due to high angle Basin and Range Extension, have caused movement along the
structures after 157ma.

Low angle faults are also present in the underground workings. Low angle thrust faults are the
most prevalent. There are two sets of distinct thrust faults. One set is younger than the NNW?2 faults with
the lamprophyric dikes because they offset the dikes. The second set of thrust faults is probably older
because they do not offset any faults or dikes and are associated with overturned folds. The oldest set of
thrust faults are possibly associated with the Antler Orogeny, which occurred from 374ma to 315ma. The
orientation of the thrust faults range from 053° to 096° dipping to the NW. The NW dipping thrust faults
are associated with SE-verging overturned folds that plunge to the NE. The NW dipping thrust faults
typically occur in the limbs of the overturned folds near the hinge. The SE-verging folds are so overturned
in some places that they lay horizontally. The high degree of folding suggests that the folds have gone
through multiple compressional events directed toward the SE. The lack of faults or dikes being offset by
the thrust faults is an indication that thrusting occurred early in the genesis of Carlin.

The younger set of thrust faults is possibly associated with the Elko Orogeny {Thorman and
others, 1990), which occurred from 152ma to 119ma. The orientation of the thrust faults range from 020°
to 070° and dip to the SE. The SE dipping thrust faults are younger than the NNW2 faults because they
offset the lamprophyres. The SE dipping thrust faults are younger than the dikes, but must be older than
the gold mineralization event due to pooling of gold-bearing fluids along the faults.

Low angle normal faults are not as prevalent as the thrust faults but are just as important. The low
angle normal faults were probably conduits for fluid flow and possibly barriers for pooling of the gold-
bearing fluids. Dissolution can be found along each of the known low angle normal faults at Carlin. Only
one of the three known low angle normal faults, shows gold mineralization. With only one low angle
normal fault showing gold mineralization, while all of the faults show dissolution, fault development may
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have occurred at the end of the gold mineralizing stage. The low angle normal faults are younger than the
NNW2 because each one offsets a lamprophyre. However, the low angle normal faults are probably
associated with a low angle detachment fault extensional event that occurred from 35ma to 20ma (Thorman
et al, 1991), which was the onset of Basin and Range Extension. The orientations of the low angle normal
faults vary from 020° to 066° and dip to the NW and SE. More work is planned to better understand the
importance of the low angle normal faults.

Two styles of folding are present at Carlin: broad open folds and isoclinal overturned folds. The
broad open folds are the prevalent throughout most of the underground workings. The open folds strike
between 009° and 055° and plunge to the SW. Because the folds are open, compared to the isoclinal
overturned folds, the open folds probably experienced one compressional event. The SE dipping thrust
faults may be associated with the open folds. Of the two folding events the one associated with the open
folds is youngest and may be associated with the Elko Orogeny.

The isoclinal overturned folds are localized around the Hardie Fault. The folds strike between
028° and 078°, plunge to the NE, and show SE vergence. The isoclinal folds are associated with the NW
dipping low angle thrust faults. The isoclinal folds have seen intense compression from the NE overturning
the axis of the folds up to 90° locally. The degree of overturning suggests that folds have undergone
intense compression and probably multiple contractional events. The exposure of the folds to multiple
events suggests that diagenesis occurred during the Antler Orogeny. The high degree of compression in
such a localized area may have resulted in the development of the Hardie Fault as a reverse fault, prior to
later normal displacement. Similar reverse displacements have been described at Betze-Post along NNW
striking faults on the western limb of the Post anticline (Leonardson and Rahn, 1996).

Gold mineralization at Carlin is predominantly controlled by NE faults. These NE faults are the
primary conduits that the gold-bearing fluids travel along. The NE faults are not the only fluid conduits.
Some of the NNW2 faults control fluid flow. From the conduits the gold-bearing fluids permeate into host
strata. Areas with low angle thrust faults typically show higher gold grades associated with the pooling of
gold-bearing fluids along the structures. Along all low angle normal faults dissolution is present. Some of
the low angle normal faults show gold mineralization resulting from the fluid flow along the faults. As
previously observed, the structures at Carlin are an important control of the movement and deposition of
the gold bearing fluids.

Geochemistry

To better understand the main and late stage gold bearing fluids it is important to first understand
the geochemistry of each of the stratigraphic rock units. Newmont Gold’s trace element geochemistry of
the NW orebody at Carlin was used to examine differences in the stratigraphic rock units. The samples
used for the geochemistry were processed and analyzed by Chemex Labs, Inc. The samples sent were parts
of drill core. To determine the stratigraphic units of the cores that were analyzed, the samples were
correlated with their core logs. The geochemical results selected were based on whether the samples had




one or multiple stratigraphic units. Only the geochemical results from samples with one stratigraihic unit
was used. The selection of samples with only a single stratigraphic unit attempts to decrease the possibility
of error due to dilution or enhancement of elements by other rock units. After collecting and separating the
data, the average geochemistry of each of the stratigraphic units was determined. The rock unit averages
were then compared to Clark crustal geochemical averages for limestones and black shales, and
background levels for the SDrm and Dp (Radtke, 1985). The tables produced were separated into major
oxide (Table 2A) and trace element geochemistry (Table 2B). The stratigraphic unit averages show that
gold mineralization is predominantly in the SDrm 1 and SDrm 2. Analysis of the geochemistry of each
sample verifies that gold mineralization is primarily hosted in the SDrm 1 and SDrm 2 (Fig. 4). Correlation
of the geochemical results (Table 3) shows that Ag, Cd, Cu, Mo, Ni, V, and Zn are related to each other.
Values for Ag, Cd, Cu, Mo, Ni, V, and Zn are elevated in the Dp2 compared to the other stratigraphic units.
The Dp2 also shows elevation in the carbon content compared to the other stratigraphic units. The elevated
values of the Ag, Cd, Cu, Mo, Ni, V, and Zn may be associated with the high carbon content of the Dp2
unit. The Dp2 may be similar to a black shale in its composition due to its high carbon content and the
elevated levels of base metals.

Leaky Fault System
Understanding the geochemistry and the alteration mineralogy of the fluids traveling along the

structures and stratigraphic units is essential in determining what phases might be able to give a date that
-corresponds to the gold mineralizing event. ‘With gold mineralization typically associated with
silicification, highly silicified zones would be best for looking at the geochemistry of gold-bearing fluids.
Through most of the Carlin underground, there are not many localities that are highly silicified. The areas
that are the most silicified are along faults. The Leaky Fault system in the 5720 level is the most silicified
locality in the Carlin underground. -Along a traverse across the Leaky Fault system, nine samples were
taken at intervals of 2ft. The samples include the main Leaky Fault and two conjugate faults. Sample
TCCA 48 is from the main Leaky Fault with TCCA 50, and 57 from conjugate faults (Fig. 5). TCCA 50 is
the conjugate fault in the footwall of the Leaky Fault, while TCCA 57 is the conjugate in the hanging wall.
Along the main Leaky Fault and its hanging wall to the NW, values for Ba, Zn, Sr, V, and Cu are elevated
(Fig. 6). The elevated values are associated with barite and sphalerite veining along the Leaky Fault. X-
ray diffraction of samples taken from the traverse shows a trace mineral alteration halo associated with the
barite and sphalerite veining. Between the Leaky Fault and the hanging wall conjugate fault vanadian,
barian, and magnesian muscovite is present. Extending from the Leaky Fauit to the footwall conjugate
fault, the vanadian, barian, and magnesian muscovite changes to illite-montmoriltonite. The change from
muscovite to illite-montmorillonite is probably a proximal to a distal relationship along the fault system.
Petrographic work on the nine samples from the Leaky Fault system shows that the barite is overprinting




|
A

Hoday |enuuy 8661 ©3YD ' ueunyeyg Auoyjuy

S9|eyS Yoe|g pue Sauojsalw| 40} SanjeA [BISNID e 0} SUOSURAWOod Yyum
punosBiapun uied ay) ul spun oydebyens ays Jo ASIWayo099) apIxO Jofe|y abeiaay - -z ajqel

suonoes

sajdwes Jo 10j0D A100S JO OB MO
sojdwes Jo 10j0D Aj00S :8iBIaPOWN
uiyyL ui leusjey owebio siqIsiA (ybiH

SUONOAS Uy Ul leusiely oluebiO 3|qISIA Jo slunowy ybiH ybiH Lisp

j9A8] uoqied

0 200 €2 600 YO0 105 TO VIN VIN sjane punoibyoeg da
600 0 190 €10 90 8Ly L0 V/N VN slaAa punoibyoeg IWHAS
VN VN VIN VN VIN VIN VN V/IN VIN sanjeA sjeys Yoeig %iejo
0 VIN VN 20 €L VN VN VIN VIN San|eA auojsawi sejo
00 100 00 100 K00 10O 100 V/IN VIN SspwiT uonoaleg
€60 600 LI'E 9LV ¥LZ €9§ L6V Mo o} [eusleW Pas B ayIA
€60 ¥L'0 90°b SILL SSS 8¢ L MO 6 |eualey ayid
L0 €00 96€ V¥l 851 1.9 SEE ojeJopon 9l } SIS [eulalu| 2 WHAS
6L'0 ¥00 SE¥ €51 1L S8L 99¢€ ajeiapoiN oF | Z Ndas
910 €00 9Y¥ oFL ¥LL 9l'6 T ubiH 001 | Wyas
600 200 9IS 80 2} ¥SL 98 ybiH Aiap 6 Zdd
910 ¥00 8¢ 9¢) YL S0Z T6¢C ybiH 11 lda
(%) 1L (%) BN (%) BN (%) M (%) 24 (%) BD (%) IV 19Aa7 uoque) sejduwies Jo # Hun ooy

Aysiway2099 apixQ Jofe abelaay punoibiapun uiged



Hoday [enuuy 8661 DIYD ' ueunyeyD Auoyjuy

"S8|BUS YOB|g pUB SBUOJSaLLIT JO4 SANJBA [BISNID }JB|D 0] suouedwiod yum
punoiBsapun ute auy ul siun aydelbiiens ay) jo Asiwayo0ss Juswa|g aoel) abesaAy - g-Z ajqeL

sajdwes Jo 100D A100S JO JoB] MO

sa|dwes jo 10j0D) AJ00S :91BJ3POW

SUOIOaS Uiyl ui [eudie oluebio s|qisIn ybiH

Suoioas ulyj ul jeuale oluebiQ 8iqIsIA Jo sjunowy ybiH ybiy Ausp
[9A97] uoqe)

z> VIN VIN > 0s VIN VIN e> 1> V/IN VIN VIN sjoAaT punoibyoeg da
> VIN VIN 1> (04 V/IN 9 S0 > 0> VIN VIN s|anaT punosbyoeg WHAS
(wdd) 6H (wdd) ny
S 0 0 1 0svy S VIN 0 172 ol VIN VIN SanjeA ajeys oejg el
(] Ge00 o 1> Z6 0 oY €0 Ll S V/IN VIN SanjeA auolsawi yield
} S0 4 S0 0l co 1] co l VIN VIN VIN siwi uohoasleg
el 80 A 60 S9l c0 1188 V. 9601 0S0% MO7] 0L jel9ley pas B ajIg
PrA 1 4 6'¢C 80 vl co 08081 €8 991 V/IN MOT 6 |euajeN ajIg
¥'s L0 ST L0 €ee co 8EL¥y 174" lee 6.21 9)JelapoN 91 | SRS jewsiuj ¢ NHAS
9 L0 8°C L0 ey 0 LClS LS 96¢ 861C 9]eJapoN 9| ¢ NYas
'S £l LT 90 8€¢ rAY) €06¥lL €S 29¢ 6595 ybiH oot I WHas
4 8y e S0 L0¢ €0 L96Y 69 14°] 9zs v ybiH AuaA 6 ¢dd
9’ 90 4 80 029 A Y] yoel 5’9 V44 08¢ UbiH 11 I dd
(wdd) 09 (wdd) po (wdd) 1g (wdd) ag (wdd) eg (wdd) by (qdd) 64 (wdd) qs (wdd) sy (qdd) ny|aAs] uoqien sajdwes o # Jun ooy

Ai3s1way2039 jJuswa|3 aoes} abeiaay punoibiapufn uipged



yoday [enuuy 8661 9IYD ' ueunyeys Auoyuy

74 YIN L 002 VIN 500 > VIN 0S A L
9> VN L 00. VIN 900 ¢ V/IN 002 Sl ]!
(%) d

00} VIN 0§ VIN 02 VIN 02 (]! VIN 0z (]!
¥4 gL (V14 019 S ooy 02 ¥0 00} S b
r4 ol } I r4 ol b b S I }

€L €l 80L 6 ~ 6l AR 14 8'G 162 74 €5
16 e 6L ¥8 €9 y99L  9¢ ey rA L8 Ly
69 oL 9. 99 L g6y  ¥C 8y vLL 61 1S
0S (1] 9L 19 4} oy &¢ S 664 r44 €5
ool (1] 2Ll b0l ]! 85  0¢ 8 88l T4 zs
682 04 06€ 89l b oLy 1L '8¢ bLL 6V 44
6¢ ol LS €92 6 90t 81 r4 r4¥4 4! 85

(wdd) uz (wdd) ap (wdd) A (wdd) Jg (wdd) g4 (wdd) d (wdd) 1N (wdd) opy (widd) upy (wdd) no (wdd) 1D




Hoday |enuuy 8661 93D ‘ueunyeyd Auoyuy

Toes presasus (Toren> fudeitens
¢ QS T ™+aS ) dmn duo

0009

0ooo}

00051

(qdd) ny @ 00002

(qdd) ny

- 0005¢

0000t

oooor

ny punoJibiapuf uie)

jsodap uipes ayy ui syun olydesbieys Juasayip ay) jo Asiwayooab pjoo - ¢ ainbi4



Uoday [enuuY 8661 DIUD ‘uetnmjeyd Auoyuy

i §66°0 S9V6'0- €ESLI0 I€610 LO9EZO BSYE6'0 98680 PIEEE0 £YBOC- SSHIG0 GOVE0- I1ESOO- €860  IS06'0- PEOE0- SSVEE'D ZOVOZD ZOVSO BS6B0- FZES0- HC6E'0- 9GCLED 694800 69OV~ LISVO- SKRLO- (wdd) uz
1 " 6680 9EREL0 ZLKZZO ZBLIO 6Z86610 69500 6L6660 LOVOC- GSSIED EISE0- 1980 VESBED €E68'0- 9YB6'0- €9866°0 T/SEZO B80S0 LB0-  OSESO- €668'0- 208860 6GL00 €BYYO- L06FO- SOPZO- (wdd) A
4 620V [EvOL0 1000 80Z6'0- BSIEB'0 $9T6'C- 6O0PSO LISLO- 696L60 SEIE'0 $BI8'0- $SPLO 66160 ZESE'0- ZLIVO- LSOSZO 8IZYLD IEPSED PELSE0 I9¥60- 6ELS00 S2ZVS0 6ZPRO0 ZIEO (96) 1L
s 6LLL0- E€YBL'O- B8.€800 BLIOVO LISEVO TYLLK'O E€VIL0- SYBEO- 65/0°0- 89100T 8E66Z0 E£LVZ0- SUESL'D bII660 $9L0  ZLEZO [2689°0 SESO- E£Q0ETQ LiVb'O- S8SLO- Zves'o- PLove (wdd) 15
s €6VY'0  €C69T'0 TLSL'O- 6SOETO IZSP'O- TVAOV'O YOLO'0- ZLOVTO SEZEEO PYLISO- LELLO- 6YSLLO Q1690 99ZL0- ZOVE0- 8IS0~ LIS6L'0 ZI9BL'O SELO00 OVEOY'O BEVRY'D L0200 (wdd) qd
' 2LET0 6ELV'0- €/6910 €8L8C- ZYY'0  SLOOL'O BLYPS'0 ISLIED SL0S0- LEL00- ZOESLO 198L0- $Z8°0- ZZEO0- 1698°0- 90BSLO SZEO0 ISSED POLYD SEZZLO PIEOLO (wdd) o
b 8189'0- €I866'0 €200'0- PIEEE0 €60~ BUEQ0- 99E6E'0 SZIE'O- PHLE'O- 99¥66'0 DOZELC £25S0- 61680~ OF.ISO- $B9B0- ZBELE'0 28OSOV LLKO-  9OWYO- SYOZO- (wdd) N
b SIS8°0 6i163°0 8¥Y9L'0- $L6LL°0 ZSSLP'D 1§80~ S8YI6'0 19980 €0S8°0- LEZSO0D ¥EEOL'0 POLEB'0 B9SBLO BLSKI0 BI08'Q- €..Z20- 9L¥YO0 660420 Z0SOO0 (%) eN
i L0VS'0- 9LEIE0 61860~ £Z89°0- EVSBE'0 TS0 PHBG0- 6LL66'0 [OVEZO 96050 PYIB'0- £2ES0- [Z6B0- 66860 SO-AL'9 ISHPO- SIEYO- iSSTO-  (wdd)ow
b B0BS0- ZSELS0 LE0ZZ0 6899°0- 691880 /SO0 YELOO- LISEP'D SEO68'0 SZISLO LO6M6°0 ZSBLYO 9650 VOSTO- VESEO- LZELD- L0100~ (wdd)upy
! WSL0- SLPS0- 98996°0 LiBS'0- 6Z€O'0- 66.06°0 SEL00- POVO'O- 69¥E0~ 6YO0 96/00- 68680 LPI6Z0 TLBEO- ZOBL'O- €0ES00 (%) B
4 91898°0 8988'0- B9ESL0 €VB6'0 S$6G6'0- L1BYO- €O0/Z0 £LE69°0 SBS0E0 €9LL6'0 681670 80O /LSS0 9ITLLO SEISKO (%) %
s 6vS0-  S6VE6E0 18LL'0 G690 6SEL0- ISEL'O- 9LISZO 960L'C- ¥SZSB0 ¥LLLO- €0S650 L6VOSO L6IZE0 S8ZLLO (%) o4
b 19260~ YEWG0- 16160 EVZOL0 £/09°0- 1SZ60- YHZOO- 9VIGD- 6ZYSE'0 SEOCLD 68E0-  ZSEO-  BLMLO (wdd) no
l ¥ES0'0 61160 SYOLZ0 BESES'D SIFZE0 €66€8°0 OYYYE0 LYPB'0- 8SBL'0- 9Z9L00 SOS600 906000  (wdd)io
i V86°0- 1620~ ZOBZY'0 LY¥Z08'0 LLOLVO €BSYE0 9886°0- L///00 YERVY'O 950650 LbZre0  (wdd) oD
L 6SBLZ0 B0/V'0- POSE'O- LPOSO- [EIE0- $0B86'C 9B9L00 1SEFO- BZZSO- L6EZ0 (wdd) po
! TYOLL'0 ZEYBL'0 TLOSO'0 vI090- 9BIECO vIBVO- €BEBO- LFEGO- SBISO- (%) &0
b 8E19L°0 LIBLE'0 IEZEL'O SSIPO- SOPPO- LOSYO- L6SY0- 968CC (wdd) 19
1 8SL18°0 EEYEQ'0 SVBLO- 69.V0- L6SLL'O SSEVO0 ¥YEZ O (wdd) og
i 65020 VBZY'O- 99VS0- OZZvO- 88iY0° 6ISE0- (wdd) eg
s 1226'0 ZEYSLO 86Z90 6BO6L0 LISOVO (3) v
4 LSELO- LbBYO- 8E65'0- 8ZE0- (wdd) By
1 YZTBLL'0 SYOBSO 18S6°0 {qdd) B4
s 694900 €0£220  (wdd)as
! £969°0 (wdd) sy
3 (qdd) ny
vz " 9d d N N oy upy oy b =] no 9 5] 2] L) i} og *g w oy oH qs 144 ay

“usodap ulue) ayj je sabelsane Aisilayooab nun olydeibijeals ayj jo sanjeA uoilejalIo) - ¢ a|qel



J‘I'l.lnul'll!xnl..l/li‘y‘l.(ril — N g

. .. / N
~ . ~
N

MN

Sl v —

e
tae o

]

47 0

©gey

.%M%OLPN%SB Lo DYk J0 1271 OFLS W
. SU*@«W Hreg \fdu.N P yo RIS QY —

..,.,/ L0
)
A\
/
W
. SN
v o
( ¢ /
LA
s :
e~ |
s
\.:\ i /’ ¥Yoor
1l , '
: {

PN B AT\ \ //,

Coqepgsora |

~ N T

01 D00

§w.»w\m, .tssh\ \Qd@d Hv>.wq QTLS

g 95@._ \\~

as

et e TN A g e O P St . S Y Pt g



poday jenuuy 8661 DIYD ‘ueunyeyDAuoyiuy

o
3 .
ayoonlioy ./»é.._ utmw,&ﬂ
of [
ﬂu{.m—ﬂdi mﬂ_ﬁ—.—._ﬂw Jéaq :62).*Oocu

65 VOOl 85VvOOL [SVOOL 95 VOOl GSVOOL 8yVOOL 6¥VVOOL  0GVOOL 1§ VOOL

b

(1]A

00l
uzZ —m—

h 3
g — 0001} 3
_JOII.II
eg ——

0000}
000001
000000t

Anysiwiay200x) jjne4 Axea] 0zZ2S

yne4 Ayee ay) Buoje moyy piny 0) anp uZ pue ‘A ‘IS ‘NS ‘eg Joj SaNjeA 0 uoneAajd Bumoys ydels - g ainbiy



the silicification event (Fig. 7). The overprinting of the barite on top of the quartz shows that the veining
and associated alteration assemblage is probably from late non-gold bearing fluids.

Potential Dating Techniques That May Be Used

Determining the time of the gold mineralizing events of the Carlin-type deposits has been difficult
in the past due to the lack of datable material. This research project is attempting to determine the age of
gold mineralization using samples carefully selected so that the paragenetic relationship between the
sample and gold mineralization is well documented. During this research multiple dating techniques will
be attempted. Techniques that will most likely be used will be: Ar*/Ar* of sericite grains in lamprophyric
dikes with high gold grades, fission track dating of zircons in highly mineralized zones, U-Pb dating of
hydrothermal apatite, and rhenium-osmiurm dating of realgar. However, other dating techniques may also
be used as research continues.

Potentially the most intriguing results will come from the Ar*°/Ar*® dating of the sericite grains in
the lamprophyric dikes. Dating of sericites from lamprophyres in Carlin-type deposits previously have
given inconsistent results due to not clearly tying the samples to the mineralizing event (Kuehn, 1989,
McComb, 1994). The inconsistent results of the sericite dating are due to using lamprophyric samples with
minimal gold mineralization. The low gold levels in the lamprophyres means that the time for completely
resetting or generation of new sericite grains by the gold-bearing fluids was minimal. The partially reset or
composite sericite grains would then give dates older than the true gold mineralizing event. The
lamprophyric dike to be used from Carlin is different from most of the other dikes. The 8-A dike, unlike
other lamprophyres in Carlin, contains high-grade mineralization. The gold grade varies from the hanging
wall of the 8-A dike to the footwall. The hanging wall of the dike has a gold grade of .1730 opt. The grade
of gold for the internal portion of the dike is .1392 opt. The highest gold grades in the 8-A dike occur in
the footwall with a value at .6260 opt (fig. 8). The wallrock surrounding the 8-A dike has gold grades of
.0X opt. Samples containing sericite grains next to pyrite grains with arsenian rims will be used for dating.
Arsenic scans on the SEM will be used to determine whether the pyrite grain has arsenian rims. The
Ar*/Ar” dating of the sericite in the 8-A dike could potentially produce the best results of the study.

Fission track dating of zircons will also be used in the study. The fission track dating will be used
in areas that have seen a high degree of fluid flow. The assumption being that the heat from the fluids will
reset the fission track clock of the zircon. Two localities for samples have been selected. The first locality
selected contains high-grade gold ore with grades of .7256 opt. The second area selected is highly silicified
but lower gold grade. The assumption is that the large quantity of fluids that traveled through the selected
localities reset the zircons to the date of gold mineralization.

U-Pb dating will be used on hydrothermal apatites. Hydrothermal apatite is present in the
silicified zones in Carlin. The idea of U-Pb dating is that the hydrothermal apatites have an original
amount of Pb that can only be increased by radiogenic decay of the uranium. However it is important to

determine, prior to dating the common Pb correction. Without a common Pb correction the resutts of the
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dating could be skewed background lead values. For this study the Pb correction will be determined by
other minerals that are associated with mineralization such as: realgar and stibnite. At the present, suitable
samples containing hydrothermal apatite have not been selected.

Rhenium-osmium dating will be attempted on realgar to see what type of results will be produced.
The realgar dating technique will be compared with dates produced by other methods to determine how
effective the process is. At present, samples are in for testing at the lab of Joaquin Ruiz at the University of
Arizona.

Another potential way to determine the age of the mineralizing event is to look at the low angle
normal faults. The alteration assemblage associated with the dissolution along the low angle normal faults
may present more opportunities for dating mineralization. Elevated gold values must be observed along the
low angle normal faults used for the research. The elevated values would tie the fluid flow along the fault
with gold mineralization,

As the research continues more possible dating techniques may be observed as useable for dating
the gold mineralizing event at Carlin,

Conclusion

Understanding of the geology and structural history of the Carlin deposit is important in
determining the age of gold mineralization. Previous attempts to constrain the date of mineralization have
had limited success due to not correlating and documenting the relationship between the samples used and
the gold mineralizing event. The time of mineralization at Carlin can be dated but the samples must be
linked paragenetically to mineralization to give proper constraint to the results.
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