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ExaMPLES OF “MUDSTONE EVENTS”

B Articles in professional journals and theses

B New methods of observation and measurement

B “ New territory” events — exploration of the deep
sea, the study of modern muds of a large river
system both on and offshore, systematic study
of selected modern muddy environments, etc.

_

“Communication events” — books and the

formation of speciality societies, both of which

collect, organize and disperse new ideas and
data
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15The strata here enumerated are given in the Glossary of De Re Metallica as follows :—

Coriuin terrae .. .. .. Die erd oder leim.
Saxum rubrum . .. . Rot gebirge.
Alterum item rubrum .. . Roterkle.

Argilla cinerea = .. .. Thone.

Tertium saxum e .. .. Gerhulle.

Cinerts vena .. .. - .o Asche.

Quartum saxum .. .. . Gniest.

Quintum saxum .. .. . Schwehlen.
Sextum saxum o e - Oberrauchstein.
Septimum saxum .. .. .. Zechstein.
Octavum saxum . .. .. Underrauchstein.
Nonum saxum .. .. .. Blitterstein.
Decimum saxum .. .. . Oberschuelen.
Undecimum saxum .. .. .. Mittelstein.
Duodecimum saxum .. .. .. Underschuelen.
Decimumtertium saxum .. .. Dach.
Decimumquartum saxum .. - Norweg.
Decimumquintum saxum .. . Lotwerg.
Decimumsextum saxum .. .. Kamme,

Lapis aerosus fissilis e .. Schifer

The description is no doubt that of the Mannsfeld cupriferous slates. It is of some
additional interest as the first attempt at stratigraphic distinctions, although this must not
be taken too literally, for we have rendered the different numbered * saxum * in this connection
as “stratum.” The German terms given by Agricola above, can many of them be identified
in the miners’ terms to-day for the various strata at Mannsfeld. Over the kupferschicfer the
names to-day are kamwmschale, dach, faule, zechstein, rauchwacke, rauchstein, asche. The
. relative thickness of these beds is much the same as given by Agricola. The stringers in
the 8th stratum of stone, which fuse in the fire of the second order, were possibly calcite.
The rauchstein of the modern section is distinguished by stringers of calcite, which give it at

times a brecciated appearance.
Hoover & Hoover (1950, p. 127)
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SHALE.

A tolerable hard and black Subftance, lying
moft commonly in fome Places next to the Lime-
Rock, moft of it will cut pritty well, rifingin
thin Pieces; the Joyntsin it are of a red Colour,
ar gankey, when it is funk fome fpace into it is
mixt with Binds, and when it is drawn up to the
Day, it melts and crumbles into {mall, and into
much leffer Pieces; * it is fubje® to Water,
Veins will fometimes put up into it, and bear
Ore, otherwife it {eldome fails in any confidera-
ble Vein, but there will breath up a Spar leading
in the forme of a Ribb, and probably Smuts of
Ore in it this Shale feldome requires any Tim-
ber to {upport it, it is very ftrong and Sulpher-
ous Work, and apt to breed the Ground-Damp,
without a good Wind to throw it out.

THE

Miners DICTIONARY,

By WILLIAM HOO0SON,
A Dersvcinire Miner,

Printed for the AuTnoRr, and T. Pay~e,
Bookfeller in //rexham.

MDCCXLVII,
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WHAT QUESTIONS CAN BE ASKED
OF A TIMELINE?

Many, many..... Is the rate of change of activity
dependent on world events? How are mud-
stone advances related to discoveries in other
fields? Do concepts and instruments develop at
the same rate? What is their relative impor-
tance? Was there ever a Golden Age in the
study of mudstones? Can we explain this?
How would our mudstone timeline compare to
ones for sandstones and carbonates or ones in
chemistry or physics?
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DEVELOPMENTAL STAGES

Beginnings, pre-1921: Slow, sporadic growth powered by out-
crop study supplimneted by wet chemistry, some microscopic
observation, and rare studies of modern muds. About two
events per decade. Except for paleontology, little attention to
shales

Golden Age, 1922-1939: After x-ray observations began in
1922, other methods from physics and chemistry quickly fol-
lowed and the range of observations expanded many fold
(seismic and downhole logging, crystalline structure of clay
minerals and organic geochemistry). About nine events per
decade

Modern Times, Post War World II, 1947-2008: Modern times
saw the standardization of clay mineral techniques, isotopic
studies, more studies of modern muds, many more of onshore
mudstones, deep sea drilling, sequence stratigraphy and ob-
servations from the angstrom to basin scale. Eight to nine
events per decade. Much attention to fine-grained sediments
and rocks
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On the Origin of Slaty Cleavage

By HENRY CLIFTON SORBY, F.G.S

EDINBURGH NEW PHILOSOPHICAL JOURNAL,
v.4,p. 137-148 (1853)
1826-1880

ON THE EFFECT OF THE INTERNAL
FRICTION OF FLUIDS ON MOTION OF
PENDUILUMS
BY G. G. STOKES

TRANSACTIONS OF THE CAMBRIDGE PHILOSOPHICAL SOCIETY,
v.9, p. 25-106 , (1856)

1819-1903
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Ueber einer neuen Apparat fur
Schlammanalysen

By E. SCHONE
Zeitschrift fiir Analytische Chemie
Ve 7, 19, 2C=at7 ((5LEE8)

_(ﬂ (& / ',Cl.fo/(/.()/Z' (1/(6' /({ G/Z-(l"/()/[(// © U/ /(3/6‘ C[/( ‘9( l/@rS‘

PAR M. H. LE CHATELIER

BuLrL. Soc. FRANCE MINERALOGIE,
v.10, p. 204-210 (1887)

1850-1936
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XIV.
Oas NMeer oes Kuprerschiefers
voN J. F. POMPECKI

BRANCA-FESTSCHRIFT, VERLAG GEBRUDEN BORN TRAEGER
Leirzic 1914, p. 444-494.

Insights from modern sediments (Black and Baltic Seas
plus oyster beds), role of oxygen, detailed paleontology
(vertebrates, invertebrates, and bacteria) and water circu-
lation, 60 years ahead of later widespread use

The Conditions of Black Shale Deposition as
Iffustrated by the Kupferschiefer and
Lias of Germany

BY CHARLES SCHUCHERT
PROCEEDINGS OF THE AMERICAN PHILOSOPHICAL SOCIETY,
Vor. 54, No. 218 (Auc., 1915), p.259-269.
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Golden Age, 1922
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FirsT REFLECTION EXPERIMENT IN NORTH AMERICA

M

B : {_ Aorizonts S 7 Karcher’s interpreta-
) z ;! at ) tion of his first
g i ; ; ! reflection line
&/ ‘ ’ & .r'
/Sylvan Skate /¢ 1894-1978
. ’ ’ p ; ’
4 7 ’ ‘ ’
’ s ’ &

Viola Limestone

Section on Vine Creek
J in« JOOF¢
Recoeds obtained July 22 Auy.8. 192/

INTRODUCTION TOo GEOPHYSICAL PROSPECTING
FOURTH EDITION
MirtoN B. DoBrRIN AND CARL H. Savit, 1988

Early Reflection Work The earliest experiments with the seismic reflection
method were carried out by J. C. Karcher from 1919 to 1921. To demonstrate
the potential of the method for oil exploration, he mapped a shallow reflecting
bed in central Oklahoma early in 1921. On the fiftieth anniversary of this event,
in April 1971, a monument (Fig. 1-2) was dedicated at the site where these tests
had been conducted. Karcher was present at the ceremonies. Two of the first
reflection records he shot there, as well as his interpretation of them, are shown
in Fig. 1-3. Dobrin and SaviN(1988, Fig. 1-3)
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The winch, cable and pickup truck used in the
beginnings of electrical coring at Péchelbronn near
Paris in 1927. Alluad and Martin (1977)
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THE STRUCTURE OF THE Mi1cAS AND RELATED M ATERIALS

BY LINUS PAULING
Proceedings of the National Academy of Sciences of the United States of America,
v. 16, No. 2, p. 123-129 (Feb 15, 1930)

1901-1994
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SHORTER CONTIBUTIONS TO GENERAL GEOLOGY, 1930

LitHOLOGIC STUDIES OF FINE-GRAINED UPPER CRETACEOUS SEDIMENTARY
Rocks orF THE BrLack HirLLs

By WILLIAM W. RUBEY

U.S. Geological Survey Professional Paper 165A, 54 pp.

1898-1974

TIERWELT UM UMWELT IM HUNSRUCKSCHIEFER
ZUR ENSTEHUNG EINES SCHWARZEN SCHLAMMSTEINS

By R. RICHTER

Senckenbergiana, 13,s. 229-342.(1931)

1881-1957
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CHLOROPHYLL~ UND HAMINDERIVATE IN ORGANISCHEN
MINERALSTOFFEN

By DR. ALFRED [ REIBS
ANGE‘NANDTE’. CHEM[E

(ZEITSCHRIFT UND EIGNETUM DES VEREINS DEUTSCHER CHEMIKER)
v. 49, JAHRGANG, P. 682-686. (1936)

|

I

H,C———=C, H, H,C—— 2 Hs
[ |
i / \ NJ ‘\

O

/5
HC H CH
N N //
\ N . /N
i
H,C i!CH2 H2C\C/ CH,
CH, H,
R
I R=H. Desoxophyllerythro-dtioporphyrin.
II R = COOH. Desoxophyllerythrin.
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RECENT MARINE SEDIMENTS

A SYMPOSIUM
PARKER D. TRASK, Eb.

PREPARED UNDER THE DIRECTION OF A SUBCOMMITTEE OF
THE COMMITTEE OF SEDIMENTATION OF THE DIVISION
OF GEOLOGY AND GEOGRAPHY OF THE NATIONAL
RESEARCH COUNCIL, WASHINGTON, D.C.

CARL W. CORRENS, STINA GRIPENBERG, W. C. KRUMBEIN, PH. H. KUENEN,
OTTO PRATJE, ROGER REVELLE, F. P. SHEPARD, H. C. STETSON,

PARKER D. TRASK, CHAIRMAN

MEMBERS OF THE COMMITTEE ON SEDIMENTATION

ELIOT BLACKWELDER, M. D. BRAMLETTE, CARL B. BROWN,

M. I. GOLDMAN, M. M. LEIGHTON, H. B. MILNER, F. J. PETTIJOHN,
R. DANA RUSSELL, F. P. SHEPARD, H. C. STETSON, W. A. TARR,
A. C. TESTER, A. C. TROWBRIDGE, W. H. TWENHOFEL, T. WAYLAND
VAUGHAN, C. K. WENTWORTH, PARKER D. TRASK, CHAIRMAN

AAPG/THoMAas MURBY & Co. LoNDON, 1939
736 p.
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ANALYTICAL DATA ON REFERENCE

CLAY MINERALS

By P.F. KERR, ET AL.
AMERICAN PETROLEUM INSTITUTE, PROJECT 49,
CrLAay MINERAL STANDARDS, COLUMBIA UNIVERSITY, VARIOUS PAGING, 1950

1897-1981
CLAY MINEROLOGY
BY RaLPH E. GRIM
334 p., 1953
1902-1989
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SOIL CHEMICAL ANALYSIS --
ADVANCED COURSE

BY
M. L. JACKSON

Professor of Soil Science

A manual of methods
useful for instruction and
research in soil chemistry,

physical chemistry of

soils, soil fertility,
and soil genesis

Revised from Original Edition of 1956

Procedure

2-56, Removal of Fes0s from sample.--A suitable amount of the sample,
containing 0,5 gm of extractable Fep0q or less, is placed in a 100-ml centri-
fuge tube and 40 ml of 0,3 M Na-citrate solution and 5 ml of 1 M NaHCO3 solu-
tion are added. (These soluticns can be combined ahead of time,) The tem-
perature is brought to 75 to 80°C (not more!) in a water bath, then 1 gm of
solid Nay$S,0y is added by means of a spoon, and the mixture is stirred con=
stantly for one minute and then occasionally for 5 minutes,
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THREE CRITICAL ENVIRONMENTS OF
DEPOSITION, AND
CRITERIA FOR RECOGNITION OF

Rocks DEPOSITED IN EACH OF THEM
BY JoHN LyoN RicH
GEOLOGICAL SOCIETY OF AMERICA, V. 62, p. 1-20, (1951)

1886-1956
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COASTAL-PLAIN SANDSTONES SHALLOW-MARINE MARINE
AND MUDSTONES SANDSTONES MUDSTONES

_ STAGE
FFt | TWO

=

-—

=

AN
RAPID WATER-DEPTH INCREASE FLOODS THE TOP OF PARASEQUENCE

L= T B O {7 sty ] -  —— =
3 .‘n-?. e ,_ gL 7 s 1
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i =7 -
e a l : — I~ e
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PROGRADATION PARASEQUENCE
Van Wagner et al., (1990, Fig. 4)
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EVOLUTIONARY AND ECOLOGICAL SIGNIFI-
CANCE OF OXYGEN-DEFICIENT MARINE BASINS

BY DONALD RHOADS AND JOHN W. MORSE
LETHAIA, V. 4, P. 413-428 (1970)

B1OFACIES PATTERNS IN EUXINIC BASINS:
A GENERAL MODEL

BY CHARLES W. BYERS
SEPM SpeciAL PuBricarionN, No. 25, p. 5-17 (1977)

MAIN IDEA: Mapping oxygen biofacies (relative abundance
of fossils and their traces, diversity and size gradients,
stratification, etc.) permits reconstruction of bottom con-

tours and paleodip of basins
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INITIAL REPORTS OF THE DEEP SEA
DRILLING PROJECT

A Project Planned by and Carried Out With the Advice of the
JOINT OCEANOGRAPHIC INSTITUTIONS FOR DEEP EARTH SAMPLING (JOIDES)

Volume I, Leg 1, 672 p. (1969)

Maurice Ewing; J. Lamar Worzel; Arthur O. Beall; William A. Berggren; David Burky;
Creighton A. Burk; Alfred G. Fischer; Emile A. Pessagno, Jr.

PREPARED By
NATIONAL SCIENCE FOUNDATION
UNIVERSITY OF CALIFORNIA
Scrirrs INSTITUTION OF OCEANOGRAPHY

PRIME CONTRACTOR FOR THE PROJECT
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Ewing called traditional
geologists “annoying
fellows who spend their
time poking around
trying to explain this or
that little detail. 1 keep
wanting to say, "Why
don’t you try to see
what’s making it all

happen?”
Columbia Magazine,
Winter, 2001
1906-1974
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Depositional facies of a mud shoreface in Surinam, South America
A mud analogue to sandy shallow marine deposits by .M. Rine and RN. Ginsburg

Potter et al. (2005, Fig. 5.33D)

Burrowed Mud Flat

oo 3" n T L

Shell Beach——p -

Potter et al. (2005, Fig. 5.34D)
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John Dunham, 1994

CHAPTER II - SEQUENCE STRATIGRAPHY
OF FINE-GRAINED ROCKS WITH SPECIAL
REFERENCE TO THE M ONTEREY
FORMATION

BY KEVIN M. BoHACS AND JON R. SCHWALBACH
SEPM PAciFic SECTION, V. 70, p. 7-19 (1992)
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NATURAL MASS-DEPENDENT VARIATIONS IN
THE IsoToric COMPOSITION OF MOLYBDENUM

BY BARLINGS, J., ARNoOLD G.L. AND ANBAR, A.D.

EARTH AND PLANETARY SCIENCES LETTERS,

Fi, v. 193, p. 447-457 (2001)
6in
l Possible pathway to quantitative paleoxygen gives a

number that can be checked against more qualitative
0 Sy i paleoxygen proxies in the rock record (bioturbation,
I""Oceans

ey fossil size, faunal diversity, stratification, color, pyrite

FOXiC

6oxic

Fanoxic

: l l content and types, and organics)

6anoxic

‘5in = E’oxic"' (Fanoxichin )(aanoxic‘ E’oxic)
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FiNAL THOUGHTS

Comparisons, Conclusions
Looking for The Big Ideas,
Musings...........

UNIVERSITY OF
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Hgrnicala repants an Rupferschiefdern, 1556

Hoasan defines shale, ITH7
Uaderclays necoguized by Logawn, 18540

Stabes baw, 1857

Sarnly's presidental

Thin sections address, 1550
ﬁqfunc]settg?e%r%?,'c Publication af nesalts
Sorby, 1853 af Clhallengern

Expeditian, 185857

Le Chatelier heats

clays, 1887 Stractare af mécae
Hadding uses X-rays by Pawting, 1957
to study clay minerals,

1923

Beamankers by

Schlumberger develops Trncel, 1956

downhole logging, 1927

Clays studied by electron . .
microscope, 1940 Ewuxcuce
dedcaned, 1957
Ewing improves
piston core, 1951 Tarbeidite cancept, 1950

Sea glaorn spreading sparnke
TEM, 1978 glate tectances, 1962

Orygen dependent béagacies, 1977
Seguence stratigrnapby, 1788
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PriNciPAL CONCLUSIONS

1.

Nineteen twenty two marks the great inflection point from
earlier study based on field observation, microscopic
examination and wet chemistry to the common use of
insrumental methodologies imported from physics and
chemistry

. These imports were significant, because they expanded

greatly our range of observation - if you can’t “see” or measure
something, you don’t think of it and thus can’t use it to solve a
problem

. Nineteen twenty two to 1939 was the “Golden Age” for

mudstone studies followed by renewed activity after WW 11

.Since 1922 instrumental advances have generally preceeded

analytical, conceptual, and synthesis studies

. The two world wars and the Great Depression all affected

developments in mudstone science
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