one PAC that starts with a massive calcarenite bed overlain with 2 mar] and then shallows
upward to a soil. The B sequence contains three PACs in which each cycle starts with a
calcarenite bed and ends with 2 soil. The C sequence contains one PAC that consists of 2
massive calcarenite bed at the base and ends with 2 moderately-developed paleosol

{paieosol D3-5) with horizonation.

Stair Hole

Correlation of the equivaient section at Stair Hole is based on tracing and
malching the lower surface of the massive Broken Shell Limestone Member from
Duriston Bay. The thickness of the Stair Hole section from the base of the Cinder
Member to the base of the Broken Shell Limestone Member is 10 meters compared to 40
meters at Durlston Bay. The upper study interval at Stair Hole is highly condensed and
measures only 1.5 meters in thickness (Figure 34). The A sequence 1s represented by one
PAC that has a calcarenite bed at the bottom with 2 soii on top. The B sequence contains
3 thin PACs. PAC 1 and 2 each consists of a micnte bed with pelecypods and peloids
(sample S-4) overlain by a thin shale. PAC 3 consists of a limestone bed, then a marly
shale bed, and a soil. Along with the A and B sequences, the C is also very condensed.
It consists of one PAC that starts with a sparse biomzcrite bed with pelecypods (sample S-
3) and then an unsorted biosparite bed with pelecypods (sample S-2) that is overlain with

2 soil.






CHAFPTER 7
ACCOMMODATION SPFACE
Variations in thickness of cycles and missing cycles in the Milankovitch hietarchy
within the study intervals are best explained by variable development of accommodation
space resiricting the deposition of shallowing upward sequences. Factors that aflect
accommodation space are local subsidence rates, eustatic sea-level change, compaction,
waves and currents influencing sediment transpoert and deposition, differential tectonic
movements, and the abundance of grains by carbonate-producing organisms (Strasser et
al., 1999). The rate of production of accommodation space can cause changes to either
deeper or shallower facies. Tt can also control the amount of sediment or the thickness of
sequences (hat can be preserved. The thickest beds are formed in areas of high
accommodation, but only if there is enough carbonate productivity to fill the space
available. However, if carbonate productivity was lacking when abundant
accommodation space was available, the scquences would not have reached the
maximum potential thickness. In areas where (here is low accommodation, such as on
the Jandward margin of a shallow carbonate platform, there would be less available
space, producing condensed or missing sequences. In particular, precessional cycles
(PACs) are missing near (he basin margin because sea-level and tectonic subsidence did
not produce sufficient accommodation space for sediments to be deposited. However,
little or no subsidence could also promote the loss of a 6™ order sequences within a
larger-scalc sequence because during a sea-level fall deposited sediments may be

reworked and/or eroded. Evidence within a section (hat implies reworking and erosion
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includes conglomerates at the top of a cycle with pebbles of diflerent lithology than in the
underlying sequence (Strasser et al., 1999)

Missing cycles occur in sediments and sequences deposited near the basin margin,
whereas in deposits more basinward, increased accommodation space results in thicker
and more complete sections. In other words, ¢ycles located near the basin margin and at
topographic highs tend to be thinner and less complete. Goldhammer et al. (1990, 1993}
explain this by inadequate accommodation near the basin margin resuiting in partial
deposition or less preservation of deposited scdiments dunng major sea-level
Nuctuations. Pasquier and Surasser (1997) observe in their research that in the French
Jura there are fewer elementary sequences preserved in platform margin facics than in
more basinal facies. In addition, Strasser et al. (1999) observed that elementary and/or
small-scale sequences can be condensed or missing when close to the basin margin
because there is a lower accommodation potential there than within the basin. In the
French Jura, up to one elementary sequence {PAC) is observed in the small-scale
sequences of Strasser (i.¢. 5™ order sequences) when accommodation is low and up to six
elementary sequences when accommodation rates arc high. These observations can also
be seen in the columns drafled for my study. The most complete section (type section) at
Saléve is interpreted to have been deposited more basinward where accommodation rates
were higher. Whereas, sections at Crozet, Chapeau de Gendarme, and Yenne show
missing cycles that suggest they were deposited closer to the basin margin where
accommodation rates were Jower. The Dorset coast shows one of most extreme examples
of latcral variation in addition to decreased accommodation space where it is lowest at the
basin margin and significantly higher more basinward. Deposits at Dulrston Bay (the
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type section for the Purbeck) show a complete hierarchic stacking pattern, whereas cycles
in basin margin deposits at Stair Hole are 1/4 the thickness and are missing most of the
6™ order sequences. Anderson (2001 b) also observed this same lrend in his research on
the Dorset coast, and states that sections {like Durlston Bay) located more basinward
where the subsidence rate or accommodation space is greater will contain thicker cycles

and more complete scctions.
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CHAPTER 8
PALEOSOLS

Cycles and sequence boundaries in the French Jura and the Dorset coast are often
characterized by paleosols. Paleosols found below cycle boundaries suggest that a more
exireme sea-level event occurred, such as those that occur at 3, 4™, or 5" order
boundaries in Lhe Croil-Milankovitch medel (Francis, 1986; Wnght, 1994; Wright, 1996).
According to the Croll-Milankovitch model there may be short intervals (20 to 100 ka) of
exposure or erosion between sea-level flooding events that cause soils to develop during
lowstands. Therefore, the development of paleosols within my study mtervals should be
slight and should only have had encugh time to develop Entisols or Inceptisols
(Retallack, 1997; Birkiand, 1999). Entisols are poorly developed (i.e., a soil profile with
A and C honizons) and are classified in this order when the soil profile does not meet the
criteria of any other soil order. Whercas, Inceptisols show pedogenic features that
indicate a more developed soil than Entisols and contains a diagnostic horizons (i.c., a
soil profile with A, B, and C honizons). Paleosols previously identified below cycle
boundaries in my study areas have the following charactenistics: in place root structures,
orange strata, laminated horizons, massive horizons, brecciated honzons, burrows, and
peds (Seier and Anderson, 2002}.

Palacopedology methods are most useful in combination to form interpretations
about the past history of paleosols. These include field observations, thin section
analysis, chemical weathering ratios, and X-ray diffraction for clays. Macroscopic
pedogenic features described in the field included those described by Wright (1994).
Thin section analysis involved microscopic identification of soil fabrics, mineralogy, and
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pedogenic features. Molecular weathering ratios provide information on the relative
degree of soil development, paleoenyironment, and ancient soil processes. X-ray
diffraction was used to identify clays (not translocated) in each sample. All techniques
were attempted on each palcosol sample. Most samples show few pedogenic features,
which could indicate that over the Jast 140 Ma the s0il structure and chemistry has been
overprinted or destroyed. This is not surprising since these rocks and soils in study have

been buricd, uptified, and physically and chemically altered.

Molecular Weathering Ratios

There are six variables based on molecular weathering ratios that are used to
evaluate or charactenze soil development and maturity; they include hydration,
salinization, oxidation, hydrolysis, leaching, and calcification. Molecular weathenng
ratios are calculated from oxide weight percents determined by ICP-MS. {Appendix C).
Oxide weight percents are derived from raw ICP data that is m the form of element
weight percent {Appendix C). Techniques in calculating and intcrpreting these ratios
follow that of Retallack {1990, 1997) and Birkland (199%). The error in the value in each
data point from ICP analysis is at most 10%, and therefore the maximum error of any
data point is around 0.14. In my data, this error is not significant, and if error bars were
put on the molecular weathering ratio profile they would appear as big as the plotted data
points.

Geochemical trends in molecular weathenng ratios profiies that are not pedogenic
in origin result from parent material consisting of a shallowing upward facies. Each
paleosol appears near the top of a cycle that shows shallowing upward facies. Samples
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taken from the bottom of most paleosol profiles were rich in carbonate, and samples
taken near the top are more shale. These shallowing vpward facies also have a
geochemical trend that shows more Ca and Mg at the bottom of each profile, and more Si
and Al toward the top. This geochemical trend that is not pedogenic in origin is taken

into consideration when making interpretations for molecular weathering ratios.

Hydration

Hydration can be represented by silica divided by alumina (Si0»/ALQ;). Both
silica and alumina are constituents of layer-lattice silicate minerals. This ratio mainly
reflects clay content (Feakes and Retallack, 1988). The increase in the amount of clay

minerals in 2 profile will result in decreasing values of this ratio.

The ratio that defines salinization is the total amount of soda over potash
(N2;0O/K30). When this ratio is equal to or greater than 1, there is a high degree of
salinization (Na) within the prolile (Retallack, 1990). Porous soil, in combination with
increased amounts of precipitation, allows the soil to be well-drained and remove away
more soluble (mobile) ions (Na). Under the same conditions, potassium 1s not as soiuble
and will not be stripped away as quickly. Therefore, under such conditions ratios will be
very low and indicate that salinization is not a significant factor on the history of this soii.
Salinization can also be represented by alkalies over alumima (N2;O+K,;0)/Al;0;. The

accumulation of clays within a prolile will decrease (his ratio.
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Oxidation
The relationship of reduced and oxidized iron to clay content is represented by the
ratio of total iron (expressed as Fe;O;) divided by alumina {Fe;O,/AL03) (Retallack,
1990). This ratio will decrease in areas where clays are present. Most soils show values
of 0.4 or less (Marbut, 1935). Ratios may increase to values of 1.9 in highly oxidized

soils {(Retallack, 1997).

Hydrolysis

The degree of hydrolysis can be represented as bases over alumina
(Na;O+MgO+K,;0+Ca0/AlOs). This ratio can be used as an indication of pH and the
development of the soil (Retallack, 1990). Ratios greater than 1 indicate that the soil is
very basic and/or is weakiy developed. For well-developed soils, carbonic acid reacts
with cations (bases) to form clays, and the soil tends to be more acidic and have ratios
less than 1. Increased values within a profile reflect accumulation of bases in certain

horizons, such as the presence of a calcic honzon (Bk).

Leaching
The solubility diflerences of barium and strontiumn make this ratio {Ba/Sr) an
indication for the amount of time the soil developed and/or the degree of leaching
{Birkelangd, 1999; Retallack, 1990). In minerals, barium is much less soluble than
strontium. Therefore, in a well-drained soil or one that has formed over a long period of
time, Ba 1s less leached than Sr within Lhe profile. Soils that are strongly leached usuvally
have a ratio around 10. However, most soils show ratios of around 2.
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Calcification
Relative degrees in calcification, (MgO+Ca0)/Al;04, indicate pH and also the
presence of calcic honizons and/or nodules. Soils with ratios less than 2 indicate more
acidic soils. Soils with ratios that range from 2-10 indicate calcic soils. Ratios equal to

or greater than 10 indicate a caleic soil with possible calcic honzons and/or nodules.

Trace Elements
Trace elements plotted alone with depth can suggest the presence of clays and/or
organics within the profile {Retallack, 1997). The trace elements used in this study
include Zn, N1, Cu, and Cr. Trace elements tend to show increasing concentrations with
the presence of clays and/or organics. However, increases in trace elements cannot

determine if clays have been translocated.

X-Ray Diflraction

X-ray diffraction (XRD) is used for the identification of clays in a sample
(Retallack, 1997). The sample is exposed to X-rays at different angles, and the intensity
of the reflection is presented on a dilfraclogram. The inter-layer lattice spacing of a
specific clay causes the reflection of the X-rays. Each clay has a different pattern on the
diffractogram. More intense X-rays reflected from lattice spacings within a clay causes
peaks, and multiple peaks are spaced from on¢ another at certain degrees (2 Theta).
These spacing charactenstics allow for the identification of specific ¢lays (kaolinite,
illite, or smectite) and-other minerals commonly found in paleosols (calcite and quartz).
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This method ¢an not determine the origin of the clay, such as diagenetic, detrital, or

pedogenic.

Paleosol Classification

Paleosols were classilied using the United States Department of Agriculture
(USDA) soil taxonomy (1998) and Mack et al. {1993). The USDA classification is
widely used for modern soils. The problems that arise in paleosols are not taken into
consideration and much interpretation is needed for such detailed subdivisions (Retallack,
1983). The identification of the taxonomic class of a soil consists of the order, suborder,
great group, and subgroup. The Mack et al. {1993) classification uses descriptive
pedogenic features that have a high preservation potential in the rock record. This
classification uses easily recognizable macro- and microscopic morphological and
minerzlogical features. The identification of the class of 2 s0il consists of the order and a
subordinant modifier when needed. Both classification schemes will be used to classify

each paleosol.

Paleosols in the French Jura and the Dorset Coast
The investigation o[ paleosols within the study interval includes two in the French
Jura and two in the Dorset coast. The paleosols sampled in the French Jura include one
sampled from the upper interval at Saléve {sample S-19, Figure 27) and another from the
lower interval at Cozet (sample R-2, Figure 25). In Dorset one was chosen from the
lower interval at Durlston Bay South (sample D1-6, Figure 31) and another from the
upper interval at Durlston Bay North (sample D3-5, Figure 33). The paleosols in study
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were chosen because of there distinct macroscopic features in outcrop that included 30
¢m or more thickness of unlithified sediment below major (4" order) sequence
boundaries, color differentiation and horizonation within the profile, the presence of
organic matenzl and or peds near the uppermost parts of the profile, and the presence of
relict bedding near the base of the profile.

The paieosols in study are interpreted to have developed during similar climate,
and have similar topography and parent matenal. Paleosols within my study intervals
developed in conditions that were warm and humid dering the Bermasian {Allen, 1998).
Most likely, these profiles developed under monsoonal wet-dry conditions {classification
from Retallack, 1997). These paleosols formed very close to the sea, and the
paleotopography can probably be described as a moderately-drained lowland
(classification from Retallack, 1997). However, more developed paleosols (D1-6 and
D3-5) that contain one or more of cerlain distinguishing horizons and clays (illite,
smectite, and kaolinite) could indicate more precipitation during formation or a well-
drained profile that was located further from the sea. In addition, the porosity of the
parent matenial can also control the drainage of 2 soil. The parent matenal for these
paleosols consists of fossiliferous mcnte with the possibility of calcite cement between
grains. These paleosols were formed on a carbonate platform of shallow pentidai
sediments. The parent matenial may vary in porosity depending on the amount of calcite
cement that fills spaces between carbonate grains and/or the amount of larger fossils
present in the sediment. Howeyver, litile spar or fossils were detected in thin section.
Alteration of these features is tikely duning diagenesis and soil development through the
reaction with carbonic acid dunng pedogenesis.
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Thin section analyses reveal a lack of onginal organics or minerals that formed in
place during paleosol development. In sita roots were not detected micro- or
macroscopically, and plant matenal that was found in these profiles is considered strictly
derrital. However, if organic material at one time was present, it might have been
consumed by organisms within the past 140 Ma. Thin section analysis also detected
hematite, pynte, and euhedral gypsum scatiered throughout the profiles. The occurrence
of these minerals is interpreted as diagenetic. The formation of gypsum (CaSQs) and
hematite (Fe;O3) dunng diagenesis was probably formed by the reaction with calcite
(CaCOs) and pynite (FeS;).

The time interval over which pedogenesis occurred is difficult to interpret because
very few soil features were present, and it is likely that the chemical signatures have been
altered slightly due to diagenetic recrystallization. In determining the time for
development, all palacopedology methods are taken into consideration. The lack of
pedogenic features within these paleosols prevents a more in depth charactenization in
interpreting their history and fime of development. However, most profiles show a
weakly to moderately developed A honzon, which Birkeland (1999, p. 225} siates can be

achieved within 100 to 5000 years.

CROZET (R-2)

Analysis

The R-2 profile at Crozet is weakly developed. It shows a poorly developed A horizon

and relict bedding in the C1 and C2 honzons {Table 1 & Appendix A). The honzons
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Table 1. Crozet paleosol profiie (R-2}

Horizon Description

A {0-10 cm) Fresh (Gley 1 8/5G light greenish grey); organic rich lime mud;
Reacts with HCl; Macro: relict bedding, organic rich pebbles; Micro: peat,
carbomized plant fragments.

C1 (10-80 cm) Fresh (Gley 1 8/N white); ime mud; Reacts with HCI; Macro:
relict bedding; Micro: hematite, pyrite, quartz, fine grained dolomite,
foraminifera; XRD: calcite.

C2 (80-150 cm) Fresh {Gley 1 8/N white); lime mud; Reacts with HCI,
Macro: relict bedding; Micro: hematite, pynte, quartz, fine grained
dolomite.

show distinct color changes from light greenish grey to white. Thin section analyses
reveal an abundance of organics in the A horizon, and diagenetic hematite, pyrite, and
quariz in the C1 and C2 honzons (Table 1). The A honzon is charactenized by organic
nch pebbles, peat, and plant fragments in thin section. Molecular weathering ratios
further supporl the presence of organics in the A horizon, as indicated by the increase in
values of the Zn, Ni, and Cr trace elements (Figure 35 & Appendix C). These trace
elements form complexes with organics found in the A horizon. Higher leaching values
mmdicate the A horizon was well-drained and not water logged. Leaching values in the A
horizon are of nonnal soils angd the C1 and C2 horizons show significantly lower values

that can indicate poor drainage. The oxidation valves are of normal soils in the C1 and
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C2 horizons, but show an increase in the A honzon. The hydration ratio indicates the
presence of clay or organics in the A horizon and in the top of the C2 horizon. The
salimzation ratio (Na;O+K,0)/Al,O; shows a decrease in the A horizon, but this does not
indicate clays because there are decreased vatues of NayO in (his horizon, This decrease
of Na,O can be seen in (he decreased salinization ratio NazO/K,O. The presence of clays
is not recognized in thin section, and XRD analysis indicate (hat illite, smectite, and

kaolinite is absent throughout the profile (Figure 36).

Classifteation

I classify this soi) as a Typic Udorthent under USDA standards. The taxonomic
class is interpreted as an Entisol. This soi? does not show any distinguishing features that
would ailow for 2 more descnptive name. Therefore the suborder, great group, and
subgroup is classified, according to the name, as 2 soil that has other or no distinguishing
characteristics to ailow classification to a more descriptive subdivision.

This paleosol 1s classified as a Carbonaceous Protosol under Mack et al. (1993)
standards. [ feel that this name better describes (his soil than the one above. This soil is
named for ils weak development and poorly developed features. The subordinate
modifier (Carbonaceous) is used to describe the A horizon having an abundance of peat

and organic rich material.
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DURLSTON BAY (D1-6)
Analysis

The profile D1-6 at Durlston Bay (South) is moderately developed with blocky
peds 1n the A horizon and relict bedding in the Bw2 and C honzons {Table 2 & Figure
37). Each horizon shows a distinct color change, aside from the Bw2 horizon that is
similar in color to the Bw1 honzon, but contains relict bedding. Thin section analyses
reveal an abundance of diagenetic minerais and defrital plant fragments throughout the
profile {Table 2). XRD analyses indicate that illite is also present throughout the profile
(Figure 38). The XRD data show distinctive illite pcaks at 8.8°, 17.7°, and 26.6° (2thceta).
Calcite and quartz is also present in sampies B, C, and D. Calcite shows peaks at 23° and
29.3% and (he peaks for quartz are at 20.8° and 26.6° (2Theta). The molecular weathering
ratios for this profile further indicate characteristics (hat distinguish (he horizons (Figure
38). The A horizon shows more plant fragments than in the other horizons, which may
explain the increases of Cu toward the top of the profile in the A horizon. The hydration,
salinization ({(Na;O+K,0)/Al,03), and oxidation ratios indicate an increase in detrital
clay (AL O;) downward through the profiie with a distinct increase in the C horizon at 8¢
cm. In addition, the trace elements Ni and Cr are consistent with this idea and show
increasing trends downward through the profile. Zn shows a distinct spike in the Bwl
horizon. The hydrolysis and calcification molecular weathenng ratios also show this
distinct increase when comparing the C and Bw2 honizons to the Bwl. This may indicate
that the Bwl is rclatively different than the other horizons because it shows an

accumuiation of bases. Leaching and salinization ratios suggest less than normal values
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Table 2. Durlston Bay paleoso! profile {D1-6)

Horizon Description

A (0-55 ¢cm) Fresh {Gley 1 8/5G light greemsh grey); organic rich lime mud;
Reacts with HCL; Macro: blocky peds; Micro: carbonized plant fragments
(cellular structure), presence of clay (detrital), hematite, pyrite, quartz,
dolomite; XRD: illite, quanz, calcite.

Bwl (55-68 cm) Fresh (2.5 YR 772 pale red}; organic rich lime mud; Reacts
with HCL; Micro: carbonized plant fragments (cellular structure),
presence of clay, hematite, pyrite, quartz, dolomite; XRD: ilhte, quartz,
calcite.

Bw2 {(68-80 cm) Fresh (2.5 YR 7/2 pale red); organic rich hme mud; Reacts
with HCL; Macro: relict bedding; Micro: carbonized plant fragments
(cellular structure), presence of clay (detrital), hematite, pyrite, quartz,
dolomite; XRD: iliite.

C (80-100 cm) Fresh (2.5 YR 6/3 hight reddish brown); organic rich lime
mud; Reacts with HCL; Macro: Relict bedding; Micro: carbomzed plant
fragments (cellular structure), presence of clay (detrital), hematite, pyrite,
quartz, dolomite; XRD: illite.
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when compared to most soils. Tins may suggest 2 profile that is less leached and/or less

developed.

Classification

I classify this soil as a Typic Dystrudept using the USDA classification. The
taxonomic class is interpreted as an Inceptisol. This is based on ped structures in the A
horizon and the presence of two different B honizons that could indicate more
development than in Entisols. The Suborder indicates that development occurred in an
udic moisture regime, indicating humtd climates that have well distmibuted rainfall. The
great group and subgroup indicate that there are no other distinguishing features that
allow for a more descriptive subdivision.

This soil is classified as a Protosol using the Mack ct al. {1993) clessification.
The order is named for its weak development and pedogenic features that are too poorly
developed to be the most prominent feature. Subordinate modifiers are not used due to
the lack of promine.nl features. I think that this classification is as descniptive as the

USDA classification.

DURLSTON BAY (D3-5)
Analysis
The profile D3-5 at Durlston Bay (South) is moderately developed. This soil
contains very few macroscopic features, except for relict bedding in the C horizon {Table
3, Figure 38). Thin section analyses reveal detrital plant fragments, the presence of clay,
pelecypods, and diagenctic minerals such as dolomite, gypsum, pyrite, and hematite.
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Table 3. Durlston Bay paleosol profile (D3-5)

Honzon Descniption

A (0-25 cm}) Fresh (2.5 YR 8/1 white); organic rich lime mud; Reacts with
HCL; Micro: carbonized plant fragment, presence of clay (detrital), quartz,
dolomite, euhedral gypsum, pelecypods.

Bwl {25-55 ¢m) Fresh (2.5 YR 8/4 pink); organic rich lime mud; Reacts wilh
HCL; Micro: carbomzed plant fragments, presence of clay (detrital),
hematite, pyrite, quartz, dolomite, evhedral gypsum, shells; XRD: illite,
quartz, calcite.

Bw2 (55-80 cm} Fresh (2.5 YR 5/2 weak red); organic nch lime mud; Reacts
with HCL; Macro: relict bedding; Micro: carbonized plant fragments,
presence of clay, shells, hematite, pynte, quariz, dolomite, euhedral
gypsum; XRD: illite, smectite, kaolinite, mixed-layer illite/smectite,
quartz.

i {80-100 cm) Fresh (2.5 YR 6/2 pale red); ime mud; Reacts with HCl;
Macro: relict bedding.
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The XRD patterns for samples D3-5 B in the Bw1 honzon show charactenistic peaks for
illite at 8.8°, 17.7° and 26.6° (2theta), and peaks for calcite and quartz {Figure 39). The
diffractograms for samples D3-5 C and D in the Bw 2 horizon show peaks for
iliite/smectite mixed layer, illite, and kaolinite at 6°, 8.8°, 12.2°, 17.7°, 24.8°, and 26.6°
(2theta). Glycolation caused the mixed-layered illite/smectite peak at 6° to shifi, the
17.7° peak to decrease, and the 26.6° peak to appear. Glycolation did not aflect the
kaolinite peaks at 12.2° and 24.8°. Upon heating to 550°C, the mixed-layered
illite/smectite and kaolinite peaks coliapsed to the illite pattern. Quartz is also found in
sample D3-5 D.

Molecular weathering ratios are seen in Figure 40. Cu and Cr show increases
near the top of the profile in the A honzon, possibly due to increased organics. The most
distinctive increase in molecular weathering ratios are in the Bwl honzon. The distinct
mncreases in the calicification and hydrolysis ratios may supgest an area where bases
accumnulated. The trace element Zn also shows a significant increase at the Bwl honzon
possibly due to increased bases. The increase of the oxidation ratio at this honzon shows
a decrease in clay content. The salinization ratio (N2,0/K»0) suggest that Na,O
accnmulated here. In addition, leaching ratios suggest that this honzon was poorly
leached. The presence of Ni, Cu, and Cr show increases from the presence of clay
{detnital) in the Bw 2 horizon. The presence of clays is accompanied by an increase in
ALOs. In addition, salinization ({Na;O+K;0)/Al,03), oxidation, hydrolysis, and
calcification all show decreasing trends to further indicate the presence of detrital clays in

the B horizons.
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Ciassification

[ classify this soil using USDA standards as a Typic Evtrudept. The order is
interpreted as an Inceptisol and not an Entisol. This is based on the distinctive B
horizons in this profile that indicate more development (han Entisols. The suborder
indicates that development occurred in an wdic moisture regime, indicating hurmid
climates that have well distnibuted rainfall. The great group is based on analysis of
molecular weathering ratios that indicate bases accumulated within the profile. The
subproup indicates that there were no other features Lhat could be used w descnbe this
profile.

This soil was classified as a Protosol using the Mack et al. (1993) classification.
The order is named for its weak development and its lack of pedogenic features.
Subordinate modifiers were not used. I feel that this classification is more descriptive

and informative than the USDA classification used above.

SALEVE (S-19)
Analysis
The S-19 profile at Saléve is weakly-developed. Field observations show
horizontal infiiled burrows in the upper parts o[ the profile in the A horizon (Table 4).
These burrows are interpreted as inveriebrate organisms (worms) that eat sediment and
leave digestive tracks throughout this horizon. The C1 and C2 horizons display relict
bedding. Each horizon is also charactenized by color differences. Throughout the profile
thin section analysis detected diagenetic minerals, such as hematite, pynite, and euhedral
gypsum {Table 4). XRD analysis indicates the presence of quartz and calcite at Lhe top of
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Table 4. Saléve paleosol profile (S8-19)

Horizon Description

A (0-10 cm) Fresh (2.5 YR 7/4 light reddish brown); lime mud; Reacts with
HCL; Macro: vertical burmows (wormceasts); Micro: hematite, pynte,
enhedral gypsum, gypsum crystals replaced with pynte; XRD: quarz,
calcite.

Cl {10-20 em) Fresh (2.5 YR 7/2 pale red); lime mud; Reacts with HCL;
Macro: relict bedding; Micro: hematite, pynte, ¢uhedral gypsum, gypsum
crystals replaced with pyite.

C2 {20-30 ¢m) Fresh (2.5 YR 8/1 white): lime mud; Reacts with HCL; Macro:
relict bedding; Micro: hematite, pyrite, euhedral gypsum, gypsum crystals
replaced with pynite.

the C1 horizon (Figure 36). The molecular weathering ratios show distinct trends
throughout the profile {(Figure 41). The hydration ratio shows that the presence of clay
(detrital) is likely toward the top of the prefile in the A hornizon. This ratio also shows an
area of possible accumulation of clays at the bottom of the profile (at 28 cm).
Accumulation of clays (Al;O;) in this area 1s also suggested by the decrease of oxidation.
This occurrence of clay at the bottom of the profile might suggest a possible buried soil,
perhaps a buricd B horizon. The hydrolysis and the calcification ratios do not show a

trend or significant change in values. The lower values of the hydration and in the A
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horizon may represent modification from pedogenesis. At the bottom of the C1 and top
of the C2 horizon there are increased values in salinization (Na;O/K;0). The salinization
ratio (Na,O+K,0)/ALO3) shows an increase at the bottorn of the C1 horizon. The trace
element Zn shows a significant increase in the C1 and the top part of the C2 horizon. The
zig-zag patiern of the trace efements Cu and Cr make these ratios unreliable for
interpretation. The leaching ratio also does not agree with other ratios, such as the

salinization ratio (Na;O/K;0), and cannot be mterpreted,

Classification

I classify this soil as 2 Vermic Udorthent under USDA standards. This name
indicates a very weakly developed soil. The taxonomic class is interpreted as an Entisol.
The suborder and great group indicate that no other distinguishing characteristics are
present. Yermic is used for the subgroup indicating 50% or more of wormholes,
wormceasts, and filled amimal burrows at 2 depth no greater than 25 cm.

This paleosol is classified as a Vermic Protosol under Mack et al. (1993)
standards. The order is named for its weak development and poorly developed pedogenic
features. The most common subordinate modifiers are listed in Mack et al. {1993), and
they do not mclude Yermic. However, this paper (Mack et al., 1993) specificaily states
that other modifiers can be added if properly defined. Therefore, Yermic is defined and
used with the presence of wormholes, wormcasts, and [illed animal burrows. I fe¢l that

this name describes this soil equally wel) as the one used above.
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CHAPTER ®
CONCLUSION

The lower and upper intervals in the French Jura and the Dorset coast show a
distinct Crol-Milankovitch stacking pattem that can be used for regional correlation.
The sequences consist of small-scale cycles (PACs} interpreted to be the resuit of
orbitally forced eustatic sea-level changes every 20 ka (6"' order cycles). These 20 ka
cycles are part of distinctive larger scale sequences that are interpreted to be 3™ and 4™
order (with periods of 100 ka and 400 ka repectively). Cycles show distinct shallowing
vpward facies changes and they are bound by distinctive surfaces that mark 2 change to
deeper facies. Distinctive surfaces at most major sequence boundaries (3™ and 4™ order)
are also unconformable surfaces that mark major flooding events (hat can be correlated
throughout each basin and from the French Jura to the Dorset coast. Distinct surfaces
that mark more significant changes in facies can be secn at the boundaries of 2 3" order
sequence where the study intervals and formation and member boundanes are present.

The two studied regions (The French Jura and the Dorset coast) show that
sections are mostly compiete at the type sections in more basinward deposits, whereas
deposits closer to the basin margin are more condensed with missing cycles. The type
section for the Purbeck {Durlston Bay) is the most complete within the Wessex Basin.
The Stair Hole section in England consists of deposits that were located closer o the
basin margin and shows 5 and 6™ order cycles missing and condensed with 4" order
sequences highly condensed. The Paris sub-basin also shows this trend, where the type
section (Saléve) is the most complete and Lhe other sections are condensed with missing
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5" and 6" order cycles. Missing ¢ycles occur throughout al) sections near facies that
consist of more marl and soil. Cycles show that below 3" order boundaries facies are
more restricted and facies changes withm each cycle vary to 2 lesser degree than that of
the cycles just above this boundary. Cycles within both regions are mainly condensed
and/or missing at and near major cycle boundaries (3™ and 4™} and are represented by
poorly to moderately developed paleosols (Entisols and Inceptisols} or marl and rubble
beds. The paleosols on the Dorset coast are more developed than the one’s evalvated
from the French Jura, and Lhis may suggest that the Dorset coast sections formed closer o

the basin margin than the section in the French Jura.
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APPENDIX A : THIN SECTION ANALYSIS

POLK (1974)
CLASSIFKCATION
Saleve
sparse bromicrite

packed biomicrite

pouxly washed sparite
pecked biomicrite

pecked biomicrite
poarly washed intrasparite

packed biomicrite

sparse biomicrite

packed inlamicrie

poorly washed hopelspanite
poorly washed biopelspante
packed bHromicnic

pecked biomicrite

packed biomicrile

packed biomicrite

packed biomicrite

*Puleosold

*Paleosod

*Paleosol

*Pulexsal

*Palexasal

pelmierite
packed biopelmicrite

packed biopelmicrite

OTHER OBSERVATIONS

foraminifera, calpionellids, pelecypods, peloids, geopelal struciures,
intraclasts, styolites

foraminifera, calpionellids, pelecypods, ostracods, gastropods, peloids,
intraclasts, iron oxides, ivon sulfides, Dasycladacean greon algac,
geopelal structures

foraminifern, pelecypods with micrastalactilic cement, ostrecads,
geopetal structures, intraclasts

foraminifera, calpioneltids, pelecypods, ostracods, geatropods, peloids,
Dasyclalacean green algee

foraminifera, calpioneltids, pelecypods, ostracods, intraclasts, styolites
foraminifera, pelecypods wilth microstalactitic cement, peloids,
Dagycladncean green algae

foraminifera, calpioneltids, pelecypods, 00ids,

Dasycladecean green algae

foraminifera, ostracods, gastropoxds

foraminifera, calpionellids, intraclasts, peloids, 0oids

foraminifera, pelecypods with microstalaclitic cemem, ostracads,
Imraclasts, peloids

foraminifera, calponellids, pelecypods, ostracxds, inlraclasts, pelods
foraminifera, calponeliids, peloeypouds, ostracuds

foraminifera, pelecypods with mierastalactiic cement, ostacods,
intraclasts

foraminifera, pelecypods, ostrecods

foraminifera, calpionellids, pelecypods, vegelalive pan of a charophyte
foraminifera, Dasycladacean green algae,

vegewative par of a charophyte

kematite, pyrite, eubedral gypsum, qQuanz

gypsum crystals replaced with pyTite, quariz

hematite, pyrile, cubedral gypsum, quanz

Eypaum crystals replaced wilh pyrile, quartz

bematite, pyrile, cubedral gypsum, qQuanz

gypeum ¢rysials replaced with pyrite, quarmz

hematite, pyrile, euhedral gypsum, gypsum crystals, quari2

less iron, hemastite, pynite, cubedml gypsum, quari2
gypsum crystals replaced with pyrite

intraclasts, 0oid, enchinoderm spines,
pelecypods wilh microstalactitic cement
loraminifera, pelecypods, enchinoderm spines, intraclasts

* Folk {1974) classilication dces not apply.
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APPENDIX A (continued)

Upper Chapeau de Gendarme
G-1 wasonied biopelsparnile
G2 pooely wastred biosparilc

foraminifers, pelecypods, intreclass
foraminifers, calpioneliida, ostracods, inlraciasts, peloids,

pelecypods with microstalactitic cement

G-3 Rcked biopelmicrite foraminifera, pelecypods, imraciasis, peloids,
pelecypods wilh microstalactitic cemem

lower Crozel

RO fessiliferous micrite loraminitera, pelecypods, ostraceds

R-1 fossiliferous micrite foraminifera, pelecypous, csuracods

R-2A #Paleasql bleck organic peat, plant fragments

R2B  *Palecsal

R-2C  *Paleosol foramigilera, Intle iron, hematite, pyrite, quartz,
fine grained dolomile

R2D *Palesal little iron, bemanite, pyrile, quartz, fine grained dolomile

R2E *Paleosol morze iron, kematite, pynite, quantz, fine graived dolowite

R-3 fossiliferous micrite foraminifera, pelecypods, ostrecods

R-3.!1 micnite foraminifera

R332 wmicne

R33  micrite

R-4 micrite

R-§ micrite palches of packed biomictite, foraminifera, pelecypods,
intraclasis, peloids

R-6 micrile laminated

R-? micrite

vpper  Crozen

C-l packed biomicrite foraminifera, pelecypods, ostracods, gaswopaxds, pelosds

C.3 poorly washed tiosparite foraminifera, pelecypods, gasiropods, peloids

C4 macked biopelmicrite foraminifera, pelecypods, gastropods, ploids

c.5 porly washed intrapelsparile  foraminifera, pelaids

C-6 poasly washed intrasparite foraminifera, pelecypods

C? pecked biamicrite foraminifera, pelecypeds, ostracods, calpioncllids

c8 packed biopelmicrite pelecypods, ostrecods, calpionellids, gasiropods, inlraclasts

C-9 packed biomicrite pelecypods, ostraceds, foraminifera

C-il  unsoried pelsparite pelecypods, foraminifera, possible plant roois?
lower  Stair Hole

H-) pecked biomicrite pelecypods

H-3 micrile

H4 micrite

H-5 micrilec

uppes  Stir Hole

§-1 utsoned biosparite pelecypods

S-2 unsored biospanile pelecypods
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§-3
S4
8.5
8.6
8.6

lower
DI-1A

Di-1B

DI-1C

Di1-1D

D14

uppes
-6

m-7

[3-5A

B3-5B
m-5C

L3-5D

Sparse biomicrite
micrite

unsorted bicsparite
micnite

packed biomicrite
pelmicrite

Duslstop Bay (South)
*Palexsal

2Paleosol

“Palcasal

*Palcasal

unsoried biosparite
Prarlston Bay (North)
pooniy washed biaspante
unsoried biospans
tinsorted biaspanite
*Paleasal

*Paleosol
*Paleasol

*Paleasal

APPENDIX A (continued)

pelecypods
pelecypads, peloids

pelecypods, peloids
pelecypods
pelecypods, peloids

clay, quanz, plant fragments (veliular strurture), dolomite,
hematite, pyrile

clay, quane, plant fragreents (celiular struchure), dolomite,
hematite, pyrite

clay, quanz, plant (ragments {ccliular struciure), dolomite,
bematite, pytite

clay, quartz, plan! fragmenzs {celiular strucitre), dolomite,
hematite, pyrite

pelecypods, backened pelecypods

pelecypods, blackened pelecypods
pelecypods
pelecypods, blackened pelecypods

auhedral gypsum, ¢lay, clumps of green clay, quart2,
plant lregmenis, dolomite, shells

eubedral gypsum, clay, quartz, plant fragments, dolomite,
ahells more irow bematite, pynite

suhedral gypstim, clay, quanz, plani fragments, dalomile,
shells, hematile, pyrite
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BEI

APFENDIX C
ICP-MS DATA

RAW DATA FROM ICP ANALYSIS: units are in grems per 100 grams of sample or ppir

PEm Ppm ppm ppra  ppm PP
cm Na Me al K Co 13 di 5 Ni Cu Cr Ba St
Dwlston Bay (Nortb)
90 Dl6A 0.16 1.89 337 3.21 1.56 165 221 412 39 231 92 204 Y4
80 DI4B 0.14 1.79 8.3 3.09 1,61 338 247 421 44 333 9} 183 126
60 Di16C 0.i4 1.44 5.83 211 125 242 169 68.5 39 315 65 192 529
10 Di1<4D 0.12 1.22 4.3 §.62 . 1.88 13.1 227 29 392 48 118 448
Durlston Bay (South)
20 D35A 028 08 976 239 1.44 399 259 908 34 359 91 280 61
40 D3.5B 05 048 503 1.57 62 697 16.7 14% 47 383 56 176 2644
50 DA5C 0.15 Q.76 867 223 1.47 26 272 B4.9 58 44.4 91 352 152
81 D3-5D 0.17 09 10.3 2.55 1.33 29 26.2 83.7 58 53.2 105 283 177
Crozet
9 R-2A 0 0.08 042 .13 321 11.5 Il 202 57 134 24 47 334
40 R-2B 0.m 045 0.67 0.3 ¢ 0.54 2.1 638 9 159 3 1% 395
60 R-2C 0.03 .48 1.02 0.5 . 053 4.1 75 8 133 4 Kit] 3176
90 R-2D 0.03 0.51 1.08 047 ¢ 047 33 8 9 19.1 i3 26 495
130 R-2E 0.04 .54 1.13 0.52 b 067 38 10.1 13 15.8 5 30 482
Saleve
3 S5-19A 0.04 297 201 064 . 188 17 41.6 11 11.3 32 57 183
9 S-19B 0.05 3.57 255 081 136 1.72 213 332 12 19.2 3 63 160
12 S-15C 0.04 3.5] 2.15 0.72 125 1.57 196 431 10 9.6 33 56 147
18 S-19D 0.05 391 223 0.76 12.5 1.53 25.3 79.6 12 138 35 60 151
23 S-18E 0.03 248 L4 044 749 1.06 21.5 58.4 16 52 27 37 88.1
27 S-I9F 0.03 2.5% 1.95 0.4 B 0.52 19.5 i4.5 [ 82 a3 50 165

* = over detection Hmit.
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