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Figure B-2 Location map of sampled sites in Boulder
Wash, northern Gila Mountains.
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Figure B-4 Location map of sampled sites in the
Mohawk Mountains.
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APPENDIX C

PRACTICAL CONSIDERATIONS

SIZE CHARACTERISTICS:
BY

RAN GERSON
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APPENDIX C

SIZE CHARACTERISTICS - SOME PRACTICAL CONSIDERATIONS

Measurement of particle size in clastics is conducted for understanding

s the processes that produced the measured sizes and their distribution and
for reconstructing the environmental conditions of sediment transport and
deposition. Although many thousands of samples were characterized
quantitatively all over the world, size distribution-process relation-

ships for gravel is still obscure.

Criteria to characterize environments, on the basis of statistical

H measures of the size distribution, are still only moderately successful
1
| and are still not diagrastic enough for process-oriented assessements,

especially for gravel.

| The conventional approach to particle size analysis is to treat it as
having a gaussian distribution. Statistical treatments of granular clastic

sediments are on the assumption that most grain-size distributions approach

log-normality and, hence, may be represented by mean size and standard
deviation, describing the central tendency and the spread of the distribution

cure. Por definitions of sediment characteristics, see Appendix G.

i”‘h Many sediments are polymodal, being mixtures of combined populations. 1In

stream channels, this is a result of various processes operating at the

T

; ‘_ same time (such as suspension and traction) and of mixture of superposition

of sediments related to different flow events.

By ————



e e——— e
g i ¢ - Gl

T
2 s

Still, there is no experience of population separation and subsequent statistical
treatment of coarse fluvial sediments. Identification of component populations

and relating their distributions to specific flow events have not been done yet.

It is not within the objectives and scope of the present report to develop

the procedures and statistical treatment of polymodal population. However,

it has to be kept in mind that treated sediment samples may deviate from ideal
log~normal grain size distributions. Examinations of sediment size distributions
of samples chosen in the present project shows that many of them are skewed
and/or bimodal. The source of these characteristics may lie in production
transportation, deposition, mixture of original populations, superposition

of deposits and their combinations. Until sampling during transport and
deposition is performed, one should not treat the samples in a process-

oriented manner.

Hence, although misleading to some extent, the traditional statistical

treatment was selected, as presented in Appendix G.

The commonly used grain-size scales are presented in Table C-3 (Folk, 1974).
Because of the technical difficulties of sufficiently accurate measurement
in the field of particles smaller than 8 mm (see Appendix D), we have

included pebbles of 4 to 8 mm size range within the "granule" size class.

BIBLIOGRAPHY
Folk, R. L., 1974. Petrology of sedimentary rocks. Hemphil Publishing

Co., Austin, 188 pp.
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TABLE C-3: GRAIN SIZE SCALES FOR SEDIMENTS (Folk, 1974, p. 25)

The grade scale most commonly used for sediments is the Wentworth (1922)
scale which is a logarithmic scale in that each grade limit is twice as large as the
next smaller grade limit. The scale starting at Imm and changing by a fixed ratio
of 2 was introduced by J. A. Udden (1898), who also named the sand grades we use
today. However, Udden drew.the gravel/sand boundry at 1mm and used different
terms in the gravel and mud divisions. For more detailed work, sieves have been
constructed at intervals 2,'[" and ’Q" . The # (phi) scale, devised by Krumbein,
is a much more convenient way of presenting data than if the values are expressed
in millimeters, and is used almost entirely in recent work.

U. S. Standard Millimeters Microns Phi (§) Wentworth Size Class

Sieve Mesh # A -20
k096 -12
1024 -13 Boulder (-8 to -12¢) |
Use 256 -
b 7ol &b E Cobble (-6 to -8¢) wl
squares 16 -4 Pebdble (-2 to -6¢) >
5 L -2 <
6 3:36 -i.;{s il (&'
T 2.83 -1. ranule
8 2.38 -1.25 O
- 10 2.00 «1.0
12 1.68 -0.75
14 1. -0.5 Very coarse sand
16 1.19 -p.25
= 18 1.00 0.0
20 0.84 0.25
25 0.71 0.5 Coarse sand
— 35 1/2 — 0.50 500 1.0 D
0.42 420 1.25
b5 : 0.35 350 1.5 Medium sand
50 : 0.30 300 1.75 Z
— 60 1/4 — 0.25 250 2.0
70 0.210 210 2.25
80 0.177 177 2.5 Fine send 4
100 2% 0.149 149 2,75
—120 ————— 1/8— 0.125 125 3.0 \f)
1h0 0.105 105 3.25 ;
170 0.088 88 3.5 Very fine sand
0.07h4 Th 3.75
" - 230 s 1 /16 === 0 ,0625 62.5 4.0
270 0.053 53 4.25
325 0.0Lk Ly 4.5 Coarse silt
0.037 37 4.75
——1/32—0.031 31 5.0 ()
Analyzed 1/64 0.0156 15.6 6.0 Medium silt
1/128 0.0078 7.8 7.0 Fine silt )
by ~—— 1/256 0.0039 3.9 8.0 —~_Very fine silt
0.0020 2.0 9.0 2
Pipette 0.00098 0.98 10.0 Clay
0.00049 0.49 11.0 (Some use 2uor
i 0.0002k 0.2h 12.0 94 as the clay
0.00012 0.12 13.0 boundry)
0.00006 0.06 14.0
Hydrometer
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APPENDIX D

SAMPLING LOOSE GRAVEL

Several difficulties arise when sampling representatively gravel-bed

streams, especially in arid regions.

1. Spatial variations in bar and swale sedimentary landscape, lateral,
longitudinal and vertical.

2. Time variations, related to frequency, magnitude and resulting super-
position of gravel of different flow events.

3. Mixing of sedimentary populations in space and time.

4. size of sample.

5. Field constraints in size measurement. These involve mainly difficulties

in measuring partially exposed gravel and sampling of the top layer only.

Bulk sieve or volumetric sampling is by far the most accurate, but is not
practical in gravel-bed channels. Grid sampling with frequency analysis

by number is a practical sampling method which represents fairly well the
surface layer of the bed (Kellerhals and Bray, 1971). Using tape, an operator
walks along several parallel lines and picks a rock at every predetermined
interval, as described by Leopold (1970). The B, or intermediate, axis of the

particle is measured with a scale and registered on a form (Table D-4).

As demonstrated by Kellerhals (1971), conversion of the number of particles
within a given size interval into percentage by weight of the same size

fraction should be used for constructing the size distribution.

TETIV T C A ETIE



procedure used in the present project is as follows:

Decision on the interval between sampling sites along the stream.

Straight reaches at the predetermined sampling point or close to them
should be sampled.

Stretch a tape along the reach and decide on interval of point samples
(individual particles). 1In many cases, it is necessary, either for getting
the required number of particles or for representing the reach to sample
along parallel lines. In narrow channels, it may prove impractical.

The sample is considered complete when about 100 particles have been

measured (Leopold, 1970).

Pick-up methods usually fail for the smaller sizes. Leopold (1970),
considers 2 mm to be the smallest particle to be measured in the field,
whereas Kellerhals (1971) points out that below 8 mm measurement is not
accurate enough. Granule sizes pose a measuring problem. One may try
to pick up particles between 2 and 8 mm, but it would be better to
follow the 8 mm limit for scale measurement in the field and include
the 2 to 8 mm fraction with the sand in the sieve analysis.

Granules and sand are analyzed by sieves, which also aid in separating
the fines from coarser materials. Dry sieving is suggested for loose
clastics, whereas wet sieving is essential for aggregated clastics that
are not cemented.

Fines are treated in this report collectively as silt and sand sizes. Most

of the fines in surficial materials, as well as in buried sections, are

within the silt size classes. Only in buried soils, salts, silts and clay

are separated, in addition to sand and gravel. Procedures for these separa-

tions are described in Appendix F.




by 7. The materials fractioned to number of particles (gravel) or weights
(sands and fines) are treated statistically to find mean sizes, sorting
(standard deviation), using a SPSS computer program (see Appendix G).

Q ‘ 8. Grain size scale for clastic sediments are used according to Folk (1974).

Definitions are presented in Appendix C.

Lf?' BIBLIOGRAPHY
Folk, R. L., 1974. Petrology of sedimentary rocks. Hemphil Publishing Co.,
b Austin, 188 pp.

Kellerhals, R., 1971. Comments on an improved method for size distribution

pf stream bed gravel by Luna B. Leopold. Wat. Res. Res., v. 7, pp. 1045-1047.

Kellerhals, R. and Bray, D. I., 1971. Sampling procedures for coarse

- fluvial sediments, Proc. Amer. Soc. Civ. Eng., Jour. Hydr. Div.,

pp. 1165-1179.

Leopold, L. B., 1970. An improved method for size distribution of stream
bed gravel. Wat. Res. Res., v. 6, pp. 1357-1366.
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APPENDIX E : p!

DESCRIPTION AND SAMPLING OF THE MX TRENCH WALLS

INTRODUCTION
The MX 20,000 ft (6,096 m) Demonstration Trench trends NE from the eastern
flank of the Mohawk mountains and transects nearly all of its piedmont slope.

The exact location of the trench is shown in Appendix K.

Sections of the trench wall approximately 3m (10 ft) and 6 m (20 ft) deep

were exposed by trenching operations along its entire length, which afforded
an unusual opportunity to observe depositional and pedogenic trends along
nearly all of the Mohawk-San Cristobal piedmont. A reconnaissance and
sampling program of some sections of the trench enabled observations of !
the stratigraphy, soil properties, and particle size distribution as they

ranged along the length of the trench.

The trench was excavated by two different machines in two steps: the first
excavated a trench 2.8 m (9.19 ft) deep with vertical walls in the lower
1.23 m (4.04 ft) and walls angled out at 35° from vertical in the upper
1.57 m (5.15 ft); the second machine excavated the vertical walls an
additional 3 m (9.84 ft) to a depth of 5.8 m (19.03 ft). Due to safety
regulations, detail sample gathering and stratigraphic description was
limited to the shallow excavation. Only photographic reconnaissance and

spoil pile sampling was possible with the deep trench.

In this report, all reference to position along the length of the trench is
given in the survey engineers' format: hundreds of feet plus feet distance

BE~1




from the northeasterly origin of the trench. For example, a station

1,050 feet from the origin is written as 10 + 50 ft. The photography i
accompanying the text is scaled with a measuring tape in feet which,

due to the angle of the upper trench walls, is not true depth. References

to units given in photographic captions are in tape measure depth since

these are merely for the purpose of illustrating the units. However, strati-

graphic descriptions are given in true depth.

RECONNAISSANCE, SAMPLING & DESCRIPTION

Reconnaissance of the trench consisted of photography and sample gathering
from the trench walls and spoil pile. Two personnel from the University
of Arizona took samples while a third took photographs from the ground

surface. An air force representative acted as safety observer.

Access to the shallow trench was made possible by lowering an 18 foot ladder
into the trench. Two personnel then moved the ladder to the other side of
the trench to set up a wide measuring tape on the far wall for photographic

scale. Approximately 2 kg (4.4 lbs) samples were obtained with hand trowels

e, A0 B AR 21

from each distinct horizon and placed in sample bags for later laboratory

analysis (see Appendix F).

The results of laboratory analysis are listed in Tables E3a & b and are
graphically depicted in Figure E4. In addition, the general characteristics
of the trench walls, its color, consistency, horizon boundaries, and maximum
particle sizes were noted. 1In the interval 74 + 54 to 193 + 90 ft, four

complete stratigraphic sections of the shallow trench are described. These

are given in Tables E6, E7, E8 and E9. A generalized stratigraphic column,

showing the most salient features of each distinct unit and boundary is given

in Table ES.




TABLE E3a

Clay and Ca-salt percentages cf samples taken

above and below the erosional unconformity

Above the unconformity

Horizon Section A Section B Section C Section D
& (Station 74+54) (station 94+12) (station 142+475) (station 193+920)
Subhorizon Ca-Salts Clay Ca-Salts Clay Ca-Salts Clay Ca-Salts Clay

5.09
4.64
4.12
29.82

3.78
4.93
3.25
18.57

v
VI

5.30
0.93
2.65

4.01
5.15
2.95

Below the unconformity

IX (upper) 27.73 13.20 11.85 8.42 4.85 18.82 29.67 9.89
(lower) 1.91 12.49 10.82 11.21

X (upper) 23.57 24.14 11.85 10.75 8i:99 22.99 24.79 5.67
(lower) 26.72 35.89 12.24 14.83

TABLE E3b

Clay and Ca-salt percentages of samples taken

from the spoil pile

Station
32+00
43450
55400
73400
94+00
114+00
135+00
148+00
158+00
168+42
176+85

Ca-Salts
12.85
16.91
11.39
28.86
13.81
13.14
16.82
27.74
32.68
23.65
30.18
20.73

Average
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Photographic reconnaissance of the trench was performed with a Hasselblad

6 x 6 cm (2% in sq) format camera. Photographs were taken of the described
sections along the far wall of the trench and also of other areas of interest
along the trench. Much of the maximum particle size data given in Figure E17

is based on this photography.

In order to obtain a general idea of the sediment characteristics of the deeper
portion of the trench not accessible by other methods, samples were taken

from the spoil pile of the second excavator approximately every 1,000 feet

from 32 + 00 ft to 176 + 85 ft. The results of laboratory analysis of these

samples are tabulated in Table E3b.

CHARACTERISTICS OF THE TRENCH WALLS

Excavation of the trench exposed numerous layers of sediments deposit.d during
the Pleistocene and Holocene epochs; along with erosional surfaces and soils
formed upon the sediments. Soil horizons, erosional unconformities and
boundaries between stratigraphic units remained roughly parallel throughout
the entire length of the trench without any noticeable divergence or con-
vergence. There may have been a slight divergence of the upper units toward
the mountain front, but, due to planation by surface grading activity, this

was difficult to assess.

The major feature exposed in the trench was an erosional unconformity between
units IX and VIII which occurred from 1.5 to 2 m (5 to 8 ft) below the leveled
surface. (see Figures El12, E13, El14) This unconformity was abrupt and its
surface undulated irregularly with a maximum relief of 1 m (3 ft). Generally,
sedirents found above the unconformity were loose to slightly cohesive,

clasts were large, and the colors ranged from dull orange to bright reddish




SAR SR e R vt T e s e e A At I g R R s i A AR e s - g v o D RSB - T ]
ek : ke e S Wl e s e S R G L M - Sl U e e

Figure E-5
GENERALIZED STRATIGRAPHIC DESCRIPTION

The description was based on the four complete section
descriptions from the shallow trench. Depth measurements
were converted from the measuring tape (marked in feet)
and the slope of the walls to true depth in meters. Gravel
content was estimated, but the texture of the fines was
based on lab analysis. Values in the description for Ca-
salts and clay were less than 6% for low, 6-16% for inter-
mediate and greater than 16% for high.
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0 Meters

5 YR 6/4 dull orange, (gravelly) silty sand, loose to soft, low
in Ca-salts and clay, cut-and-fill in places, upper surface
planed off. This horizon not found beyond Section A.

5 YR 6/4 dull orange to 5 YR 5/8 bright reddish brown, texture
varies from (gravelly) silty sand to sandy (gravel), mostly low
in Ca-salts and clay but can have intermediate values, upper
boundary wavy and gradual.

5 YR 5/6 bright reddish brown, silty-sandy (gravel), loose mostly
low in Ca-salts and clay but can have intermediate values, upper
boundary wavy and diffuse.

5 YR 7/4 dull orange to 5 YR 5/6 bright reddish brown, (gravelly)
sandy mud to silty sandy (gravel), soft to slightly hard, few to
no mottles, some discontinuous carbonate coatings on clasts, Ca-
salts vary from low to high, and clay content low to interme-
diate, upper boundary wavy and clear to gradual.

5 YR 8/3 pale orange at the top of the horizon to 5 YR 5/4 dull
reddish brown at some lower areas, (gravelly) muddy sand to
silty sandy (gravel), hard, many to common distinct mottles,
continuous carbonate coatings on clasts, Ca-salts intermediate
to high and clay mostly intermediate, upper boundary wavy and
abrupt.

5 YR 8/3 pale orange to 5 YR 7/4 dull orange, (gravelly) mud to
(gravelly) muddy sand, hard, many distinct mottles, continuous
carbonate coatings which may decrease to bottom of horizon,
Ca-salts and clay intermediate to high, upper boundary wavy
and abrupt or broken.
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Horizon

Vi

VII

VIII

IX

X

TABLE E6

SECTION A (Station 74+54)

Depth
(meters (feet readings
below on tape)
surface)
(.5 - .9) (2 - 3.5)
(.9 -1.1 (3.5 - 4.5)
(1.1 ~ 1.5) (4.5 - 6.0)
(1.5 -~ 2.4) (6.0 ~ 9.0)

(2.4 - 2.9+)

(9.0 - 10.5+)

DescriEtion

5 YR 6/4 dull orange, (gravelly) silty
sand, loose to soft, max. particle size
4 cm, upper boundary planed off.

5 YR 6/4 dull orange, (gravelly) silty
sand, max. particle size 3 cm, loose
to soft, upper boundary wavy and gradual.

5 YR 6/4 dull orange, silty sandy (gravel),
max. particle size 4 cm, loose, upper
boundary wavy and diffuse.

5 YR 7/4 dull orange, (gravelly) sandy mud,
max. particle size 3 cm, slightly hard,
discontinuous carbonate pebble coatings,
upper boundary wavy and clear.

5 YR 8/3 pale orange at the upper part of
horizon to 5 YR 5/4 dull reddish brown
at the lower, (gravelly) silty sand at
upper changing to (gravelly) sandy mud

at lower, max. particle size (2-5 cm),
hard, many distinct medium mottles near
top decreasing to a few at the bottom,
continuous calcium carbonate coatings,
upper boundary abrupt and wavy.

5 YR 8/3 pale orange at upper part of
horizon to 5 YR 5/4 dull reddish brown
at lower section, (gravelly) mud through-
out most of the unit, max. particle size
2 cm, hard, many distinct medium mottles
near top and slightly decreasing below,
continuous carbonate coatings, upper
boundary abrupt and wavy or broken.




TABLE E7

SECTION B (Station 94+12)

Horizon Depth
(feet readings

on tape)

Description
(meters

below

VI

VII

VIII

IX

surface)

(0 - .6)

(.6 - 1.1)

(1.1 - 1.5)

(1.5 - 2.4)

(2.4 - 2.94)

(0 - 2.5 )

(2.5 - 4.5)

(4.5 - 6.0)

(6.0 - 9.0)

(9.0

10.5+)

5 YR 5/8 bright reddish brown, (gravelly)
silty sand, max. particle size 5 cm, soft,
upper boundary planed off.

5 YR 5/6 bright reddish brown, sandy
(gravel) , max. particle size 7 cm, loose,
upper boundary wavy and gradual to clear.

S YR 5/6 bright reddish brown, (gravelly)
sand, max. particle size 7 cm, some iron
oxide coatings on sand and gravel, soft,
upper boundary wavy and diffuse.

5 YR 6/4 dull orange, (gravelly) muddy
sand, max. particle size 4 cm, many medium
to fine mottles decreasing slightly to
lower part of unit, there is an indistinct
wavy broken band near 2.2 meters, hard,
upper boundary abrupt and wavy.

5 YR 7/4 dull orange (gravelly) muddy
sand, max. particle size 5 cm, many
medium mottles decreasing slightly
downward, continuous carbonate coatings,
hard, upper boundary wavy and abrupt or
broken.

Y N e R g "

e e

—




e

Horizon

VI

VII

VIII

IX

TABLE E8

SECTION C (station 142+75)

Depth
(meters (feet readings
below on tape)
surface)

(0 - .9) (0 - 3.5)

(.9 = 1.2) (3.4 - 5)

(1.2 - 1.6) (5.0 - 6.5)

(1.6 - 1.9) (6.5 - 7.5)

(L.9 - 2.6+) (7.5 10.5+)

Descrigtion

5 YR 6/4 dull orange, (gravelly) sand,
max. particle size 11 cm, soft to loose,
upper boundary planed off.

5 YR 5/6 bright reddish brown, muddy
sandy (gravel) max. particle size 9 cm,
soft to loose, no carbonate coatings,
upper boundary wavy and diffuse.

5 YR 5/6 bright reddish brown, (gravelly)
muddy sand, max. particle size 5 cm,
slightly hard, discontinuous carbonate
coatings, some physical weathering of
clasts, upper boundary wavy and gradual.

5 YR 6/4 dull orange, (gravelly) muddy
sand, max. particle size 6 cm, hard,
common medium distinct mottling, some
continuous carbonate coatings,

upper boundary wavy and clear or broken.

5 YR 6/4 dull orange near the top to

5 YR 7/3 dull orange near the bottom,
(gravelly) muddy sand, perhaps with

more gravel near top of the unit, max.
particle size 8 cm near top to 5 cm near
bottom, hard, many medium distinct mottles,
continuous carbonate coatings, the horizon
may be broken down into subhorizons by

a faint wavy boundary at 2.1 meters,

upper boundary wavy and abrupt.

E-8




a5 TR NG 14 NS0k o 2 o A b A R i i 8

L | TABLE E9

e

SECTION D (Station 193+90)

;" Horizon Depth Description
- (meters (feet readings
below on tape)
surface)
\'as (0 - .5) (0 - 2) 5YR 5/4 dull reddish brown, silty

sand (gravel), max. particle size
i 10 cm, soft, no carbonate coatings,
B upper boundary planed off.

4 1
VII (0.5 - 1.1) (2 - 4.5) 5 YR 5/6 bright reddish brown, silty 3
' sandy (gravel), max. particle size

20 cm, loose, some discontinuous
{ carbonate coatings, upper boundary
i wavy and diffuse.

VIII (.1 - 1.9) (4.5 - 7.5) 5 YR 4/6 reddish brown, silty sandy
(gravel), max. particle size 39 cm,
soft, few carbonate coatings, upper
boundary wavy and gradual.

IX (1.9 - 2.2) (7.5 - 8.5) 5 YR 6/4 dull orange, silty sandy
(gravel) , max. particle size 13 cm,
hard, common medium distinct mottles,
upper boundary wavy and abrupt.

X (2.2

2.7+) (8.5 - 10+) 5 YR 8/4 pale orange, slightly sandy
(gravel), max. particle size 12 cm,
hard, many medium to fine distinct
mottles, some redder lenses (or few
mottles), upper boundary wavy and
abrupt.
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brown. Those found below the unconformity were moderately indurated, clasts
were smaller, the distinguishing colors ranged from pale orange to dull orange.
L A second major unconformity exposed only with the deeper excavation was found
at a depth of about 4 m (14 ft). This surface was not accessible for study.
The two erosional unconformities are shown in the oblique photo (Figure E12)

taken near station 94 + 50.

Another prominent feature exposed in the trench was the presence of cut-and-
fill structures found in several horizons of the trench. Figure E13 shows
two different age cut-and-fill structures at station 83 +70 ft. Most of
these structures were between .5 to 1.5 m deep (1.5 to 4.5 ft) and about
1.6 to 3 m (5 to 10 ft) wide. The larger cut-and-fill structure did not
exceed 2 m (6 ft) in depth and 5 m (15 ft) in width. No systematic change
in the magnitudes or frequencies of cut-and-fill structures along the

length of the trench was detected.

The average maximum size clast exposed in the trench ranged from 1 cm

(.4 in) in diameter near the beginning of the trench to 20 - 40 cm (7.9
to 15.7 in) near the end of the trench. A few anomalous sized clasts were

found, for example, a 15 cm (5.9 in) basaltic clast found in essentially

sandy mud sediments in the short demonstration trench in Stoval air field.

Average maximum particle size was generally one to two times larger above
| the unconformity than below it. This difference tended to increase toward

the mountain front. Figure El14, taken at 143 + 00, shows the trend of

greater rate of increase above the unconformity than below it, especially

“ < when compared to Figure El12.

o

The texture of the fine fraction of the sediments (sand, silt and clay)

ranged from mud to muddy sand to silty sand below the unconformity and
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muddy sand to mostly silty sand above the unconformity according to the
textural names derived from Folk's (1974) ternary diagram. The fine
fraction texture in the bottom of the deep trench, as indicated by the
spoil pile samples, varied from muddy sand to silty sand. The plots of

the fine fraction on the ternary diagram are given in Figure El6.

As seen’in Figure E16, the fine fraction was generally coarser above the
unconformity than below it, but these differences lessen approaching the
mountain front. These trends reflect the complex influences of deposition

and pedogenesis on clay and silt content.

Clay percentages ranged from less than 1 to 19% above the unconformity

and averaged about 7%or less, below the unconformity, the range was from

5 to 30% and averaged about 13% or more. Spoil pile clay percentages ranged
from 9 to 38% and averaged about 16%. However, these samples were obtained

from an interval of the trench shifted downslope from the trench samples.

The Ca-salts, calcium carbonate and gypsum, like the clays, varied non-
linearly and non-exponentially along the trench. These trends are shown
graphically in Figure E17. Based on visual observation of the samples,
gypsum crystal content seems to increase toward San Cristobal wash and
with stratigraphic depth. No crystal gypsum was found in shallow trench

samples beyond station 74 + 50 ft.

Above the unconformity, the Ca-salts ranged from 2 to 30% and averaged 9%
or less. Below the unconformity, the Ca-salts ranged from 2 to 30% also
but averaged 16% or more. The spoil pile had higher values of 11 to 33% and

averaged 21%. Soluble salts, particularly the Na-salts, usually averaged
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Figure E12 Oblique view SW showing a large section of

the 20 feet deep trench near station 94+50. The major

unconformity between unit VIII & IX can be seen as a

wavy abrupt line below the change in slope. The erosional

surface between units VII and VI above the change in slope
O marks an increase in larger particle sizes. :

{l




Figure E13 University of Arizona personnel obtaining
sample from trench wall at Station 83+70 ft. The trench
wall exposes two superimposed cut and fill structures.
The younger cut is a wash filled in by recent grading
operations and is offset laterally from the older cut
and fill. At the measuring tape, unit VI extends from

0 to 2 ft; unit VII from 2 to 2.6 ft; unit VIII is the
fill in the older cut, extending to 4.5 ft; unit IX

from 4.5 to 8.1 ft; and unit X extends to the bottom.
Note that these depths are not true depths.
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Figure El4 Two University of Arizona personnel
inspecting a section of trench wall at station 143+00.
Note the increased size of maximum sized particles
from Figures E12 and E13. This is especially apparent
in the upper units.
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below 1% of the total weight (data from short trench, Aguilas; Mohawk).
The Mg-salts ranged about 2 to 8% of the Ca-salt values and averaged between

3 to 4% of the Ca-salts.

In conclusion, above the erosional unconformity or the top five feet of the
trench, the clasts are larger and the percentage of clay and Ca-salts are
lower while below the unconformity, the clay and Ca-salts percentages are
higher but the maximum clasts sizes are smaller. Samples from the 20 foot
trench spoil piles indicate little change in clay content but a slight
increase of Ca-salts over that of the samples from just below the uncon-

formity. These general trends suggest a greater degree of pedogenesis

below the unconformity than above it and suggest that the unconformity

is an erosional surface coincident with significant changes in depositional

style and pedogenetic influences.
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APPENDIX F
LABORATORY ANALYSIS

by Lanny R. McHargue and Ernest H.H. Shih

INITIAL PROCEDURES

A sample of at least 0.5 kilo is obtained from the sampling site.

If the sample is indurated, it is ground down by mortar and pestle.
Gravel is sieved out by a -1 phi (2 mm) size screen. The fine portion
is then divided by a sample splitter to obtain a representative sample
of about 30 grams. This is then placed in a preweighed 50 ml beaker.

At this point, the number of the beaker and its empty weight is recorded
on the sample data sheet. The samples are then placed in an oven to dry
for two hours at 105°C and then placed in a dessicator until cooled.

The cooled samples are then weighed one at a time to a precision of +
.001 gm on a Mettler balance. These weights are recorded on the data

sheet.

REMOVAL OF SOLUBLE SALTS

The sample is removed from its 50 ml beaker and placed in a 1000 ml beaker
filled with 900 ml of distilled water. It is allowed to settle overnight.
After the solution has cleared, it is carefully siphoned off with a small
aperture siphon so that the settled sample is not disturbed. (A good small
aperture siphon is easily fashioned from a plastic laboratory hose and the
glass tip of an eyedropper.) 300 ml of the solution is filtered and retained
in a labeled polyethelene bottle, the remainder is discarded. The sample

is then carefully transferred into a 150 ml preweighed beaker such that

none of it is lost. This operation is performed with the aid of a rubber
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policeman (a glass rod with a rubber spatula tip) and a squirt bottle

of distilled water. The sample is then dried, cooled and weighed in

the manner described above.

REMOVAL OF CALCIUM AND MAGNESIUM SALTS WITH EDTA SOLUTION

The sample is placed in a 1000 ml beaker with 500 ml of prepared EDTA
solution at ph 11 (see Bodine and Fernald, 1973, for preparation procedures).

This solution is boiled on a bunsen burner for one hour to remove most of

the Ca-Mg-salts. It is then allowed to settle overnight or until cleared. ! :
Once cleared, the same procedure as outlined above is used to obtain a

300 ml sample of calcium and magnesium salts dissolved in solution for

later analysis. To remove the remaining EDTA from the sample, the 1000 ml

beaker containing the sample is filled with water, allowed to settle,
and siphoned off. This is performed twice. The second time, a few drops
of HC1l may be added to help flocculate the clays so that they will settle

from the solution.

The sample is then transferred to a 150 ml beaker, cooled and reweighed

in the usual manner.

E FRACTIONAL ANALYSIS OF CLAY, SALT, AND SAND

The sample, still in a 150 ml beaker, is mixed with distilled water

WS

containing 2.48 gm/liter of Calgon. This mixture is then stirred.

‘ With the aid of a rubber policeman and a squirt bottle of distilled
water, the mixture is flushed out of the beaker and wet sieved through

a 4 phi screen (.0625 mm) (Folk, 1974). The matcrial which passes through

the screen is the silt - clay fraction. This fraction is placed in a
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1000 ml graduated cylinder and the cylinder is filled to the 1000 ml
mark with a solution of Calgon and distilled water. This mixture is
stirred thoroughly with a stirring rod and allowed to settle for 30
minutes. After 30 minutes, a 25 ml sample is withdrawn with a pipette
from the upper 2 cm of the mixture and placed in a 50 ml beaker. This

sample is the clay fraction.

The sand fraction remaining in the sieve is transferred into a 50 ml
beaker. Both beakers containing sand and clay fractions are dried,
cooled, and weighed in the usual fashion. 1In some cases, the sand

sample is sieved further to obtain its size distribution (Folk, 1974).

ANALYSIS OF CATION CONTENT

The solutions retained in sections II and III are taken for atomic
absorption (AA) analysis of sodium (Na), potassium (K), calcium (Ca),
and magnesium (Mg). This analysis requires a separate cathode ray
tube for each element and yields the results as ppm (parts per million)

concentration of the soluble salt in solution.

CALCULATIONS

Calculations of the soluble salt content is based on the difference in

weight between the dry, initial sample and the weight of the sample after

section II. This is then divided into separate cation content with the

results of the AA analysis.

The weight loss from section II to section III yields the amount of Ca

and Mg salts in the sample. AA analysis gives the individual percentage

of each element in the sample. These percentages must be changed by a

o SR T




constant factor to obtain the true weight since dissolution of CaSO4-4H20,

Mgco3 and CaCO, proceed at different rates. A conversion factor for one

3
hour of boiling was derived from the graph (p. 1155) in Bodine and Fernald

(1973).

Silt, sand, and clay percentages are based on the remainder of the sample

: after EDTA dissolution. These percentages are normalized to 100%. The

?‘ sand fraction is obtained directly from weighing. The clay weight is
calculated as 40 times the dry weight of the sample withdrawn by the pipette

minus the weight of the added Calgon (2.48 gm). The weight of the silt is

given by the subtraction of the sand and calculated clay weights from the

weight of the sample after section III.

The sand, clay, and silt percentages are plotted on a ternary diagram
(Folk, 1974) to obtain a textural name for the sample. The sample plots

are shown in Figure E16.

O
REFERENCES
i Bodine, M. W., and Fernald, T. H., 1973, EDTA dissolution of Gypsum,
Anhydrite, and Ca-Mg carbonates: Jour. of Sed. Petrology, v. 43,
no. 4, p. 1152-1156.
E [ #
| Folk, R. L., 1974, Petrology of Sedimentary Rocks: Hemphill Pub. Co.,
. Austin, Texas.
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APPENDIX G

SIZE ANALYSIS DATA

Following data collection in the field or laboratory, particle size

information was punched on computer cards. The group of computer cards

for each sample is called a data-subfile, while the group of data-subfiles

for each sampling area is called a data-file. Two sets of computer programs

were used to process the particle size data; Statistical Package for the
Social Sciences (SPSS) and Frequency Plot (FRQPLT). Both are compatible

with the University of Arizona's CDC Cyber computer.

SPSS (Nie and others, 1975) is an integrated system of computer programs

that can perform various statistical operations. Statistical description

of the particle size data was generated by using SPSS subprogram FREQUENCIES.
FREQUENCILS is used by supplying a list of variables to be processed, their
format in the input stream and a list of statistics desired (for a complete

description of SPSS see Nie and others, 1975, SPSS, p. 1-34, 181-202).

The computer cards which inform SPSS what is to be done with the data are

called control cards. Twelve control cards are needed to use FREQUENCIES

in this study. An example of using SPSS subprogram FREQUENCIES is as
follows:

Column 1

RUN NAME PARTICLE SIZE DISTRIBUTIONS

VARIABLE LIST SAMPLE, CLASS, FREQ

SUBFILE LIST BBOl, BBO2, BBO3, BBO4, BBO5, BB06, BBO7, BBO8
INPUT FORMAT FIXED (1X, A4, 1X, F6.1, 2X, F2.0)

INPUT MEDIUM CARD

AP
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PRINT FORMATS CLASS (1), FREQ (2)

-

WEIGHT FREQ

RUN SUBFILES EACH

FREQUENCIES GENERAL = CLASS
E OPTIONS 1, 3, 8
: STATISTICS ALL

READ INPUT DATA

ki Data-Subfiles Here

E | This sequence of cards tells SPSS that:

1. The identify of the run is "Particle Size Distribution"

2. The variables inputted are a sample code, size class, and frequency

of the class.
3. The data-file consists of data-subfiles BBOl, BB02, etc.

4. The format of the data on punched cards is:

Variable Columns Format
SAMPLE 2-5 A4
CLASS ‘ 7-12 F6.1
‘. FREQ 15-16 F2.0

5. The data is on punched cards.

CLASS and FREQ will be printed.

FREQ is to be weighted.

All the subfiles are to be processed.

The processing is to be done by FREQUENCIES; the data may be

integer or decimal and is contained in variable 'class'.

= calladics b od Nk e b
-‘-“—&-—f"“-n-______,__ — e e
()
(e} @ ~ (o)}
. . . .

10. Output options
11. All statistics availalbe in FREQUENCIES are to be printed.

12. Begin reading in the data.




The output from this run through SPSS will be a table listing of the
class intervals, absolute frequency, relative frequency, and cumulative

frequency of each subfile (see Figure G-5).

The particle size statistics for gravel samples are summarized in Tables G-8,
13, 21, 22, 40, 49, 59, 60, 61. The sample sizes for each sample locality are

listed in Table G-11.

Graphic output of the distribution data was facilitated by writing a utility
computer program in Fortran IV. The utility program, named FRQPLT, was

written to be run on the University of Arizona's CDC Cyber computer in

e o APERAN T R SR S C Gt @ A ek s

conjunction with a Calcomp drum plotter. FRQPLT accepts input data that
is formatted to be run SPSS, thus avoiding extensive reformatting. The
output is on two devices. The printed output consists of a listing of:
the particles recount of each sample; the frequency of each phi interval;
the cumulative frequency of each phi interval; a histogram of frequencies,
and a histogram of cumulative frequencies. Output on the Calcomp plotter

consists of a graph showing the cumulative frequency curve for each phi

raTTT————

interval. The Calcomp output is formatted to provide two graphs per standard
8% by 11 inch page. FRQPLT requires 52 K of memory for execution and
compilation on the CDC Cyber computer. An example of the printed output

is shown in Figure G-6. A listing of FRQPLT is provided below. In its

present design, all phi categories must be filled with either a frequency

or a zero. Thus, nineteeen cards are required for each sample.

In addition, a histogram of frequencies and the following statistics are

printed (see Figure G-7):

Maximum - largest particle size recorded at a sample site.

Minimum - smallest particle size recorded at a sample site.

— ——
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Mode - the particle size most frequently recorded at a sample site.
Median - the particle size category that lies on the 50th percentile.
Half the sizes will lie above this value.

Mean - the central dendency of a sample site. Numerically the average value.

Variance - a measure of the dispersion of the data about the mean.

Standard Deviation - the square root of variance; another measure of
dispersion about the mean value.
- measure of symmetry of particle size distribution. Positive
values indicate a clustering towards the left while negative values
indicate clustering towards the right.

Kurtosis - measure of peakedness of particle size distribution. Normal
distribution have a zero value; positive Kurtosis indicates more
peakedness while negative values indicate a flatter distribution

curve.
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SUBFILE LHQ2
CLASS

CATEGORY LABEL

Figure G-5

HED T0 DDC

FILE = NONAME - CRFATED OK/0T7/7R

cnnz FeFq (FCT)
850 3 fater b
1.3 4 9.1
1642 13 20,5
22.5 8 18.2
32.9 ° 3¢ 45
45,9 ) 11.4
h4 .0 1 5.3
128.0 1 2.3
ITEL 0 % - 10648

Sample of output from SPSS subprogram
FREQUENCIES
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CLASS
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1
ok R Rk Kok ok Rk ( 5)
1

1

*kk(

)

]

k¥ ( 1)
1
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1
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Figure G-7 Sample of output from SPSS subprogram FREQUENCIES
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PEBBLES  , COBBLES | BOULDERS

100.00

80.00

SAMPLE CODE

BBOZ

60.00

40.00

CUMULATIVE FREGUENCY (PERCENT)

20.00

9.0 -10.00 -11.00

Sl2 1024 2048

PEBBLES BOULDERS

80.00

SAMPLE CQOE

BBO1

60.00

40.00

Cgpg%ﬂTIVE FREQUENCY (PERCENT)

-10.0 -11.00

1024 2048




PEBRLES  , COBRLES BOULOERS

100.00

80.00

el

SAMPLE CODE

BEU4

60.00

40.00

CUMULATIVE FREQUENCY (PERCENT)

20.00

-8.00" -7.00 -2.00 -9.00 -10.00  -1i.00

64 128 256 512 1024 2048

. COBBLES | BOULDERS

8
8

80.00

SAMPLE COQE

BBUS

60.00

CUHULHTIVE JREGUENCY (PERCENT)
40.

20.00

-10.00 -11.00

1024 2048




100.00

PEBBLES ( COBBLES BOULDERS

80.00

SAMPLE CODE

BBOG

60.00

40.00

qug}HTIVE FREQUENCY (PERCENT)
20.

-6.00 5 -8.00 9.0 -10.00 -11.00 Zi2.00PH!

-7.Q0
64 128 256 Sl2 1024 2048 MM

¢ GUBBLES o BOULDERS

80.00

SAMPLE CGDE

BBUS

40.00

CUMULATIVE FREQUENCY (PERCENT)

20.00
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