




83 

horizons of low organic carbon content and are classified as 

ochric epipedons. The B horizons are rich in clay and 

calcium carbonate and are classified as argillic (Bt), 

calcic (Bk) or as a combination of the two (Btk). The 

Aridisols are well oxidized soils as is evident by their low 

organic carbon content (Table 2). The process by which the 

argillic horizons formed is by translocation of clay from 

the surface horizons event hough in situ clay formation is 

suspected due to the aridity of the paleoclimate and the 

relatively high amount of clay present in the argillic 

horizons. Both of these processes of clay formation are 

common in modern Aridisols (Buol, Hole and McCracken, 1973). 

The most striking feature of the Aridisols is the carbonate 

accumulation. In the Morrison Formation the carbonate is 

found in the form of glaebules and pedotubules. Plant roots 

penetrate down to the lower portions of the B horizons 

indicating that water was available during dry seasons. The 

presence of the argillic horizons classifies the Aridisols as 

Argids (suborder) and Haplargids (great group). 

The third paleosol order, the Vertisols, occurs in the 

Cloverly Formation. These are clay-textured, dark-colored 

soils with a low level of profile development (immature 

soils). Modern Vertisols develop on both lacustrine and 

alluvial deposits, and usually occupy depressions (playas) 

or broad alluvial plains having minimal runoff. They are 
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rich in smectite clay minerals which are either inherited or 

associated with volcanic ash. Gilgai microrelief, cracking, 

and slickensides are associated with smectitic mineralogy as 

well as the amount of clay. The most unique feature of 

Vertisols is their ability to shrink and crack as drying 

progresses, and then to swell and become very plastic and 

cohesive on wetting (Figure 21). The extent and nature of 

shrinking and swelling are functions of clay content, clay 

type, soil texture, degree of hydration, absorbed cations, 

rainfall distribution and natural vegetation (Birkeland, 

1984) • 

The Vertisols of the Little Sheep Mudstone Member are 

immature, clay-rich, with horizonation so weakly expressed 

that the profiles appear to be the same throughout because 

of the shrink-swell processes. Textural differences in the 

profiles are minimal, therefore horizon differentiation is 

primarily based upon color and chemical content. Both A and 

B horizons are recognized. The A horizons show plant roots 

and desiccation cracks that penetrate down in to the B 

horizons. Gilgai microrelief is difficult to distinguish 

because the sediments overlying have more or less destroyed 

it. Mottling in the lower horizons suggests a periodic, 

seasonal waterlogging. The Vertisols of the lower Little 

Sheep Mudstone Member Vertisols show at least three 

different soil profiles superimposed on top of each other. 
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Figure 21. Sketch illustrating the effect of wet 
and dry cycles 

Figure 22. The lower Himes Vertisols from the South 
Nose of Sheep Mountain Anticline area 
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They are classified as Torrets. The Upper Little Sheep 

Mudstone Member Vertisols show thicker horizons and less 

well developed pedogenic features. Tree trunks occur at the 

base of the thick devitrified tuff beds. The Himes Member 

Vertisols (Figure 22) are densely mottled (also suggesting a 

seasonal waterlogging), clay rich, with slickensides along 

ped surfaces and thick superimposed argillic (Bt) horizons. 

The A horizon is absent probably due to truncation by the Bt 

horizons or due to erosion by the overlying Greybull 

channels. They are classified as Usterts. Finally, the 

paleosols of the uppermost Himes Member are not assigned to 

a soil order due to their poor development. The 

transgression of the Sykes Mountain seas probably destroyed 

the soils and their pedogenic features. 
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PALEOCLIMATIC INTERPRETATION 

Based on the paleosol orders just discussed, a paleo­

climatic interpretation of the Morrison and Cloverly forma­

tions can be attempted. Other properties that correlate 

with climate and are taken into consideration here are 

organic matter content, clay content, kind of clay minerals 

and iron content, color, and the presence or absence of 

salts along with their depth in the soil horizons. 

Spodosols of the present day form in a variety of 

climatic zones. Their features in the Morrison Formation 

are similar to those of the Eocene Willwood Formation in the 

Bighorn Basin, Wyoming (Bown and Kraus, 1981a, 1S81b). The 

fewer calcium carbonate glaebules, fewer red beds, the 

sesquioxide and clay accumulation in the subsurface horizons 

and their higher organic carbon content indicate a wet 

climate with seasonal dry periods as compared to that under 

which the Aridisols were formed which was a dry climate, 

with seasonal wet periods. This is indicated by the 

increase of red beds, calcium carbonate and clay content in 

the Aridisols (Machette, 1985; McFadden and Tinsley, 1965). 

It is suggested that the Morrison climate was a 

subhumid-subtropical climate that changed progressively 

towards a semiarid-arid climate. The higher organic carbon 

content of the Spodosols indicates that vegetation was 

abundant. Dinosaur tracks were found on a splay sandstone 
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(Figures 23a and 23b) suggesting that they lived around 

streams and lakes where vegetation was abundant. 

The minerals present in the mudstones can also provide 

clues regarding the paleoclimate of the Morrison Formation. 

The presence of feldspars in the Aridisols and their absence 

from the Spodosols supports the conclusion that an increase 

in aridity took place towards the end of Morrison time. 

Modern Spodosols are characterized only by mixed-layer 

clay minerals while modern Aridisols are characterized 

mostly by smectite clays but mixed-layer, illite and 

kaolinite may be present. The clay mineral analysis 

performed on the Morrison paleosols does not exactly agree 

with their occurrence in modern soils undoubtedly because 

they have been altered by diagenesis. 

The Vertisols which are recognized in the Cloverly 

Formation suggest a semiarid climate (Blodgett, 1985). 

Alternating dry and wet periods are indicated by the 

desiccation features. The aridity decreased considerably 

from the lower to the upper part of the Li ttle Sheep 

Mudstone Member. This is indicated by the aerial extent of 

the lacustrine deposits and the vegetation (tree trunks). 

During the deposition of the Himes Member the climate 

continued to be semiarid but the presence of crocodile and 

turtle bones along with the darker (gray) colors of the 

mudstones suggests a change to a more humid-tropical climate. 
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Figure 23a. 

Figure 23b. 

Dinosaur tracks on a splay sandstone 
(horizon 9) at Coyote Basin 

Closer view of a dinosaur track of 
figure 23a 
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DEPOSITIONAL ENVIRONMENTS AND PALEOTOPOGRAPHY 

The Morrison paleosols are mature paleosols which were 

developed on alluvial parent material. They are interpreted 

as vertically accreted overbank sediments which were laid 

down on broad interchannel floodbasin areas. The subaerial 

exposure of these sediments for extended periods of time 

resulted in situ modification by pedogenic processes. 

The Spodosols were developed on the proximal areas of 

the floodplain which was associated with meandering 

channels. The Aridisols represent distal floodplain 
. 

paleosols. During wet periods when sedimentation rates were 

increased, A horizons were truncated and incorporated into 

new B horizons. This may explain the great thicknesses of 

some of the B horizons. Floral evidence is not available 

for paleobotanical interpretations and a better 

understanding of the paleotopography. Dinosaur bones are 

less abundant in the Aridisols which may be indicative of 

sparse vegetation as compared with that of the Spodosol 

intervals. The soil horizons however, are laterally 

extensive in both the Spodosols and Aridisols. There are at 

least four different Aridisol profiles superimposed on top 

of each other which show the same degree of maturity 

indicating no major shifting of the channels associated with 

these floodplain deposits. The pedogenic carbonates present 

can yield information on accretion rates if studied on a 
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regional scale (Leeder, 1975). 

The Little Sheep Mudstone Member of the Cloverly 

Formation resembles the Eocene Green River Formation of 

Utah, Colorado and Wyoming which is the largest and best 

studied lacustrine deposit in the world (Eugster and Hardie, 

1978). The lower Little Sheep Mudstone unit is interpreted 

as an ephemeral or playa lake deposit. Its aerial extent is 

considerably less than that of the upper unit. The water 

that fed this lake came from surface run-off indicated by 

thin sheet-like sandstones which are interbedded with the· 

mudstones, and perhaps from ground water which might have 

been delivered by springs. During seasonal drying periods 

desiccation at the surface of the lake occurred (Figures 12a 

and 12b), vegetation started growing, and with enough time 

allowed the Vertisols to form. Their immaturity indicates 

that their development was interrupted very often by renewed 

flooding. The bentonite (altered volacanic ash) beds which 

interfinger or are totally incorporated into the mudstone 

matrix covered the playa lake surface filling depressions 

and desiccation cracks, and gave rise to the clay gel which 

later developed cracks as it underwent desiccation during 

dry periods. This resulted in the formation o£ the 

septarian nodules. During the wet seasons the desiccation 

cracks were filled with surface material and closed while 

the vegetation was probably destroyed. The different 
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horizons and soil profiles recognized in this unit indicate 

that at least three major floods occurred. The first flood 

ended with volcanic ash covering most of the playa lake 

surface and the formation of septarian nodule. The second 

major flood deposited the horizons which show extensive 

desiccation polygons. The third major flood ended with the 

rapid sedimentation which deposited the braided stream and 

its associated floodplain. 

The upper unit is interpreted as a perennial saline 

lake. A modern analog of this lake is Lake Magadi which 

lies in the Eastern Rift Valley, Kenya. Extensive work on 

Lake Magadi by Eugster (1967; 1969), Hay (1968), and Surdam 

and Eugster (1976) indicated that where volcanic activity 

leads to high concentrations of sodium carbonate and to the 

addition of abundant volcanic debris, complex and unusual 

precipitation and reactions occurs. Trona is the most 

abundant precipitate and occurs as thick layers at the lake 

floor. Chert forms from two sodium-silicate minerals, 

magadiite and kenyaite (Hay, 1968). Magadiite is chemically 

precipitated in the lake at a time of higher level and lower 

salinity. It contains nodules of kenyaite (product of 

magadiite) some of which contain cores of chert (Eugster, 

1967; Hay, 1968) with the chert replacing the kenyaite. The 

pH is generally high ranging from 9.5 to 11 with the 

solubility of silica increases as the pH increases. Two 



95 

types of mechanisms are suggested by Hay (1968): 1) 

evaporative concentration to the point of precipitation, and 

2) lowering the silica solubility by decreasing the pH. 

Eugster (1969) has supported the second mechanism suggesting 

that the lowering of pH by disolution would precipitate 

magadiite. Other mechanisms may also be possible. Jones, 

Retting and Eugster (1967) indicated that precipitation of 

trona can raise the pH of a brine above the level determined 

by equilibrium with atmospheric carbon dioxide, and if 

additional silica were dissolved at the high pH, subsequent 

equilibration with atmospheric carbon dioxide would reduce 

the pH and might precipitate a sodium-silicate mineral or 

amorphous silica. Hay (1970) also suggested that alkaline, 

silica-rich water enter~ng a sodium-rich brine of lower pH 

might yield magadiite or fermentation of organic materials 

in an anaerobic environment could lower the pH of a brine by 

increasing the partial pressure of carbon dioxide. The 

actua~ process of converting a deposit of a sodium-silicate 

mineral to chert is poorly understood. Magadiite-chert has 

been reported to occur in the Green River Formation (Eugster 

and Surdam, 1971; Smoot, 1983), in lakes at Trinity County, 

California (McAtee et al., 1968) and in Alkali Lake in 

Oregon (Rooney et al., 1969). Bricker (1969) using 

thermodynamic data indicated that magadiite appears to be a 

direct precipitate from alkaline brines and kenyaite is an 
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intermediate product in the transformation of magadiite to 

kenyaite to chert by the action of fresher water percolating 

through the lake beds. ~he chemical transition of magadiite 

to kenyaite to chert involves only the removal of sodium 

ions and partial dehydration. The chemical reactions during 

the transformation are shown in Figure 24. 

The Himes Member Vertisols were deposited on a 

floodplain associated with the Greybull channels. The dense 

mottling indicates that intense waterlogging of the soil 

horizons occurred. Translocation of clay from the absent A 

horizon was very intense. Ped surfaces are well 

differentiated and show slickensides which formed due to the 

shrink-swell processes of the Vertisols. The unclassified 

paleosols of the Himes Member were developed on a 

floodplain. They are aerially very extensive which suggests 

that a very broad floodplain existed during the deposition of 

the uppermost Cloverly. 
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SUMMARY 

The paleosols of the Morrison Formation are well 

developed (mature) Spodosols and Aridisols which were formed 

on broad floodplains. Climatic conditions during the 

deposition of the Morrison are interpreted as being subhumid 

to subtropical changing to a semiarid to arid climate with 

the aridity increasing during the deposition of the uppermost 

Morrison. This is also evidenced by the increase of calcium 

carbonate content and decrease in plant roots and vertebrate 

fossils. 

The paleosols of the Cloverly Formation are interpreted 

as weakly developed (immature) Vertisols. They formed on 

playa surfaces during drier periods when the lake waters were 

low or evaporated and soil-forming processes were active. 

They also formed on floodplains where waterlogging of the 

soil profile was very intense as is indicated by the dense 

mottling. Finally, the mudstones of the uppermost Himes 

Member are poorly developed paleosols. The paleoclimate is 

interpreted as being semiarid wi~h the aridity decreasing 

during the deposition of the upper Cloverly. 
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APPENDIX A 

Glossary of terms 

A layer of a soil that is distinguishable 
from adjacent layers by characteristic 
physical properties such as structure, 
color, or texture, or by chemical 
composition, including content of organic 
matter or degree of aridity or 
alkalinity (Bates and Jackson, 1980). 

Mineral horizons consisting of: (i) 
horizons of organic-matter accumulation 
formed at or adjacent to the surface; 
(ii) horizons that have lost clay, iron, 
or aluminum with resultant concentration 
of quartz or other resistant minerals of 
sand or silt size; or horizons dominated 
by (i) or (ii) above but transitional to 
an underlying B or C horizon (Soil 
Science Society of America, 1965). 

A surface horizon of mineral soil that is 
too light in color, too low in organic 
carbon, or too thin to be either an 
umbric or mollic epipedon, or that is 
both hard and massive when dry (Soil 
SCience Society of America, 1965). 

Subsurface horizons which show little or 
no evidence of the original sediment or 
rock structure. Several kinds are 
recognized, some based on the kinds of 
materials illuviated into them, others on 
residual concentrations of material 
(Birkeland, 1984). 

A diagnostic subsurface soil horizon that 
is characterized by the illuvial accumu­
lation of black or reddish amorphous 
materials that have a high cation­
exchange capacity and consist of aluminum 
and organic carbon, sometimes with iron .. -~ -., 
The spodic horizon is moist or wet and ~ 
has a loamy or sandy texture, a high pH­
dependent exchange capacity, and few 
bases. It is designated as "Bs" (Soil 
Survey Staff, 1975). 



Argillic horizon 

Calcic horizon 

Spodosols 

Aridisols 

Vertisols 

118 

A diagnostic subsurface soil horizon 
characterized by an accumulation of clay. 
Its thickness and clay content depend on 
the thickness and clay content of the 
overlying eluvial horizon. It usually has 
clay coatings on the surface of peds or 
pores, or as bridges between sand grains. 
It is designated as "Bt" (Soil Survey 
Staff, 1975). 

A diagnostic subsurface soil horizon, at 
least 15cm thick, characterized by 
enrichment in secondary carbonate. It is 
designated as "Bk" (Soil Survey Staff, 
1975). 

A soil order characterized by the 
presence of a spodic horizon. Usually 
spodosols have an 0 horizon and an albic 
horizon above the spodic horizon, and a 
few have a fragipan or an argillic 
horizon below it. They generally form 
from sandy parent materials. In cool, 
humid climates they usually form under 
coniferous forests. In hot, humid 
intertropical areas they form in quartz­
rich sands that have fluctuating ground 
water near the surface (Soil Survey 
Staff, 1975). 

A soil order characterized by an ochric 
epipedon and other pedogenic horizons, 
but none of them oxic or sodic. It 
develops under an aridic moisture regime 
and has a low percentage of organic 
carbon (Soil Survey Staff, 1975). 

A soil order that contains at least 30% 
clay, usually smectite. It is found in 
regions where soil mOisture changes 
rapidly from wet to dry, and is 
characterized by pronounced changes in 
volume with changes in moisture, and by 
deep, wide cracks and high bulk density 
between the cracks when dry. Gilgai 
microrelief and slickensides are further 
evidence of the churning and self­
mulching of these shrink-swell soils 
(Soil Survey Staff, 1975). 
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A unit of soil structure such as an 
aggregate, crumb, prism, block, or 
granule, formed by natural processes 
(Soil Science Society of America, 1965). 

A modification of the texture, structure, 
or fabric at natural surfaces in soil 
materials due to concentration of 
particular soil constituents or in sity 
modification of the plasms; cutans can be 
composed of any of the components 
substances of the soil material (Brewer, 
1964). 

A three dimensional unit within the s­
matrix of the soil material, and usually 
approximately prolate to equant in shape; 
its morphology (especially size, shape, 
and/or internal fabric) is incompatible 
with its present occurrence being within a 
single void in the present soil material. 
It is recognized as a unit either because 
of a greater concentration of some 
constituent and/or a difference in fabric 
compared with the enclosing soil 
material, or because it has a distinct 
boundary with the enclosing soil 
material (Brewer, 1964). 

A pedological feature consisting of soil 
material (skeleton grains or skeleton 
grains plus plasma, as distinct from 
concentrations of the plasma) and having 
a tabular external form, either single 
tubes or branching systems of tubes; its 
external boundaries are relatively sharp. 
Tabular form, in this context, means that 
the feature as a unit, or its impression 
in the enclosing soil material, has a 
relatively uniform cross-sectional size 
and shape, most commonly circular or 
elliptical; that is, the impression of 
the pedotubule conforms to the definition 
of channels (Brew~r, 1964). 
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Mottling 
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Any broadly tabular rock bodies that 
show eVidence of having being exposed at 
the ground surface after deposition for 
long enough periods to have been modified 
by physical and chemical weathering, 
including the actions of organisms (Bown 
and Kraus, 1981a). 

Is very common in paleosols and is 
considered analogous to modern soil 
"gleying" in which the reduction and 
mobilization of iron, manganese and other 
elements takes place at the 
air/groundwater interface as a result of 
a fluctuating water-table (McPherson, 
1979). 
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APPENDIX B 

Description of the soil horizons 

The soil horizons are referenced here according to the 

sequence shown in Tables 2 and 3. The soil horizons 1 

through 39 are from section measured at Coyote Basin (T54N, 

R91W, sec. 18, SE1/4, SW1/4, and T54N, R91W, sec. 19, NW1/4, 

SE1/4). 1he soil horizons 40 through 42 are from sections 

measured at South Nose of Sheep Mountain Anticline (T53N, 

R93W, sec. 35, SW1/4, NE1/4) and 43 through 46 from sections 

measured at Rose Dome (T54N, R93W, sec. 35, SW1/4, NE1/4). 

1. Sandy siltstone; dark reddish gray (5YR4/2) with 
mottles of grayish olive (10Y4/2} color; massive; calcareous; 
slickensides; plant roots; burrows. 

2. Sandy siltstone; weak red (10R4/3) with greenish 
gray (5GY5/1) mottles; massive; nodules at lower part of the 
horizon; calcareous; plant roots. 

3. Siltstone to sandy siltstone; greenish gray 
(SGY6/1); massive; calcareous; plant roots. 

4. Fine sandstone to sandy siltstone; light gray 
(7.SYR7/0); blocky; calcareous; organic carbon rich(?). 

5. Sandy siltstone; dark grayish brown (SYR4/2) with 
pale olive (10Y6/2) mottles; massive; calcareous; plant 
roots; burrows; abundant small nodules, 1-2mm; slickensides. 

6. Sandy siltstone; wqeak red (10R4/2) with grayish 
olive (10Y4/2) mottles; massive; calcareous; plant roots. 

7. Sandy siltstone; greenish gray (SGY6/1); blocky; 
calcareous; plant roots. 

8. Fine sandstone to sandy siltstone; light gray 
(7.5YR7/0); blocky; calcareous; organic carbon rich (?). 
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9. Sandstone; lateral accretion surfaces; ripples; 
quartz arenite; calcareous. 

10. Mudstone; dusky red (10R3/4) with pale olive 
(10Y6/2) mottles; massive; ped surfaces are distinguishable; 
slickensides; calcareouys; plant roots are very abundant; 
burrows filled with carbonate; glaebules and pedotubules. 

11. Mudstone; red (10R5/6) with pale olive (10Y6/2) 
mottles; massive; ped surfaces; slickensides; calcareous; 
plant roots and burrows; glaebules and pedotubules. 

12. Overbank sandstone; quartz arenite; ripples; 
calcareous. 

13. Mudstone; dark reddish brown (5XR3/2) with grayish 
green (10GY5/2) mottles; massive; calcareous; slickensides; 
plant roots and burrows; glaebules. 

14. Mudstone; weak red (10R4/2) with pale olive (10Y6/2) 
mottles; massive; calcareous; slickensides; plant roots; 
glaebules. 

15. Mudstone; grayish olive green (5GY3/2)j massive; 
calcareous; some plant roots. 

16. Mudstone; weak red (10R4/3) with grayish olive 
(10Y4/2) mottles; massive; slickensides; calcareous, plant 
roots; glaebules. 

17. Mudstone; dark reddish brown (5YR3/2) with grayish 
green (10GY5/2) mottles; massive; slickensides; calcareous; 
plant roots; glaebules; strongly bioturbated. 

18. Mudstone; grayish olive green (5GY3/2); massive; 
calcareous; some plant roots. 

19. Mudstone; dark reddish brown (5YR3/2) with grayish 
green (10GY5/2) mottles; massive; peds; slickensides; 
calcareous; plant roots; glaebules. 

20. Mudstone; pale olive (10Y6/2); massive; calcareous; 
some plant roots. 

21. Mudstone; brownish gray (5YR4/1) with pale olive 
(10Y6/2) mottles; massive; noncalcareous; plant roots. 

22. Mudstone; brownish gray (5YR4/1) with grayish olive 
(10Y4/2) mottles; massive; noncalcareous; plant roots. 



123 

23. Mudstone; Medium dark gray (7.5YR4/0); blocky to 
massive; s~ickensides are abundant; noncalcareous; plant 
roots. 

24. Mudstone; light olive gray (5Y6/1) to medium gray 
(7.5YR5/0); massive; plant roots are abundant; noncalcareous; 
slickensides very common; septarian nodules. 

25. Mudstone; olive gray (5Y5/2); massive; 
noncalcareous; slickensides are very abundant; desiccation 
cracks; chalcedony nodules. 

26. Mudstone; olive gray (5Y4/1); massive; abundant 
slickensides; noncalcareous; plant roots. 

27. Mudstone; dark gray (7.5YR3/0); massive; 
noncalcareous; slickensides; plant roots; burrows. 

28. Mudstone; olive gray (5Y4/1); massive; 
noncalcareous; plant roots and burrows; slickensides. 

29. Mudstone; weak red (10R4/2); massive; slightly 
calcareous; plant roots; slickensides; nodules. 

30. Mudstone; dusky red (5R3/4) with pale olive (5Y6/4) 
mootles; massive; slightly calcareous; nodules; plant roots 
and burrows. 

31. Mudstone; weak red (10R4/2) with pale olive (5Y6/4) 
mottles; massive; plant roots more abundant; burrows; 
nodules; slickensides; slightly calcareous. 

32. Mudstone; dusky red (5R3/4) with pale olive (5Y6/4) 
mottles; massive; nodules more abundant; noncalcareous; plant 
roots; slickensides. 

33. Mudstone; pale olive (10Y6/2); noncalcareous; 
massive to blocky; bone fragments very abundant. 

34. Mudstone; grayish red purple (5RP4/2); massive to 
blocky; noncalcareous; slickensides; chert-carbonate 
horizons. 

35. Mudstone; medium dark gray (7.5YR4/0); massive; 
noncalcareous; plant roots not very abundant; slickensides 
very common. 

36. Mudstone; light olive gray (5Y6/1); massive; 
noncalcareous; plant roots; burrows; slickensides; chert­
carbonate nodules. 
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37. Mudstone; olive gray (5Y4/1); massive; plant roots 
not very abundant; noncalcareous; slickensides very common; 
chert-carbonate nodules; tree trunks (?). 

3B. Devitrified tuff. 

39. Mudstone; medium gray (7.5YR5/0); massive to blocky; 
noncalcareous; slickensides; plant roots and burrows. 

40. Mudstone; dusky red (10R3/4) and light greenish gray 
(5GYB/1); massive; abundant slickensides; densely mottled; 
plant roots; noncalcareous. 

41. Mudstone; dusky red (10R3/4) and greenish gray 
(5GY6/1); massive; abundant slickensides; densely mottled; 
plant rrots; noncalcareous. 

42. Mudstone; mopderate red (5R4/6) and medium gray 
(7.5YR5/0); massive; abundant slickensides; densely mottled; 
plant roots; noncalcareous. 

43. Mudstone; olive gray (5Y5/1) and dusky red (10R3/4); 
no pedogenic features. 

44. Mudstone; light olive gray (5Y6/1); no pedogenic 
features; crocodile and turtle bones. 

45. Mudstone; blackish red (5R2/2); no pedogenic 
features. 

46. Mudstone; olive gray (5Y5/2); no pedogenic features; 
transitional with the overlying Sykes Mountain Formation. 
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APPENDIX C 

Chemical Methods 

1). Carbonate content: Samples were analyzed for carbonate 

content for two reasons. First to determine the carbonate 

content, and second to remove it for further use of the 

sample in other chemical analyses. 

weight and then placed in a beaker. 

The samples were first 

Hydrochloric acid (10%) 

was added slowly so to cover almost the total sample. After 

stirring, it was left for a few hours so that the hydrochloric 

acid could react with the carbonate. More acid was added if 

it was needed. After no reaction was visible, the beaker was 

filled with water and the sample was washed by repeater 

sedimentation and decantation until the supernantant solution 

was nearly free from acid (Brewer, 1964). 

2). Organic matter content: Sample treated with the previous 

method was used to determine the organic matter content. The 

method is after Brewer (1964). 100g of sample was mixed with 

300ml of 6% hydrogen peroxide and allowed the suspension to 

stay overnight. 300ml of water was then added and the 

contents were brought to boil for 10 minutes. After cooling, 

the sample was weight and the difference in weight was the 

value of the organic carbon content. 

3). Iron content: The sodium dithionite-citrate-bicarbonate 

method of Aguilera and Jackson (1953) was used for this 
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determination. A summary of this method follows. A 

known amount of the sample is placed in a 100-ml centrifuge 

tube and 40ml of 0.3M sodium citrate and 5ml of 1M sodium 

bicarbonate are added. The temperature is brought to 75-80 

degrees C in a water bath, then 19 of solid sodium dithionite 

is added and the mixture is stirred constantly for one minute 

and then occasionally for 5 minutes. A second and the a 

third gram of sodium dithionite is added stirring the mixture 

as previously. After a 15 minute digestion period, 10ml of 

saturated NaCl solution and 10ml acetone are added to the 

tube to promote flocculation. The suspension is then mixed, 

warmed and centrifuged for 5 minutes at 1600-2200 rpm. The 

clear supernatant is decanted into a 500ml volumetric flask 

and the solution is kept for iron determination. Further 

analysis by using the colorimetric thiocynate method for 

ferric iron and the colorimetric orthophenanthrolic method 

for ferrous iron yielded their percent weight present in the 

sample. Ferric iron was calculated as Fe203 weight percent 

while ferrous iron was calculated as FeO weight percent. 

Further reference to Jackson (1953). 

4). Aluminum content: Using the colorimetric aluminon method 

of Jackson (1953) aluminum was determined as weight percent 

in the sample. After a series of chemical reactions, the 

solution is mixed with 10ml of aluminon-acetate buffer 
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~eagent. The colo~ is ~ed at 5300 A afte~ one hou~ O~ 

longe~, and ~efe~enced to the standa~d Al cu~ve to obtain the 

concent~ation of AI. %AI203=%Alx1.89. 




