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STUDIES RELATED TO THE MEXICAN COOP PROGRAM

The analytical results presented in this report are part of a larger 
cooperative program between the U.S. Geological Survey and the Consejo de 
Recursos Minerales of Mexico. The program, initiated in 1973, was designed to 
evaluate the use of a multidisciplinary (geology, geochemistry, and 
geophysics) approach to mineral exploration in the Sonoran environment. The 
project was initially funded by the government of Mexico, the U.S. Geological 
Survey, and the U.S. National Science Foundation.

INTRODUCTION

In the spring and fall of 1978 we conducted a detailed geochemical survey 
of the Tio Flaco area, El Correo quadrangle, northern Sonora, Mexico.

o o

The Tio Flaco study area comprises about 4 mi £ (10 knr) in the center of 
the El Correo quadrangle, northern Sonora, Mexico and lies about 25 mi (40 km) 
southwest of Nogales, Arizona (fig. 1). Access to the vicinity of the study 
area is provided on Mexican National Highway 15 south for 12 miles from the 
international border and then west-southwest for 13 miles on an unnamed graded 
road. Access to the Tio Flaco study area is provided by a trail beginning at 
the settlement of La Cienega.

Rocks outcropping within the study area represent the central region of a 
large volcanic pile located in the central part of the El Correo quadrangle. 
The regional geologic units are latitic, probably of Mesozoic age, into which 
rhyolitic units have been emplaced, some of which are intrusive and others 
extrusive. Quartzite rests unconformably on the volcanic rocks. Regionally 
northwest-trending faults are cut by north-northeast-trending faults. 
Tertiary and younger gravels fill grabens formed by these faults and lap onto 
the older rocks.

The topographic relief in the study area is about 780 ft (240 m), with a 
maximum elevation of 4,460 ft (1,360 m). The ground surface is an uplifted 
region deeply incised by intermittent streams. Interstream uplands are 
covered by live oak, mesquite, and cacti. The climate is semiarid.

METHODS OF STUDY 

Sample Collection

We collected stream sediment samples at 401 sites (plate 1) and soil 
samples at 622 sites (plate 2). We analyzed 401 stream-sediment samples and 
622 soil samples, for a sampling density of about 1 sample per .01 mi for the 
stream sediment and about 1 sample per .006 mi for the soil.

Stream-sediment samples

Analyses of the stream-sediment samples represent the chemistry of the 
rock material eroded from the drainage basin upstream from each sample site. 
Such information is useful in identifying those basins which contain 
concentrations of elements that may be related to mineral deposits.
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Figure 1. Index map showing the location of the Tio Flaco study area, 
El Correo quadrangle, northern Sonora, Mexico



The stream-sediment samples consisted of active alluvium collected 
primarily from streams no longer than 200 m. Each sample was composited from 
several localities within an area that may extend as much as 30 ft from the 
site plotted on the map.

Soil samples

The use of soil samples enabled us to obtain a greater sampling density 
in areas that were found to be anomalous in the elements of interest from the 
stream sediment sampling program. Soil was sampled on the ridges and wide 
interstream areas of the central part of the Tio Flaco area. This area, from 
the analytical data of the stream sediment samples, appeared to be the center 
of a large hydrothermal system extending over much of the El Correo area.

The stream sediment and soil samples were sieved at the collection site 
through a 30-mesh screen and the minus-30-mesh material was retained for 
analysis. The stream-sediment and soil samples were later pulverized with 
ceramic plates to minus 0.15 mm.

Sample Analysis by the Spectrographic Method

We analyzed the stream-sediment and soil samples for 31 elements using a 
semiquantitative, direct-current arc emission spectrographic method (Grimes 
and Marranzino, 1968) (tables 1 and 2). Spectrographic results were obtained 
by visual comparison of spectra derived from the sample against spectra 
obtained from standards made from pure oxides and carbonates. Standard 
concentrations are geometrically spaced over any given order of magnitude of 
concentration as follows: 100, 50, 20, 10, and so forth. Samples whose 
concentrations are estimated to fall between those values are assigned values 
of 70, 30, 15, and so forth. The precision of the analytical method is 
approximately plus or minus one reporting unit at the 83 percent confidence 
level and plus or minus two reporting units at the 96 percent confidence level 
(Motooka and Grimes, 1976). Values determined for the major elements (iron, 
magnesium, calcium, and titanium) are given in weight percent; all others are 
given in parts per million (micrograms/gram) (table 3).

Gold, cadmium, niobium, antimony, tungsten, and thorium were not present
in detectable quantities in either the stream-sediment or soil samples.
Arsenic was not detected in any of the soil samples.

REFERENCES CITED
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Circular 591, 6 p.

Motooka, J. M., and Grimes, D. J., 1976, Analytical precision of one-sixth 
order semiquantitative spectrographic analyses: U.S. Geological Survey 
Circular 738, 25 p.



C 
N

,

T
a
o
le

 
1

. 
A

n
a
ly

ti
c
a
l 

d
a
ta

 
fo

r 
-J

O
 

m
e

s
h

 
s
tr

e
a

m
 

s
e

d
im

e
n

t 
s
a

m
p

le
s
 

c
o

ll
e

c
te

d
 

d
u

ri
n

g
 

th
e

 
U

. 
S 

. 
G 

. 
S

. 
- 

C 
. 

R 
. 

M 
. 

d
e
ta

il
e
d
 

s
tj
d
y
 

o
f

th
e
 

T
io

 
F

la
c
o
 

a
re

a
*
 

E
l 

C
o

rr
e

o
 

q
u

a
d

ra
n

y
le

, 
n

o
rt

h
e

rn
 

S
o

n
o

ra
, 

M
e

x
ic

o
,

n
o

t 
d

e
te

c
te

d
/'
 

<
r 

d
e

te
c
te

d
 

b
u

t 
o
e
lo

w
 

th
e

 
li
m

it
 

o
f 

d
e

te
rm

in
a

ti
o

n
 

s
h

o
w

n
,'
 

>
, 

d
e
te

rm
in

e
d
 

to
 

b
e
 

g
re

a
te

r 
th

a
n

 
th

e
 

v
a
lu

e
 

s
h

o
w

n
.]

S
a
m

p
le

X
-U

 t
 m

Y
-U

t 
m

R
L
T

1
0
5
8

R
L

T
1

 0
5

9
R

L
T

1
 0

6
0

R
L
T

 1
0

6
1

R
L

T
 1

0
6

2

R
L
T

1
 0

6
3

R
L
T

1
 0

6
4

R
L
T

1
0
6
5

R
L
T

1
0
6
6

R
L

T
 1

0
6

7

R
L
T

1
0
6
8

R
L
T

1
0
6
9

R
L

T
1

 0
7
0

R
L
T

1
0
7
1

R
L
T

1
 0

7
2

R
L
T

1
0
7
3

R
L

T
1

 0
7
*.

R
L

T
1

0
7

5
R

L
T

 1
0

7
6

R
L
T

1
0
7
7

R
L

T
1

0
7

8
R

L
T

1
0
7
9

R
L
T

1
0
8
0

R
L

T
1

0
8

1
R

L
T

 1
0

8
2

R
L

T
1

0
8

3
R

L
T

 1
0

8
4

R
L
T

1
0
8
5

R
L

T
1

0
8

6
R

L
T

1
0
8
7

R
L
T

1
0
8
8

R
L
T

1
0
8
9

R
L

T
1

0
9

0
R

L
T

1
0

9
1

R
L
T

1
0
9
2

R
L
T

1
0
9
3

R
L

T
1

0
9

4
R

L
T

1
0

9
5

R
L
T

1
0
9
6

R
L
T

1
0
9
7

R
L

T
1

0
9

8
R

L
T

 1
0

9
9

R
L

T
1

 1
0
0

R
L
T

1
 1

0
1

R
L

T
1

 1
0

2

4
8
2
,7

4
7
 
.C

9
4
8
2
,8

4
1
 
.3

0
4
8
2
,8

4
5
 .

0
4

4
3
2
,9

2
7
 
.9

1
4
8
3
,0

1
 8

 .
4
2

4
8

3
,1

 5
9

 .
2
0

4
3
3
,3

2
6
 .

2
0

4
8
3
,3

9
7
 
.8

4
4
8
3
,3

8
4
 
.0

5
4
8
2
,6

6
4
 .

1
 3

4
8
2
,7

2
7
 
.0

4
4
8
2
,7

4
9
 .

7
6

4
8
2
,8

5
0
 .

0
0

4
8
2
,9

4
8
 .

5
3

4
8
2
,9

0
4
 
.4

2

4
8
2
,7

3
7
 
.2

0
4
8
2
,7

6
2
 .

5
7

4
3

2
,7

4
6

 .
2
5

4
8
2
,8

6
3
 
.3

1
4
8
2
,8

3
0
 .

6
6

4
8
2
,9

7
0
 .

1 
3

4
8
3
,0

3
4
 .

2
4

4
8
3
,0

2
7
 
.9

1
4
8
3
,1

 1
 9

 
.0

0
4
8
3
,0

6
9
 .

4
6

4
8
3
,1

3
1
 
.0

0
4

8
3

,1
 1

 8
 .

6
6

4
8

3
,1

 4
8

 .
8

6
4
8
3
,1

4
2
 
.6

1
4
8
3
,1

 8
1
 
.0

0

4
8
3
,1

8
8
 .

0
0

4
8
3
,2

1
 0

.5
4

4
8
3
,2

1
 9

 .
3
0

4
8
2
,7

3
8
 .

0
0

4
8
2
,7

3
0
 .

0
3

4
8
2
,7

3
7
 .

7
5

4
8
2
,6

8
0
 
.3

7
4
8
2
,7

6
8
 .

2
8

4
8
2
,9

0
3
 .

9
1

4
8
2
,9

8
8
 .

0
0

4
8
2
,9

7
8
 .

0
1

4
8
2
,6

6
9
 .

0
4

4
3
2
,7

8
3
 
.0

9
4
8
2
,7

8
1
 
.8

8
4
8
2
,3

6
9
 .

0
0

3
,4

4
0
,8

6
7
.9

3
,4

4
0

,8
8

1
 .

4
3
,4

4
0
,8

6
5
.0

3
,4

4
0
,8

6
5
.9

3
,4

4
0
,9

1
7
.3

3
,4

4
0
,9

8
8
.7

3
,4

4
0

,9
8

1
 .

7
3

,4
4

1
,0

1
 1

.7
3
,4

4
1
,0

2
5
.7

3
,4

4
0
,8

2
2
.8

3
,4

4
0
,8

9
3
.2

3
,4

4
0
,9

5
2
.4

3
,4

4
1
,0

1
 3

.0
3

,4
4

1
,1

5
1

 .
1

3
,4

4
1
,0

6
6
.7

3
,4

4
0
,9

5
5
.0

3
,4

4
1
 ,

0
9
5
.1

3
,4

4
1
,0

9
2
.6

3
,4

4
1
,2

4
6
.1

3
,4

4
1
 ,

2
4
6
.3

3
,4

4
1
,2

8
8
.6

3
,4

4
1
,3

2
3
.7

3
,4

4
1
 ,

2
9

7
.3

3
,4

4
1

 ,
4
2
5
.0

3
,4

4
1
,3

5
6
.4

3
,4

4
1
 ,

4
6
3
.0

3
,4

4
1
,4

7
9
.9

3
,4

4
1
,5

1
 5

.2
3
,4

4
1
,5

2
7
.8

3
,4

4
1
 ,

5
3

1
 .

0

3
,4

4
1

 ,
5
1
 9

.0
3

,4
4

1
 ,

5
9
4
.4

3
,4

4
1

 ,
5

8
0

.5
3
,4

4
1
 ,

1
0
0
.0

3
,4

4
1
,1

5
2
.0

3
,4

4
1
,2

5
0
.4

3
,4

4
0
,7

7
8
.5

3
,4

4
0
,7

7
9
.4

3
,4

4
0
,7

8
5
.2

3
,4

4
0
,7

6
9
.0

3
,4

4
0

,7
9

1
 .

2
3
,4

4
0
,7

5
9
.6

3
,4

4
0
,6

3
8
.0

3
,4

4
0
,6

6
4
.5

3
,4

4
0
,5

6
3
.0

F
e

-p
c
 t
 .

s

1 
.5

1
.5

1 
.0

1 
.0

1 
.0

1 
.0

1 
.0

1 
.5

1 
.0

1
.0

1 
.0

1 
.0

1 
.0

2
.0

1
.5

1 
.5

1
.5

1 
.0

1 
.5

1 
.5

1 
.5

1 
.5

1 
.0

2
.0

1
.5

1 
.5

1 
.0

1 
.5

1 
.0

1 
.5

1
.5

1
.5

1 
.5

1
,0

1
.5

2
.0

1 
.0

1 
.5

1 
.5

1 
.5

1 
.0 .7

1 
.0

1 
.0

1 
.5

i*
g
-p

c
t 

.
s

.5
0

1 
.0

0
.3

0
.2

0
.3

0

.2
0

.5
0

.3
0

.3
0

.5
0

.3
0

.5
0

.3
0

.7
0

.5
0

.5
0

.3
0

.7
0

.5
0

1 
.0

0

.3
0

.3
0

.5
0

.3
0

.3
0

.5
0

.5
0

.7
0

1 
.0

0
1 

.0
0

1 
.0

0
.7

0
.5

0
1 
.0

0
1 
.0

0

.7
0

.7
0

.7
0

.7
0

.7
0

.7
0

.1
5

.1
0

.3
0

.2
0

C 
a
-p

c
 t
 .

s

.0
5

.2
0

.0
5

<
.0

5
<

.0
5

<
.0

5
.0

5
<

.0
5

<
.0

5
.0

7

.0
5

.0
5

<
.0

5
<

.0
5

.1
0

.1
0

<
.0

5
.2

0
<

.0
5

. 
1
0

<
.0

5
.0

5
<

.0
5

<
.0

5
<

.0
5

<
.0

5
<

.0
5

.0
5

.0
5

.0
7

.0
5

.0
5

<
.0

5
.1

5
.1

0

.2
0

.0
5

.0
7

.0
5

.1
0

.0
7

.0
5

.0
5

.0
5

.0
5

T 
i-
p
c
 t
 .

s .1
 5

.2
0

.0
7

.0
7

.0
7

.0
7

.1
 5

.1
0

.0
7

.0
7

.1
0

.1
5

.2
0

.2
0

.2
0

.1
0

.1
0

.1
0

.1
 5

.2
0

.2
0

.1
5

.1
 5

.1
0

.1
 5

.1
0

.0
7

.1
 5

.1
0

.1
 5

.2
0

.1
0

.1
0

.2
0

.2
0

.1
 5

.1
0

.1
0

.0
7

.1
 5

.1
 5

.0
7

.1
0

.0
7

.1
0

M
n

-p
p

m
s

7
0
0

1
,5

0
0

5
0

0
7
0
0

7
0
0

5
0

0
7

0
0

7
0

0
7

0
0

7
0
0

7
0

0
7
0
0

7
0
0

1
,5

0
0

1
,0

0
0

1
,5

0
0

1
,5

0
0

1
,0

0
0

1
,5

0
0

1
,5

0
0

1 
,0

0
0

1
,0

0
0

7
0
0

3
0
0

7
0
0

1
,0

0
0

1
,0

0
0

1
,0

0
0

1
,5

0
0

1
,0

0
0

1
,5

0
0

1
,0

0
0

1
,0

0
0

2
,0

0
0

1
,0

0
0

1 
,5

0
0

1
,0

0
0

1 
,5

0
0

1
,5

0
0

1
,5

0
0

1
,0

0
0

7
0
0

7
0
0

5
0
0

7
0
0

A 
g
 -
 p

 p
 m

S

.5 .7
<

.5
<

.5
<

.5

<
.5

<
.5

<
.5

<
.5 .5 .5

1
.0

1
.0

2
.0

<
.5 .5 .7

<
.5

1
.0

<
.5 .7

1
.0 .5 .5

1 
.0 .5 .5 .7

1 
.0 .7

1
.0

1
.0

<
.5 .7 .5 .5

<
.5

<
.5

<
.5

<
.5

<
.5

<
.5

<
.5 .7

<
.5

A
s
-p

p
m

s

N N M N NJ M N N N Nl M N
<

2
0
0

2
0
0 N N

<
2
0
0 N M M

<
2
0
0 N N

2
0
0

2
0
3

<
2

0
0 N N N N N N N N M N N N N N N N N N N

3
-p

p
m

s

1
,0

0
0

5
0

0
7

0
0

7
0
0

5
0

0

5
0

0
3
0
0

5
0

0
3
0
0

3
0

0

3
0

0
5
0
0

7
0

0
2
,0

0
0

5
0

0

1
,0

0
0

1
,5

0
0

5
0
0

1
,5

0
0

1
,5

0
0

1
,0

0
0

1
,0

0
0

5
0
0

7
0
0

1 
,5

0
0

7
0
0

7
0
0

1
,0

0
0

7
0
0

5
0
0

1 
,5

0
0

3
0
0

7
0

0
3
0
0

5
0
0

3
0
0

5
0

0
1
,0

0
0

7
0

0
7

0
0

5
0

0
1

0
0

5
0

2
,0

0
0

7
0
0



T
d
O
l
e
 

1.
 
A
n
a
l
y
t
i
c
a
l
 
u
a
t
a
 
f
o
r
 
-
y
o
 
m
e
s
h
 
s
t
r
e
a
m
 
s
e
d
i
m
e
n
t
 
s
a
m
p
l
e
s
 
c
o
l
l
e
c
t
e
d
 
d
u
r
i
n
g
 
t
h
e
 

U 
. 
S 

. 
G 

. 
S.
 -
 C
 .

 R
 .

t
h
e
 

T 
i 
o 

F
l
a
c
o
 
a
r
e
a
*
 
El
 
C
o
r
r
e
o
 
q
u
a
d
r
a
n
g
l
e
*
 
n
o
r
t
h
e
r
n
 

S 
o 
n 
o 

r 
a 

* 
M
e
x
i
c
o
.

S
a
m
p
l
e

R
L
T
1
0
5
d
 

R
L
T
1
0
5
9
 

R
L
T
1
0
6
0
 

R
L
T
1
0
6
1
 

R
L
T
1
0
6
2

R
L
T
1
0
6
3
 

R
L
T
1
0
6
4
 

R
L
T
1
0
6
5
 

R
L
T
1
0
6
6
 

R
L
T
1
0
6
7

R
L

T
1

0
6

8
 

R
L
T

1
0
6
9
 

R
L
T

1
0
7
0
 

R
L
T

1
0
7
1
 

R
L
T

1
0
7
2

R
L
T
1
0
7
3
 

R
L
T
1
0
7
4
 

R
L
T
1
0
7
5
 

R
L
T
1
0
7
6
 

R
L
T
1
 0
7
7

R
L
T
1
0
7
3
 

R
L
T
1
0
7
9
 

R
L
T
1
0
8
0
 

R
L
T
1
0
8
1
 

R
L
T
1
0
8
2

R
L
T
1
0
8
3
 

R
L
T
1
0
8
4
 

R
L
T
1
0
8
5
 

R
L
T
1
0
8
6
 

R
L
T
1
0
6
7

R
L
T
1
0
8
8
 

R
L
T
1
0
8
9
 

R
L
T
1
0
9
0
 

R
L
T
1
0
9
1
 

R
L
T
1
0
9
2

R
L
T
1
0
9
3
 

R
L
T
1
0
9
4
 

R
L
T
1
0
9
5
 

R
L
T
1
0
9
6
 

R
L
T
1
0
9
7

R
L
T
1
0
9
8
 

R
L
T
1
0
9
9
 

R
L
T
1
1
0
0
 

R
L
T
1
1
0
1
 

R
L
T
1
 1
02

B
a
-p

p
 m

 
s

7C
 C

 
7
0
C

 
5
0
C

 
5

0
C

 
7
0
C

7
0

C
 

7
0

C
 

5
0

0
 

7
0

C
 

7
0
C

7
0

C
 

7
0

C
 

7
0

C
 

7
0
C

 
7

0
C

7
0

0
 

7
0

C
 

7
0

C
 

7
0

C
 

1
*0

0
0

7
0
0
 

7
0

0
 

3
0
C

 
3

0
0

 
7

0
C

7
0
 C

 
7
0
C

 
7
0
C

 
7
0
C

 
7

0
C

7
0

C
 

7
0
G

 
7
0
C

 
1

*O
O

C
 

7
0
C

7
0

C
 

7
0
C

 
7
0
G

 
5
0
C

 
7G

O

7
0

C
 

7
0
C

 
7

0
C

 
7

0
C

 
7
0
C

o
e

-p
p

m
 

s

2
.0

 
2

.0
 

1 
.5

1
.5

 
1 

. 
5

1 
.5

 
2

.0
 

1 
.5

 
1 

.5
 

1 
.5

1 
.0

 
1

.5
 

1
.5

 
1 

.0
 

1 
. 

5

1 
.5

 
1 
.0

 
1 
.5

 
1 

.0
 

1 
.5

1
.5

 
1 

.5
 

2
.0

 
3

.0
 

3
.0

2
.0

 
1 

.5
 

2
.0

 
3

.0
 

3
.0

8 
i 
-p

p
m

 
s

2
.0

2
.0

 
1 

.5
 

1 
. 

5 
1 

.5
 

2
.0

3
.0

 
1 

.0
 

1 
.0

 
1 

.5
 

1 
.5

1
0 1
0

3
0

20
.

2
0 15 1
0 1
0

1 
5

10 1
5 1
0

 N
1 

0 
1 

0

5
0

1 
0 N N

1 
0

0
0

C
o

-p
p

m
 

s

5
1 

5 
<5

 
<5

 
<5 <5

 
<5 <5

 
<

5 
<5 <

5 7
<5 1
0 7 5 

<
5 5 5 7

<
5 <5 *
$

<
5 5 5 

<
5 15 15 1
0

2
0 <5
5

1 
5 

15 1
0
 5

<5
 5

1
0 15
 

<5
 

<5
 

<
5 5

C 
r-

p
p
m

 
s

1 
5

<
1

0
 

0
0
 

0
0
 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

 
0

0
 

0
0

 
<

1
0
 

0
0

0
0

0
0

0
0

0
0 1 

5

0
0

0
0

0
0

0
0

0
0

0
0
 

0
0

 
<

1
0
 

0
0 1
0

1
0

<
1

0
0
0

0
0

0
0

0
0

0
0

0
0 2
0

2
0

 
0

0
 

O
 0

 
0
0
 

0
0

C
u
-p

p
m

s

3
0

3
0

2
0

3
0 3
0 20 30 30 30 50 3
0

1
0
0 7
0

1 
5
0

5
0

7
0

5
0

5
0 7
0

7
0

5
0

3
0

7
0

7
0

1
0
0 5
0 3
0

7
0

7
0

7
0

1
5

0 5
0

5
0 3
0

5
0 50 30 30 30 50 3
0 15 1 
5

2
0

3
0

L 
a
-p

p
m

 
s

70 70 50 30 30 30 30 30 50 30 5
0

5
0 50 5
0

5
0 30 30 50 30 70 70 50

<
20

<
20 50 7

0
3
0

7
0 7
0

1
0

0 7
0

7
0

7
0 5
0

7
0 50 50 30 30 50 7
0 2
0

2
0 3
0 30

d
e

ta
il
e

d
 

s
tj
d

y
 

o
f

M
o

-p
p

m
 

Ni 
i 

~
p

p
T

s 
s

<5
 

<5
<5

 
15

<5
 

<5
<5

 
<5

<5
 

<5

<5
 

<5
<
5
 

<5
<5
 

<5
<5
 

<5
<5

 
<5

<5
 

<5
1
0
 

<5
5 

<5
20
 

<5
<5

 
7

<5
 

<5
7 

<5
<5

 
<5

5 
<5

<5
 

20

7 
<5

<5
 

<5
15

 
<5

1
0
 

5
10
 

<5

5 
<5

<5
 

. 
<5

5
0
 

5
7 

5
50
 

7

10
 

5
1
0
 

<5
<5

 
5

<5
 

<5
5 

7

<5
 

<5
<5
 

15
<5
 

5
5 

10
<5

 
30

<5
 

30
<
5
 

N
<5

 
<5

<5
 

<5
<5
 

<5



T
a
b
le

 
1

A
n
a
l
y
t
i
c
a
l
 
d
a
t
a
 
f
o
r
 
-
3
^
 
m
e
s
n
 
s
t
r
e
a
m
 
s
e
d
i
m
e
n
t
 
s
a
m
p
l
e
s
 
c
o
l
l
e
c
t
e
d
 
d
u
r
i
n
g
 
t
h
e
 
U
.
S
.
G
.
S
.
-
C
.
R
.
M
 

t
h
e
 
T
i
o
 
F
l
a
c
o
 
a
r
e
a
*
 
£1
 
C
o
r
r
e
o
 
q
u
a
d
r
a
n
g
l
e
/
 
n
o
r
t
h
e
r
n
 
S
o
n
o
r
a
*
 
M
e
x
i
c
o
.

d
e
ta

il
e
d
 

s
tu

d
y
 

o
f

S
am

p
le

R
L

T
1

0
5

3
 

R
L

T
1

0
5

* 
R

L
T

1
0
6
0
 

R
L 

T
1
0
6
1
 

R
L

T
1

0
6

2

R
L

T
1

0
6

3
 

R
L
T

1
0
6
4
 

R
L
T

1
0
6
5
 

R
L
T

1
0
6
6
 

R
L

T
1

0
6

7

R
L
T

1
0
6
3
 

R
L

T
1

0
6

9
 

R
L
T

1
0
7
G

 
R

L
T

1
0

7
1

 
R

L
T

1
0

7
2

R
L

M
0

7
3

 
R

L
T

1
0

7
4

 
R

L
T

1
0

7
5

 
R

L
T

1
0

7
6

 
R

L
T

1
0

7
7

R
L

T
1

0
7

8
 

R
L

T
1

0
7

9
 

R
L

T
1

0
8

0
 

R
LT

 1
 0

8
1

 
R

L
T

1
0

8
2

R
L
T

1
0
8
3
 

R
L

T
1

0
8

4
 

R
L

T
1

0
8

5
 

R
L
T

1
0
8
0
 

R
L

T
1

0
a

7

R
L

T
1

0
8

8
 

R
L

T
1

0
8

9
 

R
LT

 1
0
9
0
 

R
L

T
1

0
9

1
 

R
L
T

1
0
9
2

R
LT

 1
0
9
3
 

R
L

T
1

0
9

4
 

R
L

T
1

0
9

5
 

R
L

T
1

0
9

6
 

R
L

T
1

0
9

7

R
L
T

1
0
9
8
 

R
L

T
1

0
9

9
 

R
L
T

1
1
0
0
 

R
L

T
1

1
0

1
 

R
L

T
1

1
0

2

P
b

- 
p 

pm

s

70 70 70 50 70 50 70 70 70
2 

CO

3 
CO

 
5 

GO
 

3 
CO

 
3C

C
 

70

3 
CO

 
3 

CO
 

1 
50

 
3 

CO
1 

CO

2 
CO

2 
CO

 
5 

CO
 

3 
CO

 
2 

CO

1 
CO

 
2
0
0
 

5 
CO

 
2
0
0
 

7 
CO

3
0
0
 

1 
,5

 C
O

 
2
0
0
 

3 
CO

 
2

0
0

3 
CO

 
70 70

 
3 

CO
 

3 
CO 70 70

1 
CO

2
0

0 70

S 
c
- s

5 7
<

5 5
<

5

<
5 5

<
5

 5
<

5

<
5 5 5 5 5

<
5
 

<
5 7 5 7

<
5 5

<
5
 7 7 5 5 5 5 5 7 5

<
5 5

<
5 <
5 

<
5 5 7

<
5

 
<

5 
<

5 5

S 
n

- 
p
p
m

s

1 
5

1 
0

2
0

1 
5

30 1
0

1
0

1
0 1
0

1
0

1
0

1
0

2
0 10 15 1
5

1 
5

2
0

2
0 30 1
0 1 
0 N

1
0
 

2
0

 
1 

0

S 
r-

p
p

 m
 

s

1
5

0
 

1
5
0
 

1
5

0
 

<
1
0
0
 

1
0

0

1
0
0

1
5

0
0
0
0

<
1

0
0

1 
5

0

1
0
0

1
0

0
1

0
0

1
0
0

1 
5
0

1
5
0
 

<
1
0
0
 

1 
5
0
 

1
0

0
 

1
5

0

1
0

0
1

0
0

<
1

0
0

0
 0

0
1

0
0

1
5

0
1
5
0

1
5

0
2
0
0

2
0
0

3
0

0
1 

5
0

1
0

0
1

5
0

1
5

0

1
5

0
 

1
5
0
 

1 
5
0
 

<1
 0

0
 

1
0

0

1
5
0
 

<1
 0

0
 

<
1
0
0
 

0
0
0
 

0
0
0

V
-p

p
r

S

Y
-p

 p
m

s

15 7
0 10 10 1
0 10 1 
5

1
0 1
0

1 
5

2
0 30 15 15 15 15 15 2
0 1 
5

3
0

2
0

2
0 3
0

1
5 15 15 2
0

3
0 15 50 15 2
0 15 2
0

2
0

2
0 15 15 15 2
0 2
0 10 15 15 10

50 5
0

5
0 5
0

5
0 50 70 50 70 30 5
0 50 70 7
0 70 5
0

5
0 7
0

50 70 70 70 30 20 70 5
0

50 70
1

0
0 70

1
5
0 70 70 5
0

1
0
0 50 30 50 30 50 70 2
0 30 50 5
0

Z
n

-p
p

m
 

s

fj
7

0
0

 N N N N
<

2
0
0 N N

<
2
0
0

<
2
0
0
 

5
0
0
 

7
0
0
 

7
0
0
 

2
0
0

3
0
0
 

2
0
0
 

<
2
0
0
 

3
0
0
 

2
0
0

3
0
0

3
0
0 N N

2
0
0

2
0
0

3
0
0

5
0
0

7
0
0

3
0
0

2
0
0

5
0
0

7
0
0

<
2
0
0

<
2
0
0 N N N

<
2
0
0
 N N N N N N

Z
r
-
p
p
m
 

s

7
0 70 7
0 7
0

7
0

50 70 7
0

7
0

7
0 7
0

7
0 7
0 70 70 7
0 70 7
0 70 7
0

70 70 30 3
0 70 70 70 70 70 7
0 70 7
0 70 70 70 70 70 70 70 70 70 7
0 70

1
0
0 70



T
a

b
le

 
1
. 

A
n

a
ly

ti
c
a

l 
d
a
ta

 
fo

r 
-?

0
 

m
e
sn

 
s
tr

e
a

n
- 

s
e
d
im

e
n
t 

s
a

m
p

le
s
 

c
o
ll
e
c
te

d
 

d
u

ri
n

g
 

th
e

 
U

. 
S 

. 
G

.S
. 
-C

.R
.M

. 
d

e
ta

il
e

d
 

s
tu

d
y
 

o
f 

th
e

 
T

io
 

F
la

c
o
 

a
re

a
* 

E
l 

C
o

rr
e

o
 

q
u

a
d

ra
n

o
le

, 
n

o
rt

n
e

rn
 

S 
o 

n 
o 

r 
a 
, 

M
e

x
ic

o
.-

-c
o

n
ti
n

u
e

d

S
a

m
p

le
X

-U
t 

m
Y

-U
tm

R
L
T

1
 1

 0
3

R
L
T

1
 1

 0
4

R
LT

1 
1

0
5

R
L
T

1
 1

 0
6

R
LT

1 
1

0
7

R
LT

1 
1

0
8

R
L
T

1
 1

0
9

R
L
T

1
 1

 1
0

R
LT

1 
1 

11
R

LT
1 

1 
12

R
L
T

1
 1

 1
 3

R
LT

1 
1 

14
R

L
T

1
 1

 1
 5

R
LT

1 
11

 6
R

I.T
1 

1 
1

7
.

R
L
T

1
 1

 1
8

R
LT

1 
1

1
9

R
LT

1 
1 

2
0

R
LT

 1
 1

 2
1

R
L

T
1

1
 2

2

R
LT

1 
1
2
3

R
LT

1 
1 

24
R

L 
T1

 1
 2

5
R

LT
1 

1 
2
6

R
L
T

1
 1

 2
7

R
LT

1 
1 

28
R

L
T

1
 1

 2
9

R
L
T

1
 1

3
0

R
LT

1 
13

1
R

LT
1 

1 
32

R
L

T
1

 1
 3

3
R

LT
1 

1
3
4

R
L

T
1

 1
 3

5
R

L
T

1
 1

 3
6

R
LT

1 
1 

37

R
L
T

1
 1

3
8

R
L

T
1

 1
 3

9
R

LT
1 

1 
4

0
R

LT
 1

 1
 4

1
R

L
T

1
1

 4
2

R
L

T
1

 1
4

3
R

LT
 1

 1
 4

4
R

LT
1 

1
4

5
R

LT
1 

1 
46

R
L

T
1

 1
 4

7

4
8

2
,8

6
0

 .
8

5
4

8
2

,9
5

6
.0

0
4
8
3
,0

1
 9

.1
6

4
8

2
,9

9
6

.3
4

4
8

3
,1

3
5

 .
6

8

4
8
3
,1

 4
5
 .

6
6

4
8
3
,2

4
1
 
.2

5
4
8
3
,3

1
 9

 .
D

C
4
8
2
,6

5
0
 .

0
0

4
8

3
,4

2
5

 .
8

1

4
8
3
,5

1
 6

 .
2

7
4
8
3
,6

1
 5

 .
5

5
4

8
3

,7
0

7
 .

4
3

4
8

3
, 
&

8
8
 .

6
0

4
8
3
,7

1
 3

 .
7

5

4
8
3
,7

6
6
.5

3
4

8
3

,7
5

0
 .

2
2

4
8
3
,7

7
5
.5

1
4
8
3
,7

6
0
 .

4
4

4
8

3
,7

6
8

 .
1

1

4
8

3
,7

5
9

 .
3

0
4

8
3

,8
3

3
 .

4
3

4
8

3
,8

1
8

 .
3

7
4

8
3

,8
4

6
 .

9
4

4
8
3
,9

3
2
 .

3
6

4
8

4
,0

0
6

 .
7

8
4

8
3

,9
9

0
 .

3
1

4
8

3
,9

8
2

 .
9

1
4
8
4
,1

 0
0

 .
5

7
4
8
4
,1

 5
0

 .
6

4

4
8
3
,2

1
5
 .

9
8

4
8

2
,5

5
3

 .
7

3
4

8
2

,6
2

5
 .

0
0

4
8
2
,6

1
 9

 .
0

0
4

8
2

,5
9

9
 .

1
4

4
8

3
,2

9
6

.5
9

4
8

3
,3

0
4

 .
1

 7
4

8
3

,3
4

0
 .

6
4

4
3
3
,3

9
0
 .

9
0

4
8
3
,3

8
3
 .

3
9

4
8

3
,4

4
6

 .
2

3
4

8
3

,4
8

1
 
.4

3
4

8
3

,5
7

5
 .

5
7

4
8
3
,6

1
 1

 
.8

8
4
8
3
,5

8
9
 .

2
9

3
,4

4
0
,5

8
8
.4

3
,4

4
0
,5

8
8
.0

3
,4

4
0
,6

3
7
.0

3
,4

4
0

,5
1

 8
.4

3
,4

4
0

,4
8

6
.3

3
,4

4
0
,4

5
3
.5

3
,4

4
0

,5
3

3
.9

3
,4

4
0

,4
7

5
.5

3
,4

4
0
,8

0
6
.0

3
,4

4
0

, 
51

 6
.7

3
,4

4
0
,5

3
9
.1

3
,4

4
0

, 
5

8
1

 .
6

3
,4

4
0
,6

9
8
.7

3
,4

4
0
,7

0
0
.0

3
,4

4
0

,7
2

2
.6

3
,4

4
0

,7
4

0
.1

3
,4

4
0
,7

4
9
.0

3
,4

4
0

,8
4

2
.3

3
,4

4
0
,8

4
4
.9

3
,4

4
0
,9

1
 9

.3

3
,4

4
0
,9

0
6
.8

3
,4

4
0
,9

2
9
.2

3
,4

4
0

,9
3

1
 .

8
3

,4
4

0
,7

6
3

.8
3
,4

4
0
,7

7
9
.8

3
,4

4
0

,8
6

6
.1

3
,4

4
0
,8

8
0
.6

3
,4

4
0

,9
5

5
.1

3
,4

4
0
,9

3
3
.1

3
,4

4
1

 ,
0

3
7

.3

3
,4

4
0

,4
5

3
.2

3
,4

4
0
,8

8
1
 .

3
3

,4
4

0
,9

4
4

 .
0

3
,4

4
0

,9
8

8
.0

3
,4

4
0
,9

9
3
.4

3
,4

4
1

 ,
9

5
2

.6
3
,4

4
1
 ,

9
7

9
.1

3
,4

4
2

,0
0

8
.0

3
,4

4
2

,0
2

6
.8

3
,4

4
2
,0

3
8
.1

3
,4

4
2

,0
6

4
.4

3
,4

4
2
,0

8
9
.5

3
,4

4
2

,0
6

5
 .

1
3

,4
4

2
,0

0
8

.2
3

,4
4

2
,0

1
 3

.3

c 
t 

.

1 
.0 .7

1 
.0

1 
.0

1 
.0

1
.5

1 
.0

1 
.0

1 
.5

1 
.5

1 
.5

1 
.5

1 
.0

1 
.0

1 
.0

1 
.0

1 
.0

1 
.5

1 
.0

1 
.0

1 
.5

1
.0

1 
.0

1 
.5

1 
.0

1 
.0

1 
.0

1 
.0

1 
.5

1
.0

1 
.0

1 
.0

1 
.5

1 
.0

1 
.5

1
.0

1 
.5

1 
.5

1 
.5

1 
.5

1 
.5

1 
.0

1 
.5

2
.0

1 
.5

M 
g 
- 

p 
c 

t 
.

s

.3
0

.3
0

.3
0

.2
0

.3
0

.3
0

.3
0

.2
0

.2
0

.2
0

.2
0

.3
0

.3
0

.2
0

.7
0

.5
0

.7
0

.7
0

.7
0

.5
0

.7
0

.2
0

.3
0

.5
0

.7
0

.3
0

.3
0

.7
0

.7
0

.2
0

.2
0

.5
0

.7
0

.5
0

1 
.0

0

.7
0

.7
0

.7
0

.7
0

.7
0

1 
.0

0
.7

0
.5

0
.7

0
.7

0

C 
a

-p
c
 t

 .
s

.0
5

.0
7

.0
5

<
.0

5
.0

5

.0
5

<
.0

5
.0

5
.0

5
.0

5

.0
5

<
.0

5
.0

5
<

.0
5

.1
0

.0
5

.0
7

.0
5

.0
7

<
.0

5

.2
0

.0
5

.0
5

.0
7

.2
0

.0
5

.0
7

. 
1
0

.0
7

.3
0

.0
5

.1
0

.1
5

.1
0

.2
0

.0
5

.1
0

.1
0

.0
5

.0
7

.0
5

<
.0

5
.0

5
<

.0
5

<
.0

5

T 
i-
p

c
 t

 .
s .0

7
.0

7
.0

7
.0

7
.1

0

.1
0

.0
7

.1
0

.1
0

.1
 5

.1
0

.1
 5

.1
 5

.0
7

.1
0

.1
0

.1
0

.1
 5

.1
 5

.1
0

.2
0

.2
0

.1
 5

.2
0

.1
 5

.1
0

.1
0

.1
 5

.1
 5

.0
7

.1
0

.1
 5

.2
0

.1
0

.1
5

.1
0

.2
0

.2
0

.2
0

.1
0

.2
0

.1
0

.1
5

.1
5

.1
0

M
n
- 

pp
m

s

5
0

0
5
0
0

1 
,0

0
0

5
0

0
1 
,5

0
0

7
0

0
5

0
0

5
0
0

7
0
0

7
0
0

7
0

0
5

0
0

7
0

0
3
0
0

7
0

0

5
0
0

7
0

0
7
0
0

7
0

0
5
0
0

1
,0

0
0

5
0

0
1 
,5

0
0

1
,0

0
0

7
0

0

1
,0

0
0

7
0

0
7
0
0

2
,0

0
0

1
,0

0
0

7
0

0
2

,0
0

0
1 

,0
0

0
1
,0

0
0

2
,0

0
0

1
,5

0
0

1 
,0

0
0

1 
,5

0
0

2
,0

0
0

1
,0

0
0

1
,0

0
0

2
,0

0
0

1
,5

0
0

7
0
0

5
0

0

A
g
- 

pp
T

i
s

<
.5

<
. 

5
.5

< 
. 

5
<

.5

<
.5

<
. 

5
<

. 
5

<
. 

5
<

.5

<
.5

< 
. 

5
< 

. 
5

<
. 

5
<

.5

<
.5

<
. 

5
<

. 
5

< 
. 

5
<

.5

<
.5

<
. 

5
<

. 
5

<
. 

5
<

.5

<
.5

<
. 

5
<

. 
5

.5 M

<
.5

1 
.0 .5

<
. 

5
1 

.5 .7
1

.0 .5 .7
1

.0

1
.5

1 
.0 .5

< 
. 

5
<

.5

A 
s
-p

p
m

s

\l \l N N N N M N l\i M N N NJ N N N N N N N M N \ N N M V M N N ,M N N N M N N N N * ,M N N N N

3
-p

p
m

s

1 
,5

0
0

1 
,0

0
0

1
,5

0
0

1 
,0

0
0

1 
,0

0
3

5
0
0

7
0
0

3
0
0

3
0
0

3
0
0

2
0
0

2
0

0
2
0
0

3
0

0
3

0
0

1
0
0

3
0
0

3
0
0

3
0
0

3
0
0

3
0

0
1
5
0

3
0
3

1
0

0
2

0
0

2
0
0

1
5
0

1
0
0

2
0
0

1
0
0

1
5

0
2
0
0

2
0

0
3
0
0

3
0
0

3
0
0

3
0
0

3
0
0

7
0
0

1
,0

0
0

1 
,5

0
0

1 
,0

0
0

3
0
0

1
5
0

1 
,0

0
0



T
a
b
l
e
 

1
A
n
a
l
y
t
i
c
a
l
 
da
ta
 
fo
r 

-J
*0

 
m
e
s
h
 
s
t
r
e
a
m
 
s
e
d
i
m
e
n
t
 
s
a
m
p
l
e
s
 
c
o
l
l
e
c
t
e
d
 
d
u
r
i
n
g
 
th

e 
U 

. 
S 

. 
G 

. 
S.

 -
 C

 .
 R
 .

 "I
 

th
e 

Ti
o 

F
l
a
c
o
 
a
r
e
a
/
 

El
 
C
o
r
r
e
o
 
q
u
a
d
r
a
n
g
l
e
/
 
n
o
r
t
h
e
r
n
 
S
o
n
o
r
a
/
 
M
e
x
i
c
o
.
-
-
c
o
n
t
i
n
u
e
d

S
a
m
p
l
e

R
L
T
1
1
0
3
 

R
L
T
1
1
0
4
 

R
L
T
1
1
0
5
 

R
L
T
1
1
0
6
 

R
L
T
1
1
0
7

R
L
T
1
1
0
8
 

R
L
T
1
1
0
9
 

R
L
T
1
 1

 1
0 

R
L
T
1
 1
1 

1 
R
L
T
1
1
1
2

R
L
T
1
1
 1
3 

R
L
T
1
 1

 1
4 

R
L
T
1
 1

1 
5 

R
L
T
1
1
1
6
 

R
L
T
1
 1
1
7

R
L
T
1
 1
1
8
 

R
L
T
1
 1

 1
9 

R
L
T
1
 1
2
0
 

R
L
T
1
 1
21
 

R
L
T
1
1
2
2

R
L
T
1
1
2
3
 

R
L
T
1
 1
2
4
 

R
L
T
1
1
2
5
 

R
L
T
1
1
2
6
 

R
L
T
1
1
2
7

R
L
T
1
1
2
8
 

R
L
T
1
1
2
9
 

R
L
T
1
1
3
0
 

R
L
T
1
 1
31

 
R
L
T
1
1
3
2

R
L
T
1
1
3
3
 

R
L
T
1
1
3
4
 

R
L
T
1
1
3
5
 

R
L
T
1
 1
3
6
 

R
L
T
1
1
3
7

R
L
T
1
1
3
8
 

R
L
T
1
1
3
9
 

R
L
T
1
1
4
0
 

R
L
T
1
1
4
1
 

R
L
T
1
1
4
2

R
L
T
1
 1
4
3
 

R
L
T
1
1
4
4
 

R
L
T
1
1
4
5
 

R
L
T
1
1
4
6
 

R
L
T
1
1
4
7

B
a

-p
p

 m
 

s

5
0

0
 

7
0

G
 

7
0

C
 

7
0
C

 
7

0
C

7
C

C
 

5
0
C

 
7

0
C

 
5
0
0
 

7
0

0

7
0
C

 
7

0
 C

 
7
0
 C

 
5G

C
 

5
0
C

7
0
0
 

7
0
0
 

7
0
C
 

7
0
0
 

5
0
C

1

6
e
-p

p
m

 
s

3
.0

 
1 

.5

B
i 

-p
p
m

O
O

C
 

1 
/O

O
 G

7
0

0
 

1
,O

G
C

 
1

,0
0

 C

7
0
C

 
7
0
C

 
7

0
C

 
7
0
 C

 
7
0
C

7G
G

 
1

/O
O

C
 

1
,O

O
C

7
0

C
 

1 
/O

O
O

7
0

C
 

7
0

C
 

7
0

C
 

7
0
C

 
1
/O

O
C

1
/O

O
C

1
/O

O
C

7
C

C
7
0
C

7
C

G

2
.0

1 
.5

2
.0

 
1 

. 
5 

1 
.0

 
1

.5

1
.0

 
1 

.5
 

1 
.5

 
1 
.0

 
1 
.5

1 
.0

 
1 

.0
 

1 
.5

 
1 

.5
1 

.0

1 
. 

5 
1 

.0
 

1 
. 

5 
1 

.5
 

1
.5

1 
.0

 
1 

.5
 

1 
.5

 
1 

.5
 

1 
.0

1 
. 

5 
1 

. 
5 

1 
. 

5 
1 

.5
 

2
.0

2
.0

 
1 

.5
 

2
.0

 
1 

.5
 

1 
.5

2
.0

 
1 
.5

 
1 

. 
5 

1 
.0

 
1 

.5

1
0

0
0

0
0

 
0
0
 

<1
 0

 
0

0
 

0
0 N

0
0
 

0
0
 

O
 0

 
0
0

< 
10

 
0
0 N N

o
 o

O
 0

o
 o

 
o
 o

O
 0 1
0 1
0

0
0

0
0

0
0

0
0

2
0
0

0
0

0
0 1 

0

C 
o
-p

p
m

 
s

<
5
 

<
5

 
<

5
 

<
5
 5 7

<
5
 

<
5
 

<
5 5 5

1 
5 

1C
 

<
5
 

<
5

<
5

 
<

5
 

<
5

1 
0 

<
5

1 
5 

<
5
 

<
5

1 
5 7 5 5 7

1 
5 

<
5

1
0 7 7 5

1
5

<
5

<
5

 5 7 
<

5

1
0
 

<
5 5

1
0

1
0

C 
r-

p
p
m

 
s

0
0 1
0

o
n
 

o
o
 

o
o

o
o
 

o
o
 

o
o
 

o
o 1 

5

0
0

0
0

0
0

0
0 20

0
0

 
0
0
 

0
0

 
O

 0
 

0
0 1
0

0
0

0
0 1
0

o
n

0
0 1
0

1
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

<
1

0 1
0

1
0

C 
u
-p

o
m

 
s

15 1 
5

30 30 30 50 30 20 20 30 30 50 50 20 50 50 30 50 30 30 30 20 30 50
1
0
0 30 30 50 70 30 5
0

7
0

1
0
0 3
0

1
5
0 5
0

5
0 5
0

7
0

7
0 70 7
0

1
0
0

1
0
0 7
0

L
a

-p
p

m
 

s

30 30 30 30 30 30 20 50 20 30 30 30 30 50 50 30 30 30 20 20

1
0
0 7
0 30 30 50 3
0 3
0

5
0

5
0

5
0 30 30 50 30 50 70 70 50 50 30 50 30 50 20 50

d
e

ta
il
e

d
 

s
tu

d
y
 

o
f

M
0
~

p
p
m

 
N

i 
p
p
m

S 
S

<
5
 

<
5

<
5

 
<

5
<

5
 

<
5

<
5
 

<
5

<
5
 

5

5 
<

5
<

5
 

<
5

<
5

 
<

5
<

5 
<

5
7 

5
0

<5
 

<5
<5

 
<5

<5
 

<5
N 

<5
N 

3
0

<5
 

<5
<5

 
<5

<5
 

<5
<5

 
30

<5
 

<5

<
5

 
15

<
5
 

<
5

<
5 

<
5

5 
<

5
<

5
 

<
5

<
5
 

<
5

<
5

 
7

N 
2
0

<
5 

<
5

N 
<

5

<5
 

<5
<5

 
<5

<5
 

<5
<5

 
<5

<5
 

<5

<
5
 

<5
5 

<5
<5

 
<5

<5
 

<5
<5
 

<5

7 
<5

<5
 

<5
<5
 

<5
5 

<5
5 

7



T
a

b
le

 
1
. 

A
n
a
ly

ti
c
a
l 

d
a

ta
 

fo
r 

-J
O

 
m

e
s
h

 
s
tr

e
a

m
 

s
e

d
im

e
n

t 
s
a
m

p
le

s
 

c
o
ll
e
c
te

d
 

d
u

ri
n

g
 

th
e

 
U

.S
.G

.S
.-

C
.R

.M
, 

th
e

 
T

io
 

F
la

c
o
 

a 
r 

e 
a
/ 

E
l 

C
o
rr

e
o
 

q
u
a
d
ra

n
g
le

/ 
n
o
rt

h
e
rn

 
S

o
n

o
ra

/ 
M

e
x
ic

o
.-

-c
o

n
ti
n

u
e

d
d
e
t
a
i
l
e
d
 
s
t
u
d
y
 
of

S
a
m
p
l
e

R
L
T

1
1
0
3
 

R
L

T
1

1
0

4
 

R
L

T
1

1
0

5
 

R
L

T
1

1
0

6
 

R
L
T

1
1
0
7

R
L

T
1

1
0

8
 

R
L
T

1
1
0
9
 

R
L

T
1

 1
 1

0
 

R
L
T

1
1
 1

1 
R

L
T

1
1

1
2

R
L
T

1
1
 1

3
 

R
L
T

1
1
 1

4
 

R
L

T
1

 1
 1

5
 

R
L 

T1
 1

 1
6
 

R
L

T
1

1
 1

 7

R
L
T

1
 1

 1
8
 

R
L

T
1

 1
 1

9
 

R
L

T
1

1
2

0
 

R
L

T
1

 1
2

1
 

R
L

T
1

1
2

2

R
L

T
1

1
2

3
 

R
L

T
1

1
2

4
 

R
L

T
1

1
2

5
 

R
L

T
1

1
2

6
 

R
L
T

1
 1

2
7

R
L
T

1
 1

2
8

 
R

L
T

1
1
2
?
 

R
L

T
1

1
3

0
 

R
L
T

1
 1

3
1
 

R
L

T
1

1
3

2

R
L
T

1
1
3
3
 

R
L

T
1

1
3

4
 

R
L

T
1

1
3

5
 

R
L
T

1
1
3
6
 

R
L
T

1
1
3
7

R
L

T
1

1
3

8
 

R
L

T
1

1
3

9
 

R
L

T
1

1
4

0
 

R
L

T
1

1
4

1
 

R
L

T
1

1
4

2

R
L 

T
1
1
4
3
 

R
L
T

1
1
4
4
 

R
L

T
1

1
4

5
 

R
L
T

1
1
4
6
 

R
L
T

1
 1

4
7

P
b

-p
 p

m
S

70
 

50
 

50
 

1 
CO

 
70

1 
CO

 
30

 
70

1 
CO

 
7
0

7
0

1 
5
0

1 
50 70 7
0 70 50 7
0 7
0

50 50 70 7
0

70
1 

0
0 70 7
0 70

1 
CO

 
50 7
0

2 
CO

 
2 

GO
 

1 
5

0
1 

5
0

2 
CO

3 
CO

 
3 

CO
 

3 
CO

 
7 

CO

5 
CO

 
3 

CO
 

1 
50

 
70

 
1 

50

S 
C

-p
p

 m
 

S

<
5 <5

 
<

5 
<

5 
<

5 <5
 

<
5 

<
5 5 

<5 <
5

<
5 7

<5
 

<
5

<5 <
5 7 5

<
5 7 5 5 5 5

<
5 7 5 5

<
5

<
5 5 5

<5
 7 5 5

<
5 <
5 

<
5 7 5 5

<
&

 
<

£

S 
n 

- 
p
p
 m

 
s

0
0 20 1 

5
15 1
0

1
5

1 
5

20 1
5

S 
r-

p
p
m

 
s <
1
0
0

m
o 

10
0 

10
0 

10
0

1
5

0
 

<
1
0
0

1 
5
0
 

<
1

0
0

 
<

1
0

0

1
0

0
 

0
0

0
1

5
0

 
0

0
0

 
<

1
0

0

1
0
0

1
5

0
0

0
0

1 
5
0

0
0
0

20
0

0
0

0
0
0
0

1 
5
0

15
0

1
0
0

2
0
0

1 
5

0
1
5
0

0
0
0

1
0

0
1

0
0

0
0

0
0
0
0

1
5
0

1
5

0
2
0
0

1
5

0
1
5
0

2
0
0

5
0

0
1 

5
0

1
0

0
1

5
0

30
0

V
-p

p
m

 
S

10 1
0

1
0 10 1
0 1
0

10 10 20 15 1
5 20 30 1
0

1 
5

15 15 20 20 15 30 30 20 30 20 20 30 30 20 15 15 20 20 15 3
0 20 20 15 20 15 20 1 
5

15 15 15

Y
- 

p 
pr

n 
S

30
 

5C
 

50
 

30
 

70 3
0 50 50 70 70 70 50

1
5
0 50 50 30 5
0 50 70 30

1
0
0 70 50 7
0 50 70 50 50 50 30 50 70 70 50 70 50 70 50 50 30

1
0

0 50 50 20 30

Z 
n
-p

p
m

 
S

N N N
<

2
0

0 N

<
2

0
0

 N N
<

2
0

0
 

2
0
0 N

<
2

0
0

2
0
0 N N N N

2
0
0 N N

<
2

0
0

<
2

0
0

<
2

0
0

2
0
0

50
0

2
0
0 N

<
2

0
0

2
0
0
 

<
2

0
0

2
0
0

2
0
0

<
2

0
0

<
2

0
0

3
0
0

7
0
0

20
0

3
0
0

50
0

50
0

50
0

50
0 N

<
2

0
0

 
50

0

2 
r-

p
p

*
 

s

7
0

7
0

1
0

0
7

0
7

0

1
0
0

7
0

7
0

7
0

1
0
0

7
0

7
0

1
0

0 7
0

7
0

7
0

7
0

1
0

0
7

0
7
0

1
0

0
20

0
2
0
0

20
0 70

1
0
0

7
0

7
0

7
0

7
0

7
0

7
0

7
0

7
0

1
0

0

7
0

1
0
0

1
0
0

7
0

7
0

1
0
0

7
0

1
5
0

20
0 70



T
a
c
l
e
 

1.
 
A
n
a
l
y
t
i
c
a
l
 
d
a
t
a
 
f
o
r
 
-
3
0
 
m
e
s
h
 
s
t
r
e
a
T
 
s
e
d
i
m
e
n
t
 
s
a
m
p
l
e
s
 
c
o
l
l
e
c
t
e
d
 
d
u
r
i
n
g
 
t
h
e
 
U
.
S
.
G
.
S
.
-
C
.
R
.
M
.
 
d
e
t
a
i
l
e
d
 
s
t
u
d
y
 
of

 
th
e 

T
i
o
 
F
l
a
c
o
 
a
r
e
a
/
 

El
 
C
o
r
r
e
o
 
q
u
a
d
r
a
n
g
l
e
/
 
n
o
r
t
h
e
r
n
 
S
o
n
o
r
a
/
 
M
e
x
i
c
o
 .

 -
-
c
o
n
t
i
n
u
e
d

S
a
m

p
le

R
L

T
1

 1
 4

8
R

L 
T1

 1
 4

9
R

L
T

1
 1

 5
0

R
L 

T1
 1

 5
1

R
L
T

 1
 1

 5
2

R
L 

T1
 1

 5
3

R
L
T

1
 1

 5
4

R
L
T

1
 1

 5
5

R
L
T

1
 1

 5
o

R
L
T

1
 1

 5
7

R
L

T
1

1
 5

8
R

L 
T1

 1
 5

9
R

L
T

1
 1

 6
0

R
L

T
1

 1
 6

1
R

L
T

1
 1

 o
2

R
L

T
1

 1
6

3
R

L
T

1
 1

 6
4

R
L
T

1
1
 6

5
R

L
T

 1
 1

 6
6

R
L 

T1
 1

6
7

R
L

T
1

 1
 6

0
R

L
T

1
 

1 
6
9

R
L
T

1
 1

 7
0

R
L

T
1

 1
 7

1
R

L
T

1
 1

7
2

R
L

T
1

 1
 7

3
R

L
T

1
 1

 7
4

R
L

T
1

 1
 7

5
R

L
T

1
 1

 7
6

R
L

T
1

 1
7
7

R
L

T
1

 1
 7

8
R

L
T

1
 1

 7
9

R
L
T

1
 1

 8
0

R
L

T
 1

 1
8
1

R
L

T
1

 1
 8

2

R
L

T
1

 1
8

3
R

L
T

1
 1

 8
4

R
L
T

 1
1 

8
5

R
L

T
1

 1
 6

0
R

L
T

1
 1

 8
7

R
L
T

1
 1

 8
8

R
L

T
1

 1
 8

9
R

L
T

1
 1

 9
0

R
L

T
1

 1
 9

1
R

L
T

1
 1

9
2

X
-U

tm

4
8

3
/5

4
1

 
.4

4
4
6
3
/5

0
1
 
.0

8
4
8
3
/4

8
4
 .

7
1

4
8
3
/4

7
2
 
.0

7
4
8
3
/4

8
4
 
.6

1

4
8
3
/4

3
9
 .

3
6

4
8

3
/4

1
 

5 
.4

3
4

8
3

/4
2

1
 
.6

8
4
8
3
/5

9
6
 .

£
8

4
8
3
/6

2
5
 
.6

4

4
8
3
/6

6
4
 
.5

1
4
8
3
/6

8
9
 .

6
6

4
8
3
/6

8
7
 .

1
1

4
8

3
/7

2
1

 
.0

0
4
8
3
/7

5
9
 .

8
6

4
8
3
/7

4
4
 .

7
7

4
8
3
/7

9
7
 .

5
0

4
8

3
/7

5
3

.4
1

4
8

3
/8

4
1

 
.4

4
4
8
3
/8

6
3
 .

9
9

4
8
3
/8

6
2
 
.6

9
4
8
3
/3

4
7
 
.6

1
4
8
3
/8

2
7
 .

3
8

4
3
3
/8

2
4
.0

5
4
8
3
/8

4
0
 .

2
6

4
8

3
,5

1
 2

 .
8
2

4
8
3
/6

0
5
 .

6
7

4
8
3
/6

8
5
 .

0
7

4
8
3
/6

7
5
 .

6
2

4
3
3
/6

9
0
 .

5
7

4
8
3
/6

7
9
 .

2
9

4
8
3
/6

7
1
 
.5

2
4

8
3

/6
6

1
 

.4
8

4
8
3
,5

8
0
 
.9

6
4
8
3
/8

4
7
 .

8
8

4
8
3
/9

0
9
 .

5
1

4
8

3
/9

1
 0

 .
8
4

4
8
3
/9

3
3
 .

5
5

4
8
3
/3

3
4
 .

8
3

4
8
3
,2

5
9
 .

3
7

4
8

3
/2

7
1

 
.9

1
4
6
3
,2

9
4
 .

8
3

4
8
3
/2

6
2
 .

5
7

4
8
3
/2

1
4
 .

9
8

4
8

3
/1

1
 8

 .
1

8

Y 
- 

u 
t 

m

3
/4

4
1

 ,
9
4
2

.8
3
,4

4
1
 ,

8
4

7
 .

0
3
,4

4
1
,8

2
4
.4

3
,4

4
1

 ,
7
8
0
.3

3
,4

4
1
 ,

7
7
0
.1

3
,4

4
1
,7

4
5
.0

3
,4

4
1

 ,
7
0
3
.5

3
/4

4
1
 ,

6
9
0
.8

3
,4

4
2

,0
4

1
 .

1
3
,4

4
1
 ,

9
8
0
.3

3
,4

4
1

 ,
9
4
7
.4

3
,4

4
1
,9

6
4
.9

3
,4

4
1

 ,
9
4
6
.0

3
,4

4
1

 ,
9

3
4

.5
3
,4

4
1
 ,

8
9
5
.2

3
,4

4
1
 ,

8
8
6
.5

3
,4

4
1

 ,
8
7
9

.9
3
,4

4
1
,8

0
3
.1

3
,4

4
1

 ,
8
7
4
.7

3
,4

4
1
 ,

8
4
5
.6

3
,4

4
1
,8

1
 9

.1
3
,4

4
1
 ,

8
1
 5

.3
3
,4

4
1
 ,

7
4
0
.9

3
,4

4
1

 ,
9
7
8
.3

3
,4

4
1

, 
91

 6
.4

3
,4

4
2
,0

8
8
.1

3
,4

4
1
 ,

8
9

1
 .

8
3
,4

4
1
 ,

8
4
1
 .

3
3
,4

4
1
,8

4
0
.0

3
,4

4
1
,7

7
9
.4

3
,4

4
1
 ,

7
8
7
.0

3
,4

4
1
,6

5
8
.3

3
,4

4
1

 ,
6
6
0
.8

3
,4

4
1

 ,
5
7
9
.1

3
,4

4
1
,9

5
9
.3

3
,4

4
2

,0
1

 5
.8

3
,4

4
2
,0

5
6
.2

3
,4

4
2

,1
 1

 1
 .

7
3
/4

4
2
/2

6
5
.6

3
,4

4
2
,2

0
0
.2

3
,4

4
2

,1
9

1
 
.3

3
,4

4
2
,3

6
6
.7

3
,4

4
2
,5

3
0
.2

3
,4

4
2
,6

4
7
.3

3
,4

4
2
,5

9
0
.9

F 
e

-p
c
 t

 .
s

1 
.5

1 
.5

1 
.5

1 
.5

2
.0

2
.0

1 
.3

1 
.5

2
.1

)
1 

.5

1 
.5

2
.0

2
.0

2
.0

1
0
.0

1 
.5

1 
.0

2
.0

1 
.5

5
.0

1 
.5

1 
.5

2
.0

1 
.0

1 
.0

1 
.5

2
.0

1 
.5

1
.5

1 
.5

1 
.5

2
.0

1
.5

1 
.5

3
.0

1 
.0

1 
.5

3
.0

7
.0

3
.0

5
.0

? 
.0

1 
.5

1 
.5

1 
.5

(  
g
-p

c
 t

 .
s

. 
7
0

1 
.0

0
.5

0
1 

.0
0

.7
0

1 
.0

0
1 
.0

0
.7

0
.7

0
.3

0

.7
0

1 
.0

0
.7

0
.7

0
.7

0

1 
.0

0
.5

0
.7

0
.7

0
.7

0

1 
.C

O
.7

0
1 

.0
0

.7
0

.7
0

.7
0

.5
0

1 
.0

0
.7

0
.7

0

.7
0

.7
0

.7
0

.7
0

.7
0

.7
0

.3
0

.7
0

.7
0

.7
0

1 
.0

0
1 

.0
0

.7
0

.7
0

.5
0

C 
a
-p

c
 t

 .
s <
.0

5
<

.0
5

<
.0

5
<

.0
5

<
.0

5

<
.0

5
<

.0
5

<
.0

5
.0

5
<

.0
5

<
.0

5
.1

0
<

.0
5

<
.0

5
<

.0
5

<
.0

5
<

.0
5

<
.0

5
<

.0
5

<
.0

5

<
.0

5
.0

5
.0

7
.0

7
.0

5

.0
7

.0
7

.0
5

.0
7

.0
7

.0
5

.0
5

.0
5

.0
7

.0
5

.0
7

.0
5

.0
7

.0
5

.0
7

.0
5

<
.0

5
.0

5
.0

5
.0

5

T 
i 
- 

p
c 

t 
.

s .0
7

.1
 0

.1
0

.0
7

.1
 0

.1
 0

.0
7

.0
7

.2
0

.0
7

.0
7

.1
 

5
.1

0
.1

 5
.2

0

.0
7

.0
7

.0
7

.1
 

5
.1

 5

.1
0

.2
0

.3
0

.2
0

.1
 

5

.2
0

.3
0

.2
0

.1
5

.1
5

.1
 5

.1
 5

.2
0

.1
0

.3
0

.1
0

.1
0

.2
0

.2
0

.1
 5

.3
0

.2
0

.1
 5

.1
0

.1
 5

M
n
-p

p
m

s

5
0
0

5 o
n

7
0

0
7
0
0

7
0

0

7
0
0

5
0
0

7
0

0
5
0
0

7
0
0

1
,5

0
0

1 
,0

0
0

7
0
0

7
0
0

7
0
0

7
0
0

7
0
0

1
/0

0
0

7
0

0
5

0
0

7
0

0
7

0
0

3
0
0

3
0

0
3
0
0

7
0
0

1
/5

0
0

1
/0

0
0

1
,0

0
0

7
0
0

7
0
0

1 
,0

0
0

7
0
0

1
,0

0
0

7
0
0

7
0

0
7

0
0

1
,0

0
0

2
,0

0
0

1
,0

0
0

3
,0

0
0

7
0
0

7
0
0

1
,5

0
0

7
0

0

A
g

-p
p

-n

s

<
.5

< 
. 

5
<

. 
5

<
. 

5
<

.5

<
.5

<
. 

5
<

. 
5

<
. 

5
<

.5

<
.5

<
. 

5
< 

. 
5

<
. 

5
<

.5

<
.5

<
. 

5
<

. 
5

<
. 

5
<

.5

<
.5 . 

7
1

.0
<

. 
5

<
.5

<
.5

3
.0

< 
. 

5
2

.0 .5

<
.5 .5

< 
. 

5
<

. 
5

<
.5

<
.5

< 
. 

5
< 

. 
5

3
.0

2
.0

5
.0

7
.0 .5

1 
.0

7
.0

A
s
-p

p
n

s

H ^ l\l N N N N N M N N N N N N N N N N N N N N N N N N N N V fo N N M N fj N N \ N N N N N N

3
-p

p
m

s

70
0

70
0

70
0

7
0

0
70

0

1 
,0

0
0

7
0

0
7
0
0

1
5
0

2
0
0

3
0
0

3
0

0
3

0
0

2
0

0
2

0
0

1
5

0
2
0
0

5
0
0

30
0

20
0

1
5
0

3
0

0
2
0
0

1
5
0

1
5

0

2
0

0
2

0
0

3
0

0
1
5
0

1
5
0

5
0

0
30

0
7
0
0

3
0

0
2

0
0

1
5

0
2

0
0

5
0

0
2

,0
0

0
1 

,5
0
0

1 
,0

0
0

1 
,5

0
0

7
0

0
1

,0
0

0
3
0
0



T
a
o
l
e
 

1
A
n
a
l
y
t
i
c
a
l
 
d
a
t
a
 

f
o
r
 
-
J
O
 
m
e
s
h
 
s
t
r
e
a
m
 
s
e
d
i
m
e
n
t
 
s
a
m
p
l
e
s
 
c
o
l
l
e
c
t
e
d
 
d
u
r
i
n
g
 
t
h
e
 
U
.
S
.
G
.
S
.
-
C
.
R
.
M
,
 

t
h
e
 
T
i
o
 
F
l
a
c
o
 
a
r
e
a
/
 
El
 
C
o
r
r
e
o
 
q
u
a
d
r
a
n
g
l
e
/
 
n
o
r
t
h
e
r
n
 
S
o
n
o
r
a
/
 
M
e
x
i
c
o
.
'
-
c
o
n
t
i
n
u
e
d

S
a
m
p
l
e

R
L
T
1
 1
4
8
 

R
L
T
1
1
4
9
 

R
L
T
1
1
5
U
 

R
L
T
1
1
 5

1 
R
L
T
1
1
5
2

R
L
T
1
1
5
3
 

R
L
T
1
1
5
4
 

R
L
T
1
1
5
5
 

R
L
T
1
1
5
6
 

R
L
T
1
1
5
7

R
L
T
1
1
5
8
 

R
L
T
1
1
5
9
 

R
L
T
1
1
6
0
 

R
L
T
1
1
6
1
 

R
L
T
1
1
6
2

R
L
T
1
1
6
3
 

R
L
T
1
1
6
4
 

R
L
T
1
1
6
5
 

R
L
T
1
1
6
0
 

R
L
T
1
1
6
7

R
L
T
1
1
6
8
 

R
L
T
1
1
6
9
 

R
L
T
1
1
7
0
 

R
L
T
1
1
7
1
 

R
L
T
1
1
7
2

R
L
T
1
1
7
3
 

R
L
T
1
1
7
4
 

R
L
T
1
 1
7
5
 

R
L
T
1
1
7
6
 

R
L
T
1
 1

 7
7

R
L
T
1
1
7
8
 

R
L
T
1
1
7
9
 

R
L
T
1
1
8
0
 

R
L
T
1
1
8
1
 

R
L
T
1
1
8
2

R
L
T
1
1
8
3
 

P
L
T
1
1
8
4
 

R
L
T
1
1
8
5
 

R
L
T
1
1
8
6
 

R
L
T
1
1
8
7

R
L
T
1
 1

 8
8
 

R
L
T
1
 1
8
9
 

R
L
T
1
1
9
0
 

R
L
T
1
 1

 9
1 

R
L
T
1
1
9
2

B
a

-p
 p

 m
 

s

7
0
C

 
7
0
C

 
7
0
C

 
7
0
C

7
0

0

7
0
0
 

5
0
C

 
7
0
C

 
7
0
C

 
5

0
C

7C
C

 
1

/O
G

C
7

0
C

 
1

/O
O

C
7
0
G

7
0
C

 
7

0
C

 
7
0
0
 

7
0

0
 

7
0

C

7
0

C
 

70
 C

 
1

/5
0

C
 

7
0
C

 
7

0
0

7C
C

7
0

C
1
/5

0
C

1
/O

O
C

1
/O

O
C

1
/0

0
0

1
/O

O
C

7C
C

7
0

C
7

0
C

7
0
C

 
5
0
C

 
7

0
C

 
7
0
C

 
1
/O

O
C

1
/O

O
C

 
1
/5

0
C

7
0

C
 

1
/O

G
C

7
0
0

B
e
-p

p
m

 
s

1 
.0

 
1 

. 
5 

1 
.0

 
1 
.0

 
1 
.0

1 
.0

 
1 

.5
 

1 
.0

 
1 
.0

 
1 
.0

1 
.0

 
1 

.0
 

1 
.0

 
1 
.0

 
1 

.0

1 
.0

 
<1

 .
0

 
<1

 .
0

 
<1

 .
0

 
<1

 .
0

1 
.0

 
1 

.5
 

3
.0

 
2

.0
 

1 
.5

1
.5

 
2

.0
 

2
.0

 
2

.0
 

1 
.5

2
.0

 
1 

.5
 

1 
. 

5 
1 

.5
 

2
.0

1 
.5

 
1 

.5
 

1 
.5

 
2

.0
 

1
.5

2
.0

 
2

.0
 

1 
.5

 
1 

.5
 

3
.0

3 
i 

-p
p

m
 

s

1
0

<
1
0 30

0
0 1
0 15
N N N N

1
0
 

1C
N 

0
0 15

 
<1

 0 20
 

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0 7
0 7
0 20 50

O
 0

0
0

0
0

C
o

-p
p

m
 

s

7
1

0
10

7
1
0 7 5 7

15
5 7

20
7

20 30

7 7
15

7
1
0

1
0

15 20 15
7

1
0

1
0 1 
5

1
0

15

7 
1
0 5 

<
5 20 1
5

1 
5

10
7 5

1 
5 7 5 7 7

C 
r-

p
 p

m
 

s

o
o 1
0

0
0 1
0

1 
5

10
0
0 1
0

1
0

0
0

0
0 1
0

0
0

0
0 15

0
0

0
0

0
0

0
0

0
0

0
0 1
0

1 
5

1
0

1
0

1
0 10 1 
5

1
0 1
0 10 1
0

0
0

0
0 1
0

1 
0

0
0 1
0

0
0

0
0 1
0

1
0

0
0

0
0 1
0

C 
u
-p

p
m

s

50 30 50 30
1

0
0 70 30 50

1
0
0 70

1
0

0
1
5
0 50

1
0
0

1
5
0 5
0

30 7
0

1
0
0

1
0

0 5
0

1
5
0

2
0
0 70

1 
5

0

1
0
0

1 
5

0 5
0

1
5
0

1
0
0 50 70 30 30

1
0
0

2
0
0

1
5
0

1
5
0

2
0
0

1
5

0

2
0
0

20
0 30

1
5

0
1 

0
0

L
a
-p

p
m

 
s

3
0 50 5
0

3
0

5
0

5
0 5
0 5
0

3
0 3
0 20 50 20 50 30 30 20 50 20 30 3
0

5
0

7
0 5
0

5
0 50 7
0

50 7
0

70 50 70 30 50 20 50 30 50 20 30 30 70 20 20 50

d
e

ta
il
 e

d 
s
tu

d
y
 

o
f

'1 
o
-p

p
m

 
M

i-
p
p
m

s 
s

<5
 

<5
<5

 
<5

<5
 

<5
<5

 
<5

<5
 

<5

<5
 

<5
<5
 

<5
<5

 
<5

7 
<5

7 
<5

<5
 

<5
<5

 
<5

<5
 

<5
<5
 

<5
5 

<5

<5
 

<5
<5

 
<5

10
 

<5
<5
 

<5
<5

 
<5

<5
 

<5
7 

<5
7 

<5
<5

 
<5

<5
 

<5

7 
<5

10
 

<5
7 

<5
7 

<5
5 

<5

<5
 

<5
<5

 
<5

<5
 

<5
<5
 

<5
15

 
<5

5 
<5

<5
 

<5
10
 

5
10

 
<5

5 
<5

7 
<5

70
 

<5
<5
 

<5
7 

<5
20
 

10



T
a
o
le

 
1

. 
A

n
a
ly

ti
c
a
l 

d
a
ta

 
fo

r 
-J

O
 

m
e

sh
 

s
tr

e
a
m

 
s
e

d
im

e
n

t 
s
a

m
p

le
s
 

c
o
ll
e
c
te

d
 

d
u

ri
n

g
 

th
e

 
U 

. 
S 

. 
G 

. 
S 

. 
- 

C 
. 

R 
. 

M 
th

e
 

T
io

 
F

la
c
o
 

a
re

a
/ 

E
l 

C
c
rr

e
o
 

q
u

a
d

ra
n

g
le

/ 
n
o
rt

h
e
rn

 
S

o
n

o
ra

/ 
M

e 
x 

i 
co

 .
 -
-
 c

 o
n

t 
i 

n
u

e
d

d
e

ta
il
e

d
 

s
tu

d
y
 

o
f

S
a

m
p

le

R
L
T
1
 1
4
8
 

R
L
T
1
1
4
9
 

R
L
T
1
1
5
0
 

R
L
T
1
 1
5
1
 

R
L
T
1
 1
5
2

R
L
T
1
1
5
3
 

R
L
T
1
1
5
4
 

R
L
T
1
1
5
5
 

R
L
T
1
 1
5
6
 

R
L
T
1
 1
5
7

R
L
T
1
 1
5
3
 

R
L
T
1
1
5
9
 

R
L
T
 1

 1
6
0
 

R
L
T
1
1
6
1
 

R
L
T
1
1
6
2

R
L
T
1
1
6
3
 

R
L
T
1
1
6
4
 

R
L
T
1
1
6
5
 

R
L
T
1
1
6
0
 

R
L
T
1
1
6
7

R
L
T
1
1
7
3
 

R
L
T
1
1
7
4
 

R
L
T
1
 1

 7
5 

R
L
T
1
1
7
6
 

R
L
T
1
1
7
7

R
L
T
1
1
7
8
 

R
L
T
1
1
7
9
 

R
L
T
1
1
8
0
 

R
L
T
1
1
8
1
 

R
L
T
1
1
8
2

R
L
T
1
1
8
3
 

R
L
T
1
 1
8
4
 

R
L
T
1
1
8
5
 

R
L
T
1
1
8
6
 

R
L
T
1
1
8
7

R
L
T
1
1
8
8
 

R
L
T
1
1
8
9
 

R
L
T
1
1
9
0
 

R
L
T
1
1
9
1
 

R
L
T
1
1
9
2

P
b
-p

 p
m

 
s

1 
CO

 
70

1 
50

 
30

 
50 70

 
30

 
70

 
30

 
1 

5C 70
 

50
 

50
 

7C
 

50

1 
CO

 
50

 
5C

1 
CO

 
50 30 70 70 30 50 70

2 
CO

 
1 

CO
 

3 
CO

1 
00 30 70 30

1 
50 30 5C 3C 50

3 
CO

3 
CO

3 
CO

 
50

C
 

1 
CO

 
2
0
0
 

1 
CC

S 
c
-p

p
m

 
s

<
S <
f 

<f 7 
<

f
<s <
£

<5
7 5

<
5 <5
5 7 7 5

<5
 5

<5
 

<5
5

<
5 

<
5 <5
7 

<5

5 5
<

5
<5

5

S 
n
-p

p
m

 
s

1
0 20
N

1
0

 
:1

0
 

:1
0

:1
0

:1
 0

:1
0 1
0 3U

 
20 3

0
7
0

S
r-

p
p

m
 

s

3
0
0

3
0
0

1 
5

0
3
0
0

2
0
0

3
0

0
 

1 
5
0
 

3
0
0
 

1 
5
0
 

<
1

0
0

1
0

0
2
0
0

1
5

0
2
0
0

1
5

0

2
0
0

1
0

0
1

0
0

1 
0
0

1
0

0

1
5

0
1
5
0

3
0
0

2
0
0

1
5

0

?
0
0
 

1
5
0
 

1
5

0
 

2
0
0
 

1
0
C

1
0

0
1
0
0

1
0

0
1

0
0

1
0
0

1
0
0

<
1C

O
<

1
0

0
1

0
0

1
5

0

1
5

0
2
0
0

1
5
0

1
5
0

1
0
0

V
-p

p
m

 

s

1 
5

15 15
<

1
0 1
0 1 
5

15 1
0

15 15 1
0 20 15 1
0 20 15 1
0 15 15 20 20 30 30 30 20 30 30 20 20 30 20 30 20 20 30 20 20 30 30 20 30 30 30 20 30

Y
-p

 p
m

 

S

20 30 50 50 50 5
0

1
0

0 7
0

70 20 30 50 30 30
1

5
0 30 20 30 30 70 7
0 70

1
0

0 7
0 5
0 50 70 70

10
0 70 70

1
0
0 70 50 70 70 30 30 30 30 7
0 70 5
0

50 70

Z 
n
-p

p
m

 
s

20
0 

<
2

0
0

5
0
0
 

<
2

0
0

2
0
0 N N N

<
2

0
0

 
30

0

<
2

0
0

 N
<

2
0
0
 N

<
2

0
0

<
2
0
0
 N

<
2
0
0
 

<
2
0
0
 

<
2
0
0

<
2
0
0
 N N

<
2
0
0
 N

<
2
0
0
 

7
0
0

<
2
0
0
 

3
0
0
 

2
0
0 N

<
2
0
0
 

<
2
0
0 N N N

50
0 

2
0
0

7
0
0
 

50
0 

2
0
0
 

2
0
0
 

<
2
0
0

Z 
r
-
p
p
m
 

s

30 53
15
0 70

15
0

10
0

10
0 50

15
0 70

10
0 70

15
0

1
0
0

30
0

10
0

1
5
0

15
0

10
0

15
0

15
0

50
0

30
0

15
0

15
0

2
0
0

30
0

20
0

10
0

10
0

2
0
0

30
0

15
0

10
0

30
0

15
0

15
0

1
5
0

10
0

15
0

15
0

2
0
0

10
0

15
0

20
0



r\j PO no po ro no no no ro no ro r\i no no no no no no ro ro no PO PO PO no no PO PO ro PO PO PO ro no no no no PO -    
en en en \j\ en en ^* .f^ -T~ J" J^^^^^ ^ LM no  »  k  *  *  *  *  k ~>  t  * Q n o Q O O O O O O O o
s^i *  W no -* OOOO^IO- en .f^ LM no  » C.-OC-COO -si c>- en *» L~ no  » o O Oo -NI o en .f^ LM no  ' O "O Oc

oo oo oc 
.c- *- *-

o o o
rO LM LM

PO *^ -0
o o -o

OO Ot>
LM LM

 o o
no *-

-* <o

oo oo oo oo oo

o *o o o o

LM en 0s OO O

00 OO OO OO OO

O O O >O O
 "* LM PO ~N| LM

>o oo PO no LM
-*   » O -Nl   »

CO

o *-

  o

OO OO OC 00 
*- LM LM LM

O LM no o- 
0s en O *" 

 O OO PO *- 
 C PO rei LM

OO oc. OC Oo OO
eM LM LM LM LM

0s 0s en \j\ & 
0s O* "~* ^"* no

O LM O> en 00 
oo PO en en   «

OO OO OO 00 OO 
LM LM LM LM LM

LM LM no no o 
en oo LM OJ en

O LM no O   « 
-O O O 00 en

00 oo 00 OO Co 
LM LM LM no no

o -» o oo -o 
*- o o oo -o

00 oo en O no 
f* no en PO en

do 
no

00

en 
O

O. 00 OO o& 
LM LM LM LM

*> 0 0 -« 
  * en 0s en

en O LM ^j 
OO -N| en -»

Oi; oo Oo cc cc
LM LM LM LM LM

no no   * o no
O -» O -0 O

;: f C bi i

LM LM LM LM LM LMLMLMLMLM LMLMLMLMLM LMLMLMLMLM LMLMLMLMLM LMLMLMLMLM LMLMLMLMLM LMLMLMLMLM LMLMLMLMLM

LMLMLMLMIM poPonoPono POpoPonono pononoPOno PonoPOpoPO POPOPOPono POponoPOPo pononoPOpo nononopopo

O O O  *  * eneneneno* O-NJ-NIOOOO ooOOen-Ni oo^iooooOo -N|^-N|^JO O  * no no PO PO  * PO no LM ^^OO^sj
 * 0s *^ PO LM LMLMenooO** *Of^>Onoen LMOOLM-NI^SJ  * >O O  * LM -N| o LM  * LM LMLMLMO^en -NIO^O^OO ooO^enO
<O  *  * 00  * LM>OOO-N|PO  * 00 LM OO ^ -N|"SIO-N|>O enLMenenoo en en  » PO OO enos_*^oo ^inoc>^*en  » oo -N| o PO

OO^POO^J  *f^LM*^en -N!LMOOC>LM OOOLMen^ <onoPO-^LM en-oOO'Ono -N| ^ LM ^  *  * O Oc  * O "O O "N|  * O

OenOOO enCe/iOO Oe/ienoen enoenoo Oenooen OenenenO enenenoen enoeneno OOCenen

                                           o Q*oi
eno^CMCMtM en LM en LM  » enen--*-Nien enLM-Ni"sien -Ni-NieHLMen LM"slenLMLM enLM-Nien-Ni rt 3o>
OOOOO OOOOO OOenOO OOOOO OOOOO OOOOO OOOOO   (£J3

AAA AA AAA AA Aolt?^' 
                             «               , t   , . .     . n :r/ 
OOOOO OOOO-« -»OOOO OOOOO OOOOO OOOO"^ -»_»_»o-* OOO-'O OO~»OO it <T> rt)
enenen-Nlen "slenen-Nlo Oenen"Nlen enenen-N|-Nl enen-Nlenen enen^n-Nlo enenoi-/iO en-NlenO-Nl enenOenen   ~>rv

rt)
</) LI 
O

-I 30.
O C

I I ->
    it                                         §       otO BJ -' 

OOOenO Oenoenen -slenenOO enoO^ien OOenenen Oeno~NlO OOOOO OenOO-sl oenenoen if uj

rt) rt 

X 3-
-.. rt) 
O
O C

» » » » >. » inlli
 N| en -N| "N| -N| O -N| en en LM LM en en LM eM en en -N| en  * no -* PO O -N| en -N| en en en ^j LM ^j PO ^J LM en en LM LM en LM -N| en ^j X3 ^ O

OOOOO OOOOO OOOOen OenOOO OOOOO OOOOO OOOOO OOOOO T> O  
OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO 3 3</i

-   I
3 <->
C  

IQ a  
o> I ^

       . . . . . ..                .      ...  . .   . . T3
enenenenen enenenenen enenooen enenenenen enoenenen enenenenen enoenen-Ni OOOOO d CX

ixenLMeM-* LMfu-NiLMrxj r\j LM LM LM en enLMLMforo enLMroO-sl ^jen-Nl-si-^ -» -^ ru    ru -^LMfvj-^rvj en rvj -*  » iv
OOOOen OOOOO OOOOO OOOOO OOOOO OOOOO enenoe/io enoovyio OOeneno
OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO



T
a

b
le

 
1
. 

A
n
a
ly

ti
c
a
l 

d
a
ta

 
fo

r 
-3

0
 

m
e

sh
 

s
tr

e
a
m

 
s
e
d
im

e
n
t 

s
a

m
p

le
s
 

c
o

ll
e

c
te

d
 

d
u

ri
n

g
 

th
e

 
U

.S
.G

.S
.-

C
.R

.M
, 

th
e
 

T
io

 
F

la
c
o
 

a
re

a
/ 

E
l 

C
o
rr

e
o
 

q
u

a
d

ra
n

g
le

*
 

n
o

rt
h

e
rn

 
S

o
n
o
ra

* 
"
-l
e
x
ic

o
n
-c

o
n
ti
n
u
e
d

S
a

m
p

le

K
L

T
1

1
9

3
 

R
L 

T
1
1
9
4
 

R
L
T

1
1
9
5
 

R
L
T

1
1
9
o
 

R
L
T

1
1
9
7

R
L
T

1
 1

 9
8

 
R

L 
T

1 
1 

9
9

 
R

L
T

1
2
0
0
 

R
L

T
1

 2
0
1
 

R
L
T

1
2
0
2

R
L
T

1
2
0
3
 

R
L
T

1
2
0
4
 

R
L
T

1
2
0
5
 

R
L
T

1
2
0
6
 

R
L
T

1
2
0
7

R
L
T

1
2
0
8
 

R
L
T

1
2
0
9
 

R
L

T
1

2
1

0
 

R
L
T

 1
 2

1
1
 

R
L
T

1
 2

1 
2

R
L
T

1
2
1
3
 

R
L

T
1

2
1

4
 

R
L
T

1
2
1
5
 

R
L

T
1

 2
1
6
 

R
L
T

1
2
1
7

R
L
T

1
 2

1 
8 

R
L
T

 1
2

1
9

 
R

L
T

1
2
2
0
 

R
L
T

1
2
3
9
 

R
L
T

1
2
4
0

R
L
T

1
2
4
1
 

R
L
T

1
2
4
2
 

R
L

T
1

 2
4

3
 

R
L
T

1
2
4
4
 

R
L
T

1
2
4
5

R
L
T

1
2
4
6
 

R
L
T

1
2
4
7
 

R
L
T

1
2
4
8
 

R
L
T

1
2
4
9
 

R
L
T

1
 2

5
0

K
L

T
1

2
5

1
 

R
L
T

1
2
5
2
 

R
L

T
 1

2
5

3
 

R
L
T

1
2
5
4
 

R
L
T

1
2
5
5

B
a
-p

 p
 m

 
s

1
,5

0
C

1
,O

O
C

1
,O

O
C

7
0

C
7
0
C

7
0
G

 
7
0
C

 
7

0
0

 
7
0
C

 
5

0
0

5
0
C

 
5

0
C

 
7
0
C

 
7

0
C

 
5
0
C

7
C

O
 

3
0
C

 
7

0
 C

 
3

0
0

 
7
0
C

7
0
C

 
5
0
C

 
3
0
C

 
7
0
C

 
7
0
C

30
C

 
50

C
 

5
0

0
 

50
C

 
50

C

50
C

 
7

0
0

 
50

C
 

30
G

 
30

 C

30
C

 
30

C
 

3
0

0
 

30
C

 
3
0
C

70
C

 
50

C
 

50
C

 
50

C
 

30
C

B
e
-p

p
m

 
s

3
.0

 
1 

.5
 

1
.5

1 
.5

 
1 

.5
 

1 
.5

2
.0

 
1 

.5

1
.5

 
1 
.0

 
1 

.0
 

1 
.0

 
1 

.5

1 
.5

2
.0

 
1
.5

 
1 

.5
 

1 
.5

1 
.0

 
1 

.0
 

1 
.0

 
3
.0

 
2

.0

1 
. 

5 
3

.0
 

3
.0

 
2
.0

 
2

.0

3
.0

1
.5

1 
.0

 
1 

.5
 

1 
.5

 
1 

.5
2

.0

3
i 

-p
p

m
 

s

<
1 

0 
<

1
0

 
<

1
 0

 
<

1
0

 

2
0 N

<
1

0
 

<
1
0
 

<
1
0
 

<1
 0

0
0

<1
 0

 
<1

 0

<
1
 0

 
1 

5
<

1
0 1 
0

0
0

<
1
 0

 
<1

 
0 

0
0

o
 o

 
o
o

<1
 0 1 

5
1

0 N
o
 o

0
0

 
<

1
0

o
 o

0
0

 
<1

 
0

O
 0

 
<1

 0
 

0
0

 
0
0

<1
 0

 
<1

 0
 

O
 0

 
1 

0 
O

 0

C
o
-p

p
m

 
s

7 5
1
0 7 3 5 5

30
3 3 2 3 7 5

1 
5

5
0 20 30 1
0 7 7 7

1
0 7 7

30 30 30 30 1
0

1 
5

20 20 15 20 1
0

1 
5

1
0 15 1
0

1
5 1
5

1 
5

1 
5

C 
r-

p
p
m

 
s

0
0

 
0

0
 

<1
 0

 
0
0
 

<
1 

0

0
0

 
0

0
 

O
 0

 
<1

 0
 

0
0

0
0

0
0

o
 o

0
0

0
0

0
0
 

<1
 0

 
0
0
 

1 
0 

<1
 0

0
0 1
0

1
0

0
0

<1
 0

<1
 0

 
0

0
 

0
0
 

0
0

 
0
0

0
0

o
o

0
0

0
0

0
0

0
0

 
<

1
0
 

0
0

 
0

0
 

0
0

0
0
 

0
0
 

0
0
 

0
0
 

<1
 0

C 
u
-p

p
m

 
s

1
0
0 7
0

1
0

0 30
1 

0
0

1
5
 

1
5

 
1
5

' 
3
0

0
 

1 
5

30 10 20 20 1
5 20

3
0
0

20
0

30
0

1
5
0

7
0

1
0
0

5
0

1
5

0
7

0

3
0

5
0

0
7
0
0

7
0

1 
5
0

1 
0
0

1
0
0

1 
5
0

1
5
0

1
0
0

1
5

0
1 

0
0

1
5

0
1

5
0

2
0

0 7
0

1
5

0
1
0
0

15
0 70

L 
a
-p

p
m

 
s

5
0

5
0

7
0

5
0

5
0 20 20 20 50 30 30 20 30 20 30 20

1
0

0 20 30
<

20 30 30 20 50 30 20 50
1

0
0 5
0

7
0 50 50 50 50 70 50 30 30 20 50 70 70 20 30 70

d
e

ta
il
e

d
 

s
tu

d
y
 

o
f

M
o
-o

p
 T

I 
N

i-
p

p
m

s 
s

7 
<5

7 
<5

7 
1
0

7 
<5

15
 

<5

5 
<5

5 
<5

<
5 

<5
10

 
<5

7 
<5

7 
<5

5 
<5

<
5 

<5
5 

<5
7 

<5

5 
<

5
1 

5 
<5

10
 

<5
10

 
10

1 
0 

<5

7 
<5

10
 

20
7 

5
7 

<5
5 

<5

7 
<5

30
 

<5
5
0
 

<
5

10
 

<5
1 

5 
<5

1
0

 
<

5
1
5
 

5
1

0
 

5
1
5
 

<
5

1
0

 
<

5

7 
15

7 
5

1
5
 

5
7 

<5
1
5
 

2
0

10
 

<5
7 

1
0

1 
5 

<5
20

 
<5

7 
<5



T
a
b
le

 
1
. 

A
n
a
ly

ti
c
a
l 

d
a
ta

 
fo

r 
-3

0
 

m
e

s
h

 
s
tr

e
a
m

 
s
e

d
im

e
n

t 
s
a

m
p

le
s
 

c
o
ll
e
c
te

d
 

d
u
ri
n
g
 

th
e
 

U
.S

.G
.S

.-
C

.R
.M

, 
th

e
 

T
io

 
F

la
c
o

 
a

re
a

/ 
E

l 
C

o
rr

e
o

 
q
u
a
d
ra

n
g
le

/ 
n

o
rt

h
e

rn
 

S
o

n
o

ra
/ 

M
e

x
ic

o
.-

-c
o

n
ti
n

u
e

d
d
e
t 

a 
iI
e
d
 

s
tu

d
y
 

o
f

S
a

m
p

le

R
L
T

1
1
9
3
 

R
L
T

1
1
9
4
 

R
L

T
1

1
9

5
 

R
L

T
1

1
9

6
 

R
L
T

1
1
9
7

R
L

T
1

 1
9
8
 

R
L

T
1

1
9

9
 

R
L
T

1
2
0
0
 

R
L
T

1
2
0
1
 

R
L
T

1
 2

0
2

R
L

T
1

2
0

3
 

R
L
T

1
2
0
4
 

R
L
T

1
2
0
5
 

R
L
T

1
2
0
6
 

R
L
T

1
2
0
7

R
L

T
1

2
0

5
 

R
L

T
1

 2
0

9
 

R
L

T
1

 2
1

0
 

R
L

T
1

 2
1 

1 
R

L
T

1
 2

1
2

R
L

T
1

2
1

3
 

R
L

T
1

 2
1
4
 

R
L
T

1
 2

1 
5 

R
L
T

1
2
1
6
 

R
L
T

1
2
1
7

R
L
T

1
2
1
8
 

R
L
T

1
2
1
9
 

R
L
T

1
2
2
0
 

R
L

T
1

2
3

9
 

R
L

T
1

2
4

0

R
L

T
1

2
4

1
 

R
L
T

1
2
4
2
 

R
L
T

1
2
4
3
 

R
L
T

1
2
4
4
 

R
L
T

1
2
4
5

R
L

T
1

 2
4

6
 

R
L
T

1
 2

4
7

 
R

L
T

1
2
4
8
 

R
L
T

1
2
4
9
 

R
L
T

1
2
5
0

R
L

T
1

2
5

1
 

R
L

T
1

2
5

2
 

R
L
T

1
2
5
3
 

R
L
T

1
2
5
4
 

R
L
T

1
2
5
5

P
b

- 
p 

pm
 

s

1 
50

 
1 

00
 

1 
CO

 
1 

CO
 

2
0
0 50 70 50

1 
CO

1 
C

O

1 
CO

 
50

 
7
0
 

30
1 

5
0 70

2 
CO

 
30

 
70

 
30 50 30 70 50 30 50

1 
5C

1 
CO 30 7
0 30 5
0

5
0

3
0

30 50 70 50 7
0 50

1 
50

 
30

1 
CO

 
50

 
7
0

S 
c
-p

p
m

 
s

<5
 

<
5 5 5 5

<5
 

<5 <
5 7

<
5 <5

 
<5

 
<5

 
<

5 <5

7
<

5
 

<
5

 
<

5 5 5 5
<5

7 7

<5
5 7

<5
5 5 5 5 5 

<5 <5 <5
5

<5
5 5 

<5 <
5 7 5

S 
n

-p
p

m

0
0
 

<1
 0

 
0
0
 

0
0

 
1

0

0
0

O
O N

0
0
 

O
 0 N

0
0
 

0
0
 

O
 0

 
0

0

O
 0 10

0
0

0
0

o
 o

O
 0

 
0
0
 

0
0

o
 o

0
0

0
0

 
0
0
 

O
 0

 
0
0

O
 0

0
0
 

O
 0

 
O

 0
 

0
0

 
O

O

O
 0

 
3
0
 

0
0

 
O

 0
 

0
0

o
 o

0
0

0
0

0
0

0
0

S
r-

p
p

m
 

s

2
0
0

1 
5
0

1
5

0
1
5
0

1
0
0

1
0

0
1

5
0

1 
0
0

1
5

0
1
0
0

1
0
0

0
0

0
15

0
3
0
0

1
5
0

3
0
0

0
0
0

0
0
0 N

O
 0

0

0
0

0
0

0
0

0
0

0
1

5
0

1
0

0

0
0
0

1
5
0

1
5

0
1
0
0

1
5
0

1
0
0

2
0
0

0
0
0

1 
5
0

1 
5

0

1
0
0

1
0

0
1

0
0

0
0
0

1
0
0

1
5

0
 

1
0

0
 

1
5

0
 

O
 0

0
 

1
0

0

V 
-
 p

 p
 . 

s

30 20 30 2
0

2
0 2
0 30 2
0 30 3
0 15 20 30 30 2
0

70 20 30 30 30 20 20 30 30 2
0 30 30 30 20 20 20 2
0

30 20 2
0

20 30 20 30 30 20 20 50 1
5 2
0

Y
-p

p
m

 

S

7
0

5
0

1
0
0

1
0
0

5
0

3
0

7
0

7
0

1
0
0

1
0
0

7
0

7
0

5
0

3
0

7
0

7
0

5
0

3
0

5
0

5
0 30 70 20 70 70 20

1
0
0 7
0

5
0

7
0

5
0

7
0

7
0

5
0

5
0

70 20 50 30 50 7
0

7
0

7
0

5
0

7
0

Z 
n
-p

p
m

s <
2

0
0

<
2

0
0

<
2

0
0 N

3
0

0 N N
<

2
0
0

1 
,5

0
0 N N N N N N N

7
0

0
<

2
0
0 N N N N N N N N

2
0
0
 

20
0 N

Z 
r-

p
p

m
 

s

1
5
0

1
5
0

2
0

0
1

5
0

3
0

0

1
0
0

1
5

0
1

0
0

1
5
0

1
5

0

1
5

0
3

0
0

1
5
0

1
5
0

1
0

0

1
0

0
2
0
0

2
0

0
3
0
0

3
0

0

1
5
0

2
0
0

3
0

0
2

0
0

3
0

0

2
0
0

3
0

0
2

0
0

1
0
0

1
5
0

2
0

0
1

0
0

1
5
0

1
5
0

1
0

0

1
5
0

1
5
0

1
0
0

1
0

0
2

0
0

2
0

0
1
5
0

3
0
0

2
0

0
1

0
0



T
a

b
le

 
1
. 

A
n
a
ly

ti
c
a
l 

d
a
ta

 
fo

r 
-3

G
 

T
ie

s
h

 
s
tr

e
a
m

 
s
e
d
im

e
n
t 

s
a

m
p

le
s
 

c
o

ll
e

c
te

d
 

d
u
ri
n
g
 

th
e

 
U 

. 
S 

. 
G 

. 
S

. 
- 

C 
. 

R 
. 

M 
. 

d
e
ta

il
e
d
 

s
tu

d
y
 

o
f 

th
e

 
T

io
 

F
la

c
o
 

a
re

a
/ 

E
l 

C
o

rr
e

o
 

q
u

a
d

ra
n

g
le

*
 

n
o
rt

h
e
rn

 
S 

o 
n 

o 
r 

a 
/ 

M
e

x
ic

o
.-

-c
o

n
ti
n

u
e

d

S
a

m
p

le
X

-U
tm

Y
-U

tm
F

e
-p

c
 t
 

s

'g
-o

 c
t 

S

R
L
T

1
 2

5
o

R
L
T

1
 2

5
7

R
L
T

1
2
5
8

R
L
T

1
2
5
9

R
L
T

1
 2

6
0

R
L

T
1

2
6

2
R

L
T

1
2
6
3

R
L
T

1
 2

6
4

R
L
T

1
 2

6
5

R
L

T
1

 2
6

6

R
L

T
1

 2
6
7

R
L
T

1
 2

6
8

R
L
T

1
2
6
9

R
L

T
1

 2
7

0
R

L
T

1
 2

7
1

R
L

T
1

2
7

2
R

L
T

1
2
7
3

R
L

T
1

 2
7

4
R

L
T

1
2
7
5

R
L

T
1

 3
0
0

R
L

T
1

 3
0

1
R

L
T

1
 3

0
2

R
L
.T

1
3
0
3

R
L

T
1

 3
0
4

R
L

T
1

 3
0
5

R
L
T

1
 3

0
o

R
L
T

1
3
0
7

R
L

T
1

3
G

3
R

L
T

1
3
0
9

R
L

T
1

 3
1
0

R
L

T
1

3
1

 1
R

L
T

1
 3

1 
2

R
L
T

1
3
1
3

R
L
T

1
3
1
4

R
L

T
1

 3
1 

5

R
L
T

1
3
1
6

R
L
T

1
3
1
7

R
L
T

1
 3

1 
8

R
L
T

1
 3

1
9

R
L

T
1

 3
2

0

R
L
T

1
3
2
1

R
L

T
1

3
2

2
R

L
T

1
3
2
3

R
L
T

1
3
2
4

R
L
T

1
3
2
5

4
8

4
,1

 0
9

 .
5

3
4

8
4

,1
 7

6
 .

9
6

4
8
4
,2

8
4
 .

2
6

4
3
4
,3

4
4
 .

0
0

4
8
4
,4

5
2
 
.7

2

4
8
4
,4

4
3
 .

7
1

4
8
4
,5

0
7
 
.1

9
4
8
4
,5

2
5
 .

0
2

4
8
4
,6

0
4
 .

7
3

4
3
4
,6

0
9
 .

6
2

4
8
4
,6

5
3
 .

7
7

4
8
4
,7

0
5
 .

4
5

4
8
4
,5

0
9
 .

5
1

4
8
4
,5

7
1
 
.1

5
4
3
4
,6

4
0
 .

9
2

4
8
4
,6

9
8
 .

7
6

4
8
4
,7

6
5
 .

2
3

4
3
4
,7

6
1
 
.2

4
4
a
4
,8

0
1
 

.1
1

4
»

4
,4

0
 3

 .
7

6

4
8
4
,3

8
7
 
.3

5
4
8
4
,3

8
3
 .

0
2

4
3
4
,3

6
1
 
.4

8
4
8
4
,3

2
8
 .

0
7

4
8
4
,3

1
 4

 .
2

1

4
3
4
,2

4
9
 .

5
4

4
8
4
,2

2
5
 .

0
0

4
a
4
,1

8
5
 .

3
1

4
8
4
,1

4
1
 
.8

9
<

»
8

4
,1

 9
7
 
.6

3

4
8
4
,2

9
4
 .

9
2

4
8
4
,3

7
6
 .

7
6

4
8
4
,4

2
4
 .

4
2

4
8
4
,4

3
1
 
.8

3
4

8
4

,5
1

 4
 .

4
5

4
8
4
,6

4
5
 .

9
1

4
8
4
,6

3
8
 .

2
7

4
8

4
,1

 7
8

 .
5
0

4
3
4
,1

 9
C

 .
7

4
4
0
4
,3

0
8
 .

9
1

4
8

4
,3

1
 1

 
.5

4
4
8
4
,3

6
8
 .

5
8

4
8
4
,3

8
0
 
.7

9
4
8
4
,4

3
8
 .

4
3

4
8
4
,5

3
1
 

.1
 7

3
,4

4
2
,9

8
3
.5

3
,4

4
2
,9

2
3
.3

3
,4

4
2

,8
1

7
.1

3
,4

4
2
,7

4
3
.1

3
,4

4
2
,6

5
4
.6

3
,4

4
2
,6

3
3
.3

3
,4

4
2
,6

9
0
.6

3
,4

4
2

,7
1

 1
 .

8
3
,4

4
2
,7

5
3
.7

3
,4

4
2
,7

3
8
.5

3
,4

4
2
,7

4
8
.1

3
,4

4
2
,7

5
3
.7

3
,4

4
2
,6

6
9
.1

3
,4

4
2
,6

6
3
.3

3
,4

4
2
,5

8
4
.1

3
,4

4
2
,5

7
5
.8

3
,4

4
2
,5

4
7
.2

3
,4

4
2
,5

2
4
.5

3
,4

4
2
,4

7
9
.8

3
,4

4
2
,1

2
7
.5

3
,4

4
2
,1

2
2
.6

3
,4

4
2
,0

6
3
.3

3
,4

4
2
,0

4
8
.5

3
,4

4
1

,9
7

5
.7

3
,4

4
1
,9

7
4
.6

3
,4

4
1
,9

2
4
.9

3
,4

4
1

 ,
8
4
4
.0

3
,4

4
1
,7

8
8
.1

3
,4

4
1
,8

5
8
.1

3
,4

4
1
 ,

7
5
8
.9

3
,4

4
1
,7

9
5
.5

3
,4

4
1
,7

9
5
.8

3
,4

4
1
,7

7
6
.2

3
,4

4
1
 ,

7
6
1
 .

0
3
,4

4
1
,7

0
9
.4

3
,4

4
1
,6

2
9
.5

3
,4

4
1
,6

2
0
.7

3
,4

4
1
,7

3
2
.6

3
,4

4
1
 ,

6
9
4
.6

3
,4

4
1

 ,
6

7
5

.4

3
,4

4
1
,6

8
6
.7

3
,4

4
1
,5

9
2
.6

3
,4

4
1
,5

5
2
.0

3
,4

4
1
,5

2
2
.3

3
,4

4
1
,4

7
5
.6

1 
.5

1 
.5

1 
.0

1 
.0

3
.0

1 
.0

5
.0

1 
.5

2
.0

1
.5

1 
.5

1 
.5

7
.0

1 
.5

1
0
.0

3
.0

2
.0

3
.0

2
.0

2
.0

2
.0

3
.0

3
.0

2
.0

3
.0

1
.5

1 
.5

3
.0

1 
.5

1 
.5

1 
.5

1 
.5

1 
.5

1 
.5

1 
.5

2
.0

2
.0

1 
.5

3
.0

1 
.5

2
.0

1 
.5

2
.0

2
.0

2
.0

,2
0
 

,3
0

 
,3

0
 

,2
0

 
,5

0

,2
0

 
,7

0
 

,3
0
 

,7
0

 
,7

0

,5
0
 

,3
0

 
,5

0
 

,3
0
 

.7
0

,7
0
 

,7
0
 

.7
0
 

.7
0

 
.2

0

.1
5

 
.1

0
 

.1
0
 

.1
0
 

. 
1
0

.1
0
 

.0
7
 

. 
1

0
 

.0
7
 

.0
7

.1
0
 

.0
7

 
.0

7
 

.0
7

 
.1

0

.1
0
 

.1
5

 
.1

5
 

.1
5
 

.1
0

.1
0

 
.1

0
 

.1
5
 

.1
0

 
.1

0

C
a

-p
c
 t
. 

s

.0
5
 

<
.0

5
 

<
.0

5
 

<
.0

5
 

<
.0

5

.0
5
 

<
.0

5
 

<
.0

5
 

<
.0

5
 

<
.0

5

<
.0

5
 

.0
5

 
<

.0
5

 
<

.0
5
 

<
.0

5

<
.0

5
 

.0
7
 

.0
5

.0
5

 
.1

5

.1
5
 

.2
0

 
.1

 5
 

.3
0

 
.1

5

.1
 5

 
.1

5
 

.1
5
 

.1
5

 
.1

5

.1
5

 
.1

 5
 

.2
0

 
.1

 5
.3

0

.3
0

 
.3

0
 

.2
0
 

.2
0
 

.1
 5

. 
1 

5 
.1

 5
 

.1
 5

.1
0
 

.1
0

T 
i-
p

c
t.

 
s .2

0
 

.1
5

.1
 5

 
.1

0
.2

0

.1
5

.3
0

 
.2

0
 

.2
0

 
.2

0

.1
0

 
.1

0
 

.2
0

 
.1

 5
 

.3
0

.2
0

 
.1

5
 

.2
0

 
.2

0
 

.5
0

.3
0
 

.3
0
 

.3
0

 
.2

0
 

.3
0

.2
0
 

.2
0

 
.2

0
 

.1
 5

 
.2

0

.2
0

 
.2

0
 

.1
 5

 
.1

 5
 

.2
0

.3
0
 

.2
0
 

.1
 5

.2
0
 

.1
0

.0
7
 

.1
0

 
.1

 5
 

.1
 5

 
.0

7

M
n

-p
p

m
s

7
0

0
7
0
0

7
0

0
3
0
0

1
,5

0
0

5
0

0
1
,5

0
0

3
0

0
1 

,5
0

0
1
,0

0
0

1 
,5

0
0

7
0
0

7
0
0

7
0
0

1
,5

0
0

1
,0

0
0

7
0
0

1
,0

0
0

2
,0

0
0

1
,5

0
0

5
0
0

2
,0

0
0

7
0
0

5
0

0
7

0
0

3
0

0
3
0
0

2
0

0
2
0
0

7
0
0

7
0
0

5
0

0
5

0
0

5
0
0

1
,5

0
0

1
,5

0
0

1
,0

0
0

5
0
0

5
0
0

5
0
0

5
0

0
3

0
0

7
0

0
3

0
0

3
0

0

A
g

- 
p

p
m

s

<
.5

<
.5

<
.5

<
.5 .5 N .7 .5 .7 .7 .7

<
.5

<
-5

<
.5

<
.5

<
.5

<
.5

<
.5

<
.5 N N

<
.5 N N N N N N N

<
.5

<
.5 N N N

<
.5

<
.5 N N .7 N N N N N N

A
s
-p

p
m

 

s
 p

p
m

 
s

Nl \ n  , N N N N N N N N N N N N \ N V ^ N iN ^ N ^ N M N ^ iN N N N N ^ ,M M N N ^ N N N N ^

30
0

15
0

10
0

15
0

20
0

10
0

30
0

20
0

20
0

30
0

3
0
0

15
0

15
0

15
0

15
0

15
0

20
0

15
0

20
0

30
0

30
0

30
0

30
0

30
0

30
0

2
0
0

20
0

20
0

20
0

20
0

20
0

15
0

15
0

10
0

15
0

15
0

15
0

15
0

15
0

15
0

10
0

15
0

15
0

10
0

10
0



T
a
b
l
e
 

1.
 
A
n
a
l
y
t
i
c
a
l
 
d
a
t
a
 
f
o
r
 

-.
JO

 
m
e
s
h
 
s
t
r
e
a
m
 
s
e
d
i
m
e
n
t
 
s
a
m
p
l
e
s
 
c
o
l
l
e
c
t
e
d
 
d
u
r
i
n
g
 
t
h
e
 
U
.
S
.
G
.
S
.
-
C
.
R
.
M
,
 

th
e 

T
i
o
 
F
l
a
c
o
 
a
r
e
a
/
 

El
 
C
o
r
r
e
o
 
q
u
a
d
r
a
n
g
l
e
*
 
n
o
r
t
h
e
r
n
 

S 
o 
n 
o 

r 
a 

/ 
M
e
x
i
c
o
.
-
-
c
o
n
t
i
n
u
e
d

S
a
m
p
l
e

R
L
T
1
2
5
6
 

R
L
T
1
2
5
7
 

R
L
T
1
2
5
8
 

R
L
T
1
2
5
9
 

R
L
T
1
2
6
0

R
L
T
1
2
6
2
 

R
L
T
1
2
b
3
 

R
L
T
1
2
6
4
 

R
L
T
1
2
6
5
 

R
L
T
1
2
6
6

R
L
T
1
2
6
7
 

R
L
T
1
2
6
8
 

R
L
T
1
2
6
9
 

R
L
T
1
2
7
0
 

R
L
T
1
2
7
1

R
L
T
1
2
7
2
 

R
L
T
1
2
7
3
 

R
L
T
1
2
7
4
 

R
L
T
1
2
7
5

R
L
T
1
3
0
0

R
L
T
1
3
0
1
 

R
L
T
1
3
0
2
 

R
L
T
1
3
0
3
 

R
L
T
1
3
0
4
 

R
L
T
1
3
0
5

R
L
T
1
3
0
6
 

P
L
T
1
3
0
7
 

R
L
T
1
3
0
8
 

R
L
T
1
3
0
9
 

R
L
T
1
 3
1
0

R
L
T
1
3
1
1
 

R
L
T
1
3
1
2
 

R
L
T
1
3
1
3
 

R
L
T
1
3
1
4
 

R
L
T
1
3
1
5

R
L
T
 1
3
1
6
 

R
L
T
1
3
1
7
 

R
L
T
1
3
1
8
 

R
L
T
1
3
1
V
 

R
L
T
1
3
2
0

R
L
T
1
3
2
1
 

R
L
T
1
3
2
2
 

R
L
T
1
3
2
3
 

R
L
T
1
3
2
4
 

R
L
T
1
3
2
5

8
a
-

7
0

0
 

7
0

C
 

7
0
C

 
7

0
C

 
5

0
C

7
0

C
 

7
0

C
 

70
 C

 
7

0
C

 
7
0
C

5
0

C
 

5
0

C
 

5
0

C
 

7
0

C
 

7
0
0

5
0
C

 
5
0
C

 
5

0
C

 
3
0
C

 
1

/5
0

C

1
*5

0
0

1
/5

0
C

1 
,5

0
0

7
0
C

1
,0

0
0

1
/O

O
C

 
1 

/5
G

C
 

1 
/O

O
C

 
1
/0

0
0
 

7
0
C

50
C

 
30

C
 

30
C

 
20

C
7
0
0

7
0

C
7
0
C

1 
,O

O
C

1 
/O

O
C

1
/O

O
C

5
0

0
 

7
0

0
 

1
/0

0
0
 

7
0

C
 

7
0
C

B
e

-p
p

m

2
.0

 
1 
.5

 
1 

. 
5 

1 
. 

5 
2

.0

1 
.5

2
.0

 
1 

.5

1 
.5

 
1

.5
 

1
.5

 
1 

.5
 

1
.5

1
.5

 
1

.5
 

1 
.5

 
1 

. 
5 

1 
. 

5

1 
.0

 
1 
.5

 
<1

 .
0
 

1 
. 

5 
1 
.0

1 
.0

 
1 
.0

 
1 
.0

 
1 

.0
 

<1
 .

0

1 
.0

 
1 
.0

 
1 
.0

 
<1

 .
0

 
1 
.5

1 
.0

 
1

.0
 

0
.0

 
1 
.0

 
1

.0

1 
.0

 
<1

 .
0

1 
.0

 
0

.0
 

<1
 .

0

0
0
 

0
0
 

0
0
 

O
 0

 
0
0

0
0

 
0

0
 

0
0
 

0
0

 
O

 0

0
0

0
0

0
0

0
0

0
0

0
0
 

0
0
 

O
 0

 
0
0 N N

0
0

0
0 N

0
0 N N N N N

C
o

-p
p

m 2
0

15 1
0

1
0

3
0

1
0

2
0

1 
5

1 
5

3
0

3
0 1
0 1
5

1 
5

2
0

1
0 1 
5

2
0

3
0 1 
5 7

7
0 7

3
0

1 
5

1
0 5 7 7 7 5 5 7

15
7

1
0

15
5 5 5 7 5 

<
5

C 
r-

p
p
m

 
s

O
 0

0
0

0
0 1
0

0
0 1
0

0
0

0
0

0
0

0
0
 

0
0 15

 
<

1
0 1
0

0
0
 

0
0

 
1 

0 
<

1
0
 

0
0

0
0

O
 0

o
 o

0
0

0
0

0
0

o
n

0
0

0
0

0
0 1
0 1
0

0
0

0
0

0
0 1
0 1
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

C
u
-p

p
m

 
s

5
0

7
0

5
0

5
0

2
0

0 5
0

3
0
0

2
0

0
3
0
0

2
0
0

1 
5
0

1
0

0
1 

5
0

2
0
0

2
0

0

1
5
0

1
0
0

1
0

0
2

0
0

2
0

0 7
0

7
0
0

1
0
0

3
0

0
1

5
0

7
0 5
0

1 
5
0

1
0
0 7
0 50 3
0

3
0

2
0

3
0 3
0 2
0

1 
0

0
2

0
0 3
0 3
0

2
0 7
0

1 
5

1
0

L
a
-p

p
m

 
s

5
0

2
0

2
0 50

2
0
0 7
0 7
0

7
0

7
0

7
0 5
0

7
0

1
0
0 7
0

50 50 50 30 70 70 50 30 50 30 20 2
0 2
0

3
0

5
0 30 30 50 30 20 50 7
0 5
0

5
0

7
0 3
0 30

 
30

 
30

 
20

 
<

20

d
e
ta

il
e
d
 

s
tu

d
y
 

o
f

M
o
-p

p
m

 
N 

i 
-p

p
n

S 
S

7 
<

5
15

 
5

1
0
 

<
5

7 
<5

50
 

<
5

15
 

<
5

5
0
 

<
5

15
 

<
5

2
0

 
<5

2
0

 
<5

2
0
 

<
5

1
0
 

<
5

2
0

 
5

1
0

 
<

5
5
0
 

15

15
 

<5
15

 
<

5
2
0
 

<
5

15
 

10
15

 
7

<5
 

<5
30

 
7

<
5 

N
10

 
5

7 
N

<
5 

N
5 

N
5 

<5
<5

 
N

7 
1

0

5 
15

<
5 

7
N 

7
<

5 
7

<5
 

15

5 
2

0
5 

20
5 

N
7 

N
<

5 
<

5

<5
 

7
<5

 
<5

N 
<5

<5
 

5
N 

N



T
a
b
le

 
1

A
n
a
ly

ti
c
a
l 

d
a

ta
 

fo
r 

-3
0
 

m
e

s
h

 
s
tr

e
a
m

 
s
e
d
im

e
n
t 

s
a
m

p
le

s
 

c
o

ll
e

c
te

d
 

d
u
ri
n
g
 

th
e

 
U

.S
.G

.S
.-

C
.R

.M
, 

th
e
 

T
io

 
F

la
c
o
 

a
re

a
/ 

E
l 

C
o

rr
e

o
 

q
u
a
d
ra

n
g
le

/ 
n

o
rt

h
e

rn
 

S
o

n
o

ra
/ 

M
e

x
ic

o
.-

-c
o

n
ti
n

u
e

d
d
e
ta

il
e
d
 

s
tu

d
y
 

o
f

0
0

S
a
m

p
le

R
L

T
1

2
5

6
 

R
L
T

1
2
S

7
 

R
L

T
1

2
5

8
 

R
L
T

1
2
5
9
 

R
L

T
1

2
6

0

R
L

T
1

2
6

2
 

R
L
T

1
2
6
3
 

R
L

T
1

2
6

4
 

R
L
T

1
2
6
5
 

R
L
T

1
2
6
6

R
L

T
1

2
6

7
 

R
L

T
1

2
6

6
 

R
L
T

1
2
6
9
 

R
L
T

1
2
7
0
 

R
L

T
1

2
7

1

R
L
T

1
2
7
2
 

R
L

T
1

2
7

3
 

R
L
T

1
2
7
4
 

R
L

T
1

2
7

5
 

R
L

T
1

3
0

0

R
L

T
1

3
0

1
 

R
L

T
1

3
G

2
 

R
L

T
1

3
0

3
 

R
L
T

1
3
0
4
 

R
L
T

1
3
0
5

R
L

T
1

3
0

6
 

R
L

T
1

3
0

7
 

R
L

T
1

3
0

8
 

R
L

T
1

3
0

9
 

R
L

T
1

3
1

0

R
L 

T 
1

3
1

1
 

R
L

T
1

3
1

2
 

R
L

T
1

3
1

3
 

R
L

T
1

3
1

4
 

R
L

T
1

3
1

5

P
b

-p
 p

m 50 7
0 50 5
0

7
0

5
0

 
1 

CO
 

1 
CO

 
1 

5
0
 

1 
50

1 
CO

 
1 

CO
 

1 
0
0
 

1 
CO

 
1 

50

1 
C

O
 

1 
50 70

 
1 

5
0

50 50 70 70 70 7
0 50 30 30 30 30 30 30 15 15 50

S
c
-p

p
m 5

<
5

 
<

5
 

<
5 5 5 7 5 5 5

<
5

 
<

5
 

<
5
 

<
5

 
<

5 7 5
<

5 7 5

<
5

 
<

5
 

<
5
 

<
5

 
<

5 N
<

5
 

<
5

 
<

5
 

<
5 5

<
5 N N

<
5

S 
n

-p
p

m
 

S

0
0

 
0
0
 

O
 0

 
0

0 1 
0

0
0 20 10 1
0

0
0

0
0 1 
0

0
0 10

0
0

0
0

0
0

0
0 N N N N N 

O
 0 N N

 N N N N N N
 N N

S 
r-

p
p
m

 

S

1
0

0
1
0
0

1 
5
0

1
0
0

1 
5

0

1
5
0
 

1 
5
0
 

O
 0

0
 

1 
5
0
 

1
5
0

1
0
0
 

1 
5
0
 

1
0
0
 

O
O

O
 

1
0

0

1
0
0

2
0

0
1

5
0

3
0
0

2
0
0

1
5
0

1
5
0

1
5
0

2
0
0

1
0

0

1
0
0

1 
50

1
0

0
1
0
0

1
0
0

0
0

0
 

0
0
0
 

0
0
0
 

0
0

0
 

O
O

O

V
-p

p
m

 
s

1 
5

30 30 30 70 3
0

7
0 1
5

2
0

3
0

2
0

2
0

1 
0
0

1
0

1
0

0

7
0

5
0

1
0
0

5
0

3
0

1 
5

30 20 20 30 1
5

2
0 3
0

2
0

3
0 30 30 1
5

2
0 30

Y
-p

p
m

 

S

1
0

0 5
0

3
0

3
0

15
0 3
0

1
5
0

15
0 70

1
0

0

1
5
0 5
0

1
0

0
1
0
0

7
0

1
0
0
 

7
0

>
5
0
0

15
0 20 15 20 20 1
5

2
0 15 1
5

3
0

2
0

1
0 1
5

0
0

0
0

0
0 1
0

Z
n
-p

p
m

 
s

N
<

20
0

<
2

0
0 N N N N N

<
2
0
0
 N N N

20
0 N

<
2

0
0

<
2

0
0 N

<
2
0
0

<
2

0
0

3
0

0 N 
7
0
0 N

2
0
0
 

<
2

0
0 N N N N N

<
2
0
0
 N N

<
2

0
0

 N

I 
r-

p
p
m

 
s

2
0
0

1
5
0

1
0
0

2
0
0

30
0

20
0

50
0

30
0

1
5

0
1
5
0

1
5
0

2
0
0

5
0
0

1
5
0

5
0
0

20
0

1
5

0
20

0
30

3
30

3

1
5

0
1

5
0

20
3

5
0
0

20
0

1
0
0

1
0
0

3
0
0

20
0

1
5

0

1
5
0

1
0

0
7
0

5
0

7
0

R
L

T
1

3
1

6
 

R
L

T
1

3
1

7
 

R
L
T

1
3
1
8
 

R
L
T

1
 3

1
9

 
R

L
T

1
3

2
0

R
L

T
1

3
2

1
 

R
L
T

1
3
2
2
 

R
L

T
1

3
2

3
 

R
L
T

1
 3

2
4

 
R

L
T

1
3

2
5

7
0 50

1 
CO

1 
50 20 15 15 30 20 20

5 5
<5

 5
<

5 <5
 

<5
 

<5
 

<5
N

N N N
0

0
 N N

O
 0

 N N
 N

0
0

0

<
1 

0
0

2
0
0

30
0

1 
50

0
0

0
1
0
0

1
0

0
1
0
0

1
5
0

50 30 20 30 1
5

1
5 1
5 20 30 1
0

1
5

1
0 15 50 15 1
5 15 1
5

15 10

N N N

2
0
0
 N N N

<
2

0
0

<
20

0 N

1
0

0
5
0

1
5
0

3
0
0 70

1
0
0

3
0

1
5
0

5
0 20



T
a
b
le

 
1

. 
A

n
a

ly
ti
c
a

l 
d

a
ta

 
fo

r 
-3

0
 

m
e
sh

 
s
tr

e
a
m

 
s
e
d
im

e
n
t 

s
a
m

p
le

s
 

c
o
ll
e
c
te

d
 

d
u

ri
n

g
 

th
e

 
U

.S
.G

.S
.-

C
.R

.M
. 

d
e

ta
il
e

d
 

s
tj
d

y
 

o
f 

th
e

 
T

io
 

F
la

c
o

 
a

re
a

/ 
E

l 
C

o
rr

e
c
 

q
u

a
d

ra
n

g
le

/ 
n

o
rt

h
e

rn
 

S
o

n
o

ra
/ 

M
e
x
iC

Q
.-

-C
o
n
ti
n
u
e
d

S
a
m

p
le

X
-U

tm
Y

-U
tm

F
e
-p

c
 t
.

tf 
g
-p

c
 t

 
s

K
L
T
1
 3
2
6

R
L
T
1
 3
2
7

RL
T1
 3
28

R
L
T
1
3
2
9

R
L
T
1
3
3
0

RL
T1
 3
31

RL
T1

 3
32

R
L
T
1
3
3
3

R
L
T
1
3
3
4

R
L
T
1
3
3
5

RL
T1
 3
36

RL
T1
 3
37

RL
T1
 3
38

R
L
T
1
3
3
9

RL
T1
 3
40

RL
T1
 3
41

RL
T1
 3
42

RL
 T
1 
34
3

R
L
T
1
3
4
4

R
L
T
1
3
4
5

RL
T1

 3
46

R
L
T
1
3
4
7

RL
T1
 3
48

R
L
T
1
 5
4
9

RL
T1

 3
50

R
L
T
1
3
5
1

RL
T1

 3
52

RL
T1
 3
53

RL
T1

 3
54

RL
T1
 3
55

RL
T1
 3
56

RL
T1
 3
57

RL
T1
 3
58

R
L
T
1
3
5
9

RL
T1
 3
60

R
L
T
1
3
6
1

RL
T1
 3
62

R
L
T
1
3
6
3

RL
T1

 3
64

RL
T1
 3
65

R
L
T
1
 3
66

RL
T1
 3
67

RL
T1
 3
68

RL
T1
 3
69

RL
T1
 3
70

4
3
4
,
6
3
7
 .
62

4
8
4
,
6
3
9
 .
96

4
3
4
,
0
8
7
 .
80

4
8
4
,
0
8
7
 .

61
4
8
4
,
0
4
6
 .
63

4
8
4
,
0
7
2
 .
76

4
8
4
,
0
1
 2

 .
03

4
8
3
,
9
5
5
 .
03

4
8
3
,
9
4
6
 .
27

4
8
3
,
8
3
4
 .
45

4
8
3
,
3
5
0
 .
76

4
8
3
,
7
9
2
 .
88

48
4,
1 
65
 .
41

48
4,
1 
86

 .
94

4
8
4
,
3
0
2
 .
06

4
8
4
,
3
1
9
 .

71
4
8
4
,
2
8
3
 .
92

4
8
4
,
3
8
3
 .
09

4
8
4
,
4
0
0
 .
69

4
8
4
,
3
3
9
 .
46

4
8
4
,
3
2
9
 .
43

4
8
4
,
4
7
6
 .
66

4
8
4
,
4
9
5
 .
62

4
8
4
,
5
4
0
 .
64

4
8
4
,
5
5
5
 .
92

4
8
3
,
9
5
8
 .
68

4
8
3
,
9
2
8
 .
38

4
8
3
,
9
4
0
 .
91

4
»
3
,
8
6
0
 .
47

4
3
3
,
9
4
8
 .
39

4
8
3
,
9
6
2
 .
22

48
5,
1 
07
 .
42

4
8
5
,
0
1
 3

 .
24

4
3
4
,
9
6
2
 .
64

4
8
4
,
9
5
4
 .

52

4
8
4
,
9
5
1
 
.3
3

4
3
5
,
0
5
7
 .

41
4
8
5
,
0
8
6
.
3
2

4
8
5
,
1
9
2
 .
76

4
8
5
,
2
3
1
 
.0
0

4
8
5
,
3
0
7
 .
14

4
3
5
,
2
9
5
 .

1 
2

4
8
5
,
3
2
8
 .
48

4
8
5
,
4
0
1
 
.7
3

4
8
5
,
4
9
4
 .
84

3
,
4
4
1
 ,
4
1
4
.
9

3
,
4
4
1
 ,
3
9
6
.
0

3
,
4
4
1
,
7
2
7
.
4

3
,
4
4
1
,
7
0
7
.
2

3
,
4
4
1
,
6
3
2
.
0

3
,
4
4
1
,
5
9
8
.
8

3
,
4
4
1
,
5
6
6
.
8

3
,
4
4
1
 ,
50
1 
.8

3,
44
1 
,5

1 
7.

0
3
,
4
4
1
,
4
8
3
.
4

3
,
4
4
1
 ,
4
7
7
.
0

3
,
4
4
1
,
4
1
 1

 .
6

3
,
4
4
1
,
5
4
3
.
4

3
,
4
4
1
,
5
5
7
.
0

3
,
4
4
1
 ,
4
7
9
.
8

3
,
4
4
1
 ,
4
8
2
.
1

3
,
4
4
1
 ,
4
2
4
.
4

3
,
4
4
1
,
3
9
2
.
9

3
,
4
4
1
 ,

 3
9
0
.
2

3
,
4
4
1
,
3
0
3
.
8

3
,
4
4
1
,
3
0
9
.
0

3
,
4
4
1
,
3
0
0
.
8

3
,
4
4
1
,
3
0
8
.
1

3
,
4
4
1
 ,
2
7
6
.
0

3
,
4
4
1
 ,
2
9
3
.
5

3
,
4
4
1
 ,
4
3
7
.
4

3
,
4
4
1
 ,
3
4
5
.
4

3
,
4
4
1
 ,
3
3
4
.
0

3
,
4
4
1
,
2
9
2
.
7

3
,
4
4
1
,
3
0
1
 .
1

3
,
4
4
1
 ,
31

 5
.0

3
,
4
4
3
,
1
9
6
.
9

3
,
4
4
3
,
0
3
8
.
2

3
,
4
4
3
,
0
6
2
.
3

3
,
4
4
3
,
0
0
0
.
6

3
,
4
4
2
,
9
2
8
.
7

3
,
4
4
2
,
8
2
7
.
6

3
,
4
4
2
,
8
2
2
.
2

3
,
4
4
2
,
7
6
0
.
2

3
,
4
4
2
,
6
7
5
.
1

3
,
4
4
2
,
6
0
3
.
4

3
,
4
4
2
,
5
2
9
.
1

3
,
4
4
2
,
4
6
1
 .
8

3
,
4
4
2
,
4
3
4
.
8

3
,
4
4
2
,
3
4
3
.
5

2
.0

3
.0

2
.0

2
.0

2
.0

1
.5

2
.0

2
.0

2
.0

3
.0

2
.0

3
.0

2
.0

3
.0

1
.5

2
.0

1 
.5

2
.0

1 
.5

1 
.5

3
.0

2
.0

2
.0

2
.0

1 
.5

2
.0

2
.0

1 
.5

1 
.5

2
.0

2
.0

2
.0

2
.0

2
.0

1 
.5

1 
.5

1 
.5

2
.0

1 
.5

2
.0

2
.0

3
.0

2
.0

3
.0

3
.0

. 
1
0

.1
0

.1
 5

. 
15

. 
1 

5

.1
5

. 
1 

5
.2

0
. 

1 
5

.3
0

.2
0

.2
0

.3
0

. 
15

.1
 5

.2
0

.1
5

.2
0

.2
0

. 
15

.2
0

. 
1 

5
.3

0
.3

0
.2

0

.2
0

.1
5

.2
0

.2
0

.3
0

.3
0

.3
0

.3
0

.3
0

.5
0

.3
0

.5
0

.7
0

.7
0

.7
0

1 
.0

0
.7

0
.7

0
.2

0
.3

0

C
a
-p

c
 t

 .
s

.0
7

.0
7

.0
7

.0
7

.0
7

.1
0

.0
7

.2
0

.0
7

.1
0

.0
7

.0
7

.1
 5

.1
0

.2
0

.1
5

.2
0

.1
 5

. 
1
0

.2
0

.0
7

.1
 5

.1
0

.1
 5

.1
5

.1
0

.1
0

.1
0

. 
1
0

.1
0

.0
7

.1
0

.1
0

.1
0

.0
7

.3
0

-. 
1 

5
.1

0
.1

0
.1

0

.1
0

.2
0

.1
0

.1
 5

.2
0

T 
i-
p

c
 t

 .
s .0

5
.0

7
.1

0
.1

0
.1

5

.1
 5

.1
 5

.1
 0

.1
 5

.1
 5

.1
5

.1
 5

.1
 5

.2
0

.1
0

.1
 5

.0
7

.1
 5

.1
0

.1
0

.1
0

.0
7

.3
0

.1
 5

.1
 5

.1
 5

.1
0

.1
 0

.1
0

.3
0

.0
5

.2
0

.2
0

.1
 5

.2
0

.1
 5

.1
5

.2
0

.3
0

.2
0

.1
 5

.1
5

.2
0

.2
0

.3
0

M
n

-p
 p

m
s

1 
50

2
0

0
3

0
0

5
0
0

5
0
0

7
0
0

7
0

0
1 
,0

0
0

1
,0

0
0

7
0

0

7
0
0

5
0

0
1
,0

0
0

1
,5

0
0

1
,0

0
0

1 
,0

0
0

1
,5

0
0

1
,0

0
0

1 
,0

0
0

1
,5

0
0

1
,5

0
0

1 
,5

0
0

1
,5

0
0

2
,0

0
0

7
0

0

1 
,0

0
0

1 
,0

0
0

1 
,5

0
0

1
,0

0
0

1 
,5

0
0

1 
,5

0
0

2
,0

0
0

2
,0

0
0

3
,0

0
0

1
,0

0
0

3
,0

0
0

2
,0

0
0

2
,0

0
0

2
,0

0
0

3
,0

0
0

3
,0

0
0

3
,0

0
0

3
,0

0
0

7
0

0
7
0
0

A
g

-p
p

m

S

N N N .5
<

.5 N N
<

.5 .5 .7 .7
1 
.0 N N N N N N N N N N N N N N N N N N N N N N

<
.5 N .7 N N N N

<
.5 .7 N N

A
S

-p
p

D
 

S

3
-p

p
m

 
s

N N N N N N N N N M N U N N N N M N N M M ^ M M N N N N N N N N M N M N N N N N N N N M N

15 70
10
0

30
0

3
0
0

30
0

5
0
0

20
0

3
0
0

30
0

50
0

5
0
0

1
0
0

15
0 50

2
0
0 30

30
0

10
0

10
0

20
0 30

10
0 50 50

30
0

2
0
0

30
0

30
0

30
0

30
0

30
0

2
0
0

50
0

15
0

7
0
0

1 
,
5
0
0

30
0

3
0
0

30
0

20
0

20
0

30
0

20
0

15
0



T 
3 

u 
i, 

£ 
i

d 
3 

t 
3 

t 
th

e
 

T
io

ir
 
-
9
0
 
m
e
s
h
 
s
t
r
e
a
m
 
s
e
d
i
m
e
n
t
 
s
a
m
p
l
e
s
 
c
o
l
l
e
c
t
e
d
 
d
u
r
i
n
g
 
t
h
e
 
U
.
S
.
G
.
S
.
-
C
.
R
.
M
.
 
d
e
t
a
i
l
e
d
 
s
t
u
d
y
 
of

 
F
l
a
c
o
 
a
r
e
a
/
 
El
 
C
o
r
r
e
o
 
q
u
a
d
r
a
n
g
l
e
/
 
n
o
r
t
h
e
r
n
 
S
o
n
o
r
a
/
 

'-
'e

x 
i 
co

 .
-
-
c
 o
nt

 i
 n
u
e
d

ro
 

o

S
a
m

p
le

R
L
T
1
3
2
6
 

R
L
T
1
3
2
7
 

R
L
T
1
3
2
8
 

R
L
T
1
3
2
9
 

R
L
T
1
3
3
0

R
L
T
1
3
3
1
 

R
L
T
1
3
3
2
 

R
L
T
1
3
3
3
 

R
L
T
1
3
3
4
 

R
L
T
1
3
3
5

R
L
T
1
3
3
6
 

R
L
T
1
3
3
7
 

R
L
T
1
3
3
8
 

R
L
T
1
3
3
9
 

R
L
T
1
3
4
0

R
L
T
1
3
4
1
 

R
L
T
1
3
4
2
 

R
L
T
1
3
4
3
 

R
L
T
1
3
4
4
 

R
L
T
1
3
4
5

R
L
T
1
3
4
6
 

R
L
T
1
3
4
7
 

R
L
T
1
3
4
8
 

R
L
T
1
3
4
9
 

R
L
T
1
3
5
0

R
L
T
1
3
5
1
 

R
L
T
1
3
5
2
 

R
L
T
1
3
5
3
 

R
L
T
1
3
5
4
 

R
L
T
1
3
5
5

R
L
T
1
3
5
6
 

R
L
T
1
3
5
7
 

R
L
T
1
3
5
8
 

R
L
T
1
3
5
9
 

R
L
T
1
3
6
0

R
L
T
1
3
6
1
 

R
L
T
1
3
6
2
 

R
L
T
1
3
6
3
 

R
L
T
1
3
6
4
 

R
L
T
1
3
6
5

R
L
T
1
3
6
6
 

R
L
T
1
3
6
7
 

R
L
T
1
3
6
8
 

R
L
T
1
3
6
9
 

R
L
T
1
3
7
0

B
a
-
p
p
 T
 

s

5
0
0
 

1 
/
O
O
C

7
0
C
 

1
/
O
O
C
 

1 
/ 
5 
0 
C

7
0
0
 

1
/
5
0
C

7
0
C
 

1
/
O
O
C
 

1
/
5
0
C

1
/
O
O
C
 

1
/
O
O
C
 

1
/
5
0
C
 

1
/
O
O
C
 

7
0
C

1
/
O
O
C

7
0
C

1
/
O
O
C

1 
/
5
0
C

5
0
G

1 
/
5
L
 C
 

7
0
C

1 
,
O
O
C
 

7
0
0

1
/
O
O
C

1
/
O
O
C
 

7
0
C
 

7
0
C
 

7
0
C

1
/
0
0
0

1
/5

C
C

 
1

/5
0

C
 

1
/O

O
C

 
1 

/O
O

C
 

1
/5

0
C

7
0

C
 

1
/O

O
C

 
1

/5
0

0
 

1
/5

0
C

 
1

/5
0

C

1
5
0
C

 
7

0
C

 
7
0
C

 
5
0
C

 
7

0
C

b
e

-p
p

m
 

s

1 
.0

1 
.0

<1
 .

0
1 
.0

:1
 .

0
1 
.0

1 
.0

:1
 .

0
:1

 .
0

:1
 .

0
:1

 .
0

:1
 .

0
1 

.0
1

.5

:1
 .

0
 

1 
.5

 
:1

 .
0

 
d

 .
0
 

d
 .

0

1 
.0

 
1 
.5

1 
.0

1 
.0

d
 .

0

d
 .

0
d

 .
0

1 
.0

1 
.0

1 
.0

C1
 .

0
 

C1
 .

0
 

c
l 
.0

 
1

.0
 

C1
 .

0

1 
. 

5
1 
.0

d
 .

0
0

 .
0

c
l 
.0

1 
.0

 
1 

. 
5 

1 
.5

 
1 
.0

 
1 
.0

B 
i 

-p
p

m
 

s

N N N N N N N N
<

1
 

0

C
o

-p
p

m
 

s

5
<

5 
<

5 <
5 5

<
5
 5 5 7 5 7 7 5

1 
0 5 N

<5
 5

<
5

<
5 N 7 5

<
5

 
<

5 <5
5

<
5 5

<
5 

<5
 

<
5 1
5 15
5 5

<5 <
5 7 5

<
5 5

C 
r-

p
p
m

 
s

N N N
1 
0 

1
0

C
u

-p
p

m
 

s

1
5

1
5 20 30 20 1 
5

30 30 70 50 50 50 20 20 15 30 20 20 20 20 1 
5

5
0

20 30 15 50 30 30 20 30 50 30 30 50 30

1
0
0

1 
5

0
3
0

3
0

3
0

3
0

7
0

1
0
0

1
0
0

7
0

L 
a
-p

p
m

 
s

20
 

<
20

 
20

 
20

 
20 20 30 70 30 50 30 30 30 30 50 50 20 2

0 30 30 30 20 30 20 20 30 20 20 20 30 20 30 30 30 50 3
0 30 20 30 30 20 30 20 20 30

M
o
-p

p
m

 
S

<5
 

<
5 

<
5

 
<5

 
<

5 <5
 

<5
N 7 5 5 5

<5
 

<5
N

<
5 N 

<
5 N N

<
5 N

<
5 N N

<
5 N N N

<
5 N

<
5 

<
5 <5

 
<

5 5
15

 
<

5 
<

5 <
5 <5

 
<5

 
<

5 N 5

N 
i-
p
p
m

 
S

N N N N N N N 5
<5

 
<5

N 
<

5 N N N

<5 <5
 N

<5
 

<
5 <5 15
N N 7

<
5 N

<5

N N N N N 5
<5

 
<5

 
<5

N N N
<5
 

<5



TO 75 33 XI 33 X3 33 33 33 3J 33 'TO 3} 33 33 33 33 33 33 33 33 33 :33 ;O 33 33X333717] 33 33 33 33 33 333333333} 3333333333

O4 O4 O4 O4 O4 O4 OJ O4 O4 O4 O4 O<l O4 O4 OJ O4 >wM L>J OJ O4 O4 O4 OJ O4 O4 O4 O4 O4 I* O4 L* O4 O4 O4 O<l O4L^O4OJO4 IM O4 O4 IN LM
"NJ O* O* O^ O* 0*0*0*0^0* o* wi * /* *-n *«n ^yiwicn^wi wi-f^-f^^-f** J^-f^^J^j^ ^040^1^0^ UJO^oJO^t^j ujf\Ji\jr»jro
OOCX^-NjO^ wnJ^UJ^Nj * OoO0*^^ WI-C^L^^J   O>OOc-sJO* v^i-t^o^ro * OoOo-go^ vyiJ^L^ro * O-OCX^WO

^-n <-n O O O

Z2ZZ

Ov^OOv." uiuiv^wiO v^OOOO OOOOO v^Qv^OCD OuiOOUi O>-nui>yi>yi v^)>JiO>yiui oîCD<:3CD 
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TABLE 3. Limits of determination for the spectrographic analysis 
of stream sediments and soils based on a 10-mg sample

Elements Lower determination limit Upper determination limit

Percent

Iron (Fe)
Magnesium (Mg)
Calcium (Ca)
Titanium (Ti)

0.05
.02
.05
.002

20
10
20

1

Parts per mil lion

Manganese (Mn)
Silver (Ag)
Arsenic (As)
Gold (Au)
Boron (B)
Barium (Ba)
Beryllium (Be)
Bismuth (Bi)
Cadmium (Cd)
Cobalt (Co)
Chromium (Cr)
Copper (Cu)
Lanthanum (La)
Molybdenum (Mo)
Niobium (Nb)
Nickel (Ni)
Lead (Pb)
Antimony (Sb)
Scandium (Sc)
Tin (Sn)
Strontium (Sr)
Vanadium (V)
Tungsten (W)
Yttrium (Y)
Zinc (Zn)
Zirconium (Zr)
Thorium (Th)

10
0.5

200
10
10
20

1
10
20

5
10

5
20

5
20

5
10

100
5

10
100

10
50
10

200
10

100

5,000
5,000

10,000
500

2,000
5,000
1,000
1,000

500
2,000
5,000

20,000
1,000
2,000
2,000
5,000

20,000
10,000

100
1,000
5,000

10,000
10,000
2,000

10,000
1,000
2,000

87



Table 4. Field identification of rock units associated with soil samples 
in the Tio Flaco study area, El Correo quadrangle, northern Sonora, 
Mexico

Code in Table 2 

fP 

SS 

Tbr 

Si

Ry

Gr

Q

Br

ff

Ak

Qm

Fb

Qp 

Ser 

My 

d

Rock Type 

feldspar porphyry 

sandstone 

tourmaline Br 

siliceous rock 

rhyolite 

granite 

quartzite 

breccia

foliated feldspathic rock 

arkose (volcaniclastic) 

quartz monzonite

flow banded arkose (volcaniclastic) 

quartz porphyry 

sen'cite 

mylonite 

diorite

100 in Table 2 indicates the rock is present at the sample site. 
1 in Table 2 indicates the rock is not present at the sample site.


