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INTRODUCTION

Approximately 53.4 kg of massive sulfide, 11.3 kg of sulfide-bearing sediment and sediment 
breccia, and 2.8 kg of basalt with fracture-controlled sulfide were dredged in 1986 from Escanaba 
Trough, the sediment-covered southern end of Gorda Ridge (Figure 1). The dredge stations were 
conducted aboard the research vessel S.P. Lee during two cruises (L1-86-NC and L2-86-NC) of the 
United States Geological Survey. The geological and geophysical characteristics of two locations in 
Escanaba Trough were investigated: the southern or SESCA site at 40°45'N latitude, 127°30/W 
longitude, and the northern or NESCA site at 41°00/N latitude, 127°30/W longitude (Morton et al., 
1987b). This report presents descriptions of sulfide-bearing samples recovered on these cruises.

Previous work

The presence of hydrothermal deposits in the NESCA and SESCA areas was verified by an 
earlier seismic-reflection and photographic survey in Escanaba Trough (Morton et al., 1987b). 
Volcanic edifices that are spaced at intervals of 15 to 20 km within the axial valley were also revealed 
and the 3- to 6-km-wide volcanic edifices were shown to extend upward from the volcanic basement 
and to locally breach and upraise the overlying sediment. Sediment in this area is composed of as 
much as 500 m of terrigenous material derived from the continental margin of North America (Vallier 
et al., 1973; Karlin and Lyle, 1986).

Approximately 4.4 kg of massive sulfide were dredged from the SESCA site in 1985 (Morton et 
al., 1987a). The preliminary results of 1986 bathymetric and photographic surveys, and gravity core 
and water column sampling in Escanaba Trough, are reported in Morton et al., 1987b. High heat flow 
and low-level seismicity have been recorded in the areas of Escanaba Trough where sulfide deposits 
have been located (Abbott et al., 1986; Bibee, 1986); however, no active hydrothermal venting has 
been observed.

Geologic setting

At the SESCA site, sulfide deposits are spatially related to three flat-topped hills, each 
approximately 100 m high and 1 km across, that rise above the axial valley floor (Figure 2a). Echo 
sounding profiles indicate that these hills are uplifted steepsided blocks capped by sediment. Massive 
sulfide deposits, in the form of semicontinuous constructional mounds tens of meters in diameter and 
several meters in height, occur around the base of the sediment-capped hills (Figure 3a; Zierenberg et 
al., 1986). The mounds are topped by a few eroded chimneys (Figure 3b) and are surrounded by 
aprons of sulfide talus. Small (<lm) conical chimneys and thin sheetlike sulfide deposits are 
distributed over the sediment surface between the hills.

The NESCA site is dominated by a steepsided, sediment-capped hill to the southwest and a 
broader, east-west-trending hill (Figure 2b) where basalt lava flows are exposed (Morton et al., 1987b). 
Massive sulfide deposits up to 30 m thick occur along the base of the southwest hill and on the step- 
faulted sediment-covered northern flank of the volcanic hill (Zierenberg et al., 1986). The sea floor 
north of the volcanic hill consists of a shallow north-trending depression that may represent a thinly 
sedimented lava lake. The topographically complex sediment-covered ridge which lies west of the 
depression contains channels and craters with associated sulfide mounds and small chimneys.

DESCRIPTION OF SULFIDE-BEARING SAMPLES

The locations and general descriptions of sulfide-bearing dredge samples are presented in Table 
1; the tracks for dredge stations which recovered sulfide at the SESCA and NESCA sites are shown in 
Figures 2a and 2b. In addition, Figure 2a shows the locations of gravity core station 9G and camera 
station 9C, both of which recovered sulfide-bearing sediment at the SESCA site.



Table 2 gives detailed descriptions for sulfide-bearing dredge samples, as well as the mineralogy 
(determined by X-ray diffraction analysis) for selected samples. The dredge samples include massive 
sulfide (86% of the total recovery by weight), sulfide-cemented sediment breccia (7%), indurated 
sediment containing disseminated and fracture-controlled sulfide (3%), and basalt with fracture- 
controlled sulfide (4%).

Massive sulfide samples are grouped into pyrrhotite-rich and polymetallic types on the basis of 
composition and texture. Approximately 78% (or 41.6 kg) of the massive sulfide samples are 
pyrrhotite-rich and are composed of porous aggregates of pyrrhotite and/or marcasite ± pyrite, Cu-Fe 
sulfide and sphalerite (Figure 4a). Pyrrhotite, generally in well-formed hexagonal tablets, appears to be 
the primary Fe-sulfide phase but in many samples it is partly to completely replaced by marcasite. In 
larger vuggy samples, cavities are often filled with randomly oriented coarse-grained pyrrhotite plates 
which are enclosed by radially oriented pyrrhotite. Fine-grained loellingite (FeAs2), identified in 
polished thin section, is concentrated in zones of radially oriented pyrrhotite.

The predominant Cu-Fe sulfide phase (identified by X-ray diffraction) is isocubanite but 
chalcopyrite is present in a few samples. Preliminary microscopic examination reveals that the Cu-Fe 
sulfide phase is commonly a binary mixture of these phases in which isocubanite encloses spindle- 
shaped lamellae of chalcopyrite.

Pyrrhotite-rich samples from dredge stations L1-86-NC-16D, L1-86-NC-22D, and L1-86-NC- 
24D at the SESCA site have 1.5-cm-thick encrustations of drusy barite. Slabby fragments of 
pyrrhotite-rich sulfide in dredges L1-86-NC-16D and L1-86-NC-24D have thick (5 to 10 cm) coatings 
of massive talc and chlorite (Figure 4b). The surface of pyrrhotite-rich sulfide fragments are typically 
altered to yellow-orange or orange-red Fe oxide. Phases identified in these oxidized zones by X-ray 
diffraction analysis include goethite, lepidocrocite, jarosite, natrojarosite, atacamite, native sulfur, 
gypsum, and melanterite(?).

The occurrence of attached sponges on some pyrrhotite-rich fragments (Figure 4c) is consistent 
with observations in bottom photographs of the colonization of sulfide mounds by sponges and other 
sessile organisms.

Pyrrhotite-rich massive sulfide also forms the matrix enclosing angular clasts of altered siltstone 
and mudstone in samples from dredges L1-86-NC-15D and L1-86-NC-24D, at SESCA, and dredge 
L2-86-NC-25D at NESCA (Figure 4d). In these samples, pyrrhotite is generally partly or completely 
replaced by marcasite and amorphous Fe-oxide. The sedimentary clasts are a mixture of secondary talc 
and chlorite and detrital quartz, muscovite, plagioclase, and amphibole.

Approximately 22% or 12 kg of the sulfide-bearing samples are polymetallic massive sulfide 
recovered in a single dredge from the NESCA site (L2-86-NC-14D). The samples are made up of a 
large bowl-shaped fragment (Figure 5a-c) and numerous smaller arcuate fragments that are primarily 
composed of sphalerite, pyrrhotite, Cu-Fe sulfide, and galena. The large fragment is zoned between 
the concave, coarse-grained inner surface (Figure 5a), and the fine-grained outer surface (Figure 5b). 
X-ray diffraction analysis and preliminary petrographic examination indicate that a 1-cm-thick band 
along the inner wall is composed of isocubanite + sphalerite (Figure 5c). The middle wall section, 
approximately 3 cm in thickness, has the mineral assemblage sphalerite + isocubanite + pyrrhotite + 
arsenopyrite + loellingite + galena. The thin, friable outer wall, approximately 0.5 cm thick, is 
composed of sphalerite + galena + pyrrhotite + tetrahedrite + argentite + Pb-Sb sulfosalt.

A sample of indurated, grain-supported pebbly sandstone (from dredge L2-86-NC-14D at the 
NESCA site) is cemented by the polymetallic assemblage galena + sphalerite + pyrrhotite + loellingite. 
The sediment fragments are made of poorly sorted, angular to well rounded clasts of siltstone and 
mudstone that are altered to mixtures of talc and chlorite. A distinctive diesel-like odor indicates that 
the sediment is also saturated with petroleum.



BULK CHEMISTRY

Bulk chemical analyses were conducted for: four samples of pyrrhotite-rich massive sulfide, a 
barite crust, two samples of polymetallic massive sulfide, a galena-rich sediment cemented by 
polymetallic sulfide, and a massive talc encrustatioa The results are presented in Table 3. In general, 
pyrrhotite-rich massive sulfide is characterized by high Fe (>30%), moderate Cu (0.4 to 1%), and low 
Pb, Zn, Cd, Ba, and Ag contents, compared to massive sulfide from sediment-free spreading axes (cf. 
Bischoff et al., 1983). The low combined ore-metal (Cu + Zn + Pb + Ag) content is also characteristic 
of pyrrhotite-rich samples from the sediment-covered Southern Trough of Guaymas Basin (Koski et al., 
1985; Peter, 1986).

The pyrrhotite-rich massive sulfide sample L1-86-NC-16D-1 contains a considerable amount of 
barite and Cu-Fe sulfide. In addition to Ba and Cu, the sample has high Zn, Pb, and Sb, and 
detectable Au (1.4 ppm). Barite-rich crusts contain sphalerite and galena, and this is consistent with 
the high Zn, Pb, and Cd contents in the bulk analysis of sample L1-86-NC- 16D-2. The As, Ag, 
Ge, Hg, Mn, Sb, Ti, Tl, V, and SiO2 contents are also higher and the Bi and Se contents lower than 
values for pyrrhotite-rich sulfide. The Au value (2.0 ppm) in the barite crust is the highest obtained 
for Escanaba Trough deposits.

Consistent with their mineralogy, the polymetallic sulfide samples have very high Zn, Pb, As, 
Sb, and Ag contents. Pb, As, and Sb concentrations of this magnitude have not been reported for bulk 
analyses from either sediment-free or sediment-covered ridge axes. The galena-rich sediment sample 
with polymetallic sulfide cement (L2-86-NC-14D-6) has the highest Pb (13.7%), As (2.75%), Mn 
(7000 ppm), and Sb (8700 ppm) of the bulk samples analyzed. The sample also contains high Zn, Ag, 
and Sn, and low Cd and Se. The high C content (2.24%) is related to the presence of interstitial 
petroleum.

Chemical data for representative samples from the inner, middle, and outer wall of polymetallic 
sulfide sample L2-86-NC-14D-1 are presented in Table 4. Elements that show a continuous decrease 
outward from the inner wall are Cu, Zn, As, Cd, Se, and possibly Bi; elements that show a continuous 
increase outward are Pb, Ba, Ag, and Sb. Sn, Hg, Tl, and MgO are enriched in the outer wall, 
whereas the highest Si02 and A1203 contents occur in the inner wall.

Much of the Fe and S in the analysis of the massive talc encrustation (sample L1-86-NC-24D- 
21-1) reflects the presence of intermixed pyrrhotite, marcasite, and lepidocrosite. Although most 
metals in the talc crust (except Cu, Bi, Hg, and Mn) are strongly depleted with respect to associated 
pyrrhotite-rich sulfide, Co and Ni are enriched.

CONCLUSIONS

The distribution of massive sulfide deposits at the SESCA and NESCA sites indicates 
widespread discharge of hydrothermal fluid through the sediment blanket of Escanaba Trough. In 
addition, the talc-chlorite deposition in sediment and the bimodal sulfide composition (displayed by the 
low content of Pb and other chalcophile elements in pyrrhotite-rich sulfide and the concentration of 
these elements in zoned polymetallic sulfide) indicate extensive interaction between hydrothermal fluid 
and the terrigenous sediment deposits in Escanaba Trough.

The pyrrhotite-rich massive sulfide samples dredged from the SESCA and NESCA sites appear 
to be fragments of large, discontinuous hydrothermal mounds formed at the margins of the sediment- 
capped hills. The rubbly, oxidized appearance of many fragments suggests that much of the dredged 
material is sulfide talus shed from eroded mounds. The grain-size and textural heterogeneity of 
pyrrhotite is a manifestation of fluid flow through numerous channelways within the deposits. The 
absence of compositional zonation within the Fe-sulfide rich mounds indicates that steep temperature 
and chemical gradients were not established at the discharge site, possibly owing to slow diffuse 
venting through the sediment. A slow rate of diffusion could have increased the efficiency of fluid- 
sediment interaction and enhanced the subsurface deposition of base-metal sulfides prior to fluid 
discharge on the sea floor.

In contrast, the polymetallic sulfide samples appear to be fragments of a sulfide edifice with a



large central fluid channelway. The mineral and chemical zonation patterns probably developed in 
response to steep temperature and chemical gradients at the vent site. These gradients could have 
resulted from a focused, high velocity discharge analogous to "black smoker" vents on the sediment- 
free East Pacific Rise at 21°N latitude (Spiess et al., 1980). The rapid upwelling of hydrothermal fluid 
below polymctallic sulfide structures may have prevented large-scale subsurface deposition of metals, 
but the galena-rich sediment sample (L2-86-NC-14D-6) that was recovered with fragments of the 
polymetallic sulfide edifice may be part of a mineralized root zone extending downward into the 
sediment.
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FIGURE CAPTIONS

Figure 1. Location and regional bathymetry of Gorda Ridge and Escanaba Trough. The SESCA and 
NESCA sites are shown in greater detail in Figures 2a and 2b, respectively.

Figure 2. (a) Bathymetric map of sediment-covered SESCA site showing three sediment-capped 
hills, location of sulfide deposits (shaded areas), and dredge tracks for stations which 
recovered sulfide-bearing samples in 1986. Solid tracks = cruise L1-86-NC; dotted tracks 
= cruise L2-86-NC. Track 9C refers to a camera station and point 9G refers to a gravity 
core in which massive sulfide was recovered, (b) Bathymetric map of the NESCA site 
showing steep-sided, sediment-capped hill, broad volcanic hill with long axis perpendicular 
to the valley wall, and on elongate depression, possibly a lava lake, parallel to the valley 
wall north of the volcanic hill. Shaded areas are sulfide deposits. Dredge tracks for 
dredges which recovered sulfide are identified as in Figure 2a. Contour interval in both 
figures is 10 m.

Figure 3. Sulfide deposits photographed from U.S. Navy submersible Sea Cliff, (a) Elongate massive 
sulfide mound near sediment-capped hill at SESCA site. The rubbly, eroded surface and 
absence of vent-specific organisms indicate that the mound is hydrothermally inactive. The 
higher part of the mound is approximately 3 m in width, (b) The eroded base of a 0.3-m- 
wide sulfide chimney on a rubbly sulfide mound at SESCA site. Apparatus in upper left 
corner of photograph is the sampling arm of the submersible.

Figure 4. Pyrrhotite-rich sulfide samples, (a) Angular fragment of partly oxidized pyrrhotite-rich 
massive sulfide, from dredge L1-86-NC-24D, SESCA site, (b) Slab of pyrrhotite-rich 
massive sulfide with encrustation of massive talc, from dredge L1-86-NC-24D, SESCA 
site, (c) Equidimensional fragment of pyrrhotite-rich massive sulfide with remnants of 
barite crust and silica sponge attached to upper surface, from dredge L1-86-NC-16D, 
SESCA site, (d) Sediment breccia cemented with pyrrhotite-rich sulfide. Light-colored 
indurated sediment clasts, originally composed of clay and silt, are partly altered to chlorite 
and talc. Sample from dredge L1-86-NC-15D.

Figure 5. Large bowl-shaped polymetallic sulfide fragment, probably part of the wall of a sulfide 
edifice with large open fluid-channel way. (a) Surface of coarse-grained inner wall, (b) 
Fine-grained exterior surface of the outer wall, (c) and (d) Cross-section slab of sulfide 
wall and paired sketch showing zonation and approximate boundaries of the inner, middle, 
and outer wall.
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TABLE 1. LOCATION AND RESULTS OF DREDGE, GRAVITY CORE, AND CAMERA STATIONS THAT RECOVERED SAMPLES OF MASSIVE SULFIDE, 

HYDROTHERMALLY ALTERED SEDIMENT, SULFIDE CEARING SEDIMENT, AND SULFIDE-BEARING BASALT1 .

Station2 

Number
Start 

N Latitude W Longitude
End Study Sample weight3 

N Latitude W Longitude Site or length3
General Descriptions

LI 86 NO

3D

9C 

15D

16D

22D

24D

27G 

29D 

SOD 

34D

35D

L2 86 NO

9G

14D 

16D

18D 

24D 

25D

40° 45.47' 127° 30.46' 40° 46.08' 127° 31.11' SESCA 0.257

40° 45.20' 127° 30.51' 40 "48.05' 127 ° 30.49' SESCA 0.001

40° 46.74' 127° 31.24' 40*46.06' 127° 31.06' SESCA 2.170

40° 46.46' 127° 29.97' 40°45.9(y 127*29.98' SESCA 5.050

40° 47.00' 127° 30.87' 40° 47.77' 127° 30.18' SESCA 0.350

40° 45.81' 127° 30.89' 40° 46.101 127 ° 30.74' SESCA 36.298

40° 53.35' 127 "31.65' MESCA4 33.0

40° 58.34' 127° 29.88' 40° 58.97' 127 ° 30.96' NESCA *

40° 59.94' 127° 30.12' 41°01.1(y 127° 31.18' NESCA *

40° 58.56' 127° 30.14' 40 ° 58.98' 127° 30.74' NESCA 0.726

40° 58.59' 127° 30.48' 40° 58.84' 127 ° 30.30' NESCA *

40*45.59' 127° 33.05' SESCA 27.0

41° 00.68' 127° 29.76' '11° 01.08' 127*29.62' NESCA 17.580

41° 00.64' 127° 29.86' 41° 01.16' 127*29.91' NESCA 3.875

40*57.69' 127*29.33' 40*58.33' 127*29.44' NESCA 0.152

41° 02.44' 127'29.44' 41*03.09' 127*29.44' NESCA 2.773

40° 58.49' 127° 30.24' 40° 59.29' 127° 31.05' NESCA 2.225

Sulfide-bearing sediment, 0.156 kg; altered sediment 0.092 kg; pyrrhotite-rich massive 
sulfide, 0.009 kg.

Sulfide-bearing sediment, 0.001 kg.

Massive talc and talc-bearing sediment, 1.156 kg; sulfide-bearing sediment and sedi­ 
ment breccia, 0.972 kg; altered sediment, 0.027 kg; massive sulfide, 0.015 kg.

Pyrrhotite-rich massive sulfide and massive sulfide with attached barite crusts, 3.515 
kg; barite crusts, 1.100 kg; unsorted sulfide-sulfate rubble, 0,435 kg.

Sulfide-bearing sediment breccia, 0.315 kg; pyrrhotite-rich massive sulfide with barite, 
0.035 kg.

Pyrrhotite-rich massive sulfide and massive sulfide with barite, 21.407 kg; pyrrhotite- 
rich massive sulfide with talc overgrowths, 3.365 kg; sulfide-bearing sediment and sedi­ 
ment breccia, 1.456 kg; altered sediment, 0.225 kg; barite crusts, 0.195 kg; unsorted 
rubble, 9.650 kg.

Pyrrhotite-rich sulfide interlayered with gray sand from 72 cm to base of core.

Pyrrhotite-rich massive sulfide, <0.150 kg; hydrocarbon-bearing and sulfide-bearing 
sediment.

Pyrrhotite-rich massive sulfide, <0.020 kg. 

Pyrrhotite-rich massive sulfide, 0.726 kg. 

Pyrrhotite-rich massive sulfide; sulfide-bearing sediment.

27 cm of fragmental massive sulfide overlies chloritized mud and is capped by red- 
brown metalliferous mud.

Polymetallic massive sulfide, 11.835 kg; hydrocarbon-bearing and sulfide-bearing sedi­ 
ment, 5.630 kg; unsorted rubble, 0.015 kg.

Sulfide-bearing sediment with barite, 0.043 kg; talc-bearing sediment, 0.056 kg; sedi­ 
ment, 3.775 kg.

Pyrrhotite-rich massive sulfide, 0.152 kg.

Sulfide-bearing plagioclase phyric basalt, 2.773 kg.

Sulfide-bearing sediment breccia, 1.245 kg; pyrrhotite-rich massive sulfide, 0.980 kg.

1. Many dredges recovered unlithified sediment and unmineralized basalt 
which is not included in this table, therefore the listed dredge weights 
are not representative of the total dredge recovery.

2. Station codes: C = camera, D = dredge, G = gravity core
3. Weight in kg for dredge and camera samples; length in cm of mineralized 

zone in gravity cores.
4. Middle Escanaba Trough, edifice approximately half way between SESCA and

NESCA sites. 
* Sample weights not available.
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s
il
t 

an
d 

s
il
ty

 
c
la

y
. 

Th
e 

v
is

ib
le

 
c
o
n
s
ti
tu

e
n
ts

 
ar

e 
p

a
le

 
m

ic
a 

g
ra

in
s 

(<
1 

mm
 
d
ia

m
e
te

r)
, 

v
it
re

­ 
o
u
s-

b
la

ck
 

g
ra

in
s 

o
f 

eu
he

dr
al

 
m

a
g

n
e

tit
e

 
o
r 

p
y
ri
te

 
(<

0
.2

 
m

m
), 

an
d 

ag
­ 

g
re

g
a
te

s 
(u

p 
to

 
15

 
mm

 
a

cr
o

ss
) 

o
f 

c
h
lo

ri
te

 
an

d 
p
o
ss

ib
le

 
am

or
ph

ou
s 

s
il
ic

a
. 

Th
e 

c
h

lo
ri
te

-r
ic

h
 

a
g
g
re

g
a
te

s 
ap

pe
ar

 
to

 
be

 
gr

ad
ed

 
by

 
s
iz

e
. 

S
am

pl
es

 
co

n
ta

in
 

0.
5~

m
m

-w
1d

e 
tu

b
e

s,
 

p
ro

b
a
b
ly

 
b
u
rr

o
w

s.
 

Y
el

lo
w

-b
ro

w
n 

lim
o

n
it
ic

 
s
ta

in
in

g
 

is
 

p
re

se
n

t 
on

 
so

m
e 

su
rf

a
ce

s.

Tw
o 

sm
al

l 
fr

a
c
tu

re
d

 
ch

ip
s 

o
f 

lig
h

t-
g

ra
y
 

in
d

u
ra

te
d

 m
ud

 
w

ith
 

d
is

se
m

­ 
in

a
te

d
 
s
u

lf
id

e
. 

T
a

rn
is

h
e

d
 

eu
he

dr
al

 
p
y
ri
te

 
gr

ow
s 

w
it
h

in
 

1-
m

m
-w

id
e 

fr
a
c
tu

re
s
 

an
d 

1s
 

co
a
rs

e
r-

g
ra

in
e
d
 

to
w

ar
d 

ce
n
te

rs
 

o
f 

fr
a
c
tu

re
s
.

D
is

h
-s

h
a

p
e

d
, 

co
b
b
le

-s
iz

e
 

fr
ag

m
en

t 
(1

0 
cm

 
x 

9 
cm

 
x 

4 
cm

) 
o
f 

gr
ay

 
in

d
u
ra

te
d
 
s
il
t 

an
d 

sa
nd

, 
w

ith
 
v
is

ib
le

 
q
u
a
rt

z,
 

m
ic

a
, 

an
d 

fe
ld

s
p

a
r.

 
Th

e 
co

nc
av

e 
su

rf
a
ce

 
1s

 
co

at
ed

 
by

 
a 

th
in

 
cr

u
st

 
o
f 

fi
n

e
-g

ra
in

e
d

 
p
y
rr

h
o
ti
te

 
w

hi
ch

 
is

 
p

a
rt

ly
 

em
be

dd
ed

 
in

 
th

e
 

se
d
im

e
n
t.
 

O
xi

d
iz

e
d

 
s
u

l-
 

fi
d

e
 
v
e

in
le

ts
 

an
d 

d
is

se
m

in
a
te

d
 

(o
x
id

iz
e
d
) 

s
u
lf
id

e
 

a
ls

o
 

o
cc

u
r 

in
 

th
e 

se
d
im

e
n
t.

T
hr

ee
 

sm
al

l 
sl

a
b
s 

(a
ve

ra
g
e
 

3 
cm

 
x 

2 
cm

 
x 

1 
cm

) 
o

f 
fi
n
e
ly

-l
a
m

in
a
te

d
 

ye
llo

w
-g

ra
y 

s
ilt

s
to

n
e

 
w

ith
 

su
b

p
a

ra
lle

l 
an

d 
c
ro

s
s
-c

u
tt

in
g

 
F

e
-s

u
lf
id

e
 

v
e

in
le

ts
. 

S
m

al
l 

(0
.5

- 
to

 
1.

0-
m

m
-w

id
e 

c
a

v
it
ie

s
 

ar
e 

lin
e
d
 
w

ith
 

Fe
 

o
xi

d
e
.

M
an

y 
sm

al
l 

ch
ip

s 
(-

0
.5

 
cm

 
) 

o
f 

fi
n

e
-g

ra
in

e
d

 
po

ro
us

 
m

as
si

ve
 
s
u

lf
id

e
. 

H
ex

ag
on

al
 

p
y
rr

h
o

ti
te

 
p

la
te

s 
ar

e 
ps

eu
do

m
or

ph
ed

 
by

 
s
ilv

e
ry

 
m

a
rc

a
si

te
. 

S
am

pl
e 

su
rf

a
ce

s 
co

n
ta

in
 

la
te

-f
o
rm

e
d
 

s
a

lt
s
 

an
d 

n
a
tiv

e
 
s
u

lf
u

r.

S
m

al
l 

(<
3 

mm
3

) 
ro

un
de

d 
p
ie

ce
s 

o
f 

s
u

lf
ld

e
-b

e
a

rl
n

g
 

se
d

1
m

e
n

t(
?

).
 

T
hi

s 
sa

m
pl

e 
w

as
 

re
co

ve
re

d 
fr

om
 

th
e

 
ca

m
er

a 
sl

e
d

 
fo

llo
w

in
g
 

ca
m

er
a 

s
ta

ti
o

n
 

9C
.

P
or

ou
s,

 
fr

ia
b
le

, 
su

b
a
n
g
u
la

r 
sl

a
b

s 
(a

ve
ra

ge
 

9 
cm

 
x 

6 
cm

 
x 

2 
cm

) 
an

d 
ru

b
b

ly
 

fr
ag

m
en

ts
 

o
f 

su
lfi

d
e
-c

e
m

e
n
te

d
 

se
di

m
en

t 
b
re

cc
ia

. 
S

ed
im

en
t 

b
re

cc
ia

 
is

 
co

m
po

se
d 

o
f 

h
ig

h
ly

-a
lt
e
re

d
 

a
n
g
u
la

r 
to

 
ro

un
de

d,
 

y
e

llo
w

- 
gr

ee
n 

to
 
w

h
it
e
, 

sa
nd

y 
s
ilt

s
to

n
e
 
c
la

s
ts

 
(0

.5
 
to

 
2 

cm
) 

w
hi

ch
 

co
n
ta

in
 

v
is

ib
le

 m
ic

a 
an

d 
fe

ld
s
p

a
r 

g
ra

in
s
. 

So
m

e 
c
la

s
ts

 
ar

e 
pe

pp
er

ed
 

w
ith

 
s
u
lf
id

e
 

an
d 

ha
ve

 
va

gu
e 

o
u
tl
in

e
s
. 

O
cc

as
io

na
l 

b
lu

e
-g

ra
y 

c
la

y
-r

ic
h
 

c
la

s
ts

 
ap

pe
ar

 
le

ss
 

a
lt
e

re
d

. 
S

u
lf
id

e
 

is
 

co
m

po
se

d 
o
f 

p
la

ty
 

m
ar

ca
­ 

s
it
e
 

(p
se

ud
om

or
ph

in
g 

p
y
rr

h
o

ti
te

) 
in

te
rg

ro
w

n
 

w
ith

 
C

u-
Fe

 
s
u

lf
id

e
, 

fi
n

e
-g

ra
in

e
d

 
b
o
tr

y
o
id

a
l 

ta
lc

, 
an

d 
o

liv
e

-g
re

e
n

 
c
h
lo

ri
te

. 
M

os
t 

sa
m

­ 
p

le
s 

ha
ve

 
a 

1-
 

to
 

2
-c

m
-t

h
1
ck

 
la

ye
r 

o
f 

e
xt

re
m

e
ly

 
po

ro
us

 
p

la
ty

 
m

ar
­ 

c
a
s
it
e
 

al
on

g 
on

e 
su

rf
a

ce
. 

N
a

tiv
e

 
s
u

lf
u

r 
an

d 
a

ta
ca

m
ite

 
o

cc
u

r 
on

 
th

e
 

su
rf

a
ce

s 
an

d 
in

 
in

te
rs

ti
c
e
s
 

be
tw

ee
n 

se
di

m
en

t 
g
ra

in
s 

in
 

so
m

e 
sa

m
pl

es
.

B
u
lk

: 
M

aj
or

 
c
h
lo

ri
te

, 
m

u
sc

o
vi

te
; 

m
in

o
r 

q
u

a
rt

z

B
u
lk

: 
M

a
jo

r 
q

u
a

rt
z
, 

p
la

g
io

cl
a
se

, 
c
h
lo

ri
te

, 
m

u
sc

o
vi

te
: 

m
in

o
r 

a
m

p
h
ib

o
le

(?
)

B
u

lk
: 

M
a
jo

r 
m

a
rc

a
si

te
, 

p
y
ri
te

B
ul

k 
s
u
lf
id

e
 
m

a
tr

ix
 

(1
-2

):
 

M
a

jo
r 

m
a

rc
a

si
te

; 
m

in
o

r 
p

y
rr

h
o

ti
te

; 
c
h
lo

ri
te

f?
) 

C
o

a
rs

e
-g

ra
in

e
d

 
s
u
lf
id

e
 

la
y
e

r 
(1

-?
):

 
M

aj
or

 
m

a
rc

a
si

te
, 

m
in

or
 
c
h
a
lc

o
p
y
ri
te

 
B

ul
k 

se
di

m
en

t 
c
la

s
t 

(1
-2

):
 

M
a

jo
r 

m
u

sc
o

vi
te

; 
m

in
o
r 

a
ta

ca
m

ite
, 

bo
eh

m
ite

 
S

u
rf

a
ce

 
a
lt
e
ra

ti
o
n
 

(1
-2

):
 

M
aj

or
 

a
ta

ca
m

ite
, 

s
u

lf
u

r(
?

),
 
m

e
la

n
te

ri
te

(?
) 

Y
e

llo
w

 
su

rf
a
ce

 
a

lt
e

ra
ti
o

n
 

(1
-5

):
 

M
aj

or
 

gy
ps

um
, 

n
a
tr

o
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ro
s
it
e
; 

m
in

o
r 

m
a
rc

a
si

te

15



C
on

tin
ue

d

L1
-8

6-
N

C
-1

5U
-1

-3
, 

2-
7

Jo
 ta

 1 
W

ei
gh

t 
_(

_k
gj

_ 

U
.0

68

5?
..m

P]
e.

.9
?J

c
rl
R

tl
S

O
 .

 
_

_
..

_
 
_
_
 

_
_

_
 _

_
_
 

M
in

e
ra

lo
g
y 

(X
R

D
)

L1
-8

6-
N

C
-1

50
-2

-1
 

th
ro

u
g
h
 

2
-5

, 
2

-1
3

, 
2
-1

4
, 

3-
9

0.
59

4

L
1
-8

6
-N

C
-1

5
D

-2
-6

. 
2
-8

L
1-

86
-N

C
-1

5D
-2

-9
. 

2-
11

0.
11

0

0.
09

0

L
1-

86
-N

C
-1

50
-2

-1
0

0.
01

5

S
u

b
a

n
g

u
la

r,
 
fl
a

t,
 

co
b
b
le

-s
iz

e
 

fr
ag

m
en

ts
 

(a
ve

ra
ge

 
4
.5

 
cm

 
x 

3 
cm

 
x 

2.
5 

cm
) 

o
f 

su
lfi

d
e

-c
e

m
e

n
te

d
 

se
di

m
en

t 
b
re

cc
ia

. 
A

ng
ul

ar
 

sa
n
d
-s

iz
e
 

g
ra

in
s 

(<
2 

mm
3

) 
o
f 

q
u

a
rt

z 
an

d 
fe

ld
s
p
a
r,

 
an

d 
la

rg
e

r 
su

br
ou

nd
ed

 
le

n
t­

 
ic

u
la

r 
c
la

s
ts

 
(<

1
.5

 
cm

r)
 

o
f 

a
lt
e

re
d

 
ta

lc
- 

an
d 

c
h
lo

ri
te

-r
ic

h
 

se
d

i­
 

m
en

t 
ar

e 
en

cl
os

ed
 

by
 

p
o
ro

u
s,

 
fr

ia
b
le

 
m

a
rc

a
si

te
 

w
hi

ch
 

oc
cu

rs
 

in
 

p
la

ty
 

ps
eu

do
m

or
ph

s 
a

ft
e

r 
p

y
rr

h
o

tl
te

. 
M

a
rc

a
si

te
 
(a

ft
e

r 
p

y
rr

h
o

ti
te

) 
v
e

in
le

ts
, 

1 
to

 
3 

mm
 w

id
e

, 
cu

t 
se

di
m

en
t 

c
la

s
ts

 
as

 
w

e
ll 

as
 
th

e
ir
 

su
r­

 
ro

u
n
d
in

g
 
s
u
lf
id

e
 m

a
tr

ix
. 

T
hi

n 
lim

o
n
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ic

 
co

a
tin

g
s 

co
ve

r 
se

di
m

en
t 

c
la

s
ts

 
an

d 
p

e
n

e
tr

a
te

 
sa

m
pl

es
 

a
lo

n
g
 

s
u
lf
id

e
 
v
e

in
le

ts
. 

R
ib

bo
ns

 
o
f 

b
la

ck
 

v
it
re

o
u

s
 
m

a
te

ri
a

l,
 

p
ro

b
a
b
ly

 
am

or
ph

ou
s 

Fe
 

o
xi

d
e

, 
oc

cu
r 

in
 

o
xi

d
iz

e
d
 

zo
ne

s.
 

P
at

ch
y 

Mn
 

o
xi

d
e

(?
) 

is
 

a
ls

o
 

p
re

se
n
t 

on
 

th
e 

sa
m

pl
e 

su
rf

a
ce

.

P
or

ou
s,

 
s
o

ft
, 

co
b

b
le

-s
iz

e
 

a
n
g
u
la

r 
b

lo
ck

s 
(a

ve
ra

ge
 

9 
cm

 
x 

5 
cm

 
x 

4 
cm

) 
an

d 
sm

a
lle

r 
ru

b
b
ly

 
p
ie

ce
s 

o
f 

m
as

si
ve

 
ta

lc
 

+ 
c
h
lo

ri
te

, 
m

uc
h 

o
f 

w
hi

ch
 

is
 

a
lt
e
re

d
 

se
d

im
e

n
t.

 
S

m
oo

th
 

su
rf

a
ce

s 
ha

ve
 

3-
 

to
 

5-
m

m
-t

hi
ck

 
ri
n

d
 

o
f 

pu
re

 
w

h
ite

 
ta

lc
 

w
hi

ch
 
is

 
in

 
tu

rn
 

co
at

ed
 

by
 a

 
th

in
 

(<
1 

m
m

) 
M

n-
ox

id
e 

fi
lm

. 
T

a
lc

 
is

 
th

e 
do

m
in

an
t 

p
h
y
llo

s
ili

c
a
te

 
ph

as
e,

 
ex

ce
pt

 
in

 
sa

m
pl

e 
2-

4 
w

he
re

 
c
h

lo
ri
te

 
is

 
m

or
e 

ab
un

da
nt

. 
So

m
e 

su
rf

a
ce

s 
ha

ve
 

y
e

llo
w

 t
o
 

re
d 

d
is

c
o

lo
ra

ti
o

n
 

re
la

te
d

 
to

 
th

e 
pr

es
en

ce
 
o

f 
Fe

 
o
xi

d
e
 

an
d 

n
a

ti
v
e

 
s
u
lf
u
r.

 
T

u
b

u
la

r 
op

en
in

gs
 

in
 

so
m

e 
su

rf
a

ce
s 

m
ay

 
he

 
b

u
r­

 
ro

w
s 

o
r 

e
xt

e
rn

a
l 

w
or

m
 

m
ol

ds
.

F
ra

gm
en

ts
 

(a
ve

ra
g

e
 

4 
cm

 
x 

2 
cm

 
x 

?.
cm

) 
o
f 

a
lt
e

re
d

, 
fr

ia
b

le
 
ta

lc
- 

ri
c
h

 
m

ud
st

on
e 

w
it
h
 

h
ig

h
 
p

o
ro

s
it
y
 

an
d 

lo
w

 s
p
e
c
if
ic

 
g

ra
v
it
y
. 

S
ur

­ 
fa

ce
s 

in
it
ia

ll
y
 

in
 

co
n
ta

ct
 

w
ith

 
se

aw
at

er
 

ha
ve

 
F

e
-n

xi
d

e
 

st
a
in

s 
(3

 
to

 
5 

mm
 
th

ic
k
) 

an
d 

p
a
tc

h
y 

M
n-

ox
id

e 
fi
lm

 
(<

1 
mm

 
th

ic
k
).

 
N

um
er

ou
s 

tu
b
­ 

u
la

r 
o
p
e
n
in

g
s,

 
0
.5

 
to

 
20

 m
m 

in
 

d
ia

m
e
te

r,
 

ap
pe

ar
 

to
 

be
 

b
u
rr

o
w

s.

P
e
b
b
le

-s
iz

e
 

fr
a
g
m

e
n
ts

 
(a

ve
ra

g
e
 

3 
cm

 
x 

?. 
cm

 
x 

2 
cm

) 
an

d 
sm

a
lle

r 
ru

b
­ 

b
le

 
o
f 

a
lt
e

re
d

 
go

ss
an

ou
s 

se
di

m
en

t 
w

ith
 
b
ri
tt
le

 
ve

in
s 

an
d 

ca
pp

in
gs

 
(0

.2
 

mm
 
th

ic
k
) 

o
f 

v
it
re

o
u

s
 

b
la

ck
 

F
e
-o

xi
d
e
. 

T
a

lc
 

an
d 

p
y
rr

h
o
ti
te

 
(n

ow
 
o

xi
d

iz
e

d
) 

ar
e 

v
is

ib
le

 
in

 
so

m
e 

ve
in

s.
 

S
ed

im
en

t 
is

 
lim

o
n

it
ic

 
ta

lc
-b

e
a
ri
n
g
 

m
ud

st
on

e 
an

d 
s
il
ts

to
n

e
. 

S
am

pl
e 

2-
11

 
co

n
ta

in
s 

a
lt
e

r­
 

n
a
tin

g
 

la
ye

rs
 

o
f 

p
h
y
ll
o
s
il
ic

a
te

-r
ic

h
 

se
di

m
en

t 
an

d 
b
la

ck
 

v
it
re

o
u
s
 

F
e
-o

xi
d
e
. 

Th
e 

la
tt
e
r 

co
n
ta

in
s 

F
e

-o
xi

d
e

 
ps

eu
do

m
or

ph
s 

o
f 

p
y
rr

h
o

ti
te

. 
B

ur
ro

w
s 

ar
e 

p
re

se
n

t 
in

 
so

m
e 

sa
m

pl
es

.

C
o
n
c
e
n
tr

ic
a
lly

 
zo

ne
d 

su
br

ou
nd

ed
 

fr
ag

m
en

ts
 
o

f 
m

as
si

ve
 
s
u
lf
id

e
 

(a
ve

r­
 

ag
e 

3 
cm

 
x 

3 
cm

 
x 

2 
cm

).
 

D
en

se
, 

fi
n

e
-g

ra
in

e
d

 
co

re
s 

(a
p

p
ro

xi
m

a
te

ly
 

1 
cm

 
d

ia
m

e
te

r)
 

o
f 

C
u-

Fe
 

s
u
lf
id

e
 
* 

s
p
h
a
le

ri
te

 
+ 

m
a

rc
a

si
te

 
a
re

 
su

r­
 

ro
un

de
d 

by
 

a 
zo

ne
 

(a
p
p
ro

xi
m

a
te

ly
 

0
.5

 
cm

 
th

ic
k
) 

o
f 

co
a

rs
e

-g
ra
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id

e
 

an
d 

b
a

ri
te

. 
W

e
ll-

fo
rm

e
d
 

p
la

ty
 
p

y
rr

h
o

ti
te

, 
in

 
p
a
rt

 
a

lt
e

re
d

 
to

 
m

ar
­ 

c
a
s
it
e
, 

1s
 

in
te

rg
ro

w
n

 
w

ith
 

an
d 

co
a

ts
 

ta
b
u
la

r 
h
a
ri
te

. 
C

lu
st

e
rs

 
o
f 

bl
ad

ed
 
b
a
ri
te

 
c
ry

s
ta

ls
 

up
 
to

 
25

 
mm

 
ac

ro
ss

 
a
re

 
co

m
m

on
 

in
 

vu
gs

.

M
an

y 
th

in
 

(<
25

 
m

m
), 

b
ro

w
n

is
h

-g
ra

y,
 

cr
u

st
s 

o
f 

co
a
rs

e
-g

ra
in

e
d
 

b
a

ri
te

 
w

ith
 

lo
ca

l 
in

te
rs

ti
ti
a
l 

co
n

ce
n

tr
a

tio
n

s 
an

d 
la

ye
rs

 
o
f 

s
u
lf
id

e
. 

T
ab

­ 
u
la

r 
b
a
ri
te

 
c
ry

s
ta

ls
 

ra
ng

e 
in

 
si

ze
 

fr
om

 0
.3

 
to

 
3 

nu
n 

an
d 

fo
rm

 m
ul

­ 
ti
p

le
 

la
ye

re
d

 
ag

gr
eg

at
es

 
1n

 
w

hi
ch

 
th

e
 

fi
n

e
r-

g
ra

in
e

d
 

la
ye

rs
 

ha
ve

 
th

e
 

lo
w

e
st

 
p

o
ro

s
it
y
. 

S
u

lf
id

e
 

w
hi

ch
 
co

n
si

st
s 

o
f 

b
la

ck
 

b
o
tr

y
o
id

a
l 

s
p

h
a

le
ri
te

 
an

d 
fi
n

e
-g

ra
in

e
d

 
c
h

a
lc

o
p

y
rl
te

 
is

 m
os

t 
ab

un
da

nt
 

on
 

th
e 

a
rc

u
a

te
 

in
n
e
r 

(c
on

ca
ve

) 
su

rf
a

ce
s 

o
f 

th
e 

sa
m

pl
es

 
bu

t 
a
ls

o
 
e

x
is

ts
 

in
te

rs
ti
ti
a
ll
y
 
w

it
h
in

 
th

e
 
b

a
ri
te

. 
Th

e 
o
u
te

r 
su

rf
a

ce
s 

o
f 

sa
m

pl
es

 
a
re

 
go

ss
an

ou
s 

an
d 

co
n
ta

in
 

a 
th

in
 

(0
.3

 
m

m
) 

la
y
e

r 
o
f 

b
la

ck
 

v
it
re

o
u

s
 

Fe
 

o
xi

d
e

. 
Th

e 
o

u
te

r 
su

rf
a
ce

s 
o
f 

so
m

e 
sp

ec
im

en
s 

a
re

 
co

rr
u

g
a

te
d

 
w

ith
 

b
a

ri
te

-r
ic

h
 

h
ig

h
s 

an
d 

s
u
lf
id

e
-b

e
a
ri
n
g
 

lo
w

s.
 

Sp
on

ge
 

sp
ic

u
le

s 
a

ls
o

 
c
lin

g
 

to
 

th
e

 
o
u
te

r 
su

rf
a
ce

 
o
f 

se
ve

ra
l 

sa
m

pl
es

.

U
ns

or
te

d 
m

is
ce

lla
n

e
o

u
s 

ru
b
b
le

 
o
f 

p
e
b
b
le

-s
iz

e
 

an
d 

sm
a
lle

r 
(<

3c
m

 
) 

fr
a
g
m

e
n
ts

 
o
f 

b
a

ri
te

 
c
ru

s
t,
 

m
as

si
ve

 
s
u

lf
id

e
, 

se
di

m
en

t 
b
re

c
c
ia

, 
s
il
t-

 
st

o
n
e
, 

an
d 

m
ud

st
on

e.

A 
fl
a
t 

sl
a

b
 

(4
.5

 
cm

 
x 

4
.5

 
cm

 
x 

2 
cm

) 
o
f 

b
a

ri
te

-r
ic

h
 

m
as

si
ve

 
s
u
lf
id

e
. 

S
u

lf
id

e
 

is
 

p
ri
m

a
ri
ly

 
g

ra
n

u
la

r 
p

y
rr

h
o

ti
te

. 
Le

ss
er

 
am

ou
nt

s 
o

f 
he

xa
­ 

go
na

l 
p

y
rr

h
o

ti
te

, 
b
le

b
s 

o
f 

c
h

a
lc

o
p

y
ri
te

 
an

d 
cu

be
s 

o
f 

p
y
ri
te

 
ar

e 
lo

c
a
ll
y
 

co
n
ce

n
tr

a
te

d
. 

F
in

e
-g

ra
in

e
d

 
b
a
ri
te

 
1s

 
p
re

se
n
t 

th
ro

u
g

h
o

u
t 

sa
m

pl
e;

 
co

a
rs

e
r-

g
ra

in
e

d
 

(t
o
 

1 
m

m
) 

b
a
ri
te

 
oc

cu
rs

 
in

 
c
a

v
it
ie

s
. 

B
a
ri
te

 
1s

 
ty

p
ic

a
ll
y
 

co
at

ed
 

by
 

fi
n

e
-g

ra
in

e
d

 
s
u
lf
id

e
. 

O
ne

 
su

rf
a
ce

 
o
f 

th
e
 

sa
m

pl
e 

is
 

co
ve

re
d 

by
 

a 
l-m

m
-t

h1
ck

 
b
a
ri
te

 
cr

u
st

 
w

hi
ch

 
is

, 
in

 
tu

rn
, 

co
ve

re
d 

by
 
ta

lc
- 

an
d 

c
h

lo
ri
te

-r
ic

h
 

se
di

m
en

t 
w

ith
 
v
is

ib
le

 m
ic

a
. 

B
a

ri
te

 
ve

in
s 

cu
t 

th
e 

se
d
im

e
n
t.
 

M
in

o
r 

o
x
id

a
ti
o

n
 
is

 
in

d
ic

a
te

d
 

by
 

o
ra

n
g

e
-s

ta
in

e
d

 
se

di
m

en
t 

an
d 

re
d-

br
ow

n 
co

a
tin

g
 

on
 
p

y
rr

h
o

ti
te

.

Tw
o 

la
rg

e
 

pe
bb

le
s 

(7
 

cm
 

x 
5 

cm
 

x 
3 

cm
) 

an
d 

m
an

y 
sm

a
lle

r 
fr

ag
m

en
ts

 
o
f 

p
o

o
rl
y
-I

n
d

u
ra

te
d

 
s
u
lf
id

e
-b

e
a
ri
n
g
 

se
di

m
en

t 
b
re

c
c
ia

. 
Th

e 
m

a
tr

ix
 

m
a
te

ri
a
l 

is
 

p
re

d
o
m

in
a
n
tly

 
fi
n
e
-g

ra
in

e
d
 

se
di

m
en

t 
w

ith
 
v
is

ib
le

 
c
le

a
r 

m
ic

a 
fla

ke
s 

(t
o
 

0
.5

 
m

m
). 

V
is

ib
le

 
sa

n
d

-s
iz

e
 

q
u

a
rt

z 
g
ra

in
s 

ar
e 

co
n­

 
ce

n
tr

a
te

d
 

lo
c
a
lly

 
in

 
th

e 
o

th
e

rw
is

e
 

fi
n

e
-g

ra
in

e
d

 
cl

a
ye

y 
se

d
im

e
n

t.
 

M
os

t 
c
la

s
ts

 
(<

3 
cm

 
x 

2 
cm

 
x 

1 
cm

) 
ar

e 
sp

h
e

ri
ca

l 
o
r 

c
y
lin

d
ri
c
a

l 
(c

y
lin

d
ri
c
a
l 

c
la

s
ts

 
in

cl
u

d
e

 
bu

rr
ow

s 
fi
ll
e
d
 

w
ith

 
q

u
a

rt
z
-r

ic
h

 
sa

nd
) 

an
d 

ar
e 

co
m

po
se

d 
o
f 

se
di

m
en

t 
s
im

ila
r 

to
 

th
e

 m
a
tr

ix
. 

E
xc

e
p
tio

n
s 

a
re

 
a 

c
la

s
t 

o
f 

p
y
rr

h
o
ti
te

-r
ic

h
 m

as
si

ve
 
s
u
lf
id

e
 

an
d 

a 
c
la

s
t 

o
f 

o
ra

n
g

e
- 

b
la

ck
 

Fe
 

o
xi

d
e
. 

Sp
on

ge
 

sp
ic

u
le

s 
ar

e 
p
re

se
n
t 

on
 

th
e

 
su

rf
a

ce
 

o
f 

se
v­

 
e

ra
l 

sa
m

pl
es

.

M
ix

ed
 

h
a
ri
te

 
an

d 
s
u
lf
id

e
 

(1
3

):
 

M
a

jo
r 

b
a

ri
te

: 
m

in
o

r 
c
h

a
lc

o
p

y
rl
te

, 
s
p

h
a

le
ri
te

, 
p

y
rr

h
o

ti
te

(?
)

S
ed

im
en

t 
m

a
tr

ix
: 

M
a

jo
r 

q
u
a
rt

z
, 

p
la

g
lo

c
la

s
e
; 

m
in

o
r 

m
u

sc
o

vl
te

, 
c
h

lo
ri
te

P
y
rr

h
o
ti
te

-r
1
c
h
 
c
la

s
t:
 

M
aj

or
 j

a
ro

s
it
e
: 

m
in

o
r 

Is
o
cu

b
a
n
ite

, 
m

a
rc

a
si

te
, 

n
a

ti
v
e

 
s
u
lf
u
r,

 
gy

ps
um
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T
a

b
le

 
2.

 
C

on
tin

ue
d

Sa
inj

> 1
 e

_
_

_
_

_
_

_
_

_
 

fe
ta

l 
W

ei
gh

t 
(k

g
)

S
am

pl
e 

D
e

sc
ri
p

tio
n

_
_
_
_
_
M

in
e
ra

lo
g
y
 

(X
R

D
)

L
1-

86
-N

C
-2

4D
-1

. 
24

0-
2

L
1-

86
-N

C
-2

4D
-3

, 
24

0-
4

1.
04

2

0
.9

0
9

L1
-8

6-
N

C
-2

4D
-5

-1
 

th
ro

u
g

h
 

5
-5

2.
94

5

L
1-

86
-N

C
-2

4D
-5

-6
, 

6-
1,

 
6-

2,
 

6-
3,

 
6-

4,
 

24
0-

12
, 

24
0-

14

L
1-

86
-N

C
-2

40
-7

-1
, 

7-
2

3.
93

5

0.
29

5

B
lo

ck
y 

fr
a

g
m

e
n

ts
 

(1
2 

cm
 

x 
10

 c
m

 
x 

7 
cm

) 
o
f 

p
y
rr

h
o
ti
te

-r
1
c
h
 m

as
si

ve
 

s
u
lf
id

e
 

(F
ig

. 
4

a
).

 
Th

e 
g

ra
in

 
si

ze
 

is
 

h
ig

h
ly

 
v
a
ri
a
b
le

: 
co

a
rs

e
­ 

g
ra

in
e
d
 

p
la

ty
 
p

y
rr

h
o

ti
te

 
w

it
h

 
in

te
rg

ro
w

n
 

C
u-

Fe
 
s
u
lf
id

e
 

is
 

in
 

sh
ar

p 
co

n
ta

ct
 

w
ith

 
re

g
io

n
s 

o
f 

fi
n
e
-g

ra
in

e
d
 
p
y
rr

h
o
ti
te

 
an

d 
m

a
rc

a
si

te
. 

M
in

o
r 

o
x
id

a
ti
o
n
 
is

 
in

d
ic

a
te

d
 

by
 

e
a

rt
h

y 
re

d-
br

ow
n 

co
a

tin
g

 
on

 
p

yr
rh

o
­ 

ti
te

.

A 
fr

ia
b
le

 
co

b
b
le

-s
iz

e
 

fr
ag

m
en

t 
(4

 
cm

 
x 

4 
cm

 
x 

4 
cm

) 
an

d 
sm

a
lle

r 
ru

b
­ 

b
le

 
o
f 

co
a
rs

e
 

sa
nd

 
ce

m
en

te
d 

by
 
s
u
lf
id

e
 

an
d 

b
a

ri
te

. 
S

il
t-

 
an

d 
sa

nd
- 

si
ze

 
a

n
g

u
la

r 
g

ra
in

s 
o

f 
q

u
a

rt
z 

an
d 

fe
ld

sp
a
r 

a
re

 
su

pp
or

te
d 

by
 

a 
m

a
tr

ix
 

o
f 

he
xa

go
na

l 
p

y
rr

h
o

ti
te

, 
m

a
rc

a
si

te
 

(p
se

ud
om

or
ph

in
g 

p
y
rr

h
o
ti
te

),
 

an
d 

b
a

ri
te

. 
B

a
ri
te

-r
ic

h
 
v
e
in

le
ts

 
cr

o
ss

cu
t 

th
e

 
sa

m
pl

e 
an

d 
b

a
ri
te

 
m

in
e
r­

 
a
liz

a
ti
o
n
 

on
 

th
e
 

su
rf

a
ce

 
ex

te
nd

s 
up

 
to

 
0
.6

 m
m 

in
to

 
th

e
 

a
d
ja

ce
n
t 

s
u

l-
 

fi
d

e
 m

a
tr

ix
. 

P
at

ch
y 

F
e

-o
xi

d
e

 
s
ta

in
in

g
 

is
 

co
m

m
on

 
on

 
sa

m
pl

e 
su

rf
a
ce

s 
as

 
w

e
ll 

as
 

a
cc

u
m

u
la

tio
n
s 

o
f 

n
a

ti
v
e

 
s
u

lf
u

r 
an

d 
b

o
tr

y
o

id
a

l 
s
1
1
ic

a
(?

).

La
rg

e 
(a

ve
ra

ge
 

13
 c

m
 

x 
11

 
cm

 
x 

3 
cm

) 
a

rc
u

a
te

 
an

d 
d

is
h

-s
h

a
p

e
d

 
sl

a
b
s 

o
f 

p
o

ro
u

s,
 

vu
gg

y,
 
p
y
rr

h
o
ti
te

-r
ic

h
 m

as
si

ve
 
s
u
lf
id

e
. 

S
u

lf
id

e
 

is
 

p
re

­ 
d
o
m

in
a
n
tly

 
p

y
rr

h
o

ti
te

, 
m

a
rc

a
si

te
 

(r
e
p
la

c
in

g
 
p

y
rr

h
o

ti
te

),
 

an
d 

is
o
- 

cu
b

a
n

ite
. 

B
a
ri
te

 
fo

rm
s 

e
n
c
ru

s
ta

ti
o
n
s
 

ov
er

 
th

e
 c

on
ca

ve
 

su
rf

a
ce

s 
o
f 

th
e

 
m

as
si

ve
 
s
u
lf
id

e
, 

an
d 

fi
ll
s
 

vu
gs

 
an

d 
po

re
 

sp
ac

e 
to

 
d
e
p
th

s 
o
f 

1 
cm

 
a

d
ja

ce
n

t 
to

 
th

e
 

co
nv

ex
 

su
rf

a
ce

s 
o
f 

th
e
 

sa
m

pl
es

. 
S

am
pl

e 
5
-5

 
co

n
ta

in
s 

d
is

se
m

in
a

te
d

 
b

a
ri
te

 
th

ro
u
g
h
o
u
t 

th
e

 
e
n
ti
re

 
sl

a
b

. 
S

m
al

l 
am

ou
nt

s 
o

f 
ta

lc
 

an
d 

d
e
tr

it
a
l 

q
u

a
rt

z 
an

d 
fe

ld
sp

a
r 

ar
e 

sc
a
tt
e
re

d
 

th
ro

u
g
h
 

so
m

e 
sa

m
pl

es
. 

Th
e 

co
nv

ex
 

su
rf

a
ce

s 
o

f 
th

e
 

sa
m

pl
es

 
a
re

 
co

a
t­

 
ed

 
by

 a
 

sm
oo

th
, 

b
la

ck
 

fi
n
e
-g

ra
in

e
d
 

la
y
e
r 

(<
2 

mm
 t

h
ic

k
) 

o
f 

m
ar

ca
­ 

s
it
e
, 

is
o

c
u

b
a

n
it
e

, 
ta

lc
, 

q
u
a
rt

z
, 

an
d 

m
ic

a
.

D
en

se
 

b
lo

ck
s 

(a
ve

ra
ge

 
10

 
cm

 
x 

7 
cm

 
x 

6 
cm

) 
o
f 

p
a

rt
ly

 
o

xi
d

iz
e

d
 

b
a

r-
 

it
e
-r

ic
h
 

m
as

si
ve

 
s
u

lf
id

e
. 

M
uc

h 
o

f 
th

e
 

s
u
lf
id

e
 

is
 
a

lt
e

re
d

 
to

 
e

a
rt

h
y 

br
ow

n 
g
o
e
th

it
e
. 

B
a

ri
te

 
o

cc
u

rs
 

in
 

co
a
rs

e
-g

ra
in

e
d
 

ag
gr

eg
at

es
 

w
hi

ch
 

a
re

 
ty

p
ic

a
ll
y
 

co
at

ed
 

by
 

fi
n
e
-g

ra
in

e
d
 

u
n
o
xi

d
iz

e
d
 

s
u
lf
id

e
. 

(I
nc

oa
te

d 
b
a
ri
te

 
c
ry

s
ta

ls
 

(t
o
 

1 
m

m
) 

ar
e 

p
re

se
n

t 
in

 
se

co
nd

ar
y 

c
ro

s
s
c
u
tt
in

g
 

ve
in

s 
up

 
to

 
5 

mm
 

in
 

w
id

th
. 

S
am

pl
es

 
6
-1

,6
-2

, 
an

d 
6
-3

 
ha

ve
 

a 
7.

5-
m

m
- 

th
ic

k
 
b

a
ri
te

 
cr

u
st

 
on

 
ro

un
de

d 
co

nv
ex

 
su

rf
a

ce
s.

T
hr

ee
 
co

b
b
le

-s
iz

e
 

fr
ag

m
en

ts
 

(a
ve

ra
g
e
 

7 
cm

 
x 

7 
cm

 
x 

3 
cm

) 
an

d 
m

an
y 

sm
a
lle

r 
p
ie

ce
s 

o
f 

m
a
tr

ix
-s

u
p
p
o
rt

e
d
 

su
lfi

d
e
-c

e
m

e
n
te

d
 

se
di

m
en

t 
b
re

c­
 

c
ia

. 
Th

e 
s
u
lf
id

e
 
m

a
tr

ix
 

is
 

co
m

po
se

d 
o
f 

co
a
rs

e
-g

ra
in

e
d
 

eu
he

dr
al

 
p

y
rr

h
o

ti
te

 
p

la
te

s
. 

C
la

st
s 

ar
e 

m
as

si
ve

 
ta

lc
 

w
ith

 
sp

ar
se

 
in

c
lu

s
io

n
s
 

o
f 

p
y
rr

h
o

ti
te

 
an

d 
o

th
e

r 
op

aq
ue

 
m

in
e

ra
ls

. 
So

m
e 

c
la

s
ts

 
a
re

 
st

a
in

e
d
 

ye
llo

w
-o

ra
n

g
e

. 
L
a
rg

e
r 

c
la

s
ts

 
co

n
ta

in
 
tu

b
u
la

r 
op

en
in

gs
 

(3
 

mm
 
in

 
d
ia

m
e
te
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k
 
ta

lc
 

ca
pp

ln
gs

 
co

n
ta

in
 

sm
al

l 
(<

0.
5 

m
m

) 
bl

ac
k 

an
d 

gr
ee

n 
g
ra

in
s,

 
p

o
ss

ib
ly

 
M

n-
ox

id
e 

o
r 

c
h
lo

ri
te

. 
In

 
sa

m
­ 

pl
e 
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, 
ta

lc
 

fo
rm

s 
ri
b
s 

w
hi

ch
 

ar
e 

o
ri
e

n
te

d
 

p
e

rp
e

n
d

ic
u

la
r 

to
 

th
e

 
s
u
lf
ld

e
 

sl
a

b
.

0.
01

5 
A 

fl
a
t 

p
e

b
b

le
-s

iz
e

 
fr

ag
m

en
t 

(a
ve

ra
ge

 
2 

cm
 

x 
2 

cm
 

x 
1 

cm
) 

o
f 

p
yr

- 
rh

o
ti
te

-r
lc

h
 

m
as

si
ve

 
s
u
lf
id

e
 
w

ith
 
in

te
rs

ti
ti
a

l 
ta

lc
. 

Th
e 

fr
ag

m
en

t 
is

 
co

at
ed

 
by

 
1 

to
 

3 
mm

 o
f 

ye
llo

w
-o

ra
n

g
e

 
to

 
be

ig
e 

g
ra

n
u

la
r 

ta
lc

. 
A 

rib
bo

n 
o

f 
vi

tr
e

o
u

s 
bl

ac
k 

Fe
 

ox
id

e 
oc

cu
rs

 
w

ith
in

 
th

e 
ta

lc
 

e
n

cr
u

st
a

­ 
ti
o
n
.

0.
03

5 
An

 
an

gu
la

r 
po

ro
us

 
fr

ag
m

en
t 

o
f 

a
lte

re
d

 
se

di
m

en
t(

?)
 

(6
 

on
 x

 
5 

cm
 

x
3 

cm
) 

co
m

po
se

d 
o
f 

ta
lc

 
an

d 
m

in
or

 
q

u
a

rt
z,

 
m

ic
a,

 
p
yr

1
te

(7
),

 
an

d 
ch

lo
r-

 
1
te

(?
).

 
A 

th
in

 
co

a
tin

g
 

o
f 

m
e
ta

lli
c
 

b
la

ck
 
s
u
lf
id

e
(?

) 
an

d 
ta

lc
 

co
v­

 
er

s 
m

uc
h 

o
f 

th
e 

sa
m

pl
e.

 
M

uc
h 

o
f 

th
e 

sa
m

pl
e 

is
 

go
ss

an
ou

s 
an

d 
d

is
co

n
­ 

tin
uo

us
 

rib
bo

ns
 
o
f 

vi
tr

e
o

u
s 

bl
ac

k 
F

e-
ox

id
e 

ar
e 

p
re

se
n

t.

0.
04

0 
S

ub
ro

un
de

d 
p

e
b

b
le

-s
iz

e
 

(m
ax

im
um

 4
 

cm
 

x 
3 

cm
 

x 
2 

cm
) 

an
d 

sm
a

lle
r

lu
m

ps
 

o
f 

br
ow

n 
sa

nd
y 

an
d 

s
il
ty

 m
ud

. 
V

is
ib

le
 
g

ra
in

s 
in

cl
u

d
e

 q
u

a
rt

z,
 

m
us

co
vi

te
, 

b
io

ti
te

, 
ta

lc
, 

an
d 

p
y
rr

h
o
ti
te

 
(p

a
rt

ly
 
a

lte
re

d
 

to
 

re
d 

Fe
 

o
xi

d
e
).

 
Y

el
lo

w
-o

ra
ng

e 
m

ud
st

on
e 

an
d 

w
h

ite
 
ta

lc
 
cl

a
st

s 
ar

e 
al

so
 

p
re

se
n

t.
 

So
m

e 
su

rf
ac

es
 

ha
ve

 
pa

tc
hy

 
or

an
ge

 
to

 y
e

llo
w

 
H

m
o

n
lti

c 
zo

ne
s.

P
eb

bl
e-

si
ze

 
fr

ag
m

en
ts

 
o
f 

p
y
rr

h
o
ti
te

-r
ic

h
 m

as
si

ve
 
s
u
lf
id

e
.

1.
89

5 
P

eb
bl

e-
si

ze
 

(a
ve

ra
ge

 
3 

cm
 x

 
3 

cm
 

x 
1 

cm
) 

an
d 

sm
a

lle
r 

pi
ec

es
 

o
f

d
a

rk
-g

ra
y 

co
he

si
ve

 
bu

t 
no

ni
nd

ur
at

ed
 m

ud
 

an
d 

s
il
t.

 
V

is
ib

le
 
g

ra
in

s 
in

cl
u

d
e

 m
u

sc
o

vi
te

, 
q

u
a

rt
z 

an
d 

vo
lc

a
n

ic
 

g
la

ss
. 

G
re

en
is

h-
br

ow
n 

ar
ea

s 
ha

ve
 c

o
n

ce
n

tr
a

tio
n

s 
o
f 

c
h

lo
ri
te

. 
T

ub
ul

ar
 

st
ru

ct
u
re

s,
 

so
m

e 
lin

e
d
 

w
ith

 
vi

tr
e

o
u

s 
re

d
-b

la
ck

 
F

e
-o

xi
d

e
(?

),
 

ar
e 

pr
es

en
t 

in
 

se
ve

ra
l 

fr
a
g
­ 

m
en

ts
.

A
lte

re
d

 
se

di
m

en
t 

(1
8

):
 

M
aj

or
 

qu
ar

tz
, 

p
la

g
io

cl
a

se
; 

m
in

or
 m

ic
a,

 
c
h

lo
ri
te

, 
sm

e
ct

ite
(?

)

B
ul

k 
s
u
lf
ld

e
: 

M
aj

or
 m

a
rc

a
si

te
: 

m
in

or
 p

y
ri
te

, 
is

o
cu

b
a

n
ite

(?
)

B
ul

k 
s
u
lf
id

e
 

(2
1

-2
):

 
M

aj
or

 
is

o
cu

b
a

n
ite

, 
m

a
rc

a
si

te

M
as

si
ve

 
ta

lc
 
w

ith
 
s
u
lf
id

e
: 

M
aj

or
 
ta

lc
; 

m
in

or
 j

a
ro

s
it
e

, 
m

a
rc

a
si

te
, 

p
y
ri
te

, 
gy

ps
um

(?
)

B
u

lk
: 

M
aj

or
 
ta

lc
: 

m
in

or
 
q

u
a

rt
z,

 
gy

ps
um

(?
)

B
ul

k 
se

di
m

en
t: 

M
aj

or
 
q

u
a

rt
z;

 
m

in
or

 
p

la
g

lo
cl

a
se

, 
gy

ps
um

, 
c
h
lo

ri
te

T
al

c 
co

n
ce

n
tr

a
tio

n
 

on
 

su
rf

a
ce

: 
M

aj
or

 
ta

lc
: 

m
in

or
 c

h
lo

ri
te

, 
q

u
a

rt
z

B
ul

k 
se

di
m

en
t: 

M
aj

or
 

q
u

a
rt

z,
 

m
us

co
vi

te
 

m
in

or
 
p
la

g
io

cl
a
se

, 
c
h

lo
ri
te

, 
K

-f
e

ld
sp

a
r(

?
)
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L
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C
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4D
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L
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86
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C
-3

4D
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L
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86
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C
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4D
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L
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C
-3

5D

L
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86
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C
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14
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D
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, 
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0-
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0

0
.0

0
5

0.
00

1
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-§
i"

!H
]e

._
Q

?A
c.C

JP
A

io
.n.

..
..
. 

..
..
..
..
. 

M
in

er
a 1

 o
gy

 
(X

RD
)

F
ou

r 
p
e
b
b
le

-s
iz

e
 

fr
ag

m
en

ts
 

o
f 

co
a

rs
e

-g
ra

in
e

d
 
p
y
rr

h
o
tl
te

-r
lc

h
 

m
as

­ 
si

ve
 
s
u

lf
id

e
. 

P
y
rr

h
o
ti
te

 
ha

s 
p

la
ty

 
h

a
b

it
.

A 
b

u
rg

u
n

d
y-

co
lo

re
d

, 
d
e
n
se

, 
co

b
b
le

-s
iz

e
 

b
lo

ck
 

(7
 

cm
 

x 
5 

cm
 

x 
3 

cm
) 

o
f 

a
lt
e

re
d

 
p
y
rr

h
o
ti
te

-r
lc

h
 

m
as

si
ve

 
s
u

lf
id

e
. 

F
in

e
-g

ra
in

e
d

 
1s

oc
u-

 
b
a
n
lte

 
an

d 
p
la

te
s 

o
f 

p
y
rr

h
o
ti
te

 
to

 
0

.2
 m

m 
su

rr
o
u
n
d
 

re
g

io
n

s 
o

f 
co

a
rs

e
-g

ra
in

e
d

 
(t

o
 

2
.0

 m
m

) 
ta

b
u

la
r 

is
o

cu
b

a
n

lte
 

an
d 

p
y
rr

h
o

ti
te

. 
B

ra
ss

y,
 

u
n
a
lte

re
d
 
p
y
rr

h
o
ti
te

 
Is

 
co

n
ce

n
tr

a
te

d
 

al
on

g 
th

e
 

co
nc

av
e 

su
r­

 
fa

ce
 
o

f 
th

e
 

sa
m

pl
e.

 
Y

e
llo

w
-o

ra
n
g
e
 

su
rf

a
ce

 
w

e
a

th
e

ri
n

g
 

Is
 

co
m

m
on

 
on

 
on

e 
su

rf
a

ce
.

A 
de

ns
e 

cu
rv

ed
 

fr
a
g
m

e
n
t 

(1
0 

cm
 

x 
8 

cm
 

x 
5 

cm
) 

o
f 

p
y
rr

h
o
ti
te

-r
lc

h
 

m
as

si
ve

 
s
u
lf
id

e
 

w
ith

 
u

n
d

u
la

tin
g

 
up

pe
r 

su
rf

a
ce

. 
S

am
pl

e 
is

 
co

a
rs

e
r-

 
g

ra
in

e
d

 
an

d 
le

ss
 

a
lt
e

re
d

 
in

 
th

e
 
c
e
n
te

r,
 

an
d 

lim
o
n
it
ic

 
in

 
th

e
 
o
u
te

r,
 

fi
n

e
-g

ra
in

e
d

 
m

a
rg

in
s.

 
P

at
ch

y 
d

e
p

o
si

ts
 

o
f 

s
il
ic

a
 

an
d 

ta
lc

 
ar

e 
as

so
c­

 
ia

te
d
 

w
ith

 
tu

b
u

la
r 

b
io

g
e

n
ic

 
s
tr

u
c
tu

re
s
 

on
 

on
e 

ed
ge

 
o
f 

th
e 

sa
m

pl
e.

S
m

al
l 

ro
un

de
d 

pe
bb

le
s 

(a
ve

ra
g
e
 

<1
 

cn
r)

 
o
f 

p
y
rr

h
o
t1

te
-r

1
c
h
 

m
as

si
ve

 
s
u

lf
id

e
. 

P
y
rr

h
o
ti
te

 
g
ra

in
s 

a
re

 
fi
n
e
-g

ra
in

e
d
 
w

ith
 

lo
ca

l 
ac

cu
m

ul
a-

 
la

ti
o
n
s
 

o
f 

c
ry

s
ta

ls
 

up
 
to

 
0
.5

 
mm

 
a

cr
o

ss
. 

Y
e
llo

w
-s

ta
in

e
d
 

ta
lc

 
is

 
p
re

se
n
t 

in
 

th
e
 

in
te

rs
ti
c
e

s
 

be
tw

ee
n 

p
y
rr

h
o

ti
te

 
g

ra
in

s 
an

d 
fo

rm
s 

a 
th

in
 
c
ru

s
t 

on
 

on
e 

p
e

b
b

le
.

T
hr

ee
 
fl
a

t 
p
e
b
b
le

-s
iz

e
 

fr
ag

m
en

ts
 
o

f 
p
y
rr

h
o
tl
te

-r
ic

h
 
s
u
lf
id

e
 
w

ith
 

pa
tc

he
s 

o
f 

se
di

m
en

t 
in

 
su

rf
a

ce
 
d
e
p
re

ss
io

n
s.

 
R

ed
-b

ro
w

n 
to

 
b

la
ck

 
v
it
re

o
u

s
 

s
u
lf
id

e
 

ha
s 

a 
c
e

ll
u

la
r 

te
x
tu

re
 

an
d 

ap
pe

ar
s 

to
 

ha
ve

 
re

­ 
pl

ac
ed

 
ch

ip
s 

o
f 

d
ri
ft
w

o
o
d
.

U
n

co
n

so
lid

a
te

d
 

m
ud

 
w

ith
 

sp
ar

se
 

sa
n
d
-s

iz
e
d
 

fr
a

g
m

e
n

ts
 
o

f 
m

ud
st

on
e,

 
q

u
a

rt
z
, 

vo
lc

a
n
ic

 
g

la
s
s
, 

b
ri
tt

le
 

F
e

-o
xi

d
e

 
ri
b
b
o
n
s 

an
d 

ag
gr

eg
at

es
 

o
f 

fr
e

sh
 
p

la
ty

 
p

y
rr

h
o

ti
te

.

O
ne

 
la

rg
e

 
(2

8
 c

m
 

x 
21

 
cm

 
x 

5 
cm

) 
bo

w
l-s

ha
pe

d 
fr

ag
m

en
t 

(1
4

D
-1

; 
F

ig
. 

5)
 

an
d 

se
ve

ra
l 

cu
rv

ed
 

fr
a
g
m

e
n
ts

 
(a

ve
ra

g
e
 

9 
cm

 
x 

7 
cm

 
x 

4 
cm

) 
o
f 

d
a

rk
-g

ra
y 

m
as

si
ve

 
s
u

lf
id

e
. 

Th
e 

la
rg

e
 

sa
m

pl
e 

ha
s 

a 
fi
n

e
-g

ra
in

e
d

 
po

w
de

ry
 
o
u
te

r 
su

rf
a
ce

 
an

d 
a 

c
o
a
rs

e
r-

g
ra

in
e
d
, 

g
ra

n
u

lr
 

In
n

e
r 

su
rf

a
ce

. 
Th

e 
la

rg
e

 
sa

m
pl

e 
Is

 
m

ln
e

ra
lo

g
ic

a
lly

 
an

d 
te

x
tu

ra
ll
y
 

zo
ne

d.
 

Th
e 

in
n

e
r 

w
a
ll 

is
 

a 
co

a
rs

e
-g

ra
in

e
d

 
a
g
g
re

g
a
te

 
o
f 

C
u-

Fe
 
s
u
lf
id

e
 

an
d 

s
p
h
a
le

ri
te

. 
Th

e 
m

id
d
le

 
w

a
ll 

co
n

ta
in

s 
th

e
se

 m
in

e
ra

ls
 

p
lu

s 
p

yr
rh

o
­ 

ti
te

, 
a
rs

e
n
o
p
y
ri
te

, 
an

d 
lo

e
ll
in

g
lt
e

. 
Th

e 
o
u
te

r 
w

a
ll 

is
 

pr
ed

om
in

­ 
a
n
tl
y
 

co
m

po
se

d 
o
f 

ga
le

na
 

an
d 

s
p
h
a
le

ri
te

. 
B

a
ri
te

 
Is

 
p
re

se
n
t 

1n
 

p
a

tc
h

y 
co

a
tin

g
s 

on
 

e
x
te

ri
o

r 
s
u

rf
a

c
e

s
; 

o
x
id

a
ti
o

n
 

o
f 

s
u
lf
id

e
 

is
 
m

in
­ 

im
al

 .

B
ul

k 
s
u

lf
id

e
: 

p
y
rr

h
o

ti
te

M
a
jo

r 
Is

o
cn

b
a
n
ite

: 
m

in
or

B
ul

k 
s
u

lf
id

e
: 

M
a
jo

r 
p

y
rr

h
o

ti
te

; 
m

in
or

 
Is

o
c
u

b
a

n
lt
e

. 
s
p

h
a

le
ri
te

F
in

e
-g

ra
in

e
d
 
s
u

lf
id

e
: 

M
aj

or
 
p

y
rr

h
o

ti
te

,
m

in
o

r 
Is

o
cu

b
a
n
lte

 
C

o
a

rs
e

-g
ra

in
e

d
 
s
u

lf
id

e
: 

M
a

jo
r

p
y
rr

h
o

ti
te

; 
m

in
o
r 

Is
o
cu

b
a
n
lte

.
s
ta

n
n
it
e
(?

)

Bu
lk
 
su
lf
id
e 

ch
ip
: 

Ma
jo

r 
py

rr
ho

ti
te

, 
qu

ar
tz

; 
mi

no
r 

pl
ag
io
cl
as
e,
 
ch

lo
ri

te

Bu
lk

 
su

lf
id

e.
 
in
ne
r 

wa
ll
 
(1

):
 

Ma
jo
r 

sp
ha
le
ri
te
, 

is
oc

uh
an

lt
e

Bu
lk
 
su
lf
id
e.
 m

id
dl

e 
wa
ll
 
(1
):
 

Ma
jo

r 
sp

ha
le

ri
te

; 
mi
no
r 

ga
le
na
, 

is
oc

uh
an

­ 
lt

e,
 
py

rr
ho

ti
te

, 
lo
el
li
ng
lt
e

Bu
lk

 
su
lf
id
e,
 
ou
te
r 

wa
ll
 

(1
):

 
Ma
jo
r 

sp
ha

le
ri

te
, 

ga
le
na
; 

mi
no

r 
is
oc
ub
an
lt
e,
 

py
rr

ho
ti

te
Bu

lk
 
su

lf
id

e 
(5

):
 

Ma
jo

r 
sp
ha
le
ri
te
.
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0
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4
3

L
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86
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C
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6U
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0
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5
6

S
am

pl
e 

D
e
s
c
rl
p
U

o
n
 

_
_

_
 

_
..

. 
._

_
 
_
. 
._

_
_

_
M

in
e

ra
lo

g
y
 

(X
R

D
)

A 
p

o
ro

u
s 

(6
 

cm
 

x 
5 

cm
 

x 
4 

cm
) 

b
lo

c
k
y
 

fr
a
g
m

e
n
t 

o
f 

s
u
lf
id

e
-c

e
m

e
n
te

d
 

se
d

im
e

n
t 

b
re

c
c
ia

. 
Th

e 
se

d
im

e
n

t 
c
la

s
ts

 
a

re
 

p
o

o
rl
y
 

s
o
rt

e
d
 

an
d 

ra
ng

e 
fr

o
m

 
su

h
a

n
g

u
la

r 
q
u
a
rt

z
 

an
d 

p
la

g
lo

c
la

s
e

 
g

ra
in

s
 

(1
 

m
m

), 
to

 
su

b
ro

u
n

d
- 

ro
un

de
d 

se
d

im
e

n
t 

c
la

s
ts

 
(8

 
mm

 
a
cr

o
ss

) 
w

h
ic

h
 
c
o
n
ta

in
 
v
is

ib
le

 
q

u
a

rt
z
, 

m
u

s
c
o

v
it
e

, 
c
h

lo
rl
te

, 
an

d 
d
is

se
m

in
a
te

d
 

s
u
lf
id

e
. 

Th
e 

fi
n
e
-g

ra
in

e
d
 

s
u

lf
id

e
 
m

a
tr

ix
 

c
o
n
ta

in
s
 

a
b

u
n

d
a

n
t 

g
a
le

n
a
, 

p
y
rr

h
o
tl
te

, 
an

d 
s
p

h
a

le
ri
te

. 
An

 
o

x
id

iz
e

d
 
y
e

llo
w

-b
ro

w
n

 
v
e

in
 
o

f 
fi
n

e
-g

ra
in

e
d

 
s
u

lf
id

e
 
o

cc
u

rs
 

a
lo

n
g
 

on
e 

ed
ge

 
o

f 
th

e
 

sa
m

pl
e 

an
d 

m
uc

h 
o
f 

th
e
 

fr
a
g
m

e
n
t 

ha
s 

be
en

 
o

x
id

iz
e

d
 

a
lo

n
g
 

a 
d
if
fu

s
e
, 

ir
re

g
u

la
r 

c
o
n
ta

c
t.
 

A 
s
tr

o
n
g
 
d
1
e
s
e
l-
lik

e
 

o
d
o
r 

an
d 

p
h
o
sp

h
o
re

sc
e
n
se

 
u

n
d

e
r 

u
lt
ra

v
io

le
t 

li
g
h
t 

In
d
ic

a
te

 
th

e
 

p
re

se
n

ce
 
o

f 
h
yd

ro
ca

rb
o
n
.

G
ra

y 
c
o
b
b
le

-s
iz

e
d
 

b
lo

ck
s 

(a
ve

ra
g
e
 

16
 

cm
 

x 
12

 
cm

 
x 

10
 

cm
) 

an
d 

s
m

a
ll­

 
e

r 
fr

a
g
m

e
n
ts

 
(a

ve
ra

g
e
 

8 
on

 
x 

6 
cm

 
x 

4 
cm

) 
o
f 

sa
n
d
st

o
n
e
 

an
d 

s
il
ty

 
m

u
d
st

o
n
e
. 

S
a
n
d
st

o
n
e
 
c
o
n
ta

in
s
 
v
is

ib
le

 
g
ra

in
s
 
o

f 
q
u
a
rt

z
 

an
d 

fe
ld

­ 
s
p

a
r,

 
an

d 
H

th
ic

 
fr

a
g

m
e

n
ts

 
o
f 

m
ud

st
on

e 
an

d 
v
o
lc

a
n
ic

 
g
la

s
s
; 

m
ud

st
on

e 
c
o

n
ta

in
s
 

a
b
u
n
d
a
n
t 

m
ic

a 
p
la

te
s
. 

O
ne

 
sa

n
d

st
o

n
e

 
(s

a
m

p
le

 
7

-2
) 

c
o

n
ta

in
s
 

co
m

m
on

 
d
is

c
o
n
ti
n
u
o
u
s
 
v
e
in

le
ts

 
(<

2 
mm

 
w

id
e

) 
o

f 
o
x
id

iz
e
d
 

is
o
c
u
b
a
n
it
e
. 

P
a
tc

h
y 

y
e

llo
w

 
s
u

lf
u

r 
an

d 
Fe

 
o
x
id

e
 

1s
 

co
m

m
on

 
on

 
sa

m
pl

e 
s
u
rf

a
c
e
s
.

F
la

t,
 

s
u
b
a
n
g
u
la

r,
 

p
e

b
b

le
-s

iz
e

 
fr

a
g

m
e

n
ts

 
(a

ve
ra

g
e
 

7 
cm

 
x 

6 
cm

 
x 

2 
cm

) 
o
f 

a
lt
e

re
d

 
sa

n
d
st

o
n
e
. 

D
if
fu

s
e
, 

ir
re

g
u
la

r 
c
o

n
ta

c
ts

 
d
iv

id
e
 

b
e
ig

e
-c

o
lo

re
d
 
a

lt
e

re
d

 
se

d
im

e
n

t 
(w

h
ic

h
 
c
o

n
ta

in
s
 
v
is

ib
le

 
g
ra

in
s
 

o
f 

q
u

a
rt

z
, 

fe
ld

s
p

a
r,

 
m

ic
a
, 

an
d 

m
u

d
st

o
n

e
) 

fr
o
m

 
o
ra

n
g
e
-c

o
lo

re
d
 

g
o
ss

a
n
- 

ou
s 

se
d

im
e

n
t 

(w
h
ic

h
 
c
o

n
ta

in
s
 
b

ri
tt

le
 

an
d 

zo
ne

s 
o
f 

v
it
re

o
u
s
-b

la
c
k
, 

Fe
 
o

x
id

e
).

O
ne

 
p

e
b

b
le

-s
iz

e
d

 
fr

a
g
m

e
n
t 

(a
ve

ra
g

e
 

8 
cm

 
x 

6 
cm

 
x 

3 
cm

) 
o
f 

sa
nd

y 
m

ud
st

on
e 

w
it
h
 
c
ro

s
s
c
u

tt
in

g
 
s
u

lf
ld

e
 
v
e
in

s
. 

A
lt
e
re

d
 
y
e
llo

w
-w

h
it
e
 

se
d

im
e

n
t 

c
o

n
ta

in
s
 
v
is

ib
le

 
g

ra
in

s
 
o

f 
q

u
a

rt
z
, 

fe
ld

s
p
a
r,

 
m

ic
a
, 

an
d 

m
u
d
st

o
n
e
, 

an
d 

is
 
lo

c
a

ll
y
 

s
ta

in
e

d
 

by
 

o
ra

n
g
e
 

Fe
 

o
x
id

e
. 

S
u

lf
ld

e
 

ve
in

s 
a

re
 

co
m

po
se

d 
o

f 
p

la
ty

 
p
y
rr

h
o
tl
te

 
w

h
ic

h
 

is
 

la
rg

e
ly

 
a

lt
e

re
d

 
to

 
v
it
re

­ 
ou

s 
re

d
-b

la
c
k
 

Fe
 

o
x
id

e
. 

P
a

tc
h

y 
ta

lc
 

c
o

a
ti
n

g
s
 

(<
1 

mm
 
th

ic
k
) 

a
re

 
co

m
­ 

m
on

 
on

 
th

e
 

sa
m

pl
e 

s
u

rf
a

c
e

. 
A 

s
tr

o
n

g
 
d
ie

s
e
l-
U

k
e
 

o
d
o
r 

in
d
ic

a
te

s
 

th
e

 
p
re

se
n
se

 
o

f 
h
yd

ro
ca

rb
o
n
.

C
oa

rs
e 

sa
nd

 
ru

b
b
le

 
co

m
po

se
d 

o
f 

se
d
im

e
n
t,
 

v
o

lc
a

n
ic

 
g
la

ss
 

an
d 

m
a
ss

iv
e
 

s
u

lf
ld

e
.

O
ne

 
p

e
b

b
le

-s
iz

e
 

a
n
g
u
la

r 
fr

a
g

m
e

n
t 

(7
 

cm
 

x 
5 

cm
 

x 
3 

cm
) 

o
f 

a
lt
e

re
d

 
b

a
ri
te

-r
ic

h
 

se
d

im
e

n
t 

w
it
h
 

n
a
rr

o
w

 
s
u

lf
id

e
 
v
e
in

le
ts

 
(a

ve
ra

g
e
 

2 
m

m
). 

P
or

ou
s 

se
d
im

e
n
t 

is
 

g
ra

n
u

la
r 

b
a

ri
te

 
w

it
h

 
o
cc

a
si

o
n
a
l 

re
g

io
n

s 
(<

1 
cm

) 
o

f 
de

ns
e 

b
lu

e
-g

ra
y
 

m
u

d
st

o
n

e
. 

M
in

o
r 

c
o

llo
fo

rm
 
ta

lc
 

lin
e

s
 

c
a
v
it
ie

s
 

an
d 

ca
ps

 
sa

m
p
le

. 
P

or
ou

s 
Ir

re
g

u
la

r 
s
u

lf
ld

e
 
v
e
in

le
ts

 
a

re
 

co
m

po
se

d 
o
f 

s
p

h
a

le
ri
te

 
cu

b
e

s.
 

D
e

e
p

-r
e

d
 

Fe
 

o
xi

d
e

 
s
ta

in
in

g
 

1s
 

lo
c
a

ll
y
 

p
re

s
e

n
t.

A
n

g
u

la
r 

p
e

b
b

le
-s

iz
e

 
fr

a
g

m
e

n
ts

 
(a

ve
ra

g
e

 
4 

cm
 

x 
3 

cm
 

x 
2 

cm
) 

o
f 

d
e
n
se

, 
ta

lc
-r

ic
h
 

m
ud

st
on

e 
m

uc
h 

o
f 

w
h

ic
h

 
is

 
a

lt
e

re
d

 
se

d
im

e
n
t.
 

Th
e 

li
g
h
t-

b
lu

e
 

se
d

im
e

n
t 

c
o

n
ta

in
s
 

d
is

se
m

in
a
te

d
 

g
ra

in
s
 

o
f 

w
h

it
e

 
m

ic
a 

an
d 

(o
x
id

iz
e
d
) 

p
y
rr

h
o
tl
te

. 
C

o
llo

fo
rm

 
ta

lc
 

lin
e

s
 

co
m

m
on

 
tu

b
u

la
r 

o
p

e
n

- 
In

g
s 

(<
1 

cm
 

a
cr

o
ss

) 
an

d 
co

a
ts

 
th

e
 

sa
m

pl
e 

s
u

rf
a

c
e

. 
S

u
rf

id
a

l 
ta

lc
 

is
 

co
m

m
on

ly
 

s
ta

in
e
d
 

w
it
h

 
o
ra

n
g
e
 

F
e
-o

x
id

e
. 

A
m

or
ph

ou
s 

s
il
ic

a
 

is
 

lo
c
a
ll
y
 

p
re

s
e

n
t.

S
u
lf
id

e
-r

ic
h
 
m

a
tr

ix
: 

M
a
jo

r 
g

a
le

n
a

 
s
p

h
a

le
ri
te

, 
p

y
rr

h
o

tl
te

; 
m

in
o

r 
q

u
a

rt
z
, 

p
la

g
io

c
la

s
e
(?

)

B
u
lk

 
se

d
im

e
n
t 

(7
-2

):
 

M
a
jo

r 
q

u
a

rt
z
:

m
in

o
r 

p
la

g
lo

c
la

s
e
, 

c
h

lo
rl
te

, 
m

u
sc

o
vi

te
,

b
a

r1
te

(?
) 

S
u

lf
id

e
 
v
e
in

le
ts

 
(7

-2
):

 
M

a
jo

r
is

o
c
u

b
a

n
lt
e

, 
le

p
ld

o
c
ro

s
it
e
; 

m
in

o
r

s
u

lf
u

r,
 

m
a
rc

a
s1

te
(?

)

B
u

lk
 

se
d
im

e
n
t 

(7
-3

):
 

M
a
jo

r 
q

u
a

rt
z
; 

m
in

o
r 

c
h

lo
ri
te

, 
m

u
sc

o
vi

te
, 

p
la

g
lo

­ 
c
la

s
e
, 

s
te

v
e

n
s
it
e

(?
)

B
u
lk

 
se

d
im

e
n
t:
 

M
a
jo

r 
q

u
a

rt
z
, 

m
in

o
r 

p
la

g
io

c
la

s
e

, 
c
h

lo
ri
te

, 
m

u
s
c
o

v
it
e

, 
p
a
ly

g
o
rs

k
lt
e
, 

am
or

ph
ou

s 
s
il
ic

a

B
u

lk
 

sa
m

p
le

: 
M

a
jo

r 
b

a
ri
te

, 
s
p
h
a
le

ri
te

; 
m

in
o

r 
ta

lc
, 

p
y
rr

h
o
ti
te

(?
),

 
c
h
lo

r1
te

(?
)

B
u

lk
 

sa
m

p
le

: 
M

a
jo

r 
ta

lc
; 

m
in

o
r 

am
or

ph
ou

s 
g
o
e
th

lt
e
, 

c
h

lo
rl
te

, 
s
u

lf
u

rf
?

)
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p
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S
ub

ro
un

de
d 

co
b

b
le

-s
iz

e
 

fr
ag

m
en

ts
 

(a
ve

ra
ge

 
12

 c
m

 
x 

10
 c

m
 

x 
6 

cm
) 

o
f 

n
in

e
-g

ra
y 

s
il
ty

 m
ud

st
on

e 
w

ith
 
v
is

ib
le

 
g

ra
in

s 
o

f 
q

u
a

rt
z,

 
fe

ld
sp

a
r.

 
M

us
co

vi
te

 
an

d 
vo

lc
a

n
ic

 
g

la
ss

. 
V

itr
e

o
u

s,
 

re
d

-b
la

ck
 

an
d 

op
aq

ue
 

or
an

ge
 

Fe
 o

xi
de

 
is

 
co

m
m

on
 

on
 

sa
m

pl
e 

su
rf

a
ce

s.

F
ri
a
b
le

 
p

e
b

b
le

-s
iz

e
 

su
ba

ng
ul

ar
 

fr
ag

m
en

ts
 

(a
ve

ra
ge

 
6 

cm
 

x 
4 

cm
 

x 
3 

cm
) 

o
f 

p
y
rr

h
o
ti
te

-r
ic

h
 m

as
si

ve
 
s
u
lf
id

e
. 

F
in

e
-g

ra
in

e
d

 
p
y
rr

h
o
ti
te

 
is

 
p
a
rt

ly
 
a
lte

re
d
 

an
d 

ps
eu

do
m

or
ph

ed
 

by
 m

a
rc

a
si

te
. 

In
te

rs
ti
c
e
s
 

be
tw

ee
n 

s
u
lf
id

e
 g

ra
in

s 
co

n
ta

in
 

fin
e

-g
ra

in
e

d
 
b
a
ri
te

. 
Tw

o 
tu

be
s 

(2
 i

m
 w

id
e

),
 

p
o

ss
ib

ly
 

bu
rr

ow
s 

o
r 

tu
be

 
w

or
m

 
s
tr

u
c
tu

re
s
, 

p
e

n
e

tr
a

te
 

th
e 

sa
m

pl
e.

 
S

ph
er

ic
al

 
sh

e
lls

 
o

f 
fo

ra
m

in
ife

ra
 

ar
e 
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ta

ch
ed

 
to

 
th

e 
sa

m
pl

e 
su

rf
a

ce
s.

Tw
o 

p
e

b
b

le
-s

iz
e

 
fr

ag
m

en
ts

 
(a

ve
ra

ge
 

3 
cm

 
x 

3 
cm

 
x 

2 
cm

) 
o

f 
m

as
si

ve
 

s
u
lf
id

e
 

co
m

po
se

d 
la

rg
e
ly

 
o
f 

m
a

rc
a

si
te

 
an

d 
p
y
rr

h
o
ti
te

. 
S

am
pl

es
 

ex
­ 

h
ib

it
 

co
n

si
d

e
ra

b
le

 
v
a
ri
a
ti
o
n
 

in
 

g
ra

in
 

si
ze

. 
M

ax
im

um
 

g
ra

in
 

si
ze

 
fo

r 
p
y
rr

h
o
ti
te

 
p

la
te

s 
1s

 
ab

ou
t 

3 
m

m
. 

B
ot

h 
sa

m
pl

es
 

ha
ve

 m
in

or
 
s
u

rf
ic

ia
l 

pa
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he
s 

o
f 

ye
llo

w
-o

ra
n

g
e

 
H

m
o

n
ite

.

C
ob

bl
e-

si
ze
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oc
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(a

ve
ra

ge
 

11
 

on
 

x 
9 

cm
 x

 
6 

cm
) 

an
d 

sm
a

lle
r 

fr
a
g
­ 

m
en

ts
 
o
f 

p
la

g
io

cl
a
se

-p
h
yr

k 
b

a
sa

lt 
w

ith
 

su
lfi

d
e

-c
o

a
te

d
 

fr
a
ct

u
re

s.
 

Th
e 

b
a

sa
lt 

is
 

u
n

a
lte

re
d

 
an

d 
co

n
ta

in
s 

v
is

ib
le

 
p

la
g

lo
cl

a
se

 
an

d 
p

yr
­ 

ox
en

e 
ph

en
oc

ry
st

s.
 

F
ra

ct
u
re

-c
o
n
tr

o
lle

d
 
m

in
e
ra

liz
a
tio

n
 

is
 

pr
ed

om
­ 

in
a
n
tl
y
 
p
y
rr

h
o
ti
te

 
ac

co
m

pa
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ed
 

by
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e

ct
ite

 
an

d 
c
h

lo
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te

. 
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m
pl

e 
su

rf
a

ce
s 

ar
e 
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at

ed
 

by
 

a 
th

in
 
ye
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w

 
to
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ge

 c
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co
m
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se

d 
o

f 
p

la
g

lo
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a
se

, 
q

u
a
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z,

 
c
h

lo
ri
te

, 
m
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a,

 
p
y
rr

h
o
ti
te

 
an

d 
p
o
ss

ib
ly

, 
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or
ph

ou
s 

s
il
ic

a
. 
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nd

y 
se

di
m

en
t 

an
d 

s
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ic

a
 

sp
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ge
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ic

u
le

s 
ar

e 
pr

es
en

t 
in

 
su

rf
a

ce
 d

e
p

re
ss

io
n

s.

F
la

tt
e

n
e

d
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b

b
le

-s
iz

e
 

fr
ag

m
en

ts
 

(8
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x 
5 
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x 
5 
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) 

o
f 

s
u
lf
id

e
- 

ce
m

en
te

d 
se

di
m

en
t 

b
re

cc
ia

. 
C

h
lo

ri
tiz

e
d
 

se
di

m
en

t 
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a
st

s 
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e 
w

h
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be

ig
e 

w
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e
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w
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n
g

e
 

st
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TABLE 3. BULK COMPOSITION OF MASSIVE SULFIDE, BARITE CRUST, AND SULFIDE-BEARING SEDIMENT SAMPLES

L1-86-NC 
16D-1

L1-86-NC 
24D-1

pyrrhotite-rich

wt.%

Fe
Cu
Pb
Zn
As
Ba

S
C (total)
C (organic)

PPi"

Ag
Au
B
Bi
Cd
Co
Cr
Ge
Hg
Mn
Ni
Sb
Sc
Se
Sn
Sr
Ti
Tl
V

wt.%

Si0 2

A1 2 03

MgO

CaO

33.3
4.62
0.65
2.30
0.2
2.70

37.5
0.14
0.14

67.5
1.4
H

44
270
500

<2
15
<2
50

7
530

<2
95
70

130
<1
10

<10

0.95

<0.02

0.07

0.025

42.0
1.21
0.20
0.34
0.03
0.039

45.2
0.32
0.32

13.7
<0.2

H
25
4.4

10
<2
<2
<2

100
2

24
<2

180
300
<50

<1
<2

<10

<0.02

<0.02

0.11

0.020

L2-86-NC 
18D

L2-86-NC 
25D

massive sulfide

35.2
1.01

<0.02
0.07
0.55

<0.0005

42.1
0.13
0.13

<3
<0.2

H
27
4.8
2

<2
<2
<2

7
1.5

132
<2

525
500
<50

<1
<2

<10

<0.02

<0.02

0.12

0.036

57.0
0.42

<0.02
0.11

<0.02
0.004

36.6
0.11
0.11

<3
<0.2

H
12
4.5

<2
<2
<2
<2

7
1.5

172
<2

380
200
<50
20
<2

<10

0.34

0.16

0.05

0.010

L1-86-NC 
16D-2

barite 
crust

6.4
0.49
4.38

17.30
0.72

23.00

21.1
0.16
0.15

387.0
2.0

10
1.9

830
30

5
150

43
500

2
2700

<2
<10
150

<400
70
43
30

2.21

0.16

0.13

0.107

L2-86-NC 
14D-1

polymetallic

33.1
1.82
7.60

20.30
1.70
2.50

32.6
0.07
0.07

681.0
<0.2

H
40

630
<2
<2

7
<2
15
<1

960
<2

1000
700
<50

<1
<2

<10

<0.02

<0.02

0.05

0.016

L2-86-NT; 
14D-2

sulfide

17.9
0.99
1.05

42.6
2.50
0.01

32.7
0.06
0.08

2.42
<0.1

H
63.5

1975
<2
<2
25
22
35

1.5
850

<2
510
500
<50

15
<2

<10

0.34

0.11

0.09

0.028

L2-86-NC 
14D-6

sul M de-rich 
sediment

22.9
0.26

13.70
7.10
2.75
0.35

24.0
2.24
2.24

339.0
<0.2

7
9.7

150
3

20
<2
<2

7000
15

8700
2

<10
>1500

<50
10DO

<2
15

13.8

3.4

0.25

0.038

L1-86-NC 
24D-21

massive 
talc

15.8
0.26

<0.01
0.09

<0.02
O.D28

10.6
<0.19

--

<1.0
<0.1

H
13.6
3.5

1000
2

15
37

150
20
<2
<2

<10
<2

<50
0.005

<2
<10

32.7

0.36

14.1

0.15

-- Not looked for

H - Looked for but not detected because of interference with Fe.

The following elements were also looked for but not detected (lower detection limits are listed in parentheses, in parts 
per million): Ga(20), In(3), La(10), Li(150), No (interference with Fe), Nb(20), Pd(2), Pt(7), Re(10), Ta(70), Te(2), 
W(70), Y(10), Zr(5).

n,
Chemical analyses for Tables 3 and 4 were obtained by quantitative dc arc optical emission spectroscopy (Si0 2 , Al 2 0 
MgO, CaO, Fe, Cu, Pb, Zn, Au, Bi, Cd, Sb, Sr, Tl , Hg, Se), semiquantitative emmision spectroscopy (As, Ag, Ba, Mn, 
B, Co, Cr, Ge, Ni , Sc, Ti , V), and LECO total 5 analyzer(s). As greater than 0.2 wt.% was analyzed by inductively 
coupled plasma emission spectroscopy. Organic C was determined by subtracting carbonate analyzed by a coulometric 
technique from total C determined by the LECO total C analyzer.
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TABLE 4. COMPOSITION OF INNER, MIDDLE, AND OUTER WALL OF 
POLYMETALLIC SULFIDE SAMPLE, L2-86-NC-14D

wt.%

Fe 
Cu 
Pb 
Zn 
As 
Ba

S
C (total)
C (organic)

Inner Wall

21.1
4.64
1.4

35.1
5.40
0.032

31.7 
<0.15

Middle Wall

29.3
1.62
2.3

26.1
1.76
0.097

33.7 
<0.15

Outer Wall

21.2
0.24
20.7
22.5
0.10
0.250

28.6
0.70
0.50

pm

Ag 
All 
Bi 
Cd 
Co 
Cr 
Ge 
Hg 
Mn 
Ni 
Sb 
Sc 
Se 
Sn 
Sr 
Ti 
Tl 
V

150 
<0, 
95

1800 
<2 
<2 
<2 
<2 
50 
3

480 
<2

1400
70

<50
<1
<2

200 
<0, 
88

940 
<2 
<2 
<2 
<2 
15 
<1

550 
<2

500 
70

<50 
<1 
<2

3000
<0
73
76
<2
<2

100
127
15
3

16,000
<2

400
>1500

<50
<1
24

wt.%

Si0 2 

A1 203 

MgO 

CaO

0.44

0.10

0.075

0.033

<0.02 

<0.02 

0.006 

0.005

<0.02 

<0.02 

0.22 

0.078

-- not looked for
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