
Grant Dapertnntt
Vs~us 3g Nui ve'rsitg

91partment of

OCEANOGRAPHY

AN INVESTIGATION OF CHANGES INDUCED IN
MACROSTRUCTUBZS IN PZLITIC SEDIMENTS DURING

PRIMARY CONSOLIDATION

TECHNICAL REPORT

Reference 70-8-T

TAMU-SG � $0-21$
ONR contract NOG014-68-A-0/08�002!
USGS contract lk-08-0001-11990

This document has been
approved for public

re!ease and sale; its
listribution is
, unlimited.

Research conducted
through the Texas A8cM
Research Foundation
and Sea Grant Programs
Office.
College Station, Texas



CIRCULATING COPY

Sea Grant Depository

TEXAS A&M UNIVERSITY

College Station, Texas

Research conducted through
the Texas A&M Research Foundation

and Texas A&M Sea Grant Office

Projects 53570, 53571,
700-8, 700-9,

and 663

AN INVESTIGATION OF CHANGES INDUCED IN MACROSTRUCTURES

IN PELITIC SEDIMENTS DURING PRIMARY CONSOLIDATION

This report was partially supported by the National
Science Foundation Sea Grant Program institutional
Grant GH59 made to Texas A&M University under Texas
A&M University Account f/53570 and 53571;
The Office of Naval Research, contract N00014-68-A-0308-
�002! under Texas A&M Research Foundation projects
700-8 and 700-9;
and Department of the Interior, U.S. Geological Survey,
contract 14-08-0001-11990 under Texas A&M Research

Foundation project 663.

Report prepared January 1970

by

Frank Bernard Chmelik

This document has been approved for public release and sale; its distri-
bution is unlimited.



FORWARD

The following report is based on a dissertation submitted by Mr.

Frank B. Chmelik in partial fulfillment of the requirements for a

Doctor of Philosophy degree in Oceanography at Texas ASM University.

One of the problems in dealing with recent and ancient deposits

is the correlation of sedimentary characteristics in order to use one

as a key to the other for interpretation purposes. The influence of

consolidation upon sediments and sedimentary structures results in

various changes which can be of both physical and chemical origin.

The Geological Oceanography Section is involved in a study on

changes of sedimentary properties under the influence of consolidation

making use of cores collected from the Gulf of Mexico and consolido-

meters used for geotechnical investigations.

This report presents the first phase of this study. Artificial

as well as natural shaped structures were subjected to consolidation

and their changes analysed.

Deep water samples used in this study were collected under a grant

provided by the Office of Naval Research under contract N00014-68-A-0308

�002!, Research Foundation Projects 700-8 and 700-9.

Information from shallow water cores was obtained with the help

of a research project funded by the United States Geological Survey,

Contract 14-08-0001-11990, Research Foundation Project 663.

The electrical logging technology used in support of this study

was partially supported by the National Science Foundation Sea Grant

Program institutional Grant GH59 made to Texas A6Z University under



Texas AQI University Accounts 853570 and 53571. Nr. Chrnelik @as

activity 1eader of this Sea Grant project.
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Project Supervisor
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ABS TRACT

This investigatio~ of consolidation-induced changes in macro-

structures is based on �! the use of stereo X-ray radiography to

map the macrostructures prior to and following consolidation and

�! a comparison of changes induced in artificial and natural macro-

structures. Homogeneous marine clay, fine grained quartz sand, and

CuO powder were used to make twenty-two geometric macrostructures.

Several types of coring devices, including two Flexible Liner

Corers developed for this study, were used to collect cores from a

variety of depositional environments.

Electrical logging techniques and X-ray radiography were applied

to locate and identify macrostructures in the cores. The cores were

cut longitudinally to allow photography, half-core X-ray radiography,

and visual inspection of the structures. Selected macrostructures

were removed from the core halves, rejoined, placed into PVC consali-

dometer cylinder liners and consolidated.

Stereo X-ray radiographs were made in at least two orientations,

both immediately prior to and following consolidation of all models.

Primary consolidation for a load of 32 TSF was effected on the macro-

structures in Anteus Back Pressure Consolidometers.

Comparisons of the macrostructure changes induced during consoli-

dation of the artificial structures with those of the natural struc-

tures indicates the existence of a positive relationship. Several

conditions are imposed before the natural and artificial structures

can be related. These conditions include that both structures be of



similar materials and sub j ected to similar condit ions of consolidation.

This relationship may allow the analysis of consolidated natural

macrostructures by comparison with consolidated artificial models

and possibly lead to a method of relating the natural macrostructures

to their environment of deposition.
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INTRODUCTION

The purpose of this research is to investigate the changes which

occur in macrostructures of pelitic sediments during primary consol-

idation. For use in this study the terms "macrostructure" and

"primary consolidation" are defi~ed.

Macrostructures are morphological features formed by the spatial

relationship between two or more adjacent materials, are small enough

to be manageable in the laboratory, and large enough to be discerned

by the unassisted eye. These structures are commonly associated with
recently deposited sediments and in some cases appear to be related

to specific environments of deposition.

A sediment is said to be undergoing primary consolidation

during the time the free interstitial water is being forced from the
void spaces in response to an applied load. For any one load, the

end point of primary consolidation occurs when the excess pore water

pressure is zero.

The specific objectives are:

�! to investigate the behavior of artificial, geometric models

of pelitic sedimentary macrostructures during primary

consolidation,

�! to investigate the behavior of natural pelitic sedimentary

rnacrostructures during primary consolidation, and

The citations on the following pages follow the style of Marine



�! to relate the changes noted in �! and �! above and examine

the possibility that consolidation-induced changes in

natural macrostructures may be anaLyzed by compariso~

with segments of one or more consolidated geometric models.

 i.e., by matching the parts of a consolidated macrostructure

with similarly shaped segments of consolidated geometric

models, we may be able to describe by inference the macro-

structure prior to consolidation.!

This research will add to our knowledge of the mechanics of

deformation of sedimentary macrostructures and may suggest methods

that may be useful in rel.ating structures in consolidated pelitic

materials to their environment of deposition  RAINWATER, 1966!. In

addition, the techniques and methods developed during the course of

this work will improve our ability to handle and study fragile sedi-

mentary materials  STANLEY, 1966!.

Previous work

The process of consolidation of sediments has been the subject

of research by civil engineers and geologists for many years. Indeed,

the field of soil mechanics, including studies of sediment consol-

idation, has developed as a civil engineering professional speciality

 WU, 1967!. TERZAGHI �955! did much to establish the basis for

modern soil mechanics and related engineering properties of sediments

to the geologic characteristic of the materiaL. KRUNBINE and SLOSS



�963! and PETTIJOHN �949! gave considerable attention to macro-

structures in consolidated lithified sediments.

The work of CAYEUX �941! was a significant contribution in

relating macrostructures in lithified sediments to their environment

of deposition. Because of the economic importance of this relation-

ship and its usefulness in the interpretation of geologic history the

problem was approached by many other investigators  JACKA, THOMAS,

BECK, WILLIAMS and HARRIS, 1967; CHUBER and PUSEY, 1967; COOGAR,

1967; HORWITZ, 1967; GREENSMITH, 1967; etc.!. Studies relating

lithified macrostructures to their environments of deposition have

been almost exclusively concerned with structures in sediments of

predominently sand-size grains  ripple marks, cross-bedding, etc.!.

It has been only in comparatively recent times that macro-

structures in unconsolidated sediments have been extensively studied

in relation to their environments of deposition  VAN STRAATEN, 1959

SHEPARD, 1964; BRIGGS and MIDDELTON, 1965; BRUSH, 1965> etc.!.

The consolidation and lithification of some types of recent

marine sediments has been discussed by HAMILTON �959!. Other

investigators who have contributed in this area include MOORE and

SCRUTON   1957!, SANDERS �965! and MONROE   1969!,

COLEMAN and GAGLIANO �965! and KOLB and VAN LIPIK �966!

describe in detail a number of macrostructures in the pelitic sedi-

ments of the Mississippi River deltaic plain, and identify their

environments of deposition. KRINITZSKY and SMITH �969! subdivided

and correlated the backswamp deposits underlying most of the



Atchafalaya Louisiana levee system based on X-ray radiography. They

included observations of fracturing and plastic deformation of the

soils and noted the presence of organic matter, secondary mineral-

ization, burrows, and other features. How ver, changes induced in

pelitic sedimentary macrostxuctures during pximary consolidation

have received little or no direct attention by researchers. There

are several possible reasons for this.

�! Hacrostructures in sand-size sediments are appaxently li'.ttle

effected by consolidation. Therefore, when they appear in the litho-

logic record, the relationship to their environments of deposition

is easily recognized.

�! Recent pelitic sediments are difficult to work with because

of their 1.ack of rigidity, high water content, adhesion, cohesion,

and low permeability. Tn addition, macrostructures associated with

these sediments most often occux withi~ the material and normally

have no surface expression.

�! Adequate techniques and methodology have not been available

for laboratory studies.



EXPERIMENTAL PROCEDURE

This study compares pelitic sedimentary macrostructures  both

natural and artificial! before and after primary consolidation. Two

techniques are required. �! a means of consolidating the samples,

and �! a means of making a detailed description of the macro-

structures prior to and following consolidation. The first require-

ment was satisfied by the use of six consolidometers in the Department

of Oceanography. These machines are capable of exerting an unidirec-

tional load of 32 TSF while allowing fluid drainage along the axis

of applied stress, The second requirement was met by the use of

stereo X-ray radiography  APPENDIX I!. The Pickert Industrial X-ray

unit at the Department of Oceanography was used for this work.

In order to conduct this program, it was desirable to develop

several additional techniques.

 I! A technique was needed that would allow the cutting and

shaping of pelitic sediments without disturbing the macrostructures.

To do this, an electro-osmotic knife was developed  APPENDIX II!.

�! Coring equipment specifically designed to preserve the

fragile macrostructures in recent pelitic sediments was needed. Two

Flexible Liner corers were developed  deep water and shallow water!

with this capability  APPENDIX III!.

�! A non-destructive technique for the rapid location of

macrostructures in cores was needed. The application of electrical

logging methods provided this technique  APPENDIX IV!.



�! It was felt that a non-destructive method of mapping macro-

structures other than by X-ray radiography would yield additional

information. The use of color thermography was investigated for

this purpose  APPENDIX V!.

Artificial and natural models of sedimentary macrostructures

were examined. A total of forty-three models were studied. Sixteen

 eight natural and eight artificial! were employed in an attempt to

use color thermography as a means of mapping macrostructures  APPENDIX

V!. The results of these experiments lead to the conclusion that,

while theoretically possible, color thermography was not a practical

tool for this particular study. Consequently, that avenue of inves-

tigation was abandoned.

In all, thirty-five models  twenty-two artificial and thirteen

natural! were investigated before and after consolidation by means of

stereo K-ray radiography  APPENDIX I!. Stereo pairs were made of at

least two orientations of the models prior to consolidation and again

following consolidation. A minimum of three orientations were used

with the natural models.

The general procedure used in preparing the models for consoli-

dation  Fig. 1! follows.

�! The models were cut into 2s inch diameter cylinders. This

was done with the aid of an electro-osmotic cutting ring.



Fig. 1. General procedure used in preparing the models for
consolidation.

1. Sample with electro-osmotic cutting ring in place.
2, Model cut and excess material removed from sides of ring.
3. Excess material trimmed from ends of ring.
4. Cutting ring with model in position on PVC liner. Bottom

porous stone is already in the liner; the top porous
stone in position to extrude the model.

5. Model extruded from cutting ring into PVC liner.
6. PVC liner with model packaged in sheet plastic.
7. Pre-consolidation X-ray radiography. Model and liner in

sand ballast  see APPENDIX I!.
8., 9. Consolidation.

10. Model and liner removed from steel consolidation cylinder.
11. Post-consolidation X-ray radiography.
12. Consolidated model and porous stones removed from PVC liner.





�! The models were extruded from the cutting ring into thin-

walled Poly Vinyl Chloride  X-ray transparent! consolidometer cylinder

Liners. To accomplish this, the model-filLed cutting ring was placed

on top of the liner and a porous stone used as an extrusion plunger

to push the model into the liner.

�! The models and PVC liner vere labeled and then wrapped in

thin-film plastic.

�! The packaged models were placed horizontaLLy in cardboard

boxes which had X-ray transparent plastic bottoms. Fine-grained

quartz sand was used to fill the boxes to the level of the top of the

liners. This sand functioned as radiation ballasting to prevent

uneven exposures due to the cylindrical shape of the models.

�! Stereo X-ray radiographs waremade of each model in at least
0

two orientations. The standard orientations are A 0 0, B 9 90
0 0

 measured around the cylinder! with C I 45 and D 8 15 used on

selected models  APPENDIX I, Fig. Al-1!. Position A is established

parallel to a plane of symmetry in the artificial models and chosen

arbitrarily in the natural models.

�! The model-ladened PVC liners vere inserted into steel

consolidation cylinders, Anteus Back Pressure Consolidometers were

used to consolidate the models. The models were subjected to a load

of 32 TSF until primary consolidation had been established. Excellent

descriptions of this apparatus arrd the test procedures can be found

in LOWE, et al. �964!, BUCHANAN �967!, BRYANT, et al. �967! and
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CERNOCK �967!.

�! After consolidation, the PVC liners were removed from the

steel cylinders and again packaged in plastic. Stereo X-ray radio-

graphy was repeated with the same orientations used in the pre-

consolidation series.

 8! The models were extruded from the liners, packaged, labeled,

and stored under refrigeration.



Artificial models

A series of twenty-two artificial macrostructures with simple,

three-dimensional, geometric figures  forms inside of the modeL! was

constructed in order to investigate consolidation-induced changes in

basic shapes  Fig. 2!. Primary material for these models was marine

clay taken from the "flaw-in" of a number of deep-water cores

 Sigsbee Abyssal Plain! ~

Twenty-five pounds of this clay were blended for 24 hours in a

five gallon food mixer. Filtered Gulf of Mexico sea water was added

initially to bring the water content of the material up to a level

consistent with easy handling.  Empirically, this was when a 1 in.

diameter column of the material 3 in. high couLd just stand without

slumping under its own weight.! After blending, the container for

the clay was kept sealed to prevent evaporative losses. Samples of

the clay supply were taken periodically to check water content

 TABLE 1!,

The geometric figures were fabricated fram the following

combinations,

�! Primary clay material with 50%%u.  by weight! fine-grained

quartz sand added.

�! Primary clay material mixed with 10%%u  by weight! Cu0 powder

 X-ray opaque! added.

�! Combination of �! and �! above. �0%%u sand with l%%u CuO was

used to enhance the X-ray density contrast on some models.!
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Fig. 2. The geometric figures planned for use as artificial
macrostructure models. The diagrams on the left represent cross
sections of models prepared for consolidation. Sketches on the
xight depict entire f iguxes. Models 1 through 17 consist of clay
with clay-quartz sand figures. Models 19 and 20 are clay figures
with a thin coating of Cu0 powder. Models 21 and 22 are clay
figures with Cu0 powder mixed with the clay. The stipplings
represent the clay-sand mixture.
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�! Primary clay material with a surface coating of CuO powder.

Size analyses were conducted on the primary clay material  after

blending! and the clay-sand mixture used for constructing figures

 TABLE l!, Analyses were also carried out on the quartz sand and the

Cu0 powder  Fig. 3!.

The construction procedure for the artificial models was as

follows  Fig. 4!.

�! Sufficient clay material for several models was removed from

the supply container.

�! The clay was worked into a 4 in. diameter disk 2 in. thick.

�! The materials to be used in the geometric figure were

blended.

�! The figure was created with the help of the electro-osmotic

knifed

�! The clay disk was dissected and the necessary material

removed to allow the implanting of the f igure.

�! The geometric figure was implanted and the disk restored to

its original shape. Slight pressure applied to the disk surfaces with

the hands was usually enough to seal the disk after the parts were

carefully reassembled.

�! The model was isolated from the rest of the disk by using

the electro-osmotic cutting ring. Surplus clay was removed from the

ring's sides and the ends trimmed flush with the face of the ring,

The result was a trimmed and oriented 24 in. diameter model, 7/8 in'

thick.
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Fig, 3. Analysis of quartz sand and CuO powder used in
artif icial models.
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Fig. 4. Procedure for the construction of the artificial models.

1. Clay disk
2. Components for figure mixture  clay, sand, CuO!.
3. Creating figure with electro-osmotic knife.
4. Preparing disk to receive figure.
5. Figure inserted into disk.
6. Disk restored to shape.
7. Electro-osmotic cutting ring in place.
8., 9. Excess material trimmed fram cutting ring. Sides

and ends.

10.Cutting ring with model ready for insertion into PVC
liners
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 8! After the model was isolated and the cutting ring trimmed

of surplus clay, the general procedure for preparing models for

consolidation was followed  see Fig. 1!.
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Natural models

The natural models consisted of uncansolidated natural macro-

structures taken fram cores and subjected to the same conditions of

consolidation as the artificial models.  These macrostructures are

described as models because they were removed from their natural

environment and consolidated under artificial conditions.! Core

samples collected and examined for the natural macrostructure modeL

part of this study include the following:

 l! Corpus Christi, Texas area, including Padre Island  high

energy open beach and washover fans!, Osa Bay  low energy, shallow

bay with limited circulation!, Corpus Christi Bay  medium energy,

medium water depth, subject to storm waves!, Nueces Bay  shallow,

Low energy bay with fair circulation and several types of entering

drainage, subject to storm waves!, and the Nueces River  a mature

river entering Nueces Bay at grade!.

�! Northwestern Gulf of Mexico  shelf enVironment!.  Cruise

68-A-6, Texas ARM University R/V ALAMINOS!. Five Flexible Liner

cores  deep water! collected.

�! East Bay, Mississippi Delta  interdistributary bay!.  Cruise

68-A-14, Texas ASA University R/V ALAMINOS!, Three Flexible Liner

cores  deep water! and four gravity cores collected.

Locations were chose~ in an effort to accumulate samples from

a number of different environments of deposition.

The general procedure for processing these samples consisted of



27

the fallowing:

�! With few exceptions, all cores were sealed as soon. as

recovered, marked for identification, and transported to the labora-

tory at Texas A6Ã University with as little disturbance as possible.

The exceptions were the gravity cores which had to be extruded on-

board the ship and then. packaged.

�! The cores were removed from their packaging and placed in

PVC half-rounds. This was accomplished by extruding the Shelby Tube

cores. The Flexible Liner cores were easily slid out of their

transport tubes onto the PVC half-rounds.

�! Electrical logs were run on each core and zones of interest

 probable macrostructure concentxation! noted.

�! Whole-core photographs were taken of the core surface.

�! Whole-core X-ray radiographs were made.

�! The cores were cut in half longitudins.lly with an electro-

osmotic knife. Each half was consigned to its own PVC halE-round.

�! Half-core photographs were taken of the cut surface of the

core.

 8! Half-core X-ray radiographs were made.

 9! Nacrostructures were selected from the cores based on visual

appearance, K-ray radiographs and electri.cal logs.

�0! Sections containing the selected rnacrostxuctures were

removed from the core halves. The two halves of each structure were

carefully rejoined ta form a cylindrical sample. The use of the
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eIectro-osmotic knife in cutting the cores resulted in disturbance-

free surfaces that cauld be rejoined with no visible change in the

structures.

�1! Steps �! through  8! of the general procedure for

preparing models for consolidation were followed  see Fig. 1!.

�2! After the post-consolidation radiographs were made, the

consolidated models were extruded from the PVC liners, sectioned,

compared to the radiographs, and photographed.

�3! The models were reassembled, packaged, marked and stored.

�4! The remaining core material was packaged, marked and stored.

When preparing the natural models for consolidation., I/4 in.

thick porous stones supported by 1/4 in. thick perforated aluminum

disks were used in place of the usual 3/4 in. porous stones. This

afforded the use of a larger sample � 3/8 in, high instead of 7/8

in.! . Also, "0" rings set into the edge of the aluminum helped to

prevent the loss of material by extrusion during consolidation,

 Four models had their top stones tilt while being consolidated, but

none lost materia1!.
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DiSCUSSION OF RESULTS

The number of material combinations possible for use in the

geometric models is seemingly endless. For one combination of clay

and sand it would be necessary to take at least one model type

 possibly severa1.! snd test it repeatedly. In one test series the

moisture content of the figure would vary. In another, the moisture

content of the matrix would vary. A third would allow both to vary.

Also, the direction of drainage from the cylinder would have to be

considered. A change from two directions of drainage to one direction

could influence the test results. The orientation of the figure with

respect to the direction of drainage would be an additiona1. variable.

All series should be repeated for various load values. This procedure

cou1.d result in enough inform tion to allow the design of a mathe-

matical model.

For the purposes of this investigation it was decided to use one

combination of clay and clay-sand figures with a constant moisture

co~tent and consolidating load that would serve to demonstrate the

concept of model comparison. The materials were chosen on the follow-

ing basis. First, materials possessing the desirable handling charac-

teristics. Second, the combination with sufficient X-ray density

contrast to make possible the necessary radiographs. Third, previous

l The combination of clay, fine-grained quartz sand, and CuO pro-
vides satisfactory contrast on the X-ray radiographs. However, detail
losses of 20K and higher may be expected during reproduction and print-
ing. This represents a serious loss of basic vista~ therefore, emphasis
%as been. placed on drawings mad'e from the original radiographs.
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experience with natural macrostructures indicates that the combination

used frequently occurs in nature. Four models, �9 through 22! were

fabricated from a second combination of materials  clay with clay-

CUO powder mixed and clay with clay coated with CuO powder!. Results

of the consolidation of these models indicates that the changes

induced in a specific figure will be influenced by the materials used

in the model.

The changes induced in the natural models varied considerably.

In four of the thirteen models the top porous stone was tilted during

consolidation but no material was extruded. This is interpreted as

indicating a differential consolidation and possible lateral shift

of material. The amount of correlation between events observed in

the artificial models and those in the natural models appears to be

directly related to both the degree of similarity of materials involv-

ed and the geometric shapes.

The use of consolidometers imposes a physical condition that must

be considered when looking at the results of this study. The upper

and lower surfaces of the models were in contact with rigid, porous

stones during consolidation. This created two effects. First, the

models were allowed to drain in two directions. Second, the rigid

stone surfaces created boundary drag which resisted lateral shifting

of the model material. The approximate natural analog of the model

in the consolidometer would be a soft cJ.ay layer between two porous

sand layers. Such conditions have been observed in cores recovered
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in shallow water. The waLls of the PVC liners had little apparent

effect on the consolidation-induced changes.

Practical considerations caused some minor deviations from ideal

test procedures. In making the artificial modeLs, small imperfections

occurred due to mismatched cutting angles. Slight distortion by

handling was introduced in some natural models during removal from

the cores and placement in the PVC liners.  In neither case were

the models apparently altered sufficiently to effect the test.! The

practice of making the X-ray radiographs immediately prior to and

following consolidation precluded the possibility of unknown changes

being introduced by handling techniques.

A short period of time was required to load the consolidometers

to the 32 TSF maximum. Expex'ience showed that machine and model

failure could be significantly reduced by applying the load over a

15 to 30 minute period. This had no perceptible effect on the test

results since only the end point of primary consolidation for the

maximum applied load was needed. In all tests this point was reached

between 65 and 260 minutes after application of the load. The models

average an approximate 25%%u reduction in volume due to consolidation.

Figure 5 represents the load xesponse curves for the consolidation

tests. The dial indicator readings, adjusted to the same reading

at the end point of primary consolidation, represents the reduction

in model height in response to the 32 TSF load with respect to time.

Elapsed-time-after-loading is shown on a logarithmic scale. The
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Fig. 5. Load response characteristics for the consolidation tests.
The individual curves have been adjusted to uniform dial reading at
the end point of primary consolidation �.1750 in.! for the applied
load. The shaded envelope includes all tests. The solid curve
starting at 0.3800 in. is representative of the response curves.
All of the tests reached the end of primary consolidatio~ for the
32 TSF load between 65 and 260 minutes after load application.
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shaded envelope includes the Load curves about the end point of

primary consolidation f or all tests run. This point was identif ied
on the curves as the intersection of tangents drawn to the limbs of

the curve in the vicinity of the marked reduction in slope of the

curve. This change in slope occurred when excess pore water pressure

approached zero  TAYIOR, 1948!. The general trend of the Load curves

is represented by the solid line extending from the 0.3800 in. to

the 0,1700 in. dial reading. Differences in the characteristics of

the models are reflected in the shape of the envelope.

In a number of tests failure occurred when. the top porous stone

became tilted during loading and allowed the model to be extruded from

the consolidation cylinder. Ãhen this occurred, the test was termi-

nated. However, the model was subjected to post-consolidation X-ray

radiography and recovery. Extrusion during consolidation approximates,

in some cases, the type of distortion expected when there is a sudden

unidirectional release of horizontal confini~g pressure in natural

sediments  i.e., areas bordered by faults, slump blocks, storm

channels, and etc.!. Certain model runs were repeated as many as

four times before a satisfactory test was concluded. All geometric

models deemed necessary to the study were run until successfully

tested in the consolidometers.

Electrical logging proved to be both a practical and unique

technique for Locating zones of macrostructures in the cores. All of
the cores processed during the course of this study displayed a
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close relationship between occurrence of macrostructure withi~ an

interval and the complexity of the electrical log traces over that

interval. The resistivity curve was more sensitive to the changes

in lithology that suggested the possible presence of macrostructures.

Both a high rate of change and a large magnitude of change in resis4

tivity were found to be indicative of macrostructures. The same

criteria were applied to the S.P. curve but with less success. This

was probably due to a low level of S.P. variation along the core and

a lack of sensitivity in the instrument used. These relationships

were confirmed by X-ray radiography and visual observations of cut

cores' In several cases the electrical logs indicated the presence

of structures not seen on the X-ray radiographs but quite apparent

when the cores were cut.

Artificial models

Figure 6 represents the results of consolidation tests made with

artificial geometric macrostructure models. Thirty-five separate

models were tested in order to complete the series. Models 1 through

17 consist of clay with clay-sand figures. Models 19 and 20 were

composed of clay with clay figures whose surfaces were coated with
CuO powder. Models 21 and 22 had figures of clay mixed with CuO
powder. In Fig. 6 representation on the left side of the page depicts
the model prior to consolidation. The drawings on the right represent

the model after consolidation. These drawings were made from stereo
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Fig. 6. Artificial geometric models of macrostructures prior to
and following consolidation.
The left column of drawings represents pre-consolidation models.
The right column of drawings represents the same models in the post-
consolidation conditions

All of the drawings were made from stereo X-ray radiographs.
The numbering code consists of alternating letters and numbers as
follows:

1. Prefix "C" denotes post-consolidation. Lack of the prefix
indicates pre-consolidation.
2. First numeral is model number.

3. Letter following first numeral indicates model orientation.
Orientation "A" is understood if no letter follows the first numeral.

4. Second numeral is the run or edition of the model.
Example: C9-3: post-consolidated condition of model 9 in the "A"

orientation, third edition.
12B : pre-consolidation condition of model 12 in the "B"

orientation, first edition.

Models 1 through 17 are clay with clay-sand figures.
Models 19 and 20 are clay with flay figures coated with
Cua. Models 21 and 22 are clay with clay figures
mixed with Cu0. The stipplings represent the clay-sand
mixture.
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X-ray radiographs.

The following comments apply to the models illustrated in Fig. 6

Model 1. Two horizontal layers. No consolidation-induced

distortion is apparen.t.

Model 2. Alternating vertical layers of various thicknesses.

The bulging middle of the thick clay-sand layer in drawing C2 indicates

a relative reduction in volume of the clay. The top and bottom of

the layer have not changed width during consolidation, This is due

to the influence of the rigid porous stone boundaries. The two thin

sand layers may have bent �! f.n response to the clay deformation

caused by the thick layer bulge, or �! because the layers are thin

enough to preferentially respond to Load by bending instead of !nnlglng.

Model 2-2. Two vertical layers of different thickness. Extru-

sion occurred during consolidation  material escaped to the left! .

Note the influence of the rigid surface boundaries. The sharp angles

and straight lines are possibly due to explosive release of pressure.

Model 3-3. Three vertical layers, two in contact with the

cylinder walls. The clay-sand layers bulge at the expense of the

clay. Influence of the rigid boundaries is apparent. The right-hand

clay-sand layer was prevented from expanding to the right and conse-

quently bulged considerably to the left. This expansion was taken

up in the thin clay layer but force transmitted horizontally

apparently prevented the right side of the center layer from expand-

ing to the right  Fig. 7!. Both thick clay-sand layers bulged into
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Fig, 7. Stereo X-ray radiograph of model number 3A3,
A. Pre-consolidation

B. Post-consolidation





43

the intervening clay which was thick enough to accomodate them.
0

Model 4. Alternating l.ayers dipping roughly 45 . Note  l! an

increase in curvature of all layers, �! a trend towards flattening c

of the dip, and �! the reversal of curvature and break in the left-

middle clay-sand layer.
0

Model 5. Single layer dipping approximately 45 . There is a

tendency to flatten the dip more in the center than at the top and

bottom  due to the rigid boundary!, The resulting center elbow

or break may be due to the differences in mobility of the clay at

the middle and top and bottom. This sample was not extruded and

there was no migration of center material out of the cylinder  Fig.

0
Model 6. Single clay layer at approximately 45, There is a

steepening of the center part of the layer which results in a more

distinct "S" shape.

Model 7, Sphere. This figure has been deformed into a prolate

spheroid.

Model 8., 8H. Cube. The figure was extruded almost completely

out of the cylinder. The irregular shape of the pre-consolidated

figure as seen in the A orientation was caused by improper fabri-

cation. Extrusion proceded from the upper left of the model when

viewed in the A orientation. In the B orientation the top of the

extruded figure appears sharp and parallel to the upper surface.

This is due to the boundary effect of the top porous stone. The
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Fig. 8. Stereo X-ray radiographs of model number 5A
A. Pre-consolidation
B. Post-consolidation



8



bottom part of the extruded figure was subject to slight irregular-

ities of flow as the material extr'uded and therefore became irregular.

Model 8-3., 88-3. Cube ~ Improper cutting angle produced a

trapezoid rather than a cube, Consolidation flattened and lengthened

the figure without changing the angle of the sides or their straight-

ness.

Model 9-3., 98-3. Rectangle on edge. This figure was flattened

and lengthened in both the A and 8 views' The angles were not chang-

ed in the A view but changed considerably in the B view. None of the

sides were distorted. Although the edge of the figure touches the

bottom stone, it does so in. the center and only along a thin line,

This prevented any apparent boundary influence.

Model 10. Pyramid. This figure was flat tended and lengthened

with no apparent distortion of its sides,

Model 11,, 118. Triangular rod. The figures show a flattening

and lengthening without distortion of edges. The B view indicates

no apparent influence by the cylinder walls.

Model 12., 12B. Circular rod. The rod flattened into a

spheroidal section. The 8 view shows a reduction in thickness of

the figure without distortion of the sides. The ends apparently

have not been effected by the cylinder walls.

Model 13., 13B. Square rod. This figure was flattened into a

rectangular shape in the A view. The 8 view indicates neither edge

distortion nor influence of the cylinder wall.
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Model 14., 14B. Symmetrical arch. Extrusion has occurred to

the right in the A view. There is an accumulation of figure material

at the point of extrusion. The A view also shows that some figure

material. migrated to the left against the direction of extrusion.

Model 15., 15B. Triangul.ar arch. Flattening of this figure

was accompanied by a slight concavity of the sides. Neither edge

nor end distortion occurred.

Model 16., 16B. Hollow cylinder. The figure was flattened but

there was little or no change in the walls. No distortion appears in

the B view.

Model 17., 17B. Asymmetrical arch. Distortion in this figure

included flattening and a reduction in curvature. The amount of

curvature change appears to have been greatest where the arch was

steepest  Fig. 9!. The B view shows no distortion.

Model, 18., 18B. Open rectangular bar on side. Extruded to the

left, the figure shows none of the distortion normally caused by such

action. Probably, there was only a slight amount of extrusion late

in consolidation.

Model 19., l.9B., 19C. Clay hemisphere coated with CuO powder.

This figure was extruded to the right in the B view. This is an

example of differential distortion of clay-clay figures due to

horizontal release of pressure. Figure 10 presents the pre-and post-

consolidation stereo radiographs of l.9B and a stereo pair of

radiographs taken parallel to the direction of applied force. It
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Fig. 9. Stereo x-ray radiographs of madel number 17A.
A. Pre-consolidation
B. Post-consolidation
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Fig. 10. Stereo X-ray radiographs of model number 198.
A. Pre-consolidation
B. Post-consolidation

C. Post-consolidation. Parallel to direction of

app1 ied load.
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should be noted that the distorted figure resembles macrostructures

often attributed to biological agents. Also, comparison with a

similar clay-sand model  Model 14! suggests a difference in response

to horizontal release of pressure. The figure in Model 14  clay-sand

symmetrical arch!, extruded in an even plain leaving a small amount

of excess material near the place of exit from the cylinder. The

figure in Model 19 shows convolutions and distortions of an entirely

dif ferent nature.

Model 20., 208. Thin, vertically oriented rectangular plate of

clay coated with CuO powder. During extrusion the entire figure was

drawn into a single thin string. This suggests a point of extrusion

rather than a broad failure to confine the model.

Model 21, Hemisphere of clay mixed with 17.' CuO powder. In this

figure flattening was accompanied by slight surface irregularities.

The amount of flattening is greater than similar models with cLay-

sand figures  compare with the upper half of the figure in Model 7C! .

Model 22. Sphere of clay mixed with L7. CuO powder. During

extrusion material from the right side of the figure migrated through

the figure leaving sharp contact li~es with the figure.

Natural models

The natural models used in this study were selected from cores

collected from a number of different environments. ELectrical logging

and X-ray radiography were used to Locate core sections having the
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greatest concentration of useable macrostructures. The cores selected

were photographed, out in half longitudinalLy, and re-photographed.

Half-core X-ray radiographs were made and a final selection of models

noted, Figures 11 and 12 summarize the use of electrical logging,

X-ray radiography and electro-osmotically cut cores in the selection

and preparation of the natural models.

The core was a long Shelby Tube core �8-NB-Station 7! collected

at the partially-abandoned mouth of the Nueces River. The whole-core

photograph illustrates the lack of structural information present on

the core surface. The thin, dark trace down the length of the core

was made by an electrical logging electrode.

Both the spontaneous potential and resistivity curves of the

electrical log indicate a response to the presence of lithologic

changes and macrostructures. The S.P. curve recorded only small

differences in potential along the core.  The sandy zone between 18

and 21 ins. caused a weak but definite response.! The resistivity

curve, on the other hand, clearly indicates the location of the

resistive sand layers �.5 to 7.5 in., 10.25 to 10.75 in., 16 to

16.5 in. and 18 to 21 in.!. In addition, clay layers and combination

layers can be identified. Comparison of the electrical log with the

half-core photograph indicates the meaning of the electrical curves

in terms of core lithology. The X-ray radiograph confirms the

prominence of the macrostructures located visually and on the

electrical logs and furnishes information about their internal shape.



Fig. 11. Natural model selection procedure - general.
Electrical logs made on the whole core are used to locate probable
concentrations of structures within the core. X-ray radiographs
and the electro-osmotically cut core are compared with the
electrical logs.
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Fig. 12. Natural model selection procedure - specific.
 Enlarged view of upper part of Fig. 11!.
Careful inspection and comparison of the X-ray radiographs
and the electro-osmotically cut cores confirm the suitability
of the structures before final selection.
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Orr the basis of this comparison natural models 23, 24, 25 and 26

were selected. Fi'gure I'g,an enlarged view of the top part of Fig. 11,

presents a more detailed view of the structures selected. The

structures chosen were removed from the core halves with the help of

the electro-osmotic knife. The two halves were carefully matched and

rejoined by pressing them lightly together. The cutting ring was then

used and the models fitted into PVC cylinders for X-ray radiography

and consolidation.

Figure 13 presents a selection of the pre-and post-consolidation

stereo X-ray radiographs of models 23, 24, 25 and 26. In each case

the orientation closest to that of the photographs and radiograph of

Fig. 12 were used. It is significant that all four of these models

are made of materials very similar to that used in the artificial

models. Note also that the radiograph in Figs. 11 - 12 is a contact

print of the original radiograph. The xadiographs in Fig. 13 on the

other hand, are pxints of photographs taken of the original radio-

graphs. Consequently, when comparing the two, keep in mind that one

is the negative of the other.

In Fig . 13 the A pair of radiographs are pre consolidati,on, �-,

the 'B ' pair, post-consolidation, and C ' is a photograph of the

sectioned consolidated model.

The following notes refex to Fig. 6., Fig. 12. and Fig. 13.

Model 23. The model exhibits differential consolidation attended

by a reduction in clay volume  Less dark area in B.!. Also, the



Fig. 13. Stereo X-ray radiograph of natural models 23, 24, 25
and 26, Model number and orientation designation are at the top of
each page.
Stereo pair A is of the unconsolidated model.
Stereo pair B is of the consolidated model.
Photography C is of the sectioned model after consolidation.
Model 25 was destroyed during removal from the PVG liner and not
available for post-consolidation sectioning.
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individual layers appear to be more clearly parallel to each other

af ter consolidation. Photograph C is a section of the consolidated

model in about the same orientation.

Model 24. This model approaches the conditions of artificial

model 17, the asymmetrical arch. Both represent arch-like sand lenses

in a clay matrix  see Fig. 12, model interval 24!. The consolidation-

induced changes in the structures are also similar. The arch in the

upper right of model 24C has been flattened by consolidation and re-

duced in curvature. The prominent sand mass in the lower left quarter

of 24C responded to consolidation in much the same way as artificial

model 12  clay-sand sphere!. Considering only the upper left quadrent

of the figure in model 12, we can see the flat top and steeply curved

fla~k of the once spherical figure. The same type of change is appar~

ent in the lower left quarter of 24C. The photograph of the sectioned

model confirms these observations,

Model 25. This model exhibits consolidation-induced changes

similar to artificial models 17  asymmetrical arch! and 4  alternating
0layers dipping roughly 45 ! . The arch in the lower center of 2SC

is closely approximated by the figure in artificial model 17. The

right limbs of the top and middle arches can be compared to the left

center layer of artificial model 4. In both cases there was a similar

reversal of curvature'

Model 26. This model represents an approximation in nature of

the rigid surface condition caused by the porous consolidometer

stones in contact with the models. The massive sand at the bottom
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of the model remains virtually unchanged by consolidation. Nate,

however, that the clay above it was reduced in volume. The fine

structures running through the clay indicate drag a1.ong the surface

of the sand during consolidation. These fine structures appear to

have been concentrated at the expense of the clay in a sharply bent

center column during consolidation. Photograph C of the sectioned

model shows the litholagical differences.

Figure 14 is a collection of drawings representing the X-ray

radiagraphs of the natural models. Tn this series each page contains

drawings of the pre-and post-consolidation radiagraphs of the A, B,

and C orientations. Models 23, 33, 34, and 35 all had their top

porous stones tilted during consolidation, but none lost material.

Models 23 through 26 have been discussed above and are included here

in order to furnish a comparison between radiographs and drawings.

Model 27. This model was taken from the top of core 68-NB-

Station 5, a long Shelby Tube core. This was a fan-like structure

in very soft, light and dark clay. The structure flattened out during

consolidation giving the center a tightly folded appearance.

Model 28. Taken from the rniddle af core 68-NB-SD1, a short

Shelby Tube core, the structure was a nearly vertical worm burrow

filled with silty clay and surrounded by a section of firm clay with

thin silt layers. The materials in this model approximated those of

the artificial models. Consolidation induced a central bulging of

the burrow at the expense of the clay. This behavior was very similar



Fig. L4. Natural models of sedimentary macrostructures prior to
and following consolidation. The drawings were made from the original
X-ray radiographs of the models. Each page contains the drawings of
the pre- and post-consolidation. radiographs of one model in three
orientations. Drawings on the left represent the pre-consolidation
condition of the model. The accompanying letters denote the
orientation. The solid lines outline prominent trends or features.
StippLing indicates sandy or silty material. Hatchers represent
areas that are predominantly clay.
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to the results of consolidation seen in artificial model 2.

Model 29. This model was taken from the same core as model 28

but lower in the section. The model is an intersection of two silt-

filled burrows surrounded by clay and silty clay. The response to

consolidatio~ was similar to that of model 28 but not as pronounced.

A central layer of silty clay may have retarded the bulging.

Model 30. This model was taken from the top of core 68-NB-

Station 4, a Shallow Water Flexible Liner core, This was a very soft,

clay-clay model that displayed macrofaulting. Consolidation-induced

changes were minimal. Orientation B afforded a view of the fault,

It appeared to have been reduced in apparent dip by consolidation.

Model 31. This model was taken from core 68-NB-Station 4, a

long Shelby Tube core. The structure, composed of a sandy clay layer

in a clay body was very similar in shape and composition to artificial

model 5. Th consolidation induced changes showed positive agreement

between the two models  comparing the B orientation of model 31!.

Both displayed a flattening of curvature in the central part of the

figure and the suggestion of an elbow or break.

Model 32. This model was taken from core 68-NB-Station 4, a

long Shelby Tube core. The fan-like structure was composed of sandy

clay with clay stringers, During consolidation the stringers changed

from their uniform curves to more distinctly "S" shaped curves with

steep centers and flattened ends. This type of change was also noted

in artificial model 6.

Model 33. This model was taken from core 68-NB-Station 4, a



long Shelby Tube core.  Immediately above model 32! . In this model

the structure consisted of bulbous, irregular bodies of sandy clay

and clay. The consolidation-induced changes included a bulging of

a vertical sandy clay column �3A! and a flattening of the spheroidal

shaped sandy clay bodies. These changes closely approximated the

type of changes noted in artificial models 2 and 7.

Model 34. This model was taken from core 68-NB-Station 4, a

long Shelby Tube core.  Immediately above models 33 and 32! . Th

structure was composed of irregular, random stringers of sandy clay

and clay with a spheroidal inclusion of clay  center, lower right

quarter of 34A!. Adjacent to this inclusion was a gently recurved

sandy clay band extending from th bottom center to the upper right

of the figure �4A!. The post-consolidation radiographs revealed

that the consolidation of the clay inclusion al.lowed the sandy clay

band to undergo extreme flattening of its central part, almost to the

point of recumbancy. This type of distortio~ is anticipated by the

changes in artificial models 5 and 21. Nodel 5 suggests the basic

change in shape of the central sandy clay band and model 21 indicates

the extensive flattening that a clay hemisphere can experience.

Model 35. This model was taken from core 68-NB-SD3, a short

Shelby Tube core. The structure consists of vertically oriented

asymmetrical arches of silty clay in a dense clay body. A general

flatterring of curved structures was noted.
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COMMENTS AND CONCLUSIONS

The results of this study have given rise to a number of comments

and conclusions. The comments are grouped to include the technical

developments and general observations.

Comments

General observations

 l! The results obtained during this investigation. are based on

singular tests. No repetitive tests were conducted on a model type

once a successful consolidation was obtained. Therefore, it must be

kept in mind that a number of different post-consolidation figures are

possible and that the ones used in this study may be atypical. How-

ever, the chances of obtaining grossly different end figures seem

remote and the figures tested are thought to be sufficient to demon-

strate the concept.

�! The time parameter was tacitly ignored during this research

for the following reason. Very little could be done to include a

significant time factor in the program. Th rate of burial of natural

macrostructures ranges in magnitude from a few centimeters per century

to a few centimeters per thousand years. Consequently, any practical

load application rate would be relatively explosive by comparison.

�! This program did not involve carbonate sediments. A compre-

hensive understanding of carbonate chemistry including pressure



phenomena would be necessary before a quanitative program coul.d be

started. A considerably more elaborate procedure would probably be

necessary.

�! One method for the analysis of consolidated macrostructures

in pelitic sediments would require the following:

 a! Establish a limited catalog of unconsolidated "index"

macrostructures from known depositional envirorrments.

 b! Consolidate a number of the index macrostructures.

 c! Develop the artificial geometric models necessary for

the interpretation of the con.solidated index models.

 d! Test the artificial models developed in  c! under a

variety of consolidation conditions and changes of composition.

Using the resulting data, it may be possible to recognize

consolidated index macrostructures within a range of variations and

relate them to an environment of deposition.

Technical developments

 l! Th electro-osmotic knife is an extremely useful device for

the undisturbed handling of unconsolidated pelitic sediments. This

research project would have been nearly impossible without one. The

knife overcomes one of the major hindrances to the study of soft,

unconsolidated sedimen.ts; the inability to cut them without

distortion.

�! The Flexible Liner concept and the two corers developed

around it have proven to be successful in significantly reducing the
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amount of damage done to fxagile macrostructures in pelitic sediments.

Also, the deep water model displayed supex'ior core recovery character-

istics in areas where the sedimentary sequence includes very soft clays

adj scent to f irm layers.

�! Th hydrostatic anchor system used on the shallow water

corer may have very broad applications in the field of underwater

operations  especially for small submersibles! .

�! Electrical logging of recent sediments is not only a rapid,

non-destructive means of locating macrostructures, but also promises

to have important applications in a variety of areas of oceanography

and ocean engineering.

Conclusions

Th fallowing conclusions are based upon the results of the

performed research.

 l! Consolidation-induced changes in natural macrostructux'es of

pelitic sediments can be related to changes induced in artificial

geometric models under the following conditions:

 a! The composition of the materials making up the natural

macrostructures must be duplicated in the geometric models.

 b! The dix'ection of fluid drainage in the natural macro-

structure must be known and duplicated in the geometric model

processing.

 c! An accurate means of mapping the macrostructures must

be available.  Stereo X-ray radiography requires the existence of



of X-ray density differences between the materials involved in the

structure and the absence of any excessive X-ray density in the matrix

material.!

�! Some quanitative information may be derived from the data

gathered from this research. Caution must be exercised to insure

the identification and evaluation of all variables that may have

influenced the tes ts.

�! Th experience, methods, and techniques developed during the

course of this study could form the basis for designing a quanitative

program along similar lines.
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APPENDIX I

Stereo X-ray radiography



Introduction

The application of X-ray radiography to the study of sediments

dates back only to l962  Hamblin!. The concept i;s basically similar

to industrial radiography. A sedimentary sample is placed on a piece

of photo-sensitive film. X-radiation is allowed to pass through the

sample and onto the film. The film is exposed differentially in

response to:

�! power characteristics of the X-ray source,

�! distance from the radiation source to the sample  and film!,

�! tota1 thickness of the sample,

�! sensitivity of the film to the radiation,

 S! density differences within the sample, and

�! mineralogy of the sample.

The last two items are the independent variables of interest in

the study of sedimentary macrostructures. BOUMA �969! presents an

excellent review not only of previous work in this field but also of

the important contributions made by him on methodology and inter-

pretation.

Discussion

The use of stereo radiography opens a new avenue of approach to

the study of sedimentary macrostructures. Two important qualities

are inherent in stereo radiography; first, it is a non-destructive
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technique and second, three dimensionaL spatial relationships can be

realized within the sample. This combination is unique to stereo

radiography. The stereo radiological method used in this study

consists of making one exposure with the sample located to the left

of center of the field of radiation and another with th sample to

the right of center. The horizontal displacement across the center

point was 3.15 in,  8 cm.!. During each exposure, the portion of
the fi.lm not to be exposed was protected by a lead shield.  Pig.

AI-1!. The stereo effect was created by moving the sample between

exposures, while allowing the X-ray source to remain stationary.

The horizontal axis of displacement passed through the center of the

sample. This avoided problems involving parallax along the lang axis
of the sample cylinders. It was more convenient to move the rela-

tively small-sized samples than to relocate the energy source.

Knowledge of the exposure geometry  focal distance, 27 in.; stereo

base, 3.15 in.; target, 0.0187 in,! makes it theoretically possible

to quantitize spatial relationships within the sample by applying

basic photogrammetric techniques  SMITH, 1943!,

To insure complete coverage of the figure within a model, stereo

radiography was carried out for severaL model orientations. These
o 0 0 0i.ncluded A 8 0, 8 9 90, C 9 45, and D I 224 ~ A was established

along a plane of symmetry in the artificial models and at random in
the natural ones. The angles indicate the number of degrees the

modeL cylinder was rotated with respect to A and the verticaL.
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Fig. AI-1. Physical arrangement f or stereo X-ray radiography.
Individual models are shot first at one side of center then at the
other. Model cylinders are ballasted in quartz sand to reduce
exposure variations. Several model orientations are used to insure
complete coverage. The two sample exposure method reduces processing
time.
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The models were cylindrical and required ballasting to insure

optimum exposure.  Exposure variation occurs due to the difference

in thickness of material penetrated by the X-rays at the edge of a

cylinder as opposed to the center,! Clean, welL-sorted, fine-grained

quartz sand was used for ballast. Cardboard boxes with plexiglass

bottoms  X-ray transparent! were used to hold the sample cylinders

and ballast during exposure. The sand, filling the box to the top

of the cylinder, helped maintain the cylinder in the desired orien-

tation and brought the X-ray density across the entire sample to an

acceptable level  the sand creates a negligible pattern on the

radiographs!. To reduce the time required for radiography, a two

sample exposure system was used. This simply consists of exposing

the right stereo shot of one rrrodel simultaneously with the left

stereo shot of another.



APPENDIX II

Sample preparation by electro-osmosis
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Introduction

Preparation of both natural and artificial macrostructuze models

required a technique producing little or no mechanical distortion.

No such technique was available.

By the application of the principle of electra-osmosis, it was

possible to cut soft pelitic materials into required shapes without

distorting the incorporated macrostructures. The time required for

sample preparation was significantly reduced. Freedom fxom dis-

tortion of the structures facilitated testing and the interpretation

of the results.

Discussion

The electro-osmotic effect in clay is by no means new. QUINCKK

 l861, in KRUYT, 1952! was probably the first scientist to predict a

technical application of electro-kinetics. Several patents on the

removal of water from clay by electro-osmosis were issued in Germany

before World War II  CASAGRANDE, 194l, ANBAH, 1965!. The theoretical

aspect of electro-osmosis involves: �! a net negative electrical

charge on the clay particles, �! the existence of an electrical

double layer, �! small diameter interconnecting pores which act as

capillary tubes throughout the clay mass, and �! a d-c electrical

potential applied across the clay mass. The d-c potential forces

the interstitial fluid to migrate through the clay fram the positive

electrode ta the negative electrode. This migration was used to
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continuously lubricate the contact surface of cutting and shaping

devices during preparation of the clay samples. The electro-osmotic

effect was applied to a sediment knife, several specially shaped

cutting devices used in fabricating the geometric models and to the

ring used for cutting the samples for consolidation.  Fig. AII-1!.

It was found that a maximum of 50 vdc at 4 amps, was sufficient for

virtually all laboratory work  CHMELIK, 1967; BOUHA, 1969!. BOWLES

�968!, in preparing small clay samples for electron microscopy,

used a 1.5v dry cell and segments of a stainless steel razor blade.

A note of caution. When using high power settings, this

equipment vill unpleasantly reprimand the operator who inadvertently

becomes part of the circuit. The isolation transformer and power

relay do much to prevent accidental shock, but do nothing to insure

against operator inattentio~.
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Fig.  AII-K!. Electro-osmotic sample cutting device.
The device consists of an isolated, variable power d-c power supply
with a selection of cutting and shaping tools. All tools act as
negative electrodes.





APPENDIX III

Sampl,ing techniques - Flexible Liner corers



Introduction

Macrostructures in recently accumulated sediments are usually

very fragile and subject to distortion by sampling devices, Techni-

cally, there is no such thing as an "undisturbed" sample. The act

of taking a sample  i.e., removing an amount of material from its

natural surroundings! always intrMu es some disturbance. A limit

of tolerable disturbance is set by the nature of the investigation

involved. In the case of recent macrostructure studies, this limit

approaches zero.

Discussion

HVORSLEV �940! listed five basic types of disturbance caused

by sampling devices:

�! changes in stress conditions

�! changes in water content

�! disturbance of sedimentary structures

�! changes in thickness of sedimentary layers

�! mixing of sedimentary layers.

He also states that the primary cause of sample disturbance is the

frictional drag between the sample and the inside wall of the core

barrel  HVORSLEV, 1940, HVORSLEV and STETSON, 1946!. Many attempts

have been made to solve this problem. Piston corers, with and with-

out liners, help to some degree  KULLENBURG, 1947; EQIKG, 1955! .
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However, it is estimated that samples may be shortened by as much as

50%%u in these devices. Shortening probably takes place when a soft

layer is squeezed out from between two firmer layers. This concept

has been tentatively confirmed by this author  CHMELIK,et al., 1968! .

Flexible Liner Corer

In order to preserve fragile macrostructures in core samples,

the problem of disturbance was approached from a different viewpoirrt.

A free-falL, piston corer was designed and built util. izing a flexible

liner to minimize the effect of wall friction  Fig. AIII-1!. Stored

in the coring head, the flexible liner completely encases the sample

as it e~ters the device and prevents it from coming in contact wi.th

the inside wall of the barrel  Fig. AIII-2!.Irr addition, the liner

retards fluid loss by its relative impermeability, tends to keep the

sediment layers in place by adhesion and cohesion, and ~akes it

possible to treat the core and Liner as a single unit. Theoretically,

the "barrel" could consist of a simple arrangement of rods whose only

function would be to push the corehead into the sediments.



Fig. AIII-1. Flexible Liner Corer.
1. Core barrel

2. Piston assembly
3. Outer casing
4. Flexible Liner

5. Liner supply cylinder
6. Core catch r

7. Cutting head
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Fig. AXII-2 ~ Deep Water Flexible Liner corer.
A. Operation of Flexible Liner corer

l. lowering configuration
2. start of coring
3. corer penetrating sediments

B. Post-coring removal of core head
l. extrusion block in place
2. core head detached from barrel and moving over extrusion

rod

3. extrusion complete - block at end of rod is sealed into
end of liner
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The writer designed and constructed this flexible liner corer at

Texas A6tM University in the Spring of 1965. Later, similar devices

were developed independently by other investigators. This sequence

of events was confirmed by DR. A. M. ROSFELDER of Scripps Institution

of Oceanography  personal communication, March, 1967!.

The first modeI of the Plexible Liner corer was suitable for use

in sll depths of water.  CHMELIK,et al., 1968!. A second model was

designed and built specifically for use in the shallow water  diver

depth or less! of bays and estuaries.

Shallow Water Corer

Soft sediments found in bays and estuary-type environments

 shallow wate~; low, swampy margins! are difficult to core. The

problem is basically one of physical conditions of the local. intro-

ducing practical limits on the size and complexity of the equipment.

Th se areas are usually too shallow far ships and too wet far land

vehicles.

Shelby tubes have been successfully used but are limited in

length and diameter by the units of "effective roan-effort" available

for coring operations.  One unit of effective man-effort is defi~ed

here as the capability of a man to perform similar operations un-

encumbered by mud and/or water. This is a qualitative term used for

rough comparisons only.!



A shallow water corer was built to facilitate sampling in these

different areas  CHMEI IK, in preparation! . It was designed to meet

the following requirements:

�! independent of shipboard power

�! light enough to be handled by two men  in units of effective

man-ef f or t!

�! capable of using the ground as reference

�! take a core with the lowest disturbance tolerance possible

�! provide a mechanical means of operation using not more than.

one-half unit of effective man-effort, and

�! include a way of protecting the core while being transported

from the site.

The design requirements describe a light weight Flexible Liner

corer with a mechanical drive and an anchor system to hold it firmly

to the bottom, The problems of weight and mechanical drive were solv-

ed by using an open frame of light angle iron and two hand-cranked

winches  Pigs. AIII- 3,4!. Since th original unit was built for

use on a floating platform raft, it was convenient to mount the

winches on a light davit used to swing the corer over the side. Three

hydrostatic anchors were used to hold the corer firmly to the bottom

 CHMELIK, 1968!, These were set by opening the valves> standing on

them until they were implanted in the bottom, and then cl.osing the

valves. Release was effected by opening the valves and pulJ.ing

upward on the entire unit. No difficulty was experienced in either
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operation. A small, electrically driven centrifugal, pump was

successfulLy used to manipulate the hydrostatic anchors, but was

found to be less convenient than the manual method, This pump was

connected to the anchors via a system of hoses and valves.  Fig.

AXII-5!. With the anchors resting on the bottom, the pump moved

water out of the anchors and the hydrostatic pressure forced them

into the sediments. With the valves cLosed, each anchor had a holding

force of approximately 1,000 pounds. Release of th anchors was

accomplished by reversing the pump and forcing water into the anchors.

Once the corer was recovered, the cutting head, top fitting,

and piston. were removed from the core barrel.  Fig. AIII-6!. The

barrel, with the liner and core suspended inside, was then sealed at

the bottom and filled with local water to prevent dehydration and

lessen shock. The top was sealed and the barrel used as a container

for the protection of the core during transporting. The core barrels

were 4g ft. sections of 4 in. diameter downspout pipe. The fLexible

liners were 3 ' 5 in. in diameter. This arrangement facilitated taking

a four-foot long, 3.5 in. diameter sample.



Fig. AIII-3. Shallow water Flexible Liner corer with
hydrostatic anchors.
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Fig. AIII»4. Operation of shallow water corer.
A. Corer on bottom  anchors set!

B. Core barrel winched into sediments

C. Core barrel and sediments winched free of bottom
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Pig. AIII-5. Hydrostatic anchor principle.
A. Anchors on bottom at the start of water pump-out. Hydrostatic

pressure on top of anchors forces them into the sediments.
B. Anchors locked on bottom.
C. Release from bottom effected by pumping water into anchors.
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Fig. AII I-6. Shal Low water corer.
A. Piston assembly

1 Bail

2. Ball valve

3. Metal flange
4. Rubber gasket
5. Plywood coated with epoxy
6. Retaining bolt foz wood piston
7. Air channel

8. Hole for hanger rod
9. Wood piston  plywood!

B. Core barrel assembly
1.,2. Top mount with winch cable attachment holes
3. Four inch dia., 4$ ft. Long coze barrel
4. FLexible liner

S. Liner supply cylinder
6. Handling legs
7. Cutting head
8. Core catcher

C. Sample prepared for transport and storage
1. Sheet plastic cover
2. Hanger rod
3. Water bal 1 as t

4. Wood piston
5. S amp le
6. Core barrel

7. Bottom plug
8. Plastic cap sealing bottom of core barreL

Flexible liner is tied-off at wood piston  No, 4! and bottom
plug  No. 7!.
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APPENDIX IV

Electrical logging
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Introduction

Electrical logging  PIRSON, 1963! a geophysical technology

highly developed by the petroleum industry, has remained a reLatively

untapped source of methodology for the study of recent sediments

A few exceptions are found in the Literature. KERMABON, GEHIN,

and BLAVIER �965! relate porosity, density and electrical resisti-

vity. HUTT and BERG �966! presents a relationship between electrical

and thermal conductivity. PAUTOT �965! described a method for using

electrical resistivity logging for correlating between cores taken

from the same lacustrine area. BOYCE �967! made a number of absolute

measurements of electrical resistivity in recent marine sediment

cores. Of these investigators, only KERMABON, GEHIN, and BLAVIER

used a technique that resulted in. a set of conti~uous curves and in

situ measurements.

Continuous point resistivity and spontaneous potential logging

techniques have been developed at Texas ASM which allow both in situ

and laboratory measurements of the electrical properties of recent

sediments.  CHMELIK, et al., 1969 a, b, c, d; BOUMA, et al., 1969!

The initial results of this work indicates that quantitative relation-

ships exist betwee~ the electrical properties and other physical and
chemical properties of sediments. Correlation between core stations

and between a core and the logs taken at the same station afford a

means of tracing horizons and evaluating the quality of cores.
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Electrical logs are useful as a non-destructive means of

identifying sedimentary zones of interest in cores and in situ. Th se

zones of interest are intervals where changes in the sediments occur

and are often too subtile to easily detect by other means, Among

these zones are intervals along the core where sedimentary macro-

structures are concentrated. These concentrations show up on the

electrical logs as places where the curves are very compLex i.ndicat-

ing rapid changes in the electrical characteristics. Logging thus

makes available a means of rapidly locating probable macrostructure

zones in a core thus reducing the necessity of taking radiographs of

the en.tire core for such studies.
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APPENDIX V

Color thermography
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Introduction

Investigations on thermal properties of sediments have been

hindered by  a! lack of resolution,  b! Lack of definition, and  c!

thermal interference due to instrumentation. The application of

choLesteric liquid crystals to the study of sediment thermal properties

offers a partial solution to the problem.

Discussion

When illuminated with white light, cholesteric liquid crystal

structures scatter the light to a given irridescent color which varies

with the character of the substance, the temperature and the angle

of incidence. The liquid crystals change color through the visible

spectrum in response to changes in temperature; each color character-

istic for a given set of conditions  BROWN and SHAW, 1957!.

The color scattered by any one liquid crystal compound is unique

for a specific temperature  assuming constant lighting, etc.! and

thus allows for the quantitative measurement of temperature. Spectral

shift per unit change in temperature is nearly linear  BROWN, DIENES

and LABES, 1966!. Resolution of 20 line pairs per millimeter and a

response time of Less than one second may be expected  BROWN, 1967! .

Laboratory evaluation of liquid crystal technology as applied

to the study of macrostructuxes in recent sediments indicated that

water content and lithology effected the thermal properties to a

greater extent than anticipated  CHMELIK, 1969!, In saturated,
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porous sediments the water apparently acts as a thermal diffusing

agent and hinders the development of sharp thermal boundaries. The

exercise supports the findings of HUTT and BERG  L966! who related

thermal and electrical conducti.vities in recent marine sediments.

This relationship is based on the water content and lithology of the

material.

The initial investigation invol.ved sixteen macrostructure models,

both natural and artificial. The results indicated that the techni-

que would require elaborate laboratory equipment and complex sample

preparatio~ procedures before being applicable to this dissertation

research problem. Consequently, it was decided to temporarily

abando~ this line of investigation.


