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F O R E W O R D  

The National Geophysical and Solar-Terrestrial Data Center 

serves as the data management center for the National Science 

Foundation's Seabed Assessment Program of the International Decade 

of Ocean Exploration (IDOE). The Manganese Nodule Project within 

the Seabed Assessment Program consists of a multi-institutional 

approach to the solution of basic problems concerning the origin and 

chemical composition of ferromanganese deposits of potential economic 

value. 

reports in the technical literature and thus this bibliography and 

the detailed subject index serve as one of the keys to the extant data 

in this f i e l d .  

Most of the lldata" on manganese nodules appears in research 
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PREFACE 

The compilation of this bibliography and index of literature 

pertaining to manganese nodule research has been undertaken in response 

to an awareness of the rapidly increasing volume of publications on the 

subject, and to the need for easier access to information on specific 

nodule research topics. 

encompass this broad field are those of Glasby (1972b, 1972c), and 

they appeared prior to the inception of the IDOE-NSF Ferromanganese 

Research Program. 

version of the work o f  Glasby, with a decreased emphasis on terrestrial 

manganese occurrences, and an increased emphasis on trace elements 

in the waters and sediments associated with ferromanganese deposits. 

The only bibliographies published to date which 

The present bibliography is essentially an updated 

The majority of the bibliographic entries have appeared in 

English-language publications, but we have also included all foreign 

references known to us; these are mostly German and Russian, with 

some French and Japanese entries. 

references appearing in the most widely circulated technical journals, 

the entry list is reasonably complete through 1974. 

main bibliography was completed during the early months of 1975, but 

a lag time in locating the more obscure references or in the appear- 

ance of translated versions of foreign-language papers partly accounts 

for there being fewer 1974 than 1973 entries. The addendum, completed 

in January 1976, brings the situation forward by about a year. 

Ms. Lora Hingston and Ms Wendy Triantafelo typed the manuscript 

Considering English-language 

Compilation of the 

of this work. 

meticulous dedication to such a tedious task. Ms. Ethel McAfee 

Our thanks are extended to them for displaying 
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INTRODUCTION 

Part I c o n s i s t s  o f  a l i s t i n g  of  re ferences  pe r t a in ing  t o  t h e  many 

aspec ts  of manganese nodule research ,  arranged a lphabe t i ca l ly  by author .  

There a r e  1,734 e n t r i e s ,  ranging i n  publ ica t ion  d a t e  from 1874 t o  1975. 

More than h a l f  of t h e  pub l i ca t ions  l i s t e d  have appeared i n  t h e  l a s t  decade 

( see  Table 1, a chronological  l i s t  of  t h e  frequency o f  occurrence of  

b ib l iographic  en t ry  pub l i ca t ion  d a t e s ) .  

a l t h o u g h a p r o l i f e r a t i o n  of  i n t e r e s t  i n  nodules and r epor t ing  o f  s c i e n t i f i c  

r e s u l t s  c e r t a i n l y  e x i s t s ,  many of  t h e  ca t egor i e s  of  papers only pe r iphe ra l ly  

r e l a t e d  t o  manganese nodule research  are represented p r imar i ly  by recent  

s i g n i f i c a n t  o r  review a r t i c l e s .  

But it must be pointed out  t h a t ,  

Most o f  t h e  r e c e n t l y  acquired re ferences  were loca ted  by a search o f  

t h e  more widely c i r c u l a t e d ,  and hence more r e a d i l y  a v a i l a b l e  technica l  

j ou rna l s  i n  t h e  f i e l d s  of geology and geochemistry. 

publ ished i n  Marine Geology and Deep-sea Research were a l s o  major sources  o f  

p e r t i n e n t  art icles and books. Coverage on manganese mineralogy was g r e a t l y  

improved by consul t ing  a manuscript authored by Roger G .  Burns and Virg in ia  

Mee Burns ( i n  p re s s ,  ch. 7 i n  G.P. Glasby, Marine Manganese Deposits,  E l sev ie r ) .  

The quadrennial  U.  S. r e p o r t s  t o  IUGG (Transactions,  American Geophysical 

Union, 1967, v. 48, no. 2 and 1971, v .  52,  nos. 5 and 6) suppl ied  many 

re ferences  i n  t h e  f i e l d s  o f  t r a c e  element and rad io iso tope  marine geochemistry. 

The r ecen t  bibl iography of  Wang and Quinterno (1974) furnished a number of  

re ferences  on t h e  t o p i c  of economic p o t e n t i a l  of manganese nodules.  

included i n  t h i s  bibl iography are re ferences  represent ing  a b s t r a c t s  o f  papers  

presented a t  s i g n i f i c a n t  na t iona l  meetings, p a r t i c u l a r l y  those  o f  t h e  

Geological Society of America and American Geophysical Union. 

The re ference  lists 

Also 
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TABLE 1 

FREQUENCY OF OCCURRENCE 
BIBLIOGRAPHIC ENTRY PUBLICATION DATES 

Pub l i ca t ion  Frequency 
Date of Occurrence 

1874 . . . . . . . . .  1 
1876 . . . . . . . . .  2 
1877 . . . . . . . . .  1 
1878 . . . . . . . . .  2 
1881 . . . . . . . . .  4 
1882 . . . . . . . . .  1 
1883 . . . . . . . . .  1 
1884 . . . . . . . . .  2 
1885 . . . . . . . . .  1 
1887 . . . . . . . . .  2 
1891 . . . . . . . . .  2 
1892 . . . . . . . . .  2 
1894 . . . . . . . . .  1 
1898 . . . . . . . . .  1 
1900 . . . . . . . . .  1 
1901 . . . . . . . . .  2 
1902 . . . . . . . . .  1 
1903 . . . . . . . . .  1 
1906 . . . . . . . . .  2 
1908 . . . . . . . . .  2 
1909 . . . . . . . . .  2 
1910 . . . . . . . . .  5 
1914 . . . . . . . . .  1 
1915 . . . . . . . . . .  1 
1916 . . . . . . . . .  2 
1917 . . . . . . . . .  1 
1918 . . . . . . . . .  1 
1919 . . . . . . . . .  1 
1920 . . . . . . . . .  1 
1922 . . . . . . . . .  2 
1923 . . . . . . . . .  2 
1924 . . . . . . . . .  4 
1925 . . . . . . . . .  1 
1927 . . . . . . . . .  2 
1928 . . . . . . . . .  5 
1929 . . . . . . . . .  3 
1930 . . . . . . . . .  3 
1931 . . . . . . . . .  2 
1932 . . . . . . . . .  5 
1934 . . . . . . . . .  4 
1935 . . . . . . . . .  6 

Publ ica t ion  
Date 

Frequency 
of Occurrence 

1936 . . . . . . . .  8 
1937 . . . . . . . . .  8 
1938 . . . . . . . .  4 
1939 . . . . . . . .  3 
1940 . . . . . . . .  6 
1941 . . . . . . . .  5 
1942 . . . . . . . .  6 
1943 . . . . . . . .  6 
1944 . . . . . . . .  3 
1945 . . . . . . . .  4 
1946 . . . . . . . .  2 
1947 . . . . . . . .  3 
1948 . . . . . . . .  7 
1949 . . . . . . . .  7 
1950 . . . . . . . .  12  
1951 . . . . . . . .  8 
1952 . . . . . . . .  1 2  
1953 . . . . . . . .  12  
1954 . . . . . . . . .  11 
1955 . . . . . . . .  17 
1956 . . . . . . . . .  15  
1957 . . . . . . . .  13 
1958 . . . . . . . .  17 
1959 . . . . . . . .  32 
1960 . . . . . . . .  37 
1961 . . . . . . . .  25 
1962 . . . . . . . .  39 
1963 . . . . . . . .  34 
1964 . . . . . . . .  58 
1965 . . . . . . . .  67 
1966 . . . . . . . .  87 
1967 . . . . . . . .  107 
1968 . . . . . . . .  104 
1969 . . . . . . . .  115 
1970 . . . . . . . .  146 
1971 . . . . . . . .  154 
1972 . . . . . . . .  197 
1973 . . . . . . . .  171  
1974 . . . . . . . .  79 
1975 . . . . . . . .  7 

T o t a l  number of e n t r i e s  = 1. 734 
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INTRODUCTION 

P a r t  I1 c o n s i s t s  of a sub jec t  index which is  p r imar i ly  t i t l e -keyed ,  

i . e . ,  t h e  s e l e c t i o n  of index category (or  ca t egor i e s )  f o r  each r e fe rence  

i n  t h e  bibl iographywasbased on sub jec t  information suppl ied by the  t i t l e .  

I n  many cases ,  however, indexing w a s  accomplished a f t e r  examination of 

t h e  conten ts  of a re ference .  This  was p a r t i c u l a r l y  t r u e  when a t i t l e  

was very genera l ized  or ambiguous. 

The l i t e r a t u r e  p e r t a i n i n g  t o  manganese nodule r e sea rch  has been 

a r b i t r a r i l y  subdivided i n t o  26 major,  bu t  p a r t l y  overlapping,  ca t egor i e s  

(41 s e c t i o n s  when sub-categories  are counted).  

s e c t i o n s  fol lows t h i s  In t roduct ion .  All r e fe rences  i n  t h e  bibl iography 

are c i t e d  i n  a t  least  one index s e c t i o n ,  and many are found in more than 

one sec t ion .  The s e l e c t i o n  of  index category w a s ,  of course,  a somewhat 

s u b j e c t i v e  dec is ion ,  but  i t  i s  hoped t h a t  each r e fe rence  is  l i s t e d  i n  

those s u b j e c t  areas f o r  which i t  is  a s i g n i f i c a n t  source  of observa t ions ,  

d a t a ,  o r  concepts.  

A l i s t i n g  of index 

Information suppl ied  oppos i te  t h e  au thor  l i s t  i n  the  index e s s e n t i a l l y  

c o n s i s t s  of a shortened ve r s ion  of t h e  t i t l e ,  augmented i n  many cases with 

a d d i t i o n a l  information regarding t h e  sub jec t  matter of t h e  re ference .  

Many fo re ign  t i t les ,  p a r t i c u l a r l y  German and French, are represented  by 

t r a n s l a t e d  ve r s ions  of t h e i r  t i t les  o r  conten ts .  I n  o rde r  t o  f a c i l i t a t e  

scanning of t h e  s u b j e c t  column, many commonly used words have been 

abbrevia ted ;  a l ist  of abbrev ia t ions  fol lows the  list of index s e c t i o n s .  
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STRUCTURE OF INDEX 

1 - MANGANESE NODULES--GENERAL 

2a- BIBLIOGRAPHIES 

b- SYMPOSIUMS and COLLECTIONS of PAPERS 

3 - DATA COLLECTIONS and EXPEDITION REPORTS 

4 - MARINE DISTRIBUTION and OCCURRENCE of NODULES and MANGANIFEROUS SEDIMENTS 

a- BOTTOM PHOTOGRAPHY OF NODULES 

b- PACIFIC OCEAN 

C- ATLANTIC OCEAN 

d- INDIAN OCEAN and RED SEA 

e- ANTARCTIC OCEAN 

f- ARCTIC OCEAN 

g- MEDITERRANEAN and EUROPEAN SEAS 

h- GULF of MEXICO and CARIBBEAN SEA 

i- WORLDWIDE 

5 - FRESHWATER NODULES, CONCRETIONS, and MANGANIFEROUS SEDIMENTS 
6 - SOIL NODULES and CONCRETIONS 

7 - "FOSSIL" MANGANESE NODULES 
8 - TERRESTRIAL MANGANESE OCCURRENCES 
a- MANGANESE ORE DEPOSITS 

b- MANGANESE i n  ROCKS 

9 - CHEMICAL COMPOSITION of NODULES 
10 - CHEMICAL COMPOSITION of SEDIMENTS ASSOCIATED with NODULES 

11 - CHEMICAL ELEMENTS i n  AQUEOUS SOLUTIONS 

1 2  - DISTRIBUTION, MINERALOGY, and PHYSICAL PROPERTIES of SEDIMENTS 
ASSOCIATED with MANGANESE DEPOSITS 
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13 - PETROLOGY and CHEMISTRY of ROCKS ASSOCIATED with MANGANESE DEPOSITS 

14a- MINERALOGY of MANGANESE NODULES 

b- MANGANESE MINERALS 

15 - GEOCHEMISTRY and STRUCTURE of IRON and MANGANESE OXIDES and HYDROXIDES 

16 - GEOCHEMICAL PROCESSES and ENVIRONMENTAL CONTROLS RELEVANT to Mn-NODULE 
FORMATION 

17 - FORMATION and ORIGIN of MANGANESE ACCUMULATIONS--GENERAL 

18a- MARINE METALLOGENIC DEPOSITS and FERROMANGANOAN SEDIMENTS 

b- ASSOCIATION of Mn-NODULES with SUBMARINE VOLCANICS; VOLCANIC ORIGIN 
of Mn-NODULES and NODULE METALS 

19a- BIOGEOCHEMISTRY of MANGANESE and OTHER ELEMENTS 

b- BIOLOGICAL ORIGIN of NODULES; ASSOCIATION of ORGANISMS and Mn-NODULES 

20 - INTERNAL STRUCTURE and EXTERNAL MORPHOLOGY of NODULES 

21 - RADIOGEOCHEMISTRY of NODULES; RATES of NODULE GROWTH 

22 - INSTRUMENTAL and ANALYTICAL TECHNIQUES f o r  STUDYING NODULES 

23 - COSMIC SPHERULES i n  NODULES and ASSOCIATED SEDIMENTS 

24a- ECONOMIC POTENTIAL of MANGANESE NODULES 

b- NODUZE EXPLORATION and MINING 

C- METALLURGICAL PROCESSING Of NODULES 

25 - ENVIRONMENTAL ASPECTS of NODULE MINING, PROCESSING, and UTILIZATION 

26 - LEGAL ASPECTS of OCEAN-FLOOR MINING 
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ABBREVIATIONS USED IN INDEX 

accum(s) = accumulation(s) or accumulating 

assoc(s) = association(s) or associated 

assoc/w = associated with 

At1 = Atlantic Ocean 

avg = average 

Calif = California 

chem = chemistry or chemical 

distrib = distribution 

DSDP = Deep Sea Drilling Project 

DTA = differential thermal analysis 

E = East 

electrochem = electrochemistry or electrochemical 

Equat = Equatorial 

aped = expedition 

Fe-Mn = ferromanganese 

geochem = geochemistry or geochemical 

HIG = Hawaii Institute of Geophysics 

IDOE = International Decade of Ocean Exploration 

Ind Oc = Indian Ocean 

intl = international 

Medit = Mediterranean Sea 

micronod(s) = micronodules ( 8 )  

MORB = mid-ocean ridge basalt 

N = North 

nod(s) = nodule(s) 
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Pac = Pacif ic  Ocean 

petrol = petrology or petrologic 

physiochem = physiochemistry or physiochemical 

radiochem = radiochemistry or radiochemical 

REE = rare-earth elements 

S = South 

s e d  = sediment or sedimentary 

seds  = sediments 

SEM = scanning electron microscope or microscopy 

spectrochem = spectrochemistry or spectrochemical 

s trat ig  = stratigraphy or stratigraphic 

XRD = x-ray diffraction 

W = West 
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S E C T I O N  1 

MANGANESE NODULES--GENERAL 

This section includes publications with significant coverage of several 
aspects of manganese nodule research, as well  as shorter papers with 
generalized tit les and/or contents. 



MANGANESE NODULES--GENERAL 

Abbott, 1973 

Andrews, et  a l . ,  1972 

Andrushchenko and Skornyakova, 
1970 

Anonymous, 1959 

Anonymous, 1969b 

Arrhenius, 1963 

Arrhenius, 1967 

Bender, 1970 

Blat t ,  e t  a l . ,  1972 

Bona t t i ,  - et  A, a1 1965b 

Broughton, 1972 

Buchanan, 1881 

Calvert and P r i c e ,  1970a 

Cronan, 1974 

Davin, 1972 

Davin, 1973 

Dept .  of Planning and Economic 
Development, 1972 

Dorr, 1972 

F i r t h ,  1969 

Glasby, 1970 

I n t l  cooperation; Valdivia-HIG 

Fe-Mn d e p o s i t s ;  c e n t r a l  P a c i f i c ;  
i n v e s t i g a t i o n s  

Fe-Mn nods 

Mn nods 

Mn nods and phosphor i te  

Pe lag ic  seds  

Deep-sea sedimentat ion 

Mn nods 

Sedimentary Mn nods 

Mn; ocean bottom 

Mn nods 

Mn nods; sea bottom occurrence 

Mn nods; promise and problems 

Authigenic minera ls  i n  deep-sea seds  

IDOE; resource  geology 

IDOE; Seabed Assessment Program 

Mn nod d e p o s i t s ;  P a c i f i c  

Mn formation 

Encyclopedia of marine resources  

Mn nods and a s soc  p e l a g i c  seds ;  Ind ian  
Ocean; geochem 

Goodell, 1965b Marine geology; Southern Ocean 
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Goodell, e t  a l . ,  1971 

Grabbe, 1972 

Greens la te ,  1972 

Gumbell, 1878 

Heezen and H o l l i s t e r ,  1971 

Heezen, Tharp, and Ewing, 1959 

Horn, D. R . ,  1972a 

Horn, D. R. ,  1972b 

Horn, D. R. ,  Horn, and Delach, 
1972a 

Hubred, 1975 

Kerl, 1970 

MacDonald, G. J. F., 1967 

Manheim, 1965b 

Menard, 1964 

Mero, 1960a 

Mero, 1962 

Mero, 1965 

Mero, 1966c 

Morgens t e i n  , 197 3b 

Murray, J . ,  1876 

Murray, J. and I r v i n e ,  1894 

Murray, J. and Lee, 1909 

Murray, J.  and Renard, 1891 

Fe-Mn depos i t s ;  Pac i f ic -Antarc t ic  
region 

Mn nod depos i t s ;  P a c i f i c ;  assessment 
workshop 

P a c i f i c  nods; Scr ipps d a t a  

Occurrence of Mn nods on ocean bottom 

Ion by ion  

F loors  of t he  oceans 

Fe-Mn depos i t s ;  ocean floor 

Deep-sea Mn depos i t s ;  worldwide d i s t r i b  
and m e t a l  content: 

Fe-Mn depos i t s ;  world ocean 

Deep-sea Mn nods: review of l i t e r a t u r e  

Mn nods; ocean f l o o r ;  p r o p e r t i e s ,  
occurrence,  and o r i g i n  

What's i n  t h e  ocean 

Fe-Mn accums; shallow marine 

P a c i f i c ;  marine geology 

Minerals ; ocean f l o o r  

Mn nods; ocean f l o o r  

Mineral resources; sea 

Mn nods; deep sea 

Mn nods; o r i g i n  and d i s t r i b ;  P a c i f i c  

Specimens; sea bottom 

Mn oxides  and Mn nods; marine depos i t s  

Depth and marine depos i t s ;  P a c i f i c  

Mrt nods; HMS Challenger 
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Okada and Shima, 1970 

Pe t t e r s son ,  1945 

P r i c e ,  1967 

Ri ley  and Chester ,  1971 

Schweisfurth,  1971 

Seabed Assessment Program, 1972 

Seabed Assessment Program, 1973 

Skornyakova and Andrushchenko, 
1964 

Takebayashi, 1972 

Thomson, 1874 

UNESCO, 1970 

Varentsov, 1964 

Varentsov, 1971 

Wilckens, 1972 

Xavier, 1971 

Zenkovitch and Skornyakova, 1961 

Mn nods 

Fe and Mn; ocean f l o o r  

Mn-Fe nods; geochem observa t ions ;  
d i f f e r e n t  depth environments 

Marine chem; in t roduc t ion  

Mn nods; ocean 

Fe-Mn depos i t s ;  ocean; r e sea rch  

Fe-Mn depos i t s ;  ocean; research  

Fe-Mn nods; P a c i f i c  

Japan; p re sen t  a c t i v i t i e s  i n  marine 
sc i ence  and technology 

Nature of sea bottom, HMS Challenger 

Oceanic exp lo ra t ion  and research;  
programme o u t l i n e  

Mn o re s ;  sedimentary 

Mn nods and c r u s t s ;  formation; Recent 
bas ins  

Federa l  Republic of Germany; ac t iv i t i e s  
i n  marine sc i ence  and technology 

Mn nods i n  t h e  oceans 

Fe and Mn; ocean bottom 

148 



S E C T I O N  2 

a - BIBLIOGRAPHIES 

This section lists only those publications that are exclusively biblio- 
graphies. Extensive bibliographies on various aspects of manganese 
research can be found a t  the end of many publications. 

b - SYMPOSIUMS AND COLLECTIONS OF PAPERS 

This section lists references that are either symposium proceedings or 
collected reports on nodule research. 



BIBLIOGRAPHIES 

Battelle Memorial Institute, 
1971 

Glasby, 1972b 

Glasby , 1972c 

Koers, 1970 

Wang and Quinterno, 1974 

Selected annotated bibliography: 
environmental disturbances of concern 
to marine mining 

Bibliography; Mn nods; marine 

Bibliography; Mn nods; marine; addendum 

Bibliography, 1960-1970; debate on 
legal regime for exploration and 
exploitation of ocean resources 

Bibliography on world subsea mineral 
resources (1970-1972) 
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SYMPOSIUMS ANTI COLLECTIONS OF PAPERS 

Andrews, e t  a l . ,  1972 

Dept. of Planning and Economic 
Development, 1972 

Dorr, 1972 

Horn, 1972a 

I n t e r n a t i o n a l  G 
1956 

Kruppa, 1973 

1 g i c  Congr s,  

Morgenstein, 1973b 

Riley and Skirrow, 1965a,b 

Seabed Assessment Program, 1972 

Seabed Assessment Program, 1973 

Fe-Mn depos i t s ;  c e n t r a l  P a c i f i c ;  
i n v e s t i g a t i o n s  

Mn nod depos i t s ;  P a c i f i c  

Mn formation; r e p o r t  on t e c h n i c a l  
s e s s i o n s  

Fe-Mn depos i t s ;  ocean 

Mn depos i t s ;  symposium 

In terocean  '73, 6 s s e l d o r f  

Mn nods; o r i g i n  and d i s t r i b ;  P a c i f i c  

Chemical oceanography 

Fe-Mn depos i t s ;  ocean; r e sea rch  

Fe-Mn d e p o s i t s ;  ocean; r e sea rch  
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S E C T I O N  3 

DATA COLLECTIONS AND EXPEDITION REPORTS 

This section lists publications that are either primarily data compilations 
or are spec i f ica l ly  t i t l e d  as expedition reports. 



DATA COLLECTIONS AND EXPEDITION REPORTS 

Agassiz, 1901 

Agassiz, 1906 

Andrews and Meylan, 1972 

Andrews, et al., 1973 

Andrews, Callender, et al., 
1974 

Anonymous, 1971d 

Beiersdorf and Bungenstock, 1973 

Berritt and Rotschi, 1956 

Bezrukov, 1963 

Bezrukov, 1969 

Bezrukov, 1971b 

Blazhchishin and Yemel'Yanov, 
1969 

BGggild, 1916 

BostrGm, 1970c - 

Buchanan, 1876 

Crulckshank, 1972b 

Frazer, J. Z. and Arrhenius, 
1972 

Albatross expedition 

Albatross expedition 

-- Kana Keoki 72-Mn cruise; bottom 
photography 

HIG data banks; Mn; hydration-rind 
dating 

-- &ana Wave cruise Mn 74-01; Fe-Mn 
deposits on ocean floor; NE Equat 
Pacific 

Akademik Kurchatov; 1968 and 1969 

Seismic reflection for Mn nod 
exploration with Valdivia; NE Equat 
Pacific 

Cores from central and west Equat 
Pacific; chem analyses; Swedish Deep- 
Sea Expedition 

Vityaz 35th cruise; Indian Ocean 

Vityaz 43rd cruise; central Pacific 

Vityaz 48th cruise; Pacific; May-Sept. 
1970 

Professor Dobrynin; Baltin 

Siboga Expedition; ocean-bottom samples 

Eltanin cruise 39 

Chem and geological work done on 
board HMS Challenger 

Compilation of station positions and 
analyses of Mn nods in table form 

Fe-Mn nods; worldwide distrib; Pacific 
element concentrations 
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Greenslate, 1972 

Greenslate, et al., 1972 

Heady, 1967 

Hidaka, 1966 

Hinz and SchlGter, 1973 

Holm, 1887 

Horibe, 1970 

Horn, D. R., Horn, and Delach, 
1972b 

Jacobs, et al., 1970 

Jacobs, et al., 1972 

Kaneshima and Yonahara, 1970 

Kollwentz, 1973a,b 

Kuenen, 1942 

Meyer, 1973a,b 

Meylan, et al., 1975 

Murray, J., 1885 

Pacific nods; Scripps data 

Chem mapping; ocean floor; 
computerized data bank 

Marine Mn nods; collection and analysis 

Intl Indian Ocean Expedition; Japan 
participation 

Valdivia cruise Manganknollen I; 
Equat Pacific; results of seismic 
reflection measurements 

Oversigt over Bundskrabninger udf &te 
paa Dilmphna, 1882; Kara Sea 
concretions 

Hakuho Maru - cruise KH-68-4; Southern 
Cross cruise 

Fe-Mn deposits; North Pacific 

Eltanin cruises 32-36, 1968 

Eltanin cruises 42-46, 1970 

8th Japanese Antarctic Research 
Expedition; Fe and Mn in particulate 
matter; surface water 

Exploration methods and techniques- 
experiences; Valdivia 

Snellius expedition; geological 
results: bottom samples 

Valdivia cruises 1972/73; NE Equat 
Pacific; surface sed and Mn nod 
facies 

Tangaroa; Mn nod investigations; 1974; 
SW Pacific Basin 

Specimens of bottom deposits collected 
by Blake, 1877-1880; report 

Murray, J. and Philippi, 1908 Deutschen Tiefsee-Expedition 

Murray, J. and Renard, 1891 HMS Challenger; Mn nods 
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National Oceanographic Data 
Center, 1971 

Neeb, 1944 

Nordenskigld, 1881 

Pratt and Thompson, 1962 

Revelle, 1944 

Richter and SchlGter, 1973 

Riedel, 1962 

Rossolimo, 1923 

Schultze-Westrum, 1973a,b 

Stevenson and Stevenson, 1970 

Takeda, 1974 

Thomson, 1874 

Thoulet, 1910 

Tornoda, 1968 

Veber, 1908 

von der Borch and Rex, 1970 

von der Borch, et&, 1971 

Listing of bottom surface sed 
samples with Mn described 

Snellius expedition, bottom samples 

Voyage of Vega round Asia and Europe; 
Kara Sea concretions 

Atlantis cruises 280-281, Woods Hole 

Seventh Carnegie cruise; Pacific; 
marine bottom samples 

Valdivia exploration for Mn nods; 
1973; seismic reflection survey 

PROA expedition, ship-board geological 
report 

Zhurnal dragirovok i planktonnykh 
lovov ekspeditsii Institute 1921 goda 

Station and cruise pattern of Valdivia 
in relation to the variability of Mn 
nod occurrences; NE Equat Pacific 

Mn nods from Challenger Expedition at 
Redpath Museum 

Investigations of deep sea mineral 
resources; NW Pacific 

HMS Challenger; nature of sea bottom 

Lithologic study of bottom collection 
from near Novaya Zemlya 

Hakuho Maru cruise KH-68-3 

Iz ekspeditsii Ermaka v 1901 godu 

DSD5 Leg 5; amorphous Fe-oxide 
precipitates 

DSDP Leg 8; Fe-rich seds 

156 



S E C T I O N  4 

MARINE DISTRIBUTION AND OCCURRENCE OF NODULES AND MANGANIFEROUS SEDIMENTS 

a - BOTTOM PHOTOGRAPHY OF NODULES 

This s e c t i o n  con ta ins  pub l i ca t ions  on deep-sea photographic s t u d i e s ,  as 
w e l l  as r e fe rences  conta in ing  a s i g n i f i c a n t  number of bottom photographs 
of nodules. 

b - PACIFIC OCEAN 

This s e c t i o n  inc ludes  a r t i c l e s  on ferromanganese accumulations of t h e  P a c i f i c  
Ocean_, as well as those  of smaller seas adjacent  t o  t h e  P a c i f i c .  

c - ATLANTIC OCEAN 

This s e c t i o n  con ta ins  a r t i c l e s  dea l ing  p r imar i ly  with ferromanganese 
accumulations of t h e  Mid-Atlantic Ridge and Blake Plateau. Pub l i ca t ions  
on t h e  S c o t i a  Sea are l i s t e d  under Sec t ion  4e. Reports on t h e  Gulf of 
Mexico and Caribbean Sea are l i s t e d  i n  Sec t ion  4h. 

d - INDIAN OCEAN AND RED SEA 

This s e c t i o n  lists art icles on ferromanganese accumulations of t h e  Indian  
Ocean and Red Sea, inc luding  c o n t i n e n t a l  margin occurrences.  



e - ANTARCTIC OCEAN 

This section contains reports on ferromanganese deposits found in the high 
southern latitudes of the Pacific, Indian, and Atlantic Oceans. 

f - ARCTIC OCEAN 

Publications listed in this section deal primarily with ferromanganese 
deposits found in the shallow seas bordering European Russia. 

g - MEDITERRANEAN AND EUROPEAN SEAS 

Publications listed in this section deal primarily with ferromanganese 
deposits of the Baltic Sea, the Black Sea, and the shallow Arctic Seas of 
European Russia. 

h 9 GULF OF MEXICO/CARIBBEAN SEA 

This section contains articles dealing with ferromanganese deposits of the 
Gulf of Mexico and Caribbean Sea, as well as those of some adjacent islands 
and coastal areas. 

I - WORLDWIDE 

This section contains reports that encompass ferromanganese deposits of all 
the major ocean basins, as well as articles with generalized titles and 
contents. 
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BOTTOM PHOTOGRAPHY OF NODULES 

Andrews and Meylan, 1972 

Ewing and MOUZO, 1968 

Ewing, D. Horn, ,et al., 1971 

Ewing, Sullivan, e t  al., 1971a 

Ewing, Sullivan, et al., 1971b 

Glasby, 1973a 

Goodell, 1964 

Goodell, 1965b 

Heezen and Hollister, 1971 

Jacobs, et al., 1970 

Jacobs, et al., 1972 

Koegler, 1972 

Laughton, 1967 

Menard and Shipek, 1958 

Moore, J. G. and Fiske, 1969 

Patterson, 1972 

Pratt, 1967 

Shipek, 1970 

Central Pacific; Kana Keoki cruise 
72-Mn 

North Atlantic; oldest known outcrops; 
bottom photos 

Mn nods on ocean floor; photographs 

Atlantic; Mn nods and crusts; surface 
distrib 

Pacific; Mn nods and crusts; surface 
dis tr ib 

Carlsberg Ridge, Mn nods and 
lebensspuren 

Drake Passage, Scotia Sea, South 
Sandwich Trench; Eltanin 

Southern Ocean; marine geology; 
El tanin 

Ion by ion 

Eltanin cruises 32-36 

Eltanin cruises 37-39 

Deep-sea Mn nods; surface concentrations 

Carlsberg Ridge; underwater photography 

Pacific; Mn nods; surface concentrations 

Hawaii; volcanic substructure; dredge 
samples and photos 

Mn deposits in deep water; inspection of 

Seamounts; photography of 

East Pacific; deep-sea floor; photos 
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PACIFIC OCEAN 

Amos, e t  al . ,  1973b E Equat Pac; environmental oceanography; 
deep-sea mining 

Andrews, 1971 N Pac; f r a c t u r e  zones; t r a n s c u r r e n t  
f a u l t i n g  

Andrews, 1972 

Andrews and Meylan, 1972 

H a w a i i ;  d i s t r i b  of Mn nods 

Cen t ra l  Pac; Kana Keoki c r u i s e  72-Mn; 
bottom photography 

-- 

Andrews and Meylan, 1973 Equat Pac; bathymetry and Mn a c c r e t i o n  

Andrews, Callender,  et  a l . ,  
1974 

NE Equat Pac; Fe-Mn d e p o s i t s  on ocean 
f l o o r ;  Moana Wave c r u i s e  Mn 74-01 -- 

Andrushchenko and Skornyakova, 
1967 

Pac; Mn nods; composition, s t r u c t u r e  
and f e a t u r e s  of formation 

Andrushchenko and Skornyakova, 
1969 

S Pac; Fe-Mn concre t ions ;  t e x t u r e  and 
mineral  composition 

Anonymous, 197 l a  H a w a i i ;  Mn depos i t  

Anonymous, 1971b H a w a i i ;  Mn of f  Kauai 

Anonymous, 1971c Kauai Channel; Mn nods 

Anonymous, 197 l g  Pac;  Mn nods; deep-sea 

Anonymous, 197 l h  Pac (and Ind Oc); phosphor i te  and Mn 
nod d i s t r i b  

Anonymous, 19711 

Anonymous, 1971 j 

Beiersdorf  and Bungenstock, 1973 

Mexico, w e s t  coas t ;  dredged b a s a l t  

H a w a i i ;  Mn d e p o s i t  

NE Equat Pac; seismic r e f l e c t i o n  for 
Mn nod exp lo ra t ion  wi th  Vald iv ia  

Bender, Broecker, e t  al., 1970 E Pac R i s e ;  Mn and r e l a t e d  elements; 
accum rate i n  seds  

Bender, Broecker, e t  al., 1971 

Bezrukov, 1960 

E Pac Rise; geochem of cores  

NW Pac; sedimentat ion 

160 



Bezrukov, 1969 

Bezrukov, 1971a 

Bezrukov, 1971b 

Bezrukov, 1972 

Bischoff and Sayles,  1972 

Bona t t i ,  1966 

Bona t t i ,  1967 

Bona t t i  and Joensuu, 1966 

Bona t t i  and Joensuu, 1967 

Bostrgm, 1970e 

B o s t r k  and F i s h e r ,  1969 

Bostrb'm and Peterson, 1966 

B o s t r k  and Pe terson ,  1967 

BostrGm and Peterson, 1969 

BostrGm, Pe terson ,  et a l . ,  1968 

Bramlette, e t  a l . ,  1959 

Burk, 1973 

Caldwell, 1971 

Chaynikov, 1969 

Cherdyntsev, e t  a l . ,  1971 

Conolly, 1969 

Cen t ra l  Pac; 43rd c r u i s e  of Vityaz 

Pac; geologic s t r u c t u r e  and minera l  
resources  

Pac; 48th c r u i s e  of Vityaz 

S Pac; sedimentat ion 

Bauer Depression, E Pac Rise;.Recent 
marine seds ;  pore f l u i d  and 
minera logica l  s t u d i e s  

Pac; vo lcanic  minera ls  i n  p e l a g i c  sed 

S Pac; mechanism of deep-sea volcanism 

S Pac; Fe depos i t ;  deep-sea 

S Pac; deep-sea Fe d e p o s i t s  

E Pac R i s e ;  o r i g i n  of Fe-rich sed 

E Pac; d i s t r i b  of mercury i n  sed 

E Pac Rise; p r e c i p i t a t e s  from 
hydrothermal exha la t ions  

E Pac R i s e ;  hydrothermal exha la t ions  
and p o s s i b l e  ore-forming processes  

E Pac Rise; Al-poor Fe-Mn seds ;  o r i g i n  

E Pac (and Ind Oc); o r i g i n  of 
anomalous seds  i n  areas of high-heat 
flow 

Eniwetok; anomalous sed depos i t i on  

SW Pac; mineral  resources  of t h e  oceans 

Deep Sea Ventures readying i ts  a t t a c k  
on P a c i f i c  nods 

Pac; source of Mn i n  sed 

Pac; Mn nods; o r i g i n  based on 
r ad io i so tope  d a t a  

W Tasman Sea; sea f l o o r  
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Cook, 1971 

Cronan and Garrett, 1973a 

Cronan and Garrett, 1973b 

Cronan and Tooms, 1967a 

Cronan and Tooms, 1969 

Cronan, Van Andel, - et .* a1 1972 

Dasch, Diamond, and Heath, 1971 

Dasch, Heath, and Dymond, 1971 

D i e t z ,  1955 

Dymond, e t  a l . ,  1972 

Dymond, e t  al . ,  1973 

Dymond, et al . ,  1974 

Ehr l i ch ,  H., e t  a l . ,  1972 

Eklund, 1974 

Ewing, Sokolsky, and Aitken, 
1968 

Ewing, Su l l ivan ,  e t  a l . ,  1971b 

Fein and Morgenstein, 1972, 1973 

Ferguson and Lambert, 1972 

Equat Pac; Fe and Mn-rich seds  over 
b a s a l t  basement 

E Pac; element p a r t i t i o n  i n  b a s a l  
m e t a l l i f e r o u s  seds  

Pac; d i s t r i b  of elements i n  
m e t a l l i f e r o u s  seds;  DSDP 

Pac; Mn nods i n  sed 

Pac (and Ind Oc); geochem of Mn and 
p e l a g i c  d e p o s i t s  

E Equat Pac; Fe-rich b a s a l  sed 

E Pac R i s e ;  m e t a l l i f e r o u s  sed ;  
i s o t o p i c  a n a l y s i s  

E Pac Rise; i s o t o p i c  a n a l y s i s  of 
m e t a l l i f e r o u s  sed  

NE Pac; Mn d e p o s i t s  

E Pac Rise and DSDP; m e t a l l i f e r o u s  
seds ;  chem, i s o t o p i c  and minera logica l  
s tudy  

E Pac Rise; m e t a l l i f e r o u s  seds ;  
e lemental  and i s o t o p i c  geochem 

Pac; o r i g i n  of m e t a l l i f e r o u s  seds  

A t 1  and Pac; d i s t r i b  of microbes in 
Mn nods 

Bauer Deep; m e t a l l i f e r o u s  s e d  
components; microprobe s tudy  

N Pac; d i s t r i b  of Mn nods 

Pac; d i s t r i b  of Mn nods and c r u s t s ;  
bottom photos 

H a w a i i ;  microprobe a n a l y s i s  of Mn 
c r u s t s  

New B r i t a i n ;  vo lcan ic  exha la t ions  and 
m e t a l  enrichments 
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Fewkes, et al., 1974 

Firth, 1969 

Fisher, D. E. and Bostrsm, 1969 

Fomina, 1962 

Foster, 1972 

Frazer, J. Z. and Arrhenius, 
1972 

Friedrich, et al., 1973 

Friedrich, et al., 1969 

Glagoleva, 1971 

Glagoleva, 1972 

Glasby, 1972a 

Glasby, 1974a 

Glasby , Meylan, and Bgcker , 
1974 

Glasby, Backer, et al., 1974 

Goldberg and Arrhenius, 1958 

Goldberg and Koide, 1958 

Goncharov, et al., 1973 

Grabbe, 1972 

Greenslate, 1972 

Pac; Cu-Ni rich segregations in Mn 
nods 

Pac (and worldwide); marine resources 

E Pac Rise; uranium-rich seds 

SW Pac; oxidative-reductive processes 
in sed 

Baja California, growth of Mn nods 

Pac (and worldwide); Fe-Mn nod 
distrib and composition 

NE Equat Pac; deep sea Mn nods; 
geochem investigation on board 
Valdivia; application of EDX-technique 

Pac; Mn-concretions; micro-studies 

NW Pac; chem of Fe-Mn nods 

NW Pac; Fe-Mn concretions in seds; 
characteristics of changes in chem 
composition 

SW Pac; Mn deposits 

S Pac; exploitation of Mn nods 

SW Pac Basin; distrib and morphology 
of Mn nods 

SW Pac near New Zealand; extensive 
Mn nod province discovered 

Pac; chem of pelagic seds 

Pac; ionium-thorium chronology; deep- 
sea seds 

Pac; investigation of Fe-Mn 
concretions by nuclear magnetic 
resonance 

Pac; Mn nod deposits 

Pac; Scripps data; nods 

163 



Greens la te ,  e t  a l . ,  1973 Pac; o r i g i n  and depos i t i on  of 
s e l e c t e d  t r a n s i t i o n  elements i n  seabed 

G r i l l ,  - e t  2, a1 1968a B r i t i s h  Columbia; f j o r d ;  t odorok i t e  i n  
Mn nod 

G r i l l ,  e t  a l . ,  1968b 

Hamilton, 1956 

Hamilton and Rex, 1959 

B r i t i s h  Columbia, Jervis I n l e t ;  Mn nod 

Mid-Pac; sunken i s l a n d s  

Sylvania  Guyot; lower Eocene 
phosphatized Globiger ia  ooze 

Hartmann, -- et  a l . ,  1973 Pat seds;  geochem and soil-mechanical 
i n v e s t i g a t i o n s  

Heezen, Glass, and Menard, 
1966a, b 

Manihiki P la teau  

Herzer,  1970 Bowie Seamount; geology of 

Herzer, 1971 Bowie Seamount 

Hinz and SchlGter,  1973 Equat Pac; Vald iv ia  c r u i s e  
Manganknollen I; r e s u l t s  of se i smic  
r e f l e c t i o n  measurements 

H o l l i s t e r ,  -- et a l . ,  1974 Samoan Passage; cur ren t -cont ro l led  
abyssa l  sedimentat ion 

Holmes, Goodell, and Osmond, 
1967 

S Pac; geochronology 

S Pac ( A n t a r c t i c ) ;  geochronology of 
E l t a n i n  cores  

Holmes, Osmond, and Goodell, 
1966 

Horn, D. R . ,  1972b Pac (and worldwide); d i s t r i b  and 
metal conten t  of Mn d e p o s i t s  

Horn, D. R. ,  Horn, and Delach, 
1972b 

N Pac; Fe-Mn d e p o s i t s  

Horn, D. R., Horn, and Delach, 
1973a, b 

NE Equat Pac; Cu and N i  conten t  of 
ocean Fe-Mn d e p o s i t s ;  r e l a t i o n  t o  
p r o p e r t i e s  of s u b s t r a t e  

Horn, D. R . ,  Horn, and Delach, 
1974 

Equat Pac; N i -  and Cu-rich nods 

Horn, D. R. ,  Ewing, e t  a l . ,  
1971b 

Pac; d i s t r i b  of Mn nods (based on 
cores)  
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Horn, D. R. ,  Ewing, e t  a l . ,  S Pac; d i s t r i b  of Mn nods and c r u s t s  
1972b (based on cores  and dredges) 

Horn, D. R . ,  Ewing, -- e t  a l . ,  
1972c 

Hrynkiewicz, e t  a l . ,  1970a, b 

Hrynkiewicz, et a l . ,  1972b 

Hubred, 1970b, c 

Kaufman and Siapno, 1972 

Koster ,  1966 

Lalou, De l ib r i a s ,  e t  a l . ,  1973 

Landmesser and Morgenstein, 1973 

Lonsdale, Normark, and Newman, 
1972 

Lonsdale, Southard,  and 
Hol l i s te r ,  1971 

Lueschow and Kra f t ,  1973 

Macdonald and Murray, 1973 

Mark, 1972 

Menard, 1960 

Menard, 1964 

Menard and Shipek, 1958 

Meyer, 1973a, b 

Meylan, e t  a l . ,  1975 

N Pac; d i s t r i b  of Mn nods and c r u s t s  
(based on cores  and dredges) 

Pac; Fe-Mn nods; Mksbauer e f f e c t  

Pac; Mksbauer e f f e c t  a n a l y s i s  of 
Fe-Mn nods 

Pac; abyssa l  h i l l ;  Mn nods; morphology 
and t r a n s i t i o n  metals 

Pac; Mn nod d e p o s i t s  

Pac-Antarctic Ridge; seds and sed 
h i s t o r y  

Pac; C14 a t  cen te r  of two Mn nods; 
C14 and Th230 ages of t h e  nods 

Hawaiian Archipelago; Mn depos i t s ;  
survey and mapping 

Horizon Guyot; sedimentation and 
e ros ion  

N Pac; e ros ion  of red c l ay ;  flume 
s tudy 

Pac; Mn nods; nondispersive x-ray 
s p  ec tr ome t r y 

B r i t i s h  Columbia f i o r d  ( J e r v i s  I n l e t ) ;  
sedimentation and Mn concre t ions  

H a w a i i ;  nods 

E Pac; consol idated s l a b s  on ocean 
f l o o r  

Pac; geology 

Pac; su r f ace  concent ra t ions  of Mn nods 

NE Equat Pac; su r face  sed and Mn nod 
f a c i e s ;  Valdivia  c r u i s e s  1972173 

SW Pac Basin; Tangaroa Mn nod 
i n v e s t i g a t i o n s  
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Moore, J. G. and Fiske, 1969 Hawaii, volcanic substructure (from 
dredge and photos) 

Moore, T. C., 1970 

Moore, T. C. and Heath, 1966 

Morgenstein, 1967 

Morgenstein, 1969 

Morgenstein, 1972a 

Morgenstein, 1972c 

Morgenstein, 1973a 

Morgenstein, 1973b 

Morgenstein and Andrews, 1971 

Mudie and Grow, 1972 

Murata and Erd, 1964 

Murdmaa, et al., 1972 

Murray, J. and Lee, 1909 

Nayudu, 1965a 

Nayudu, 1965b 
- 

Niino, 1955 

Central Equat Pac; sed and stratig 
of abyssal hills 

Central Pac; Mn nods; topography and 
thickness of sed 

Society Ridge; scoriaceous deep-sea 
sed 

Pac (and Atl); palagonite in deep-sea 
sed 

Hawaii, Waho Shelf; Mn accretion at 
sediment-water interface 

Hawaii, Waho Shelf; sed diagenesis 
and rates of Mn accretion 

Hawaii; sed diagenesis and rates of 
Mn accretion 

Pac; origin and distrib of Mn nods 
and prospects for exploration 

Hawaii; Mn resources 

Pac; topography of abyssal hills in 
Mn nod province 

Mohble Guadalupe Site; composition of 
seds 

Pac; volcanogenous clastic rocks 

Pac; depth and marine deposits 

Mendocino Fracture Zone; submarine 
volcanics and seds; petrology 

Pac (and Atl); palagonite and Mn- 
crusts; petrol and chem studies 

Japan, Izu Islands; Mn nod and 
Perotrochus; dredged 

Niino, 1959 Japan, Mn nods 
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Nikolayev and Yefimova, 1963 Pac (and Ind Oc); age of Fe-Mn 
concre t ions  

Pac; Mn minera ls  i n  Fe-Mn nods 
dredged from seamounts 

Nohara, 1972 

Okada and S h i m ,  1969 Sea-floor Mn nod; comparison wi th  nod 
from core  

Park, 1972 

Payne and Conolly, 1972 

Pac Basin; Fe o r e  d e p o s i t s  

Tasman Sea; P l e i s tocene  Mn pavement 
production; Mn o r i g i n  

P ipe r ,  1971 E Pac Rise; d i s t r i b  of trace elements 
i n  seds  

P i p e r ,  1972 

P i p e r ,  1973c 

Pac; REE i n  Mn nods 

E Pac Rise; o r i g i n  of m e t a l l i f e r o u s  
seds  

Pac; Fe-Mn nods; composition r e l a t i o n  
t o  sed accum rates 

P r i c e  and Calver t ,  1970 

Raab, 1972 Pac; Mn nods; phys ica l  and chem 
f e a t u r e s ;  nod genes is  

Pac; marine bottom samples c o l l e c t e d  
by seventh Carnegie c r u i s e  

Revelle,  1944 

Revelle,  e t  a l . ,  1955 Pac; d i s t r i b  and chem composition of 
sed 

Rex, 1967 Marshall I s l ands ,  Sylvania Guyot; 
au th igen ic  si l icates 

Riede l ,  1962 PROA expedi t ion ;  ship-board geo log ica l  
r e p o r t  

Ri ley  and Sinhaseni ,  1958 Pac; chem composition of Mn nods 

Rozanov, e t  a l . ,  1972 

Rydell ,  e t  a l . ,  1974 

NW Pac; forms of Fe and Mn i n  seds  

E Pac R i s e ;  pos tdepos i t i ona l  i n j e c t i o n s  
of uranium-rich s o l u t i o n s  i n t o  seds  

Sayles  and Bischoff ,  1973 

Schatz,  1971 

Equat E Pac; Fe-Mn seds  

Pac; Mn nods, sampling and occurrence 
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Schultze-Westrum, 1973a, b NE Equat Pac; s t a t i o n  and c r u i s e  
p a t t e r n  of Valdivia;  r e l a t i o n  t o  
v a r i a b i l i t y  of Mn nod occurrence 

Mid-Pac; Mn nods from deep-sea core  S h i m  and Okada, 1968 

Shipek, 1960 E Pac; photographic study of deep-sea 
f l o o r  

Skornyakova, 1960 NE Pac; Mn concret ions i n  seds 

Skornyskova, 1965 Pac; Fe and Mn i n  seds 

Skornyakova, 1966 Pac; Fe and Mn i n  seds 

Skornyakova and Andrushchenko, 
1964 

Pac; Fe-Mn nods 

Skornyakova and Andrushchenko, 
1968 

Cent ra l  S Pac; Fe-Mn nods 

Skornyakova and Andrushchenko, 
1971 

Pac; morphology and s t r u c t u r e  of Fe-Mn 
nods 

Skornyakova and Andrushchenko, 
1974 

Pac; Fe-Mn concre t ions  

Skornyakova and P e t e l i n ,  1967 S Pac; seds 

Skornyakova and Zenkevich, 1961 Pac; d i s t r i b  of Fe-Mn nods i n  top 
l a y e r s  of depos i t s  

Skornyakova, et a1., .1962 

Somayajulu, e t  a l . ,  1971 

Pac; chem composition of Fe-Mn nods 

Equat Pac; Mn nods and assoc  seds;  
rates of accum 

Sorem and Fos te r ,  1969 West of Baja C a l i f ;  Mn nods growth 
h i s t o r y  

Okhotsk; volcanic  e f f e c t  on geochem 
of marine depos i t s  

Strakov and Nesterova, 1968 

Summerhayes, 1967a 

Summerhayes, 1967b 

SW Pac; Mn nods 

New Zealand; economic mineral  
depos i t ion  

Takeda, 1974 NW Pac; i n v e s t i g a t i o n s  of deep sea 
mineral  resources  
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Tins l ey ,  19 7 3 

Volkov and Fomina, 1973 

Volkov, Rosanov, and Sokolov, 
1971 

von de r  Borch and Rex, 1970 

von d e r  Borch, e t  a l . ,  1971 

Weber, 1973 

Pac; search  f o r  commercial nods 

Pac; new da ta  on geochem of REE i n  
seds 

NE Pac; oxida t ion  and reduct ion 
processes  I n  seds 

NE Pac; DSDP Leg 5 ;  amorphous Fe 
oxide p r e c i p i t a t e s  i n  seds  

E Equat Pac; DSDP Leg 8 ;  Fe-rich seds  

Pac; explora t ion  f o r  Mn nods 
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ATLANTIC OCEAN 

Addy, e t  a l . ,  1974 A t l ,  nea r  Bermuda; abyssa l  h i l l s ,  Mn 
nods i n  sed column 

Anonymous, 197 I f  

Aumento, 1969 

A t l a n t i c  geot raverse ;  Mn e n c r u s t a t i o n  

Mid-At1 Ridge - 45'N; f i s s i o n  t r a c k  
and Fe-Mn chronology 

Mid-At1 Ridge - 45'N; Bald Mountain Aumento and Loncarevic, 1969 

Aumento, Lawrence, and P l a n t ,  
1968 

San Pablo Seamount; Fe-Mn pavement 

Aumento, Loncarevic, and Ross, 
1971 

Mid-At1 Ridge - 4S0N; geology of 

Bartlett and Greggs, 1970b San Pablo Seamount; carbonates  

Bb's t ram,  1970b S A t l ;  geochem evidence f o r  sea- f loor  
spreading  

B G s t r o m ,  Joensuu, Valdes, and 
Riera, 1972 

S A t l ;  geochem h i s t o r y  of s eds  

Brundage, 1972 Blake P la teau;  Mn pavement d i s t r i b  
p a t t e r n s  

Chester,  e t  a l . ,  1973 SW reg ion  of N A t l ;  similarities 
betkeen Mn, N i ,  Co con ten t s  of deep- 
sea c l a y s  and Mn nods 

Mid-At1 Ridge - 45'N; A l ,  As, Hg, and 
Mn i n  fe r ruginous  seds  

Cronan, 1972a 

Cronan, 1972c 

Ehr l i ch ,  H., e t  a l . ,  1972 

A t l ;  composition of Mn nods 

A t 1  and Pac; d i s t r i b  of microbes in 
Mn nods 

Ewing and Mouzo, 1968 N A t l ;  photos i n  area of o l d e s t  known 
outcrops 

Wing ,  Ship ley ,  and Connary, 
1973 

N A t l ;  survey of Mn nod reg ion  

Wing ,  Su l l ivan ,  et  al . ,  1971a A t l ;  su r f ace  d i s t r i b  of Mn nods and 
c r u s t s  based on bottom photos 
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Feden, 1966 

Fox, P. J. and Heezen, 1965 

Gorshkova, 1960 

Grice and Hancock, 1972 

Caryn Seamount; volcanic  rock 

Mid-At1 Ridge; sands of 

Norwegian Sea; seds of 

San Pablo Seamount; processing of Mn 
pavement 

Hawkins, 1968, 1969 Blake Plateau;  v i s u a l  observat ions of 
Mn depos i t s  

Hayes and Ewing, 1970 N Braz i l  Ridge and adjacent  con t inen ta l  
margin 

A t l ;  su r f ace  d i s t r i b  of Mn nods and 
c r u s t s  (based on deep sea cores)  

Horn, D. R . ,  Ewing, Horn, and 
Delach, 1971a 

N A t l ;  sur face  d i s t r i b  of Mn nods and 
c r u s t s  (based on core and dredges) 

Horn, D. R . ,  Ewing, Horn, and 
Delach, 1972d 

S A t l ;  su r f ace  d i s t r i b  of Mn nods and 
c r u s t s  (based on core and dredges) 

Horn, D. R . ,  Ewing, Horn, and 
Delach, 1972e 

Kharin, 1973 Flank of Mid-At1 Ridge; Fe-Mn nods 

Krause and Sch i l l i ng ,  1969 Reykjanes Ridge; dredged b a s a l t  

Manheim, 1972 Blake P la teau;  composition and o r i g i n  
of Mn-Fe nods and pavements 

Manheim and P r a t t ,  1968 Blake Plateau;  geochem of Mn- 
phosphorite depos i t s  

Blake Plateau;  geochem of Mn and 
phosphate depos i t s  

Manheim, P r a t t ,  and McFarlin, 
1967 

N A t l ;  l avas  from abyssa l  h i l l  Mathews, 1961 

NE A t l ;  a l t e r e d  lavas  Mathews, 1962 

Mathews , 197 1 NE A t l ,  Swallow Bank; a l t e r e d  l avas  

Crest of Mid-At1 Ridge a t  26'N; 
hydrothermal Mn depos i t  

McGregor, e t  al,., 1974 

Medcof, 1963 

Melson, e t  a l . ,  1968 

Georges Bank; puzzl ing c lay  tubes 
from sea bottom 

Mid-At1 Ridge - 22'N; volcanism and 
metamorphism 
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Morgenstein, 1969 

Murray, J., 1885 
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At1 (and Pac); palagonite and Mn- 
crusts; petrol and chem studies 

Mid-At1 Ridge, near 43'N 

Blake Plateau; lithology of dredged 
rocks 

Blake Plateau; Mn pavement 

Blake Plateau; relation of Mn to 
phosphorite concretions 

Mid-At1 Ridge; thermomagnetic 
properties of banded Mn sed 

Mid-At1 Ridge; hydrothermal Mn in 
median valley 

Median valley of Mid-At1 Ridge; 
rapidly accum Mn deposit 

TAG hydrothermal field; transition 
metals in adjacent seds 

TAG hydrothermal field 

Atlantis Fracture Zone; Mn crusts 

NW Atl; spacial distrib of Mn nods 

Nares Abyssal Plain; Mn nods; geochem 

Nares Abyssal Plain; Fe-Mn nods; 
geochem and mineralogy 

Coral banks occurring in deep water 
on Blake Plateau 
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Ind Oc ;  d i s t r i b  of Fe-Mn concret ions 
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Ind Oc;  Fe-Mn nods 

Ind Oc ;  geochem of Fe-Mn nods 

Timor and Ceram Seas; ocean-bottom 
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Ind Oc (and E Pac);  o r i g i n  of 
anomalous seds  i n  areas of high-heat 
flow 

Gulf of Aden; dredged b a s a l t s ;  p e t r o l  
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S Pac, Drake Passage and Sco t i a  Sea; 
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a s p e c t s  
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morphology and composition; environmental 
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Southern Ocean; deep sea Mn nods; chem 
and mine ra log ica l  i n v e s t i g a t i o n s  

S Pac-Antarctic Ocean; p e t r o l o g i c  
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Laptev Sea continental shelf, USSR; 
Holocene history 

Barents shelf; shallow marine 
concretions 

USSR seas (and lakes); Fe-Mn formations; 
radioactivity 

K voprosu o radioaktivnosti i 
khimicheskom sostave gruntov Karskogo 
Morya 

Gidrologicheskiya i gidrokhimicheskiya 
issledovaniya vostochnoi chasti 
Baltiiskago Morya 

Analyser of bergarter och bottenprof 
f r&n Ishafvet , Asiens nordkust och 
Japan 

Baltic; geochem profile 

Baltic Sea; Recent Mn deposlts 

Shallow marine Fe-Mn accums 

Black Sea; deposits 

White Sea; Pe accum and distrib in seds 

Kara Sea concretions; voyage of Vega 
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Off Thera, Greece; Recent marine Fe- 
ores: geochem, genesis, mineralogy; 
bacterial genesis of Fe hydroxide seds 
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Sevast'yanov and Volkov, 1966 

Sevast'yanov and Volkov, 1967 

Shterenberg, 1971 

Skopintsev and Popova, 1963 
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Varentsov, 1973 
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Veltheim, 1962 

Volkov and Sevastianov, 1968 
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Gulf of Riga; Fe-Mn nods in seds 
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lovov ekspeditsii Institute 1921 goda 

Barents and Kara Seas; seds 

Baltic; Mn effect on distrib of bottom 
invertebrates 
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Karskogo Morya \ 

Black Sea; Fe-Mn concretion formation; 
redistrib of arsenic 

Black Sea; chem of Fe-Mn concretions 

Black Sea; chem elements in seds 

Gulf of Riga; formation of Fe-Mn nods 

Black Sea; Mn accum in hydrogen- 
sulfide waters 

Baltic Sea; detritus dredged from 
floor of 

Kara Sea; cores; distrib of non- 
detrital Fe and Mn 

Shelf regions of recent seas; geochem 
aspects of formation of Fe-Mn ores 

Baltic Sea floor; formation of Fe-Mn 
nods and crust-like products 

Iz ekspeditsii Ermaka v 1901 godu 

Bothnia Sea; Pre-Quaternary geology of 
bot tom 

Black Sea; diagenesis of seds; 
redistrib of elements 

Gulf of Bothnia, Gulf of Finland; 
Fe-Mn concretions 
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GULF OF MEXICO/CARIBBEAN SEA 
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Gibson and Schlee, 1967 Bahamas; seds and fossiliferous rocks 
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Watson and Angino, 1969 Gulf of Mexico; Fe-rich layers in seds 
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S E C T I O N  5 

FRESHWATER NODULES, CONCRETIONS, AND MANGANIFEROUS SEDIMENTS 

This sect ion lists reports relevant t o  lake and stream ferromanganese 
deposits, primarily those of the Great Lakes, Canada, and northeastern USA, 
as w e l l  as reports on European bog ore deposits. 
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Great Lakes; Fe-Mn nods; economic 
potential 

Green Bay, Lake Michigan; Fe-Mn crusts 
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Lake Ontario; Fe-Mn concretions 

Lake Ontario; geochem of Fe-Mn oxide 
concretions 

190 



Cronan and Thomas, 1972 

Dahlberg and Keith,  1967 

Dean, 1969 

Dean, 1970 

Dean, e t  a l . ,  1973 

Delf ino and Lee, 1968 

Delfino, e t  a l . ,  1969 

Edgington and Callender,  1970 

Ghosh and Dean, 1974 

Gillette, 1961 

Gorham and Swain, 1965 

Gurevich, 1964 

Halbach, 1974 

Harriss and Troup, 1969 

Harriss and Troup, 1970 

Honeyman, 1881 

Hunt and Henson, 1969 

Hutchinson and Wollack, 1940 

Johnson, D. G., 1969 

Kindle, 1932 

Lake Ontario;  Fe-Mn oxide concre t ions  
and assoc  depos i t s ;  geochem 
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t o  p r e c i p i t a t i o n  of elements i n  Fe-Mn 
nods and assoc  seds  

New York; Oneida Lake pancakes 

Lake sed$; d i s t r i b  of elements; 
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Fe-Mn concre t ions ;  chem and i n t e r n a l  
s t r u c t u r e  

Fe-Mn concre t ions ;  chem and o r i g i n  

Fe-Mn concre t ions ;  Nova S c o t i a  l a k e s  

Lake Champlain; r ecen t  sedimentat ion 
and water p r o p e r t i e s  
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Mn concre t ions ;  l a c u s t r i n e  
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Green Bay, Lake Michigan; Mn-rich 
p e l l e t s ;  mineral  resource  

Dissolved substance exchange; mud t o  
water; l a k e s  

Great Lakes; seds  and water; chem 
exchange; regula tory  mechanisms 

Mn-Fe lake ore ;  Sweden 

European in land  waters; shapes of 
f reshwater  o r e  nodules 

Stream sed; geochem p a t t e r n s ;  
p r e c i p i t a t i o n  of Mn oxides  

S Lake Michigan; Mn d i s t r i b  i n  seds  

Lake Michigan; Mn nods 

192 



Rossmann and Callender, 1969 

Schoettle and Friedman, 1971 

Shterenberg, et al., 1966 

Sokolova-Dubinina and Deryugina, 
1967 

Terasmae, 1967 

Terasmae, 1971 

Troup, 1969 

Twenhofel and McKelvey, 1941 

Varentsov, 1972a 

Varentsov, 1972b 

Vogt, Th., 1942 

Zumberge, 1952 

Lake Michigan; Mn nods; geochem 

New York; Fe-Mn nods; lake 

USSR; Mn and Fe carbonates in bottom 
deposits; lake 

Lake Punnus-Yarvi; study of formation 
of Fe-Mn nods 

Ontario; Mn-Fe concretions; lake 

Mn-Fe concretions; lacustrine 

Lacustrine Fe-Mn concretions; geochem 
investigations 

Seds in freshwater lakes 

Eningi-Lampi lake, central Karelia; 
geochem studies on formation of Fe-Mn 
nods and crusts in recent basins 

Karelian lake; main aspects of 
formation of Fe-Mn ores in recent 
basins 

Norwegian bog ores; chem composition 

Minnesota lakes; origin and 
classification 
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S E C T I O N  6 

SOIL NODULES AND CONCRETIONS 

This sect ion contains publications on iron, manganese, and associated 
elements i n  terrestr ia l  s o i l s  and the weathering prof i le ,  including 
desert varnish. 



SOIL NODULES AND CONCRETIONS 

Adetunji, 1966 

Aristovskaya, 1965 

Baker, 1973 

Barnhisel, et al., 1969 

Blume, 1968 

Boussingault, 1882 

Bromfield and Skerman, 1950 

Brooks, R. R., 1965 

Bryan, 1952 

Collins and Buol, 1970a 

Collins and Buol, 1970b 

Conry and Ryan, 1965 

Crawford, 1969 

Drosdoff and Nikiforoff, 1940 

Ellis, et al., 1970 

Engel and Sharp, 1958 

Fujimoto and Sherman, 1948 

Gallaher, et al., 1972 

Helbig, 1914 

Fe-Mn concretions; soils; Britain 

Microbiology of podzolic soils 

Tasmanian podzolic soils; mineral 
degradation and metal mobilization; 
role of humic acids 

Fe and Mn in soils and concretions; 
x-ray fluorescence 

Mottling and nodule formation; poorly 
drained soils 

Appearance of Mn on rock surfaces 

Biological oxidation of Mn; soils 

New Zealand yellow-grey earth; gleyed 
and concretionary material; distrib 
of Fe-family elements 

Soil nods; significance 

Fe and Mn precipitation; Eh-pH 
conditions 

Eh-pH environment; Fe and Mn 
equilibria 

Mn in soils; West Cork, Ireland 

Growth of Fe-Mn concretions; Wales 

Fe-Mn concretions in soils; Dayton 

Diffusion of Cu, Mn, and Zn; Soil 

Desert varnish; chemdata 

Mn in soil and Mn cycle; behavior 

Soil concretions; preparation for 
analysis 

Soil cementation resulting from Mn 
and lime 
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Hemstock and Low, 1953 

Hooke, et al., 1969 

Hunt, 1954 

Ignatief f , 1941 
Jenne, 1968 

Karavayeva, 1968 

Lakin, Hunt, et al., 1963 

Lawrence and Taylor, 1971 

Leeper, 1947 

Leeper and Swaby, 1940 

Mann and Quastel, 1946 

McKenzie, 1967 

McKenzie, 19 70 

McKenzie and Taylor, 1968 

Patrick and Turner, 1968 

Pelisek, 1936 

Phillippe, et al., 1972 

Ponnamperuma, Loy, and Tianco, 
1969 

Ponnamperuma, Tianco, and Loy, 
1967 

Mn in colloidal fraction of soil 

Desert varnish; electron probe study 

Desert varnish 

Ferrous iron in soils 

Mn, Fe, Co, Ni, Cu, and Zn in soils 
and water; control by hydrous Mn and 
Fe oxides 

Iron pans in taiga zone; Australia 

Desert varnish; minor element content 

Quaternary soils vs meteoritic waters; 
clay minerals and hydroxides; 
deuterium and oxygen-18 

Mn in soil 

Oxidation of manganous compounds by 
microorganisms in soil 

Mn metabolism in soils 

Sorption of cobalt by Mn minerals; 
soils 

Reaction of cobalt with Mn-dioxide 
minerals 

Cobalt and Mn oxide minerals; soils 

Water-logged soil; Mn-transformation; 
effect of redox potential 

Fe-Mn rich concretions; chem 
composition; "adobe-dir t" 

Distrib of concretions; soils; 
Kentucky 

Redox equilibria; Mn oxide systems; 
flooded soils 

Redox equilibria, Fe hydroxide systems; 
flooded soils 
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Presant, 1971 

Redden and Porter, 1962 

Robinson, 1929 

Robinson, 1930 

Roslikova, 1961 

Saunders, 1965 

Schellman, 1971 

Sherman, 1959-1960 

New Brunswick; Fe, Mn, Pb, Cu, Zn, As, 
Sb, Ag, Sn, and Cd; soils; geochem 

Soil concretions; Virginia Piedmont 

Mn dioxide in soil 

Chem phases; submerged soil 

Mn-Fe concretions; soils; Suifenko- 
Khanka Depression 

New Zealand soils; relationship of 
free sesquioxides, organic matter, 
etc to phosphate retention 

Lateritic Fe, Ni, Al, and Mn; relation 
to source rock 

Minerals, concretions, nods, and 
layers of soil 

Sherman and Kaneshiro, 1954 Origin and development of Fe 
concretions; latosoils; Hawaii 

Sherman, et al., 1949 

Smith, L. L. , 1948 

Origin and composition of pyrolusite 
concretions; soils; Hawaii 

Hollow ferruginous concretions; South 
Carolina 

Sokolova, T. A. and Polteva, Fe-Mn concretions; podzolic soil; 
1968 Australia 

Taylor, R. M. and McKenzie, 1966 Trace elements and Mn minerals; soil; 
Australia 

Te Punga, 1954 New Zealand; Late Pleistocene buckshot 
gravels 

Thresh, 1902 Mn nods; Essex 

Todd, 1903 

Tsukunaga, 1932 

Concretions; morphology; land and 
ground water 

Formation of Fe concretions; soils; 
Manchuria 

Vinayak, et al., 1964 Mn in saline-alkali soils 

Walker, 1964 Pedogenesis of ferrigenous formations; 
Hawaii 
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meeting, 1936 

Williamson and Burgin, 1959 

Winters, 1938 

Yaalon, et al., 1972 

Zvorykin, 1934 

Shot soils; W Washington 

Mn in weathering zone 

Fe-Mn concretions; podzolic soils 

Mn in soils; Mediterranean 

Red earth ferrous concretions; Greece 
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S E C T I O N  7 

"FOSSIL" MANGANESE NODULES 

This section contains reports on manganese nodules and associated marine 
deposits that formed on ancient seafloors, now uplifted and exposed on 
land, particularly those found in  the Alps, on Cyprus and S ic i ly ,  and i n  
Indonesia. 



"FOSSIL" MANGANESE NODULES 

Audley-Charles, 1965 

Constantinou and Govett, 1972 

Corliss, et al., 1972 

Doherty, 1898 

Elderfield, et al., 1972 

El Wakeel and Riley, 1961a 

Fabricus, 1968 

Fischer and Garrison, 1967 

Garrison and Fisher, 1969 

Gattrall, et al., 1972 

Germann, 1971 

Govett and Pantazis, 1971 

Grunwald, 1964 

Gulbrandsen, 1965 

Gulbrandsen and Reeser, 1969 

Hallam, 1967 

Heim, 1924 

Geochem of Cretaceous Fe-Mn sed rocks; 
Timor 

Genesis of sulfide deposits, ochre and 
umber; Cyprus 

Rare earth data for Fe- and Mn-rich 
seds assoc/w sulfide ore bodies; 
Troodos Massif, Cyprus 

Mn nods found at Onybygambah 

Origin of Fe-Mn seds; Troodos Massif, 
Cyprus 

Chem and mineralogy of fossil red 
clays; Timor 

Calcareous Raetian and Lower Jurassic 
sea bottoms; NW Alps 

Carbonate lithification on sea floor 

Alpine Jurassic; deep-water limestone 
and radiolarites 

Jurassic limonitic concretions; 
southern England 

Mn and Fe-bearing nods and crusts; 
Jurassic red limestones; N Limestone 
Alps 

Distrib of Cu, Zn, Ni, Co; Troodos 
Pillow Lava Series, Cyprus 

Mn concretions in Pierre Shale, South 
Dakota; mineralogy and origin 

Permian Mn nods 

Permian Mn nods; Dillon, Montana 

Red limestones; Alpine. Lias; 
sedimentology and paleogeographic 
significance 

Mn nods from Lower Jurassic limestones 
of Austria 
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Hurley, 1966 Fe-Mn pancakes in Cenozoic limestones 
dredged off Barbados 

Jenkyns, 1967 

Jenkyns, 1970a 

Fossil Mn nods; Sicily 

Submarine volcanism of Toarcian Fe 
pistolites; West Sicily 

Jenkyns , 19 70b 
Jenkyns and Torrens, 1969 

Fossil Mn nods; West Sicilian Jurassic 

Paleogeographic evolution of Jurassic 
seamounts; West Sicily 

Jurgan, 1967 Genesis and facies of Lias seds 
UPS 

Jurgan, 1969 

Kovacs, 1956 

Lias sedimentology; calcareous Alps 

Mn precipitation on Jurassic marine 
ammonites 

Kuenen, 1942 Snellius expedition; geological 
results; bottom samples 

LindstrGm, 1974 Volcanic contribution to Ordovician 
pelagic seds 

Litherland and Malan, 1973 Precambrian of Botswana; manganiferous 
stromatolites 

Molengraaf, 1916 Mn nods in Mesozoic deep-sea deposits; 
Borneo, Timor, and Rotti 

Molengraaf, 1922 Mn nods in Mesozoic deep-sea deposits; 
Timor 

Park, 1946 Spilite and Mn problems; Olympic 
Peninsula, Washington 

Northern Toscana Appenines; diffusion 
of Mn in limestones and chert seds 

Pieruccini, 1951 

Rech-Frollo, 1971 Red limestones; composition and origin; 
Alps 

Robertson, A. H. F. and Hudson, 
19 73 

Cyprus umbers; chemical precipitates 
on a Tethyan ocean ridge 

Sigal and Truillet, 1966 Chem analysis of Fe-Mn accums in 
Jurassic red limestones, Sicily 

203 



Sokolow, 1901 

S o r a  and GUM, 1966 

Tucker, 1971 

Tucker, 1973 

Wendt, 1969 

Wendt, 1970 

Mn deposits in shallow marine 
Tertiary strata of Russia 

High-temperature Tertiary Mn nods; 
Olympic Peninsula, Washington 

Devonian Mn nods; France 

Devonian Fe-Mn nods; France and West 
Germany 

Red Jurassic limestones; stratigraphy 
and paleogeography; Austria 

Stratigraphic condensation in Triassic 
and Jurassic cephalopod limestones of 
the Tethys 
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S E C T I O N  8 

TERRESTRIAL MANGANESE OCCURRENCES 

a - MANGANESE ORE DEPOSITS 

This section contains reports on terrestr ia l  manganese ore deposits, 
including bog ores. 

b - MANGANESE IN ROCKS 

This section contains reports on manganef3e found in  sedimentary, metamorphic, 
and igneous rocks. 



MANGANESE ORE DEPOSITS 

Alexandrov, 1962 

Allsman, 1956 

Band, 1967 

Baranova and Gevork'yan, 1968 

Basta and Saleeb, 1971 

Borchert ,  1970 

Buckenham, 1961 

Constantinou and Govett, 1972 

Dzotsenidze, 1966 

Efimova and Nikolaev, 1965 

Ferguson and Lambert, 1972 

Govett an4 Pan taz i s ,  1971 

H e w e t t ,  1964 

H e w e t t ,  1972 

H e w e t t  and F l e i s c h e r ,  1960 

H e w e t t ,  e t  al . ,  1963 

Kim,  1972 

L a h i r i ,  1971 

Landergren, 1948 

Sed cyc le  of Mn and i t s  p r a c t i c a l  
imp l i ca t ion  

Butte,  Montana; ox ida t ion  and 
enrichment of Mn d e p o s i t s  

F i j i ;  Mn 

S Ukraine; Oligocene manganosider i tes  

Egypt, SE Desert; Elba Mn o re s ;  o r i g i n  

Mn, ore-deposi t ion and geochem 

V i t i  Levu, F i j i ;  b e n e f i c i a t i o n  of Mn 
o r e s  

Cyprus; genes i s  of s u l f i d e  d e p o s i t s ,  
ochre  and umber 

Chia t u r a  Mn depos i t  ; genes i s  

Fe-Mn conc re t ions  and Mn o r e s ;  
radiochem composition 

Matupi Harbor, New B r i t a i n ;  vo lcan ic  
exha la t ions  and metal enrichments 

D i s t r i b  of Cu, Zn, N i ,  Co; Troodos 
P i l low Lava S e r i e s ,  Cyprus 

SW United S t a t e s ;  hypogene Mn oxide  
mine ra l  v e i n s  

Manganite, hausmannite, b rauni te :  
f e a t u r e s  and o r i g i n  

Mn oxide  d e p o s i t s  

Mn oxide  d e p o s i t s ;  supplement 

South Korea; Mn d e p o s i t s  

Madhya Pradesh, Ind ia ;  Mn oxides  and 
s i l icate  rocks; mineralogy and genes i s  

Sweden; Fe ores and a s soc  rocks; 
geochem 
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Larson, 1962a 

Larson, 1962b 

Larson, 1964 

Larson, 1969, 1970 

Lee, D. E., 1955 

L i s  tova,  1961 

Li ther land  and Malan, 1973 

Ljunggren, 1953 

L j unggren, 19 55a 

Ljunggren, 1955b 

Lonie and McIntosh, 1974 

Magaritz,  1969 

Mart and Sass ,  1972 

Mi tche l l  and Garson, 1972 

Mohr, 1955, 1959 

Mohr, 1956 

Mohr, 1964 

Phi l ipsburg,  Montana; geology and 
mineralogy of c e r t a i n  Mn oxide depos i t s  

Phi l ipsburg ,  Montana; Zn-bearing 
todoroki te  

Mn oxide depos i t s ;  geology and 
mineralogy 

Tennessee; For t  Payne Formation; Co 
and Ni-bearing Mn oxides 

Mineralogy of some Japanese Mn o r e s  

Physiochem condi t ions  of formation 
of Mn oxide and carbonate o re s  

Manganiferous s t r o m a t o l i t e s ;  
Precambrian of Botswana 

Mn and Fe bog o res ;  formation 

Mn and Fe bog o res ;  chem and 
r a d i o a c t i v i t y  

Fe and Mn i n  bog o res ;  DTA and x-ray 
examination 

Groote Eylandt, Northern Aus t r a l i a ;  
occurrence and development of 
sedimentary Mn o r e  

S Negev and S ina i ;  Mn depos i t s ;  trace 
elements 

S ina i ,  Israel; Mn ore ;  geology and 
o r i g i n  

Porphyry copper and circum-Pacific 
t i n  depos i t s :  r e l a t i o n  t o  paleo- 
Beniof f zones 

N Wales, Harlech Dome; Lower Cambrian 
Mn sha le ;  geochem 

N Wales, Harlech Dome; Lower Cambrian 
Mn ore ;  geochem 

N Wales, Cambrian Mn carbonate  rocks;  
genesis  

207 



Moore, E. J., 1910 

Naganna and BouHka, 1963 

Nambu and Tanida, 1961 

Ossa, 1970 

Paakkola, 1971 

Park, 1946 

Park, 1972 

Park and MacDiarmid, 1964 

Ramdohr and Frenzel, 1956 

Reed, 1960 

Sapozhnikov, 1967 

Shatskiy, 1964 

Simons and Straczek, 1958 

Skey, 1877 

Skiba, 1964 

Smith, W. C. and Gebert, 1970 

Sokolova, E. I., 1964 

Sorem and Cameron, 1960 

Sorem and Gunn, 1967 

Strakhov and Shterenberg, 1966 

Thunder Bay, Ontario; bog Fe deposits; 
occurrence and origin 

Sandur ore deposits, Mysore State, 
India; x-ray study of woodruffite 

Toyoguchi mine, Iwate Prefecture 
(Japan); progressive alteration of 
Mno2 

N Chile; Mn deposits; genesis 

Finnish Lapland; volcanic complex and 
assoc manganiferous Fe formation 

Olympic Peninsula, Washington; 
spilite and Mn problems 

Land areas around Pacific Basin; Fe 
ore deposits 

Sed Mn ore deposits 

Mn ores 

New Zealand; Mn ore 

USSR; Mn deposits; formation 

Volcanic-sedimentary manganiferous 
f orma tions 

Mn deposits of Cuba; geology 

Cobalt in Mn ores 

SW Viti Levu, Fiji; geological studies 

Groote Eylandt, Australia; Mn 

Sed Fe and Mn areas and assoc rocks; 
physiochem 

W Africa; Nsuta deposits; Mn oxides 
and assoc minerals 

Olympic Peninsula, Washington; Mn 
deposits; mineralogy 

Chiatura deposit; genetic type 
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T a l i a f e r r o  and Hudson, 1943 

Tavera and Alexandri, 1972 

Thonis and Burns, 1974 

Varentsov, 1964 

Vogt, J. H. L., 1906 

Waal, 1969 

Warden, 1970, 1971 

Wassers te in ,  1943 

Wilson, M. J., Berrow, and 
McHardy, 1970 

Woodland, 1939 

Wyn Hughes, 1971 

Yoshimura, 1934 

Yoshimura, 1953 

Zappfe, 1931 

C a l i f o r n i a ,  coas t  ranges; Mn depos i t s ;  
genes is  

Hidalgo, Mexico; Melango Mn depos i t  

Mn o r e  d e p o s i t s  and p l a t e  t ec ton ic s :  
evidence of t h r e e  l o c i  of Mn 
minera l i za t ion  i n  orogenic  b e l t s  

Sed Mn o r e s  

Mn-like metals; behavior toward Fe 
and Mn i n  ocean and trace-metal o r e s  

N Cape Province, S Afr ica ;  Hotazel 
mine; r a m s d e l l i t e  

New Hebrides; F o r a r i  Mn depos i t ;  
genes i s  

Boron i n  b r a u n i t e  and Mn o r e s  

Bsnf f sh i r e ;  Lecht mines; l i t h i o p h o r i t e  

W Merionethshire  (UK) ; Lower Cambrian 
Mn ore;  petrography and p e t r o l  

Malaita I s l and ,  B r i t i s h  Solomon 
I s l ands  ; zoned nodules 

Hokkaido, Japan; Todoroki mine; 
t bdorok i t e  

Japan; types  of Mn d e p o s i t s  

Deposi t ion of Mn 
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MANGANESE IN K V L ~  

C u r t i s ,  1967 

C u r t i s  and Spears,  1968 

Dale, 1915 

Finkelman, et al.,  1974 

Finkelman, Matzko, et al . ,  1972 

Grunwald, 1964 

Gunn and Sorem, 1965 

Larson, 1969, 1970 

LeRoy, 1949 

Makharadze, 1972 

Mohsen and Brounlow, 1971 

Park, 1946 

Perseil, 1966 

P i e r u c c i n i ,  1951 

Ronov and Yermishkina, 1959 

Sokolow, 1901 

B r i t a i n ;  Carboniferous seds;  d i a g e n e t i c  
Fe minera ls  

Formation of sed Fe minera ls  

Conception and T r i n i t y  Bays, 
Newfoundland; Cambrian Mn d e p o s i t s  

Chihuahua, Mexico; Mn minera ls  i n  
geodes ip 

Minerals  i n  geodes from Chihuahua, 
Mexico; SEM s tudy  

South Dakota; Pierre Shale;  Mn 
concre t ions ;  mineralogy and o r i g i n  

N e a r  E n t e r p r i s e ,  Oregon; occurrence 
of t h e  Mn oxides  todorok i t e  and 
rancieite 

Co- and Ni-bearing Mn oxides  from 
F o r t  Payne Formation, Tennessee 

W Venezuela; E l  Milagro Formation; 
v o i d a l  conc re t ions  

W Georgia (USSR); Lower Oligocene seds ;  
source  and t r a n s f e r  of Mn, S i ,  Fe and P 

Montana; W Ph i l ip sburg  b a t h o l i t h ;  Mn 

Olympic Peninsula ,  Washington; 
s p i l i t e  and Mn problems 

Todoroki te  i n  marbled l imes tone  from 
upper Devonian of L a s  Cabesses 
(Ariage) 

N Toscana Appenines; d i f f u s i o n  of Mn 
i n  l imes tone  and c h e r t  seds  

Mn d i s t r i b  i n  sed  rocks 

Gov'ts J eka te r in i s l aw;  T e r t i a r y  strata; 
Mn d e p o s i t s  
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Sorem and Gunn, 1965 

Thresh, 1902 

Veymarn, et a l . ,  1972 

Voronov and Spiro, 1965 

Secondary Mn oxide minerals in  
Washington and NE Oregon 

Mn nods i n  E s s e x  

Mn mineralization i n  Devonian red beds; 
hydrothermal sed origin; west-central 
Kazakhstan 

E Antarctica, coast; Quaternary 
deposits; d i s t r i b  of oxides and 
hydroxides 
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S E C T I O N  9 

CHEMICAL COMPOSITION OF NODULES 

This section lists publications that report chemical analyses (one or more 
elements) of marine and freshwater manganese nodules. 



CHEMICAL COMPOSITION OF NODULES 

Ahrens, - e t  2) a1 1967 

Andrushchenko and Skomyakova, 
1967 

Bacon, 1967 

Barnes, S. S. ,  1967a 

Barnes, S. S . ,  1967b 

Barnes, S. S., 1967c 

Ber t ine  and Turekian, 1973 

Bezrukov and Andrushchenko, 
1974 

Bhat, &, 1970 

Brown, B. A , ,  1968 

Brown, B. A., 1971 

Buchanan, 18 76 

Buchanan, 1891 

Buchowiecki and Cherry, 1968 

Burns, R. G . ,  1965 

Bums,  R. G . ,  1966 

Burns, R. G. and Brown ,  1972 

Burns, R. G.; and Fuerstenau, 
1966 

Callender,  1973 

Mn nods; rarer element composition 

Mn nods; composition, s t r u c t u r e  and 
f e a t u r e s  of formation; P a c i f i c  Ocean 

Mn nods; geochem 

Mn nods; mineralogy and chem 

Oceanic Fe-Mn nods; formation 

Fe-Mn nods; minor element composition 

Mo i n  marine d e p o s i t s  

Fe-Mn nods; geochem; Indian  Ocean 

Fe-Mn nods; rad iometr ic  and trace 
elemental  s t u d i e s  

Mn nods; observa t ions  and ana lyses  

Deep-sea Fe-Mn nods; geochem; i n t e r -  
element r e l a t i o n s  

Chem and geo log ica l  work done on 
board HMS Challenger  

Mn nods; ocean and l i t t o r a l ;  
composition 

Th, R a ,  K i n  Mn nods 

Mn nods; coba l t  (111) i n  amorphous 
FeOOH nH20 phase 

Mn nods; t r a c e  elements; e l ec t ron -  
probe i n v e s t i g a t i o n  

Mn nod composition; nuc lea t ion  and 
minera l  c o n t r o l s  

Mn nods; e l e c t r o n  probe inter-element  
re la  t i o n s  

Fe-Mn c r u s t s ,  Mn carbonate  c r u s t s ,  and 
Fe-Mn nods; Green Bay, Lake Michigan; 
geochem 
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Callender, et al., l Y 7 3  

Calvert and Price, 1970c 

Chester, et al., 1973 

Chow and McKinney, 1958 

Chow and Patterson, 1959a 

Chow and Patterson, 1959b 

Crocket, Harriss, and MacDougall, 
1969 

Cronan, 1967 

Cronan, 1969a 

Cronan, 1969b 

Cronan, 1972a 

Cronan, 1972b 

Cronan and Thomas, 1970b 

Cronan and Toome, 1967b 

Cronan and Tooms, 1968 

Cronan and Tooms, 1969 

Dean, et al., 1973 

Dieulafait, 1883 

Fe-Mn and Mn carbonate crusts; Green 
Bay, Lake Michigan; geochem 

Mn nods and Mn carbonates; Loch Fyne, 
Scotland; composition 

Deep sea clays and Mn nods; SW region 
of North Atlantic; similarities between 
Mn, Ni, Co contents 

Pb in Mn nods; mass spectrometric 
determination 

Pb isotopes in Mn nods 

Pelagic seds and Mn nods; Pb; 
isotopic composition and concentration 

Palladium, gold, iridium; marine 
geochem 

Mn nods and assoc pelagic seds; 
geochem 

Fe-Mn deposits; ocean; geochem 

Mn nods; c h m  and mineralogical 
variations with depth 

Fe-Mn nods; world ocean; regional 
geochem 

Mn nods; Atlantic; composition 

Fe-Mn oxide concretions; Lake Ontario; 
geochem 

Mn nods; NW Indian Ocean; geochem 

Mn nods; NW Indian Ocean; microscopic 
and electron probe investigation 

Mn nods and assoc pelagic deposits; 
Pacific and Indian Oceans; geochem 

Fe-Mn nods; freshwater; geochem and 
accretion rates 

Mn in sea water and certain of its 
deposits 
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Dunham and Glasby, 1970 

Dunham and Glasby, 1974 

Edgington and Cal lender  , 1970 

Efimova and Nikolaev, 1965 

Ehr l i ch ,  A. M., 1968 

Ehr l i ch ,  A. M. and Winchester, 
1967 

E l  Wardani, 1958 

Fein and Morgenstein, 1972, 
197 3 

F i r t h ,  1969 

Fomina, 1966 

Fomina and Volkov, 1969 

Fomina and Volkov, 1971 

Frazer ,  F. W. and Ostwald, 1970 

Frazer ,  J .  Z. and Arrhenius, 
1972 

F r i e d r i c h ,  Kunzendorf, and 
P l i g e r ,  1973 

F r i e d r i c h ,  Rosner, and 
Demirsoy, 1969 

Ganung and Lasko, 1966 

Mn nods; e l e c t r o n  probe i n v e s t i g a t i o n  

Some deep- and shallow-water Mn nods; 
pe t rographic  and e l e c t r o n  microprobe 
i n v e s t i g a t i o n  

Fe-Mn nods; Lake Michigan; minor 
elements geochem 

Fe-Mn conc re t ions  and Mn o r e s ;  
radiochem composition 

REE i n  Mn nods 

ME i n  Mn nods 
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S E C T I O N  1 0  

CHEMICAL COMPOSITION OF SEDIMENTS ASSOCIATED WITH MANGANESE NODIJLES 

This section contains publications that include coverage of the chemical 
composition of marine and freshwater sediments that are associated with  
ferromanganese accumulations. 
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S E C T I O N  1 2  

DISTRIBUTION, MINERALOGY AND PHYSICAL PROPERTIES 
OF SEDIMENTS ASSOCIATED WITH MANGANESE DEPOSITS 

This section lists publications dealing with the distribution, mineralogy 
and physical properties of sediments associated with ferromanganese deposits. 
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S E C T I O N  1 3  

PETROLOGY AND CHEMISTRY OF ROCKS ASSOCIATED W I T H  MANGANESE DEPOSITS 

This section lists reports on the petrology and chemistry of rocks, mostly 
submarine basalts,  associated with manganese deposits. 
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S E C T I O N  1 4  

a - MINERALOGY OF MANGANESE NODULES 

This section lists reports containing information on the ferromanganese 
and/or non-ferromanganese mineralogy of manganese nodules, including 
minerals whose presence in nodules has not been confirmed. 

b - MANGANESE MINERALS 

This section lists reports containing information on the mineralogy of 
terrestrial manganese deposits, as well as on the nature of synthetic 
manganese minerals. 
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MANGANESE MINERALS 
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S E C T I O N  1 5  

GEOCHEMISTRY AND STRUCTURE OF IRON AND MANGANESE OXIDES AND HYDROXIDES 

This section lists reports on the geochemistry and structure of iron a3d 
manganese oxides and hydroxides, including the topics of inter-element 
relationships, the incorporation of transition and minor elements, and 
the crystal-chemical/geochemical nature of the iron and manganese phases. 
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S E C T I O N  1 6  

GEOCHEMICAL PROCESSES AND ENVIRONMENTAL CONTROLS 
RELEVANT TO Mn-NODULE FORMATION 

This section lists reports on inorganic geochemical processes and 
environmental controls relevant to marine and freshwater manganese nodule 
formation. 
Section 19a. 
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S E C T I O N  1 7  

FORMATION AND ORIGIN OF MANGANESE ACCUMULATIONS--GENERAL. 

This section lists references dealing with the formation and origin of 
various types of manganese deposits, including oceanic and freshwater 
nodules, ferromanganiferous sediments, and ore deposits. Papers with 
titles proposing volcanic or biologic origins for nodules are found in 
sections 18a and 19a, respectively. 



FORMATION AND O R I G I N  OF MANGANESE ACCUMULATIONS--GENERAL 

Andrews and Margolis, 1974 

Andrews and Meylan, 1972 

Andrushchenko and Skornyakova, 
1966 

Andrushchenko and Skornyakova, 
1967 

Arrhenius, Mer0 and Korkisch, 
1964 

Barnes, S. S., 1967b 

Bender, e t  a l . ,  1966 

Bona t t i  and Nayudu, 1965 

Bonat t i ,  et al . ,  1972 

Broecker, e t  al . ,  1966 

Burns, V. M. and Burns, 1973 

Chaynikov, 1969 

Cherdyntsev, e t  al . ,  1971 

Crerar and B a r n e s ,  1974 

E l d e r f i e l d ,  e t  a l . ,  1972 

Estep, 1973a,b 

Fos t e r ,  1970 

Fos te r ,  1972 

Mn nods mic ros t ruc tu re  and genes i s  

Bottom photography; Kana Keoki c r u i s e  
' 72-Mn 

Formation of concre t ions  

Mn nods; composition, s t r u c t u r e  and 
f e a t u r e s  of formation; P a c i f i c  

Or ig in  of Mn minera ls ;  ocean 

Formation of oceanic  Fe-Mn nods 

Evolut ion of Mn nods 

Or ig in  of Mn nods; ocean 

C l a s s i f i c a t i o n  and genes i s  of 
submarine Fe-Mn d e p o s i t s  

Evolut ion of Mn nod 

Mn nod au th igenes i s ;  mechanism f o r  
n u c l e a t i o n  and growth 

Source of Mn i n  seds ;  P a c i f i c  

Or ig in  of Mn nods; P a c i f i c ;  
r ad io i so tope  d a t a  

Deposi t ion of deep-sea Mn nods 

Or ig in  of Fe-Mn seds;  Troodos Massif ,  
Cyprus 

Formation of Fe-Mn depos i t s ;  i n f r a r e d  
microanalys is  

Nature and o r i g i n  of Mn nod i n t e r n a l  
f e a t u r e s ;  ocean 

Growth h i s t o r y  of Mn nods; Baja Ca l i f  
Seamount Province 
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Mn nod development Goodier, 1972 

Grunwald, 1964 

Harriss and Troup, 1970 

H o l l i s t e r ,  e t  al . ,  1974 

Immel, 1974 

Kalienko, 1949 

Kennett and Watkins, 1975 

K e r l ,  1970 

Lalou, Br iche t ,  and LeGressus, 
1973 
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Manheim, 1972 

Mart and Sass ,  1972 

Morgenstein and Fe l she r ,  1971 

Ossa, 1970 

Payne and Conolly, 1972 

Penn, 1968 

P e t t e r s s o n ,  1959 

Raab, 1972 

Mineralogy and o r i g i n  of Mn concre t ions ;  
South Dakota 

Chem and o r i g i n  of Fe-Mn concre t ions ;  
f reshwater  

Current-control led abyssa l  
sedimentation; Samoan Passage 

Or ig in  of microman anese nods 
determined from U254/U238 r a t i o s  

Or ig in  of Fe-Mn concre t ions  

Deep-sea e ros ion  and Mn nod development; 
SE Indian  Ocean 

Origin,  p r o p e r t i e s ,  occurrence; N i ,  Cu, 
and Co-rich ocean nods 

SEM and microanalysis  study of Mn nod; 
imp l i ca t ion  f o r  t h e  mode of nod 
format ion  

Nods found a t  sed s u r f a c e ;  p o s s i b i l i t y  
of formation contemporaneously wi th  
sed h e n  t a t ion  

Composition and o r i g i n  of Mn-Fe nods 
and pavements; Blake Plateau 

Geology and o r i g i n  of Mn o re ;  S i n a i  

Origin of Mn nods; p a l a g o n i t i z a t i o n  

Genesis of Mn depos i t s ;  N Chile 
- 

Ple i s tocene  Mn pavement production; 
r e l a t i o n  t o  o r i g i n  of Mn i n  Tasman Sea 

Origin of Fe-Mn concre t ions  i n  marine 
environment 

Mn and N i  on ocean f l o o r  

Genesis; P a c i f i c  nods; phys i ca l  and 
chem f e a t u r e s  
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Rakhmanov and Chaykovskiy, 1972 Genet ic  types  of sed  Mn formations 

Sapozhnikov 1970 

Shterenberg,  1971 

T h i e l ,  1924 

Varentsov, 197 1 

Varentsov, 1972a 

Varentsov, 1972b 

Varentsov, 1973 

Varentsov and Blazhtch ish in ,  
1970 

Varentsov and Pronina, 1973 

Genesis of Mn d e p o s i t s ;  accum of Mn 
i n  seawater 

Formation of Fe-Mn nods; Gulf of Riga 

Mn minera ls :  t h e i r  i d e n t i f i c a t i o n  
and paragenes is  

Formation of Fe-Mn nods and c r u s t s  i n  
Recent b a s i n s  

Formation of Fe-Mn nods and c r u s t s  i n  
Recent bas ins ;  geochem s t u d i e s ;  
Eningi-Lampi Lake, c e n t r a l  Karelia 

Main a s p e c t s  df formation of Fe-Mn 
o r e s  i n  Recent bas ins ;  Kare l ian  l ake  

Geochem a s p e c t s  of formation of Fe-Mn 
o r e s  i n  s h e l f  r eg ions  of Recent seas 

Formation of Fe-Mn nods and c r u s t - l i k e  
products  on B a l t i c  Sea f l o o r  

Mechanisms of Fe-Mn o r e  formation i n  
Recent bas ins ;  experimental  d a t a  on 
N i  and Co 
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S E C T I O N  1 8  

a - MARINE METALLOGENIC DEPOSITS AND FERROMANGANOAN SEDIMENTS 

This section lists reports dealing with marine metallogenic deposits and 
ferromanganoan sediments, primarily those of the Mid-Atlantic Ridge and 
East Pacific Rise. 

b - ASSOCIATION OF Mn-NODULES WITH SUBMARINE VOLCANICS; 
VOLCANIC ORIGIN OF m-NODULES AND NODULE METALS 

This section lists reports concerned with submarine volcanic rocks associated 
with ferromanganese deposits, as well as other lines of evidence for the 
volcanic origin of manganese nodules and their constituent metals. 



MARINE METALLOGENIC DEPOSITS AND FERROMANGANOAN SEDIMENTS 

Aumento, 1969 

Aumento and Loncarevic, 1969 

Aumento, Loncarevic and Ross, 
1971 

Batur in ,  - et .f a1 1969 

Bender, Broecker, Gornitz,  and 
Middel, 1970 

Bender, Broecker, Gorni tz ,  
Middel, e t  a l . ,  1971 

Blissenbach,  1972 

Bona t t i  and Joensuu, 1966, 1967 

Bona t t i ,  Kraemer, and Rydell, 
1972 

B o s t r k ,  1970b 
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B o s t r k  and Pe terson ,  1966 

BostrGm and Pe terson ,  1967 

BostrGm, Pe terson ,  e t  a l . ,  1968 

F i s s i o n  t r a c k  and Fe-Mn chronology; 
Mid-Atlantic Ridge, 45'N 

Mid-Atlantic Ridge, 45ON; Bald 
Mountain 

Geology of Mid-Atlantic Ridge, 45'N; 
Hudson geo t r ave r se  

Composition and o r i g i n  of Fe-ore s e d  
and h o t  b r i n e s ;  Red Sea 

Accum rates of Mn and elements i n  sed; 
East P a c i f i c  R i s e  

Geochem of co res ;  East P a c i f i c  R i s e  

Cont inenta l  d r i f t  and m e t a l l i f e r o u s  
sed  

Deep-sea Fe d e p o s i t ;  South P a c i f i c  

C l a s s i f i c a t i o n  and genes is  of Fe-Mn 
d e p o s i t s ;  ocean 

Geochem evidence f o r  ocean f l o o r  
spreading; South A t l a n t i c  

Submarine volcanism as source  f o r  Fe 

Orig in  of Fe-rich sed; E a s t  P a c i f i c  
R i s e  

P r e c i p i t a t e s  from hydrothermal 
exha la t ions ;  East P a c i f i c  R i s e  

Hydrothermal exha la t ions  and p o s s i b l e  
ore-forming processes ;  East P a c i f i c  
R i s e  

Or ig in  of anomalous seds  i n  areas of 
high-heat flow; East P a c i f i c  and 
Indian  Ocean 

302 



Bostrb'm, Peterson, e t  a l . ,  1969 

Butuzova, 1966 

Butuzova, 1968 

Cook, 1971 

C o r l i s s ,  1970 

C o r l i s s ,  1971 

C o r l i s s ,  e t  a l . ,  1972 

Cronan, 1972c 

Cronan and Garrett, 1973a 

Cronan and Garrett, 1973b 

Cronan, -- e t  a l . ,  1972 

Dasch, Dymond and Heath, 1971 

Dasch, Heath and Dymond, 1971 

Dymond, C o r l i s s ,  e t  a l . ,  1972 

Dymond, C o r l i s s ,  e t  al . ,  1973 

Dymond, Heath, e t  a l . ,  1973 

Ferromanganoan seds  on active 
volcanic  r idges  

Composition and o r i g i n  of Fe ore  seds;  
S a n t o r i n i  Volcano 

Ef fec t  of volcanism i n  formation of 
Recent seds;  S a n t o r i n i  Caldera 

Fe and Mn r i c h  seds  Over b a s a l t ;  
Equat P a c i f i c  

MORB: o r i g i n  of submarine hydrothermal 
s o l u t i o n s ;  r eg iona l  d i v e r s i t y  along 
Mid-Atlantic Ridge 

Origin of metal-bearing submarine 
hydrothermal s o l u t i o n s  

REE d a t a  f o r  Fe- and Mn-rich seds  
assoc/w s u l f i d e  o r e  bodies  of Troodos 
Massif ,  Cyprus 

A l ,  As, Hg, and Mn i n  fe r ruginous  
seds;  median v a l l e y ,  Mid-Atlantic 
Ridge, 45'N 

P a r t i t i o n  of elements i n  b a s a l  sed; 
East P a c i f i c  

D i s t r i b u t i o n  of elements i n  
m e t a l l i f e r o u s  P a c i f i c  s eds  c o l l e c t e d  
during DSDP 

Fe-rich b a s a l  sed;  East Equat P a c i f i c ;  
DSDP Leg 16 

I s o t o p i c  a n a l y s i s  of m e t a l l i f e r o u s  
sed;  E a s t  P a c i f i c  R i s e  

I so top ic  a n a l y s i s  of m e t a l l i f e r o u s  
sed;  East P a c i f i c  R i s e  

DSDP and East P a c i f i c  R i s e  seds;  
chem, i s o t o p i c  and minera logica l  
study 

Or ig in  of P a c i f i c  m e t a l l i f e r o u s  seds  

Elemental and i s o t o p i c  geochem of 
m e t a l l i f e r o u s  seds ;  East P a c i f i c  R i s e  
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Govett and Pantazis, 1971 

Manheim, Hathaway, - et .) a1 1966 

Melson, et al., 1968 

Miller, et al., 1966 

Piper, 1973c 

Puchel, et al., 1973 

Robertson and Hudson, 1973 

Rydell and Bonatti, 1973 

Rydell, et al., 1974 

Sayles and Bischoff, 1973 

Schwarz, 1968 

Scott, M. R., Scott, Nalwalk, 
et al., 1973 
-7 

Scott, M. R., Scott, Rona, 
et a1 1974 - 2, 

Scott, R. B., Scott, et al., 
1974 

Scott, R. B., Rona, et al., 1972 

Seibold, 1973 

Shatskiy, 1964 

Zelenov, 1963 

Distrib of Cu, Zn, Ni, Co in Troodos 
Pillow Lava Series, Cyprus 

Geochem of Recent Fe deposits in Red 
Sea 

Volcanism and metamorphism; Mid- 
Atlantic Ridge, 22ON 

Hot brines and Recent Fe deposits; 
Red Sea 

Origin of metalliferous seds; East 
Pacific Rise 

Recent marine Fe-ores off Thera, 
Greece; geochem, genesis, mineralogy; 
bacterial genesis of Fe hydroxide seds 

Cyprus umbers: chemical precipitates 
on a Tethyan ocean ridge 

Uranium in submarine metalliferous 
deposits 

Postdepositional injections of uranium- 
rich solutions into East Pacific Rise 
seds 

Equat East Pacific; Fe-Mn seds 

Thermomagnetic properties of banded 
Mn sed; Mid-Atlantic Ridge 

Hydrothermal Mn in median valley, 
Mid-Atlantic Ridge 

Rapidly accum Mn deposit; median 
valley, Mid-Atlantic Ridge 

TAG hydrothermal field 

Mn crusts; Atlantis Fracture Zone 

Recent submarine metallogeny 

Volcanologic-sedimentary Mn formations 

Underwater volcanism: role in 
formation of seds 
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ASSOCIATION OF Mn-NODULES WITH SUBMARINE VOLCANICS; VOLCANIC O R I G I N  OF 
WNODULES AND NODULE METALS 

Arrhenius and Bona t t i ,  1965 

Aumento and Loncarevic, 1969 

Aumento, Loncarevic , and Ross, 
197 1 

Ber t ine ,  1974 

Bona t t i ,  1965a 

Bonat t i ,  1966 

Bonat t i ,  1967 

Bona t t i ,  1970 
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Neptunism and volcanism; ocean 

Mid-Atlantic Ridge, 45'N; Bald 
Moun t a i n  

Geology of Mid-Atlantic Ridge, 45'N; 
Hudson geot raverse  

Origin of Lau Basin R i s e  s e d  

Pa lagoni te ,  h y a l o c l a s t i t e s  and vo lcan ic  
g l a s s ;  ocean 

Volcanogenous minera ls  i n  pe l ag ic  seds;  
P a c i f i c  

Deep-sea volcanism; South P a c i f i c  

Deep-sea volcanism 

Origin of Mn nods; ocean 

C l a s s i f i c a t i o n  and genes i s  of Fe-Mn 
depos i t s ;  ocean 

Submarine volcanism as source  f o r  Fe 

Volcanogenic U ,  V ,  Fe i n  Indian  Ocean 
seds  

Hydrothermal exha la t ions  and poss ib l e  
ore-forming processes ;  East P a c i f i c  
Rise 

Geochem h i s t o r y  of sed;  South A t l a n t i c  

P e t r o l  of b a s a l t s ;  dredged; Gulf of 
Aden 

Petroll  and magnetics; Carlsberg 
Ridge 

I s o t o p i c  a n a l y s i s  of m e t a l l i f e r o u s  
sed; E a s t  P a c i f i c  R i s e  
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Dasch, Heath, and Dymond, 1971 

E l d e r f i e l d ,  1972a 

E l d e r f i e l d ,  - e t  2, a1 1972 

Fein,  e t  a l . ,  1974 

Ferguson and Lambert, 1972 

Glasby, 1973c 

Hamilton and Rex, 1959 

Hart, R. A., 1973 
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Lindstrom, 1974 
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sed; East P a c i f i c  R i s e  

E f f e c t s  of volcanism on water chem; 
Deception I s l a n d ,  An ta rc t i ca  

Origin of Fe-Mn seds;  Troodos Massif, 
Cyprus 

Geochem of seawater assoc/w a c t i v e l y  
forming p i l low lava; Puna-Kau, H a w a i i  

Volcanic exha la t ions  and metal 
enrichments; Matupi Harbor, New 
Br i t a in  

Role of submarine volcanism i n  
c o n t r o l l i n g  t h e  genes i s  of Mn nods 

Lower Eocene phosphatized Globiger ina 
ooze; Sylvania Guyot, P a c i f i c  

Model f o r  chem exchange i n  b a s a l t -  
seawater system of oceanic l a y e r  I1 

Geochem balances and e lementa l  
abundances; computer der ived  

Submarine, volcanism of Toarcian Fe 
p i s t o l i t e s ;  S i c i l y  

Volcanic c o n t r i b u t i o n  t o  Ordovician 
p e l a g i c  seds  

Lavas from abyssa l  h i l l ;  North A t l a n t i c  

Al te red  lavas, NE A t l a n t i c  

Al te red  b a s a l t s  from abyssa l  h i l l  and 
seamount; NE A t l a n t i c  

Geology; Carlsberg Ridge 

Consolidated s l a b s  on f l o o r  of East 
P a c i f i c  

Volcanic subs t ruc tu re ;  dredge and 
photos;  ocean; H a w a i i  
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Morgenstein, 1967 

Morgenstein, 1969 

Morgenstein, 1972a 

Morgens t e i n ,  197 2b 

Morgenstein, 1972c, 1973a 
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Chem exchange between sea water and 
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Pa lagoni te  t u f f s  ( h y a l o c l a s t i t e s )  

P e t r o l  of va lcan ic s  and seds ;  
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P e t r o l  and chem of pa l agon i t e  and 
Mn enc rus t a t ions ;  Atlantic and P a c i f i c  

Magnetic p r o p e r t i e s  of Mn nods assoc/w 
dredged submarine b a s a l t s  

Volcanic complex and manganiferous Fe 
formation; Finnish Lapland 

S p i l i t e  and Mn problems; Olympic 
Peninsula,  Washington 

Pe t ro log ic  v a r i a t i o n s  wi th in  submarine 
b a s a l t  p i l lows;  South P a c i f i c -  
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Volcanism and c l a y  minera ls ;  SE P a c i f i c  
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Li thogenesis  of vo lcanic  sed  type  
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genes i s  
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S E C T I O N  1 9  

a - BIOGEOCHEMISTRY OF MANGANESE AND RELATED ELEMENTS 

This section lists reports on the biogeochemistry of manganese and related 
or associated elements, particularly iron. 

b - BIOLOGICAL ORIGIN OF NODULES; ASSOCIATION OF ORGANISMS AND Mn-NODULES 

This section lists reports on the association of micro-organisms and marine 
invertebrates w i t h  manganese nodules, as w e l l  as other l ines  of evidence 
for the biological origin of ferromanganese deposits. 
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a c i d ;  Tasmania 

D i s t r i b  of Fe, Mn carbonates  and 
organic  material i n  seds;  Arc t i c  Ocean 
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S E C T I O N  2 0  

INTERNAL STRUCTURE AND EXTERNAL MORPHOLOGY OF NODULES 

This section lists ar t i c l e s  containing information on the internal physical 
structure and external morphology of manganese nodules and other ferro- 
manganese accumulations. 
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S E C T I O N  2 1  

RADIOGEOCHEMISTRY OF NODULES AND ASSOCIATED SEDIMENTS; 
RATES OF NODULE GROWTH 

This section lists reports dealing with radio-isotopes in manganese nodules, 
associated sediments, and seawater, and radiochemical determination of 
nodule ages and growth rates. 
of manganese accurmlation rates are also included. 
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S E C T I O N  2 2  

INSTRUMENTAL AND ANALYTICAL TECHNIQUES FOR STUDYING NODULES 

This section lists reports emphasizing the use of instrumental and analytical 
techniques for collecting and studying ferromanganese accumlations and 
associated geological materials, including age-dating techniques, x-rav 
diffraction analysis, optical and electron microscopy, neutron activation 
analysis, MGssbauer spectroscopy, differential thermal analysis, and various 
chemical analysis methods, as well as other less widely used techniques. 
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S E C T I O N  2 3  

COSMIC SPHERULES I N  NODULES 

This section lists ar t i c l e s  on meteoritic particles  reported in Mn- 
nodules and associated sediments. 
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S E C T I O N  2 4  

a - ECONOMIC POTENTIAL OF MANGANESE NODULES 

This s e c t i o n  lists articles dea l ing  wi th  t h e  economic p o t e n t i a l  of marine 
and f reshwater  manganese nodules, t h e  formation and progress  of nodule 
mining companies and conso r t i a ,  and d i scuss ions  of t h e  d i s t r i b u t i o n  and 
occurrence of ore-grade nodules. 

b - NODULE EXPLORATION AND MINING 

This s e c t i o n  lists ar t ic les  desc r ib ing  t h e  techniques and r e s u l t s  of 
manganese nodule exp lo ra t ion  and mining, and act ivi t ies  of nodule mining 
groups. 

c - METALLURGICAL PROCESSING OF NODULES 

This s e c t i o n  lists art icles desc r ib ing  t h e  requirements f o r ,  and t h e  test 
r e s u l t s  o f ,  t h e  m e t a l l u r g i c a l  p rocess ing  of nodules. 
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S E C T I O N  2 5  

ENVIRONMENTAL ASPECTS OF NODULE MINING, PROCESSING, AND UTILIZATION 

This section lists ar t i c l e s  dealing with the environmental and ecological 
aspects of manganese nodule mining, processing, and ut i l i za t ion .  
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S E C T I O N  2 6  

LEGAL ASPECTS OF OCEAN-FLOOR MINING 

This section lists ar t i c l e s  dealing with legal  questions regarding the 
exploitation of deep-sea manganese nodules and other seabed resources, 
i . e . ,  Law of the Sea. 
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INTRODUCTION 

This  addendum conta ins  r e fe rences  t h a t  were r e c e n t l y  s e l e c t e d  f o r  

add i t ion  t o  t h e  Manganese P ro jec t  computerized bibl iography a t  t h e  Hawaii 

I n s t i t u t e  o f  Geophysics, and is included here  t o  f a c i l i t a t e  access  t o  t h e  

most r e c e n t l y  acquired re ferences  i n  t h e  f i e l d  o f  manganese nodule research. 

The addendum conta ins  a t o t a l  of  295 b ib l iog raph ic  e n t r i e s .  Exact ly  

50% of  these  r e fe rences  have a pub l i ca t ion  d a t e  o f  1974 o r  1975. 

Table 1, a chronological  l i s t i n g  of t h e  frequency of occurrence of publ ica-  

t i o n  da te s . )  

chemistry,  radiochemistry,  and marine metal logenic  depos i t s .  References 

on t h e s e  s u b j e c t s  account f o r  t h e  bulk o f  t h e  pre-1974 e n t r i e s .  

r ecen t  l i t e r a t u r e  survey for t h e  purpose of  s e l e c t i n g  a d d i t i o n a l  re ferences  

was conducted i n  January 1976. 

(See 

Increased emphasis has been placed on t h e  t o p i c s  o f  water 

The most 

The index format i s  i d e n t i c a l  t o  t h a t  used i n  our previous work. 

Part I1 of  t h i s  document should be consul ted  f o r  information on i t s  

s t r u c t u r e  and t h e  abbrev ia t ions  used. 
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TABLE 1 

FREQUENCY OF OCCURRENCE : 
BIBLIOGRAPHIC ENTRY PUBLICATION DATE 

P u b l i c a t i o n  
Date 

Frequency 
of Occurrence 

1890 . . . . . . . . . . . . . . . . . . . . .  1 
1910 . . . . . . . . . . . . . . . . . . . . .  1 
1912 . . . . . . . . . . . . . . . . . . . . .  1 
1922 . . . . . . . . . . . . . . . . . . . . .  2 
1952 . . . . . . . . . . . . . . . . . . . . .  3 
1954 . . . . . . . . . . . . . . . . . . . . .  1 
1961 . . . . . . . . . . . . . . . . . . . . .  1 
1962 . . . . . . . . . . . . . . . . . . . . .  2 
1963 . . . . . . . . . . . . . . . . . . . . .  9 
1964 . . . . . . . . . . . . . . . . . . . . .  1 2  
1965 . . . . . . . . . . . . . . . . . . . . .  13 
1966 . . . . . . . . . . . . . . . . . . . . .  1 2  
1967 . . . . . . . . . . . . . . . . . . . . .  8 
1968 . . . . . . . . . . . . . . . . . . . . .  15  
1969 . . . . . . . . . . . . . . . . . . . . .  19  
1970 . . . . . . . . . . . . . . . . . . . . .  23 
1971 . . . . . . . . . . . . . . . . . . . . .  3 
1972 . . . . . . . . . . . . . . . . . . . . .  2 
1973 . . . . . . . . . . . . . . . . . . . . .  1 9  
1974 . . . . . . . . . . . . . . . . . . . . .  6 1  
1975 . . . . . . . . . . . . . . . . . . . . .  87 

A- 3 



BIBLIOGRAPHY 

Alexander, J. E., and E. F. Corcoran, 1967, The distribution of copper in 
tropical seawater, Limnol. Oceanogr., v. 12, p. 236-242. 

Alexander, Lewis M., 1974, Law of the sea at the end of the decade: A 
prediction, Marine Technol. SOC. J . ,  v. 8, no, 6, p. 60-65. 

Amann, Hans M., 1974, Definition of an ocean mining site, paper presented 
to Offshore Technology Conference, Houston. 

Amann, H., H. Bgcker, and E. Blissenbach, 1973, Metalliferous muds of the 
marine environment, 5th Ann. Offshore Technol, Conf., v. 1, p. 345-353. 

Amos, A. F., S. C. Daubin, Jr., C. Garside, T. C. Malone, A. 2. Paul, 
G. E. Rice, and 0. A. Roels, 1974, The environmental impact of manganese- 
nodule mining: 
conditions in a manganese nodule province, 2nd Intl. Colloq. Exploit. 
Oceans, Bordeaux, France, 1-4 October 1974, v. 5, Bx-?, 20 pp. 

Preliminary report on a cruise to study baseline 

Amos, A. F., S. C. Daubin, Jr., C. Garside, T. C. Malone, A. 2. Paul, 
G. E. Rice, and 0. A. Roels, 1975, Report on a cruise to study 
environmental baseline conditions in a manganese nodule province 
(abstr.), Offshore, v. 35, no. 5, p. 125. 

Andersen, N. R., and D. N. Hume, 1968, The strontium and barium content 
of sea water, p. 296-307 in Trace Organics in Water, Advances in 
Chemistry Series, V. 73, American Chemical Society, Washington, D.C. 

Anderson, Earl VI, 1975, Ocean mining firms look for green light, Chem. 
and Eng. News, v. 53, no. 12, p. 10-11. 

Andrews, J. E., 1975, Geologic setting of manganese nodule deposits in the 
equatorial Northeast Pacific (abstr.), Trans. her. Geophys. Union, 
v. 56, no. 12, p. 998-999. 

Andrussov, N. I., 1890, Prevaritel'nyi otchet ob uchastu v Chernomorskoi 
glubokomernoi ekspeditsii, Izv. Russ. Geogr. Obshchestva, v. 26, 
p .  398-409. 

Angino, E. E., and R. S. Andrews, 1968, Trace element chemistry, heavy 
minerals, and sediment statistics of Weddell Sea sediments, J. Sediment. 
Petrol., v. 38, p. 634-642. 

Angino, E. E., and G. K. Billings, 1966, Lithium content of sea water by 
atomic absorption spectrometry, Geochim. Cosmochim. Acta, v. 30, 
p. 153-158. 

A- 4 



Anonymous, 1964, Chemistry and t h e  oceans, Chem. and Eng. N e w s ,  v ,  42, 
p .  1A-48A. 

Anonymous, 1969c, Ocean f i rm launches $100-$200 mi l l i on  mining venture ,  
Ocean Indus t ry ,  v. 4, no. 3, (March 19691, p. 66-68. 

Anonymous, 1970g, Going a f t e r  r i c h e s ,  Chem. and Eng. N e w s ,  v. 48, no. 28, 
p. 15. 

Anonymous, 19711, Ocean mining comes of age,  p a r t  2 ,  Oceanol. I n t l . ,  v. 6,  
no. 1 2 ,  p .  33-38. 

Anonymous, 1974h, Mineral resources  of t h e  deep seabed, U.S. Congress, Senate 
Comm. I n t .  and Insu la r  Aff.,  Subcomm. Miner. Mater. and Fuels,  Amendment 
No. 946 t o  S. 1134, P a r t  2 ,  p. 770-1355. 

Anonymous, 1975b, Study a s ses ses  value of seabed nodules, Chem. and Eng. News,  
v .  53, no. 3,  p .  32-33. 

Anonymous, 1975c, Leasing system may hinder  ocean mining, Chem. and Eng. News, 
v .  53, no. 35, p .  5-6. 

Anonymous, 1975d, Ocean mining: United Nations o r  United States,  Metals Week, 
v .  4 6 ,  no. 9,  p .  10. 

Anonymous, 1975e, Inco j o i n s  seabed mining venture ,  Metals Week, v.  46, 
no. 15,  p .  7 .  

Anonymous, 1975f, Seabed mining au tho r i ty :  A l i nge r ing  i s s u e ,  Metals Week, 
v. 4 6 ,  no. 18, p .  3. 

Anonymous, 19753, U.S. indus t ry ,  government up i n  arms over sea l a w  meeting 
r e s u l t s ,  Metals Week, v. 46, no. 20, p .  10. 

Anonymous, 1975h, White House support  grows f o r  ocean mining l e g i s l a t i o n  p r i o r  
t o  f i n a l  Law of Sea t r e a t y ,  Metals Week, v. 46, no. 34, p .  3. 

Anonymous, 19751, Manganese nodule mining venture  a C I A  cover,  Metals Week, 
v. 4 9 ,  no. 1 2 ,  p. 2 .  

Anonymous, 19753, Mining i n  t h e  o u t e r  con t inen ta l  she l f  and f n  t h e  deep ocean, 
Natl. Acad. S c i .  Rept. No. ISBN 0-309-02405-6, 119 pp. 

Antal ,  P. S . ,  1966, Diagenesis of thorium iso topes  in deep-sea sediments, 
Limnol. Oceanogr., v .  2 ,  p. 278-292. 

Arrhenius, G. ,  1952, Sediment cores  from t h e  East P a c i f i c ,  i n  H. Pe t te rsson ,  
E d i t o r ,  Reports of t h e  Swedish Deep-sea Expedition, v .  5 ,  Elanders,  
Gg t ebor g . 

A- 5 



Aumento, F., and J. M. MacGillivray, 1975, Geochemistry of buried Miocene- 
Pleistocene ferromanganese nodules from the Antarctic Ocean, p. 795-799 
in D. E. Hayes, L. A. Frakes, et al., Initial Reports of the Deep Sea 
Drilling Project, v. 28, U.S. Government Printing Office, Washington, D.C., 
1017 pp. 

Babinets, A. Ye., A. Yu. Mitropol'skiy, and S .  P. Ol'shtynskiy, 1973, 
Hydrogeological and Geochemical Properties of Deep-sea Sediments of the 
Black Sea, Akad. Nauk U.S.S.R., Inst. Geol. Nauk, Kiev, 159 pp. (in 
Rus s ian 1 

Backer , €3. , 1974, Manganknollen in sw-Pazif ischen Becken, Tangaroa 22 
Fahrtbericht, unpubl. rept., AMR, Preussag, Hannover, 196 pp. 

Bacon, M. P., D. G. Brewer, and D. W. Spencer, 1975, Deep-sea scavenging of 
Pb-210 and Po-210 (abstr.), Trans. Amer. Geophys. Union, v. 56, no. 12,  
p .  1001. 

Banning, D. L., 1975, Copper-nickel-cobalt associations in marine manganese 
nodules (abstr.), Trans. her. Geophys. Union, v. 56, no. 12,  p. 1000. 

Barnes, Ivan, and J. E. Hem, 1973, Chemistry of subsurface waters, p. 157-181 
in Fred A. Donath, Francis G. Stehli, and George W. Wetherill, Editors, 
Ann. Rev. Earth Planet. Sci., v. 1, Annual Reviews, Inc., Palo Alto, 
Calif., 350 pp. 

Belova, I. V., 1970, Zinc in Holocene Black Sea sediments, Proc. Acad. Sci. 
U.S.S.R., Earth Sci. Sect., v. 193, p. 210-212. Transl. from Dokl. Akad. 
Nauk SSSR, v. 193, no. 2,  p. 433-436 (1970). 

Bender, Michael L., and Christine Gagner, 1975, Measurements of the 
concentration of dissolved Cu, Ni and Cd in sea water (abstr.), Trans. 
be-;. Geophys. Union, v. 56, no. 6,  p. 373. 

Bennett, J. H., and 0. K. Manuel, 1968, On iodine abundances in deep-sea 
sediments, J. Geophys. Res., v. 63, no. 6,  p. 2302-2303. 

Bernat, M., and E. D. Goldberg, 1969, Thorium isotopes in the marine 
environment, Earth Planet. Sci. Lett., v. 5 ,  p. 308-312. 

Berner, R. A . ,  1964, An idealized model of dissolved sulfate distribution in 
Recent sediments, Geochim. Cosmochim. Acta, v. 28, p. 1497-1503. 

Berner, R. A., 1969, Goethite stability and the origin of red beds, Geochim. 
Cosmochim. Acta, v. 33, p. 267-273. 

Berner, R. A . ,  1975, Diagenetic models of dissolved species in the interstitial 
waters ofcompactingsediments, Amer. J. Sci., v. 275, no. 1, p. 88-96. 

Berrang, P. G., and E. V. Grill, 1974, The effect of manganese oxide scavenging 
on molybdenum in Saanich Inlet, British Columbia, Mar. Chem., v. 2, no. 2 ,  
p.  125-148. 

A- 6 



Bertine, K. K., L. H. Chan, and K. K. Turekian, 1970, Uranium determinations 
in deep-sea- sediments and natural waters using fission tracks. Geochim. 
Cosmochim. Acta, v. 34, p. 641-648. 

Bignell, R. D., J. S .  Tooms, D. S .  Cronan, and A. Horowitz, 1974, An 
additional location of metalliferous sediments in the Red Sea, Nature, 
London, v. 248, no. 5444, p. 127-128. 

Biscaye, P. E., 1964, Mineralogy and sedimentation of the deep-sea sediment 
fine fraction in the Atlantic Ocean and adjacent seas and oceans, 
unpubl. Ph.D. dissertation, Yale University. 

Bischoff, J. L., and T. Ku, 1970, Pore fluids of recent marine sediments: 
1. Oxidizing sediments of 20°N, continental rise to mid-Atlantic ridge, 
J. Sediment. Petrol., v. 40, p. 960-972. 

Boes, Ch. H., and P. G. A. Bade, 1971, Dual-pipe transport system for deep 
ocean ore mining, Underwater J. and Info. Bull., v. 3, no. 1, p. 22-31. 

Bonatti, E., 1963, Zeolites in Pacific pelagic sediments, Trans. N.Y. Acad. 
Sci., v. 25, p. 938-948. 

Bonatti, Enrico, 1974, Volcanogenic and hydrothermal sediments in deep ocean 
basins (abstr.), Abstracts, Ann. Mtg., AAPG and SEPM, v. 1, p. 10. 

Bostrgm, K. , and S .  Valdes, 1969, Arsenic in ocean floors, Lithos, v. 2, 
p. 351-360. 

Bostrgm, Kurt, Oliva Joensuu, and Irene Brohm, 1974, Plankton: Its chemical 
composition and its significance as a source of pelagic sediments, Chem. 
Geol., v. 14, no. 4, p. 255-271. 

Bostrb'm, K., C. Moore, and 0. Joensuu, 1975, Plankton: Chemical composition 
and significance as a sediment source (abstr.), Trans. her. Geophys. Union, 
v. 56, no. 12, p. 1006. 

Bostrgm, K., 0. Joensuu, T. Kraemer, et al., 1974, New finds of exhalative 
deposits on the East Pacific Rise, Geol. FGren. Stockh., FGrh., v. 96, 
pt. 1, no. 566, p. 53-60. 

Bowser, C. J., E. Callender, C. Boatman, and J. Murray, 1975, Preliminary 
measurements of pore fluid chemistry from manganese nodule-rich sediments 
of the eastern Equatorial Pacific: Nutrients and dissolved oxygen (abstr.), 
Trans. her. Geophys. Union, v. 56, no. 12, p. 999. 

Bougalt, Henri, 1975, Distribution of first series transition metals in rocks 
recovered during DSDP Leg 22 in the northeastern Indian Ocean, p. 449-457 
in Christopher C. von der Borch, John G. Sclater, et al., Initial Reports 
of the Deep Sea Drilling Project, v. 22, U.S. Government Printing Office, 
Washington, D.C., 890 pp. 

A- 7 



Brewer, P. G., J. P. Riley, and F. Culkin, 1965, The chemical composition of 
the hot salty water from the bottom of the Red Sea, Deep-sea Res., v. 12, 
p. 497-503. 

Broecker, W. S . ,  1966, Radioisotopes and the rate of mixing across the main 
thermocline of the ocean, J. Geophys. Res., v. 71, p. 5827-5836. 

Brooks, R. R., B. J. Presley, and I. R. Kaplan, 1968, Trace elements in the 
interstitial waters of marine sediments, Geochim. Cosmochim. Acta, v. 32, 
p. 397-414. 

Brown, J. S., 1965, Oceanic lead isotopes and ore genesis, Econ. Geol., 
V. 60, p. 47-68. 

Burnett, W. C., M. Morgenstein, and D. 2. Piper, 1975, Geochemistry and age 
of a ferromanganese crust from the Galapagos spreading center, eastern 
Pacific (abstr.), Trans. Amer. Geophys. Union, v. 56, no. 12, p. 1000. 

Bums, R. G., and W. W. Fyfe, 1967b, Trace element distribution rules and 
their significance, Chem. Geol., v. 2, p. 89-104. 

Bums, Roger G., Chien-Min Sung, Kenneth B .  Schwartz, Windsor Sung, and 
Virginia Mee Burns, 1975, Chemical stratigraphic mapping of manganese 
nodules by electron microprobe: Evidence of late stage Ni and Cu 
enrichments in nodules from the NE Equatorial Pacific (abstr.), Geol. SOC. 
Amer., Abstracts with Programs, v. 7, no. 7, p. 1014-1015. 

Callender, E., R. Shedlock, C. J. Bowser, and J. W. Murray, 1975, Preliminary 
measurements of pore fluid chemistry from manganese nodule-rich sediments 
of the eastern Equatorial Pacific (abstr.), Trans. Anier. Geophys. Union, 
v. 56, no. 12, p. 999. 

Carpenter, J. H., and V. E. Grant, 1967, Concentration and state of cerium in 
coastal waters,, J. Mar. Res., v. 25, p. 228-238. 

Carr, R. A., M. M. Jones, and E. R. RUSS, 1974, Anomalous mercury in near- 
bottom water of a mid-Atlantic rift valley, Nature, London, v. 251, 
no. 5475, p. 489-490. 

Carsola, A. J., and R. S. Dietz, 1952, Submarine geology of two northeast 
Pacific seamounts, her. J. Sci., V. 250, p. 481-497. 

Caspari, W. A . ,  1910, The composition and character of oceanic clays, Proc. 
Roy. SOC. Edinburgh, v. 30, p. 183-201. 

Centre des Faibles Radioactivit6s , 1975 , Etude des nodules des principales 
zones d'exploration en cours, unpubl. Rapport Final sur le Contrat 74-963, 
Laboratorie mixte CNRS/CEA, 58 pp. + 17 plates. 

Chao, T. T., and B. J. Anderson, 1975, The scavenging of silver by manganese 
and iron oxides in stream sediments collected from two drainage areas of 
Colorado, Chem. Geol., v. 14, no. 3, p. 159-166. 

A- 8 



Chester, R., and J. H. Stoner, 1974, The distribution of zinc, nickel, 
manganese, cadmium, copper, and iron in some surface waters from the 
world ocean, Mar. Chem., v. 2, no. 1, p. 17-32. 

Chow, T. J., 1968, Lead isotopes of the Red Sea region, Earth Planet. Sci. 
Lett., v. 5, p. 143-148. 

Chow, T. J., and C. B. Snyder, 1969, Indium contents of sea water, Earth 
Planet. Sci. Lett., v. 7, p. 221-223. 

Chugunnyy, Yu. G., and N. N. Kovalyukh, 1974, Results of radiocarbon 
investigations of iron-manganese nodules from the Caribbean Sea and some 
problems of the water circulation in the North Atlantic, Geol. Zhurnal, 
Akad. Nauk U.S.S.R., Kiev, v. 34, no. 1, p. 126-128. (in Russian) 

Coker, W. B., and Ian Nichol, 1975, The relation of lake sediment geochemistry 
to mineralization in the northwest Ontario region of the Canadian Shield, 
Econ. Geol., v. 70, no. 1, p. 202-218. 

Cook, Peter, J., 1974, Major and trace element geochemistry of sediments from 
Deep Sea Drilling Project, Leg 27, Sites 259-263, eastern Indian Ocean, 
p. 481-497 in J. J. Veevers, J. R. Heirtzler, et al., Initial Reports of 
the Deep Sea Drilling Project, v. 27, U.S. Government Printing Office, 
Washington, D.C., 1060 pp. 

Corliss, J. B., and J. Dymond, 1975, Nazca Plate metalliferous sediments: 
I. Elemental distribution patterns in surface samples (abstr.), Trans. 
Amer. Geophys. Union, v. 56, no. 6, p. 445. 

Craig, H., 1966, Isotopic composition and origin of the Red Sea and Salton 
Sea geothermal brines, Science, v. 154, p. 1544-1548. 

Craig, James D.,1975a, The distribution of ferromanganese nodule deposits 
in the North Equatorial Pacific, unpubl. M. Sc. thesis, Dept. Oceanography, 
University of Hawaii, 104 pp. 

Craig, James D.,1975b, The distribution of ferromanganese deposits in the 
North Equatorial Pacific (abstr.), Geol. SOC. Amer., Abstracts with 
Programs, v. 7, no. 7, p. 1041. 

Cronan, David S., 1973a, Basal ferruginous sediments cored during Leg 16, 
Deep'Sea Drilling Project, p. 601-604 in T. H. van Andel, G. R. Heath, 
- et A, a1 Initial Reports of the Deep Sea Drilling Project, v. 16, U,S. 
Government Printing Office, Washington, D.C., 949 pp. 

Cronan, David S., 1973b, Manganese nodules in sediments cored during Leg 16, 
Deep Sea Drilling Project, p. 605-608 in T. H, van Andel, G. R. Heath, 
- et 2, a1 Initial Reports of the Deep Sea Drilling Project, v. 16, U.S. 
Government Printing Office, Washington, D.C., 949 pp. 

Cronan, D. S., 1975, Manganese nodules and other ferromanganese oxide deposits 
from the Atlantic Ocean, J. Geophys. Res., v. 80, no. 27, p. 3831-3840. 

A-9 



Cronan, D. S., V. V. Damiani, D. J. J. Kinsman, and J. Thiede, 1975, 
Sediments from the Gulf of Aden and western Indian Ocean, p. 1047-1110 
in R. L. Fisher, E. T. Bunce, - et ., a1 Initial Reports of the Deep Sea 
Drilling Project, v. 24, U.S. Government Printing Office, Washington, D.C., 
1183 pp. 

Cross, Frank L., Jr., Editor, 1975, Marine Environmental Engineering 
Handbook, Technomic Publ. Co., Westport, Conn., 186 pp. 

Cruickshank, Michael J., 1974a, Mineral resources potential of continental 
margins, p. 965-1000 in Creighton A. Burk, and Charles L. Drake, Editors, 
The Geology of Continental Margins, Springer-Verlag, New York, 1010 pp. 

Cruickshank, Michael J., 1974b, An environmental statement for United States 
involvement in law of the sea negotiations governing the mining of deep 
seabed hard mineral resources seaward of the limits of national 
jurisdiction, p. 159-161 in National Needs and Ocean Solutions, Proc., 
10th Ann. Conf., Marine Technol. SOC., 23-25 Sept. 1974, Washington, D.C,, 
1062 pp. 

Curl, H., Jr., N. Cutshall, and C. Osterberg, 1965, Uptake of Cr(II1) by 
particles in sea water, Nature, v. 205, p. 275-276. 

Davin, Edward M., 1973b, Seabed assessment and resource geology, p. 179-190 
in Marine Industries: Problems and Opportunities, Proc., 9th Ann. Sonf., 
Marine Technol. SOC. ,  10-12 Sept. 1973, Washington, D.C., 744 pp. 

Degens, Egon T., and David A. Ross, Editors, 1969, Hot Brines and Recent 
Heavy Metal Deposits in the Red Sea, Springer-Verlag, New York, 600 pp. 

Delevaux, Maayse H., and Bruce R. Doe, 1974, Preliminary report on uranium, 
thorium, and lead contents and lead isotopic composition in sediment 
samples from the Red Sea, p. 943-946 in R. B. Whitmarsh, 0. E. Weser, 
D. A. ROSS, et .al., Initial Reports of the Deep Sea Drilling Project, 
v. 23, U.S. Government Printing Office, Washington, D.C., 1180 pp. 

Doe, B. R., C. E. Hedge, and D. E. White, 1966, Preliminary investigation 
of the source of lead and strontium in deep geothermal brines underlying 
the Salton Sea geothermal area, Econ. Geol., v. 61, p. 462-483. 

Dugolinsky, Brent K., 1975, Copper and nickel enrichment in relation to major 
element composition in Northeast Equatorial Pacific manganesernodules 
(abstr.), Geol. SOC. Amer., Abstracts with Progfgms, v. 7, no. 7, p. 1060. 

Dugolinsky, B. K., S. V. Margolis, and W. C. Dudley, 1975, Influence of 
benthic biota on growth of deep sea manganese nodules (abstr.), Trans. 
Amer. Geophys. Union, v. 56, no. 12, p. 999. 

Duinker, J. C . ,  G. T. M. van Eck, and R. F. Nolting, 1974, On the behavior of 
copper, zinc, iron and manganese, and evidence for mobilization processes 
in the Dutch Wadden Sea, Netherlands J. Sea Res., v. 8, no. 2/3, p. 214-239. 

A - 1 0  



Dymond, J. R., 1966, Potassium-argon geochronology of deep-sea sediments, 
Science, v. 152, p. 1239-1241. 

Dymond, J., 1969, Age determinations of deep-sea sediments: A comparison 
of three methods, Earth Planet. Sci. Lett., v. 6, p. 9-14. 

Dymond, J., 1970, Excess argon in submarine basalt pillows, Geol. SOC. Amer., 
Bull., V. 81, p. 1229-1232. 

Dymond, Jack, John B. Corliss, and G. Ross Heath, 1975, Nazca Plate 
metalliferous sediments: 11. Chemical composition and metal accumulation 
rates of metalliferous sediments from DSDP Site 319 (abstr.), Trans. Amer. 
Geophys. Union, v. 56, no. 6, p. 446. 

Dvoretskaya, 0. A., and Z. V. Pushkina, 1974, Mineralogy and geochemistry of 
Indian Ocean sediments south of Sri Lanka (Ceylon), Proc. Acad. Sci. 
U.S.S.R., Earth Sci. Sect., v. 215, p. 216-218. Transl. from Dokl. Akad. 
Nauk SSSR, v. 215, no. 6, p. 1466-1469 (1974). 

Ellis, A. J., and W. A. J. Mahon, 1964, Natural hydrothermal systems and 
experimental hot-water/rock interactions, Geochim. Cosmochim. Acta, v. 28, 
p. 1323-1357. 

Emelyanov, E. M., 1974, Titanium in Atlantic Ocean sediments, Geochem. Intl., 
v. 11, no. 2, p. 441-446. Transl. from Geokhimiya, no. 4, p. 610-615 
(1974). 

Fabricand, B. P., E. S. Imbimbo, M. E. Brey, and J. 
absorption analyses for Li, Mg,  K, Rb, and Sr in 
Res., v. 71, p. 3917-3921. 

Fabricand, B. P., R. R. Sawyer, S. G. Ungar, and S. 
concentrations in the ocean by atomic absorption 
Cosmochim. Acta, v. 26, p. 1023-1027. 

Fanning, K. A., and D. R. Schink, 1969, Interaction 

A. Weston, 1966, Atomic 
ocean waters, J. Geophys. 

Adler, 1962, Trace metal 
spectroscopy, Geochim. 

of marine sediments with 
dissolved silica, Limnol. Oceanogr., v. 14, p. 59-68. 

Fein, C. D., and D. Palmiter, 1975, Microchemistry of basaltic pillow lavas 
from the Nazca Plate (abstr.), Trans. her. Geophys. Union, v. 56, no. 6, 
p. 445. 

Fewkes, R. H., 1975, Correlation between morphology and mineralogy of marine 
manganese nodules--possible economic significance (abstr.), Trans. Amer. 
Geophys. Union, v. 56, no. 12, p. 1000. 

Fisher, D. E., 1969, Fission track dating of deeD sea glasses, Nature, 
v. 221, p .  549. 

Flipse, John E., 1975, Ocean mining--its promises and problems, Ocean 
Industry, v. 10, no. 8, p. 133-136. 

A-11  



Forster, W., and H. Zeitlin, 1966a, A modified nitroso-R method for the 
determination of cobalt in sea water, Anal. Chim. Acta, v. 34, p. 209-220. 

Forster, W., and H. Zeitlin, 1966b, A modified dimethylglyoxin method for 
the determination of nickel in sea water, Anal. Chim. Acta, v. 35, 
p. 42-53. 

Foster, P., and D. T. E. Hunt, 1975, Geochemistry of surface sediments in an 
acid stream estuary, Mar. Geol., v.  18, p. Ml3-M21. 

Frakes, L. A . ,  1975, Geochemistry of Ross Sea diamicts, p. 789-794 in 
D. E. Hayes, L. A. Frakes, et al., Initial Reports of the Deep Sea 
Drilling Project, v. 28, U.S. Government Printing Office, Washington, D.C., 
1017 pp. 

Fredriksson, K., and L. R. Martin, 1963, The origin of black spherules found 
in Pacific islands, deep-sea sediments, and Antarctic ice, Geochim. 
Cosmochim. Acta, v. 27, p. 245-248. 

Friedman, G. M., B. P. Fabricand, E. S. Imbimbo, M. E. Brey, and J. E. Sanders, 
1968, Chemical changes in interstitial waters from continental shelf 
sediments, J. Sediment. Petrol., v. 38, p. 1313-1319. 

Fuller, M. D., C. G. A. Harrison, and Y. R. Nayudu, 1966, Magnetic and 
petrologic studies of sediment found above basalt in experimental Mohole 
core EM7, Bull. her. Assoc. Petrol. Geol., v. 50, p. 566-573. 

Funkhouser, J., D. E. Fisher, and E. Bonatti, 1968, Excess argon in deep-sea 
rocks, Earth Planet. Sci. Lett., v. 5, p. 95-100. 

Gamble, John King, Jr., and Giulio Pontecorvo, Editors, 1973, Law of the Sea; 
The Emerging Regime of the Oceans, Proc., Law of the Sea Inst. 8th Ann. 
Conf., 18-21 June 1973, University of Rhode Island, Kingston, R.I., 
Ballinger Publ. Co., 393 pp. 

Garland, Charles, and Royal Hagerty, 1972, Environmental planning 
considerations for deep ocean mining, p. 381-393 in Applications of 
Marine Technol. to Human Needs, Preprints, 8th Ann. Conf. and Expos., 
Marine Technol. SOC., 11-13 Sept. 1972, Washington, D.C., 782 pp. 

Garrels, R. M., 1965, Silica: Role in the buffering of natural waters, 
Science, v. 148, p. 69. 

Garrels, R. M., and M. E. Thompson, 1962, A chemical model for sea water at 
25OC and one atmosphere total pressure, her. J. Sci., v. 260, p. 57-66. 

Gavrilov, A. A., 1970, Role of diagenesis in the formation of exhalative 
sedimentary manganese ore, Proc. Acad. Sci. U.S.S.R., Earth Sci. Sect., 
v. 191, p. 166-168. Transl. from Dokl. Akad. Nauk SSSR, v. 191, no. 3,  
p. 667-670 (1970). 

A-12 



Gerard, R., 1975, Environmental hazards of deep-sea mining (abstr.), Trans. 
her. Geophys. Union, v. 56, no. 12, p. 1000. 

Glagoleva, M. A . ,  1970, Zirconium in Recent Black Sea sediments, Proc. Acad. 
Sci. U.S.S.R., Earth Sci. Sect., v. 193, p. 203-206. Transl. from Dokl. 
Akad. Nauk SSSR, v. 193, no. 1, p. 184-187 (1970). 

Glasby, G. P., 1975a, Marine mining in New Zealand: Prospects for development, 
New Zealand Sci. Rev., v. 32, no. 3, p. 53-56. 

Glasby, G. P., 1975b, Manganese nodules and the UN, New Zealand Sci'. Rev., 
v. 32, no. 3, p. 56-60. 

Glasby, G. P., 1975c, Manganese, p. 404-406 in G. J. Williams, Editor, 
Economic Geology of New Zealand, John McIndoe Ltd., Dunedin, 490 pp. 

Glasby, G. P., 1975d, Minor element enrichment in manganese nodules relative 
to sea water and marine sediments, Naturwissenschaften, v. 62, p. 133-135. 

Glasby, G. P., and P. Lawrence, 1974a, Manganese deposits in the South Pacific 
Ocean: Distribution, New Zealand Oceanonr. Instit. Chart, Miscellaneous 
Series 33. 

Glasby, G. P., and P. Lawrence, 1974b, Manganese deposits in the South Pacific 
Ocean: Manganese content, New Zealand Oceanogr. Instit. Chart, 
Miscellaneous Series 34. 

Glasby, G. P., and P. Lawrence, 1974c, Manganese deposits in the South Pacific 
Ocean: Iron content, New Zealand Oceanogr. Instit. Chart, Miscella?eous 
Series 35. 

Glasby, G. P., and P. Lawrence, 1974d, Manganese deposits in the South Pacific 
Ocean: Copper content, New Zealand Oceanogr. Instit. Chart, Miscellaneous 
Series 36. 

Glasby, G. P., and P. Lawrence, 1974e, Manganese deposits in the South Pacific 
Ocean: Nickel content, New Zealand Oceanogr. Instit. Chart, Miscellaneous 
Series 37. 

Glasby, G. P., and P. Lawrence, 1974f, Manganese deposits in the South Pacific 
Ocean: Cobalt content, New Zealand Oceanogr. Instit. Chart, Miscellaneous 
Series 38. 

Glasby, G. P., and P. Lawrence, 1974g, Metalliferous sediments, submarine 
volcanism and submarine geothermal activity in the South Pacific Ocean, 
New Zealand Oceanogr. Instit. Chart, Miscellaneous Series 39. 

Glesby, G. P., and R. J. Singleton, 1975, Underwater photographs of manganese 
nodules from the Southwestern Pacific Basin, New Zealand J. Geol. Geophys., 
V. 18, p. 597-604. 

A-13 



Glasby, Geoffrey P., Harald Backer, and M. A. Meylan, 1975, Metal contents 
of manganese nodules from the Southwestern Pacific Basin, Erzmetall, 
V. 28, p. 340-342. 

Goldberg, E. D., 1968, Iontum/thorium geochronologies, Earth Planet. Sci. 
., Lett v. 4, p. 17-21. 

Goldberg, E. D., and J. J. Griffin, 1964, Sedimentation rates and mineralogy 
in the South Atlantic, J. Geophys. Res., v. 69, p. 4293-4309. 

Goldberg, E. D., and J. J. Griffin, 1970, The sediments of the northern 
Indian Ocean, Deep-sea Res., v. 17, p. 513-537. 

Griffin, J. J . ,  and E. D. Goldberg, 1963, Clay-mineral distributions in the 
Pacific Ocean, p. 728-741 in M. N. Hill, et al., Editors, The Sea, v. 3, 
Wiley-Interscience, New York, 963 pp. 

Gruner, J. W., 1922, The origin of sedimentary iron formations: The Biwabik 
Formation of the Mesabi Range, Econ. Geol., v. 17, p. 407-466. 

Hanor, Jeffrey S., and Lui-Heung Chan, 1975, Behavior of barium during mixing 
of Mississippi River and Gulf of Mexico waters (abstr.), Geol. SOC. Amer., 
Abstracts with Programs, v. 7, no. 7, p. 1098-1099. 

Hathaway, J .  C., and P. L. Sachs, 1965, Sepiolite and clinoptilolite from the 
mid-Atlantic Ridge, her. Mineral., v. 50, p. 852-867. 

Hay, R. L., 1966, Zeolites and zeolitic reactions in sedimentary rocks, Geol. 
SOC. Amer., Spec. Paper No. 85, 130 pp. 

Healy, M. L., and Gregory J. Kieffer, 1973, On the nature of manganese in 
Saanich Inlet, an intermittently anoxic fjord (abstr.), Trans. Amer. 
Geophys. Union, v. 54, no. 11, p. 1123. 

Heath, G. R., 1969, Mineralogy of Cenozoic deep-sea sediments from the 
equatorial Pacific Ocean, Geol. SOC. her., Bull., v. 80, p. 1997-2018. 

Heath, G. Ross, and Ralph Moberly, Jr., 1971, Noncalcareous pelagic sediments 
from the western Pacific, Leg 7, Deep Sea Drilling Project, p. 987-990 in 
E. L. Winterer, et al., Initial Reports of the Deep Sea Drilling Project, 
v. 7, U.S. Government Printing Office, Washington, D.C., 1757 pp. 

Heath, G. Ross, J. Dymond, and W. A. Eklund, 1975, Nazca Plate metalliferous 
sediments: IV. Partitioning of transition metals amongst mineral phases 
in metalliferous sediments from the Bauer Deep and adjacent East Pacific 
Rise (abstr.), Trans. her. Geophys. Union, v. 56, no. 6, p. 446. 

Hekinian, R., and M. Hoffert, 1975, Rate of palagonitization and manganese 
coating on basaltic rocks from the rift valley in the Atlantic Ocean near 
36O50'N, Mar. Geol., v. 19, no. 2, p. 91-109. 

Helgeson, H. C., and F. T. Mackenzie, 1970, Silicate-seawater equilibrium in 
the ocean systems, Deep-sea Res., v. 17, p. 877-892. 

A- 14 



Hem, J. D., 1965, Reduction and complexing of manganese by gallic acids, 
U . S .  Geol. Surv., Water-Supply Paper 1667-D. 

Heye, D., 1970, A system for detection of ionium, thorium and protactinium 
to date deep sea cores, Geochim. Cosmochim. Acta, v. 34, p. 389-398. 

Hirst, D. M., 1974, Geochemistry of sediments from eleven Black Sea cores, 
p. 430-455 in The Black Sea; Geology, Chemistry and Biology; Geochemistry, 
AAPG Memoir No. 20. 

Hirst, Terence J., and Adrian F. Richards, 1975, Analysis of deep-sea nodule 
mining--seafloor interaction, paper presented to Offshore Technology 
Conference, Houston. 

Hoffert, Michael, Claude Lalou, Evelyne Brichet, Philippe Bonte, and 
Cglestine Jehanno, 1975, Prgsence en Atlantique Nord de nodules de 
mangansse 
Rend., Acad. Sci. Paris, v. 281, Sgrie D, p. 231-233. 

noyaux d'attapulgite et de phillipsite authigsnes, Compt. 

Horowitz, A., 1970, The distribution of Pb, Ag, Sn, Ti and Zn in sediments 
onactiveoceanic ridges, Mar. Geol., v. 9, p. 241-259. 

Huang, T. C., N. D. Watkins, and D. M. Shaw, 1975, Atmospherically transported 
volcanic glass in deep sea sediments: Volcanism in sub-Antarctic latitudes 
of the South Pacific during Late Pliocene and Pleistocene time, Geol. SOC. 
Amer., Bull., v. 86, no. 9, p. 1305-1317. 

Hurd, D. C., 1973, Interactions of biogenic opal, sediments, and seawater in 
the central Equatorial Pacific, Geochim. Cosmochim. Acta, v. 37, 
p .  2257-2282. 

Hurley, P. M., B. C. Heezen, W. H. Pinson, and H. W. Fairbairn, 1963, K-Ar 
age values in pelagic sediments of the North Atlantic, Geochim. Cosmochim. 
- Acta, v. 27, p. 393-399. 

Ingols, R. S., and R. D. Wilroy, 1963, Mechanism of manganese solution in 
lake waters, J. her. Wat. Wks. ASSOC., v. 5 5 ,  p. 282-290. 

Isayeva, A. B., 1974, Variation of the Mo/W ratio as a function of 
sedimentation conditions, Oceanology, v. 14, no. 3, p. 409-412. 

Jenne, E. A., and J. S .  Wahlberg, 1965, Manganese and iron oxide scavenging 
of cobalt-60 in White Oak Creek sediment (Oak Ridge, Tenn.) (abstr.), 
Trans. her. Geophys. Union, v. 46, p. 170. 

Kalinenko, V. V., and N. ?. Morozov, 1974, Lithium, potassium, rubidium and 
cesium in White Sea sediments, Proc. Acad. Sci. U.S.S.R., Earth Sci. Sect., 
v. 216, p. 216-218. Transl. from Dokl. Akad. Nauk SSSR, v. 216, no. 1, 
p. 183-186 (1974). 

232 
Kaufman, A . ,  1969, The Th concentration of surface ocean water, Geochim. 

Cosmochim. Acta, v. 33, p. 717-724. 

A-15 



Kay, Marshall, 1974, Campbell sequence, manganiferous beds adjoining the 
Dunnage melange, northeastern Newfoundland, Geol, SOC. Amer., Bull., 
v. 86, no. 1, p. 105-108. 

Kay, R., N. J. Hubbard, and P. W. Gast, 1970, Chemical characteristics and - .  

origin of oceanic ridge volcanic rocks, J. Geophys. Res., v. 75, 
p. 1585-1613. 

Kester, Dana R., Reinier A. Courant, and Thomas P. O'Connor, 1975, Transition 
metal adsorption from marine waters (abstr.), Trans. Amer. Geophys. Union, 
v. 56, no. 12, p. 1004. 

Kharkar, D. P., K. K. Turekian, and M. R. Scott, 1969, Comparison of 
sedimentation rates obtained by 32Si and uranium decay series determinations 
in some siliceous Antarctic cores, Earth Planet. Sci. Lett., v. 6, 
p. 61-68. 

Kido, Katsutoshi, and Masakichi Nishimura, 1975, Silica in the sea--its 
forms and dissolution rates, Deep-sea Res., v. 22, p. 323-338. 

Klinkhammer, Gary, Michael L. Bender, and Derek W. Spencer, 1975, Manganese 
in sea water and the marine manganese balance (abstr.), Trans. her. 
Geophys. Union, v. 56, no. 6 ,  p. 373. 

KOCZY, F. F., 1963, Age determination in sediments by natural radioactivity, 
p .  816-831 in M. N. Hill, et al., Editors, The Sea, v. 3, Wiley-Interscience, 
New York, 963 pp. 

Kraemer, Tom, and James C. Schornick, 1974, Comparison of elemental 
accumulation rates between ferromanganese deposits and sediments in the 
South Pacific Ocean, Chem. Geol., v. 13, no. 3, p .  187-196. 

Ku, T..-L., K. G. Knauss, and N. C. Lin, 1975, An evaluation of dating 
nodules by the uranium-series isotopes (abstr.), Trans. Amer. Geophys. 
Union, v. 56, no. 12, p .  999. 

Ku, T., Y. H. Li, G. G. Mathieu, and H. K. Wong, 1970, Radium in the Indian- 
Antarctic Ocean south of Australia, J. Geophys. Res., v. 75, no. 27, 
p. 5286-5292. 

Lal, D., and S. Krishnaswami, 1973, Trace elements: Sea water to sediments, 
Mahasagar Bull. Natl. Instit. Oceanogr., v. 6, no. 2,  p. 59-66. 

Langmuir, D., 1970, The effect of particle size on the reaction: Hematite + 
water = goethite (abstr.), Geol. SOC. Amer., Abstracts with Programs, 
v. 2, no. 7, p. 601. 

Langmuir, Donald, Stephen 0. Sears, and John C. Wright, Jr., 1975, The 
geochemistry of Cu, Zn, Fe, and Mn in soil moisture in a Pennsylvania 
soil (abstr.), Geol. SOC. Amer., Abstracts with Programs, v. 7, no. 7, 
p. 1160-1161. 

14-16 



LaRock, Paul A., and Henry L. Ehrlich, 1975, Observations of bacterial 
microcolonies on the surface of ferromanganese nodules from Blake 
Plateau by scanning electron microscopy, Microbial Ecol., v. 2, p. 84-96. 

Laylin, John G., 1973, Practical measures to advance orderly deep sea 
mining, p. 651-656 in Marine Industries: Problems and Opportunities, 
Proc., 9th Ann. Conf., Marine Technol. SOC., 10-12 Sept, 1973, 
Washington, D.C., 744 pp. 

Long, David T., and Ernest E. Angino, 1975, Chemical speciation of Zn, Cu, 
Cd, and Pb in river, estuarine, and marine environments (abstr.3, Geol. 
SOC. Amer., Abstracts with Programs, v. 7, no. 7, p. 1175. 

Lubchenko, I. Yu., 1970, Lead in Holocene Black Sea sediments, Proc. Acad. 
Sci. U.S.S.R., Earth Sci. Sect., v. 193, p. 221-224. Transl. from -- 9okl. 
Akad. Nauk SSSR, v. 193, no. 2, p. 445-448 (1970). 

Lyle, Mitchell W., Jack Dymond, and G. Ross Heath, 1975, Factors controlling 
the chemical composition of manganese nodules and crusts from the Bauer 
Deep (abstr.), Geol. SOC. Amer., Abstracts with Programs, v. 7, no. 7, 
p. 1181. 

Mackenzie, F. T., and R. M. Garrels, 1965, Silicates: Reactivity with sea 
water, Science, v. 150, p. 57-58. 

Mackenzie, F. T., and R. M. Garrels, 1966, Chemical mass balance between 
rivers and oceans, her. J. Sci., v. 264, p. 507-525. 

Mahoney, M. A., P. Kroopnick, S. V. Margolis, and D. E. Goodney, 1975, 
Isotopic and chemical analyses of particles contributing to the growth 
of manganese nodules (abstr.), Trans. Amer. Geophys. Union, v. 56, no. 12, 
p.  1000. 

Manheim, F. T., 1970, The diffusion of ions in unconsolidated sediments, 
Earth Planet. Sci. Lett., v. 9, p. 307-309. 

Manheim, F. T., 1973, Red Sea hot brine; metal deposits, Acta GeoloRica, 
Budapest, v. 17, no. 4, p. 383-389. 

Manheim, Frank T., 1974, Red Sea geochemistry, p. 975-998 in R. B. Whitmarsh, 
0. E. Weser, D. A. Ross, et al., Initial Reports of the Deep Sea Drilling 
Project, v. 23, U.S. Government Printing Office, Washington, D.C., 1180 pp. 

Manheim, Frank T., and David E. Siems, 1974, Chemical analyses of Red Sea 
sediments, p. 923-938 in R. B. Whitmarsh, 0. E. Weser, D. A. Ross, - et 2, a1 
Initial Reports of the Deep Sea Drilling Proiect, v. 23, U.S. Government 
Printing Office, Washington, D.C., 1180 pp. 

Margolis, Stanley V., 1974, Manganese deposits encountered during Deep Sea 
Drilling Project, Leg 29, in Subantarctic waters, p. 1083-1085 in 
J. P. Kennett, R. E. Houtz, et&, Initial Reports of the Deep Sea Drillinq 
Project, v. 29, U.S. Government Printing Office, Washington, D.C., 1197 pp. 

A-17 



Margolis, S. V., 1975, Microchemical variations in manganese nodules from the 
northeastern Equatorial Pacific (abstr.), Trans. her. Geophys. Union, 
v. 56, no. 12, p. 1000. 

Margolis, S. V., C. J. Bowser, J. Murray, J. L. Mero, W. Hardy, W. C. Dudley, 
B. K. Dugolinsky, K. Binder, R. Hall, and C. Boatman, 1975, Ferromanganese 
Deposits of the Ocean Floor, Cruise Report Mn-74-02, R/V MOANA WAVE, 
San Diego to Honolulu, 11 Sept.-10 Oct., 1974, Hawaii Inst. Geophys. Rept. 
HIG-75-17, Tech. Rept. 10, NSF GX-34659, Seabed Assessment Program, IDOE, 
121 pp. 

McBirney, A. R., 1963, Factors governing the nature of submarine volcanism, 
Bull. Volcanol., v. 26, p. 455-469. 

McGregor, Bonnie A., and Peter A. Rona, 1975, Crest of the Mid-Atlantic Ridge 
at 26'N, J. Geophys. Res., v. 80, no. 23, p. 3308-3314. 

McKee, T. R., B. J. Presley, and S. K. Addy, 1975, Microstructure of ferro- 
manganese micronodules from the northwest Atlantic Ocean (abstr.), Trans. 
Amer. Geophys. Union, v. 56, no. 6, p. 458-459. 

McKelvey, V. E., 1968, Mineral potential of the submerged parts of the U.S., 
Ocean Industry, v. 3, no. 9, p. 37-43. 

McMurtry, G. M., and G. P. Woollard, 1975, Model for hydrothermal metallogenesis 
in the Bauer Deep, southeastern Pacific (abstr.), Trans. her. Geophys. 
Union, v. 5 6 ,  no. 6 ,  p .  446. 

Mero, J. L., 1952, Manganese, N. Dakota Engr., v. 27, p. 28-32. 

Mero, J. L., 1964b, Mineral resources of the sea, Trans. N.Y. Acad. Sci., 
Ser. 11, v. 26, no. 5, p. 525-544. 

Merrihue, C. M., 1964, Rare gas evidence for cosmic dust in modern Pacific 
red clay, Ann. N.Y. Acad. Sci., v. 119, p. 351-367. 

Meylan, Maurice A . ,  1975, Regional variations in Pacific Ocean manganese 
nodule mineralogy (abstr.), Geol. SOC. Amer., Abstracts with Programs, 
v. 7, no. 7, p. 1200. 

Meylan, M. A . ,  and J. D. Craig, 1975, Manganese nodules of the northeastern 
Equatorial Pacific Ocean--descriptive characterization (abstr.), Trans. 
Amer. Geophys. Union, v. 56, no. 12, p. 999-1000. 

Meylan, M. A. ,  H. Backer, and G. P. Glasby, 1974, Manganese nodules south 
and south-west of Rarotonga, Cook Islands, Proc., CCOP/SOPAC, Third 
Session, p .  69-75. 

Miall, Andrew D., 1974, Manganese spherulites at an intra-Cretaceous 
disconformity, Banks Island, Northwest Territories, Can. J. Earth Sci., 
v. 11, no. 12, p. 1704-1716. 

A - l b  



Millero, Frank J., 1974, The physical chemistry of seawater, p. 101-150 in 
Fred A. Donath, Francis G. Stehli, and George W. Wetherill, Editors, 
Ann. Rev. Earth Planet. Sci., v. 2, Annual Reviews, Inc., Palo Alto, 
Calif., 478 pp. 

228 Moore, Willard S., 1969b, Measurement of Ra228 and Th in sea water, 
J. Geophys. Res., v. 74, p. 694-704. 

Morey, G. S., R. 0. Fournier, and J. J. Rowe, 1965, The solubility of 
amorphous silica at 25OC, J. Geophys. Res., v. 69, p. 1995-2002. 

Morgan, Charles L., and J. Robert Moore, 1975, Ferromanganese nodules: 
Processing guidelines for the marine mine, paper presented to Offshore 
Technology Conference, Houston. 

Morgenstein, Maury, and Thomas J. Riley, 1975, Hydration-rind dating of 
basaltic glass: A new method for archaeological chronologies, Asian 
Perspectives, v. 17, no. 2, p. 145-159. 

Morris, A. W., 1975, Dissolved molybdenum and vanadium in the northeast 
Atlantic Ocean, Deep-sea Res., v. 22, no. 1, p. 49-54. 

Mottl, Michael J., Rosamund F. Corr, and H. D. Holland, 1975, Trace element 
content of the Reykjanes and Svartsengi thermal brines, Iceland (abstr.), 
Geol. SOC. Amer., Abstracts with Programs, v. 7, no. 7, p. 1206-1207. 

Murray, James W., 1975a, The interaction of cobalt with hydrous manganese 
dioxide, Geochim. Cosmochim. Acta, v. 39, no. 5, p .  635-647. 

Murray, J. W., 1975b, The interaction of cobalt with hydrous manganese 
dioxide (abstr.), Trans. her. Geophys. Union, v. 56, no. 12, p .  1004. 

Murray, John, and Johan Hjort, 1912, The Depths of the Oceans, MacMillan 
and Co.,  Ltd., London, 821 pp. 

Mutch, T. A., and R. E. Garrison, 1965, Determination of sedimentation rates 
by extraterrestrial spherule abundances (abstr.), Geol. SOC. Amer. , Spec. 
Paper No. 82, Abstracts for 1964, p. 137. 

Nafe, J. E., and C. L. Drake, 1963, Physical properties of marine sediments, 
p. 794-815 in M. N. Hill, et al., Editors, The Sea, v. 3, Wiley-Interscience, 
New York, 963 pp. 

Natland, James H., 1973, Basal ferromanganese sediments at DSDP Site 183,. 
Aleutian Abyssal Plain, and Site 192, Meiji Guyot, Northwest Pacific, 
Leg 19, p. 629-641 in J. S. Creager, D. W. Scholl, et al., Initial 
Reports of the Deep Sea Drilling Project, v. 19, U . S .  Government Printing 
Office, Washington, D.C., 913 pp. 

Ninkovich, D., B. C. Heezen, J. R. Conolly, and L. H. Burkle, 1964, South 
Sandwich tephra in deep-sea sediments, Deep-sea Res., v. 11, p. 605-619. 

A-19 



Noakes, John E., James L. Harding, and James D. Spaulding, 1975, 
Surveillance system for subsea survey and mineral exploration, paper 
presented to Offshore Technology Conference, Houston. 

Noble, C. S., and J. J. Naughton, 1968, Deep-ocean basalts: Inert gas 
content and uncertainties in age dating, Science, v. 162, p. 265-267. 

Nordquist, Myron, 1973, An outline of marine resource issues in the law of 
the sea negotiations, p. 635-637 in Marine Industries: Problems and 
Opportunities, Proc., 9th Ann. Conf., Marine Technol. SOC., 10-12 Sept. 
1973, Washington, D.C., 744 pp. 

O'Connor, Thomas Patrick, 1974, The adsorption of copper and cobalt from 
aqueous solution onto illite and other substrates, unpubl. Ph.D. 
dissertation, University of Rhode Island. C.f. also: Diss. Abstr. 
Intl., v. 35, no. 2, p. 961B. 

Orlova, S. S., 1974, Correlation of suspended and dissolved forms of cobalt 
and content of iron, manganese, and copper in waters of the North and 
Norwegian Seas, Oceanology, v. 14, no. 1, p. 55-59. 

Osmond, J. K., and L. D. Pollard, 1968, Sedimentation rate determination in 
deep sea cores by gamma-ray spectrometry, Earth Planet. Sci. Lett., v. 3, 
p. 476-480. 

Pearson, John S., 1975, Ocean Floor Mining, Noyes Data Corp., Park Ridge, 
N.J., 201 pp. 

Philpotts, J. A . ,  C. C. Snetzler, and S. R. Hart, 1969, Submarine basalts, 
some K, Rb, Sr, Ba, rare-earth, H20, and co data bearing on their 

- Earth Planet. Sci. Lett., v. 7, p. 293-299. 
alteration, modification by plagioclase, an 3 possible source materials, 

Picciotto, E. E., 1961, Geochemistry of radioactive elements in the ocean 
and the chronology of deep-sea sediments, p. 367-390 in M. Sears, Editor, 
Oceanography, Publ. No. 67, her. Assoc. Adv. Sci., Washington, D.C., 
654 pp. 

Picciotto, E., and S. Wilgain, 1954, Thorium determination in deep-sea 
sediments, Nature, v. 173, p. 632-633. 

Pilipchuk, M. F., 1974, New data on the As distribution in the Black Sea 
water, Geochem. Intl., v. 11, no. 1, p. 235-238. Transl. from Geokhimiya, 
no. 2, p. 309-313 (1974). 

Pim, Anthony C., 1973, Trace element determinations compared with x-ray 
diffraction results of brown clay in the central Pacific, p .  511-513 in 
E. L. Winterer, J. I. Ewing, - et 2, a1 Initial Reports of the Deep Sea 
Drilling Project, v. 17, U.S. Government Printing Office, Washington, D.C., 
930 pp. 

A-20 



Piper, David J. W., and Creighton D. Brisco, 1975, Deep-water continental- 
margin sedimentation, DSDP Leg 28, Antarctica, p. 727-755 in D. E. Hayes, 
L. A. Frakes, et al., Initial Reports of the Deep Sea Drilling Project, 
v. 28, U.S. Government Printing Office, Washington, D.C., 1017 pp. 

Piper, David Z., 1974b, Rare earth elements in the sedimentary cycle: A 
summary, Chem. Geol., v. 14, no. 4, p .  285-304. 

Piper, David Z., 1974c, Effects of the formation of authigenic and biogenic 
phases upon the cycle of rare-earth elements in the marine environment 
(abstr.), Abstracts, Ann. Mtg., AAPG and SEPM, v. 1, p. 70-71. 

Piper, D. Z., H. H. Veeh, W. G. Bertrand, and R. L. Chase, 1975, An iron- 
rich deposit from the northeast Pacific, Earth Planet. Sci. Lett., 
v. 26, no. 1, p. 114-120. 

Presley, B. J., R. R. Sims, and S. E. Feagley, 1974, Interstitial water 
chemistry, DSDP Leg 23, p. 953-954 in R. B. Whitmarsh, 0. E. Weser, 
D. A .  Ross, et al., Initial Reports of the Deep Sea Drilling Project, 
v. 23, U.S. Government Printing Office, Washington, D.C., 1180 pp. 

Pushkina, 2. V., 1974, Sedimentary niobium and tantalum on a profile crossing 
the northeastern Pacific basin, Proc. Acad. Sci. U.S.S.R., Earth Sci. 
Sect., v. 216, p. 223-225. Transl. from Dokl. Akad. Nauk SSSR, v. 216, 
no. 1, p. 191-194 (1974). 

Pyle, T. E., and T. T. Tieh, 1970, Strontium, vanadium, and zinc in the 
shells of pteropods, Limnol. Oceanogr., v. 15, p. 153-154. 

Pytkowicz, Ricardo M.,  1975, Some trends in marine chemistry and 
geochemistry, Earth Sci. Rev., v. 11, p .  1-46. 

Rex, R. W., J. K. Syers, M. L. Jackson, and R. N. Clayton, 1969, Eolian 
origin of quartz in soils of Hawaiian islands and in Pacific pelagic 
sediments, Science, v. 163, p. 277-279. 

Roels, 0. A . ,  1974a, Will nodule mining disturb the marine environment? 
J. Marine Technol. SOC., v. 8, no. 8, p. 17-20. 

Roels, Oswald A., 1974b, A suggested procedure to ensure the safe development 
of deep-sea mining, p. 163-168 in National Needs and Ocean Solutions; 
Marine Mining Environmental Impact, Proc., 10th Ann. Conf., Marine 
Technol. SOC., 23-25 Sept. 1974, Washington, D.C., 1062 pp. 

Roels, 0. A., A. F. Amos, C. Garside, and T. C. Malone, 1972, The environmental 
impact of deep-sea mining, p. 369-373 in Applications of Marine Technology 
to Human Needs, Preprints, 8th Ann. Conf. and Expos., Marine Technol. SOC., 
11-13 Sept. 1972, Washington, D.C., 782 pp. 

Roels, 0. A , ,  A. F. Amos, 0. R. Anderson, C. Garside, K. C. Haines, 
T. C.  Malone, A. Z. Paul, and G. E. Rice, 1973, The environmental impact 
of deep-sea mining: Progress report, NOAA Tech. Rept. ERL 29-OD-11, 
U . S .  Dept. of Commerce, Boulder, Colorado, 180 pp. 

A - 2 1  



Rozanov, A. G., I. I. Volkov, and T. A. Yagodinskaya, 1974, Forms of iron 
in surface layer of Black Sea sediments, p. 532-541 in The Black Sea; 
Geology, Chemistry, and Biology; Geochemistry, AAPG Memoir No. 20. 

Ryabinin, A. I., A. S .  Romanov, Sh. Khatamov, and R. Khamidova, 1975, Gold 
in ocean waters, Geochem. Intl., v. 11, no. 1, p. 118-122. Transl. from 
Geokhimiya, no. 1, p. 158-162 (1974). 

Sackett, W. M., and G. Cook, 1969, Uranium geochemistry of the Gulf of 
Mexico, Trans. Gulf Coast Assoc. Geol. SOC., v. 19, p. 233-238. 

Samoilov, Ya. V., and A. G. Titov, 1922, Shelezo-margant-souye zhelvaki so 
dna chernago, Baltisskago i Barentskago morei, Trudy Geol. Mineral. 
Muzeya Rossisk. Akad. Nauk, v. 3, p. 25-112. 

Sarma, T. P., 1964, Dating of marine sediments by ionium and protactinium 
methods, U.S. Atom. EnerpyCommn. Rept., NYO-8925. 

Sayles, F. L., and F. T. Manheim, 1975, Interstitial solutions and diagenesis 
in deeply buried marine sediments: Results from the Deep Sea Drilling 
Project, Geochim. Cosmochim. Acta, v. 39, no. 2,  p. 103-127. 

Scadden, E. M., 1969, Rhenium, its concentration in Pacific Ocean surface 
waters, Geochim. Cosmochim. Acta, v. 33, p. 633-637. 

Schafer, Charles T., 1974, The Mid-Atlantic Ridge near 45'N. 
Sedimentary deposition and lithogenesis on Mid-Atlantic Ridge mountain 
tops, Can. J. Earth Sci., v. 11, no. 8, p. 1157-1167. 

XXII. 

Schott, Wolfgang, 1974, Submarine mineral deposits in the oceans, 
Naturwissenschaften, v. 61, no. 5, p. 192-199. (in German, Engl. sum. )  

Sclater, F. R., E. Boyle, and J. M. Edmond, 1975, On the marine geochemistry 
of nickel (abstr.), Trans. Amer. Geoph'ys. Union, v. 56, no. 12, p. 1001. 

Scott, M. R., 1968, Thorium and uranium concentrations and isotope ratios 
in river sediments, Earth Planet. Sci. Lett., v. 4, p. 245-253. 

Scott, Robert B., John Malpas, Gleb Udintsev, and Peter A. Rona, 1975, 
Submarine hydrothermal activity and seafloor spreading at 26'N, MAR. 
(abstr.), Geol. SOC. Amer., Abstracts with Programs, v. 7, no. 7, p .  1263. 

Senechal, R. G., E. J. Dasch, J. Dymond, J. B. Corliss, G. R. Heath, 
H. H. Veeh, and L. A. Machlan, 1975, Nazca Plate metalliferous sediments: 
111. Isotopic, elemental and mineralogical distributions in size 
fractions of a Bauer Deep sample (abstr.), Trans. her. Geophys. Union, 
v. 56, no. 6, p. 446. 

Shapley, Deborah, 1974, The war of nodules, Recherche. Paris, v. 5, no, 42, 
p. 111-118. 

A-22 



Shterenberg, L. Ye., and G. N. Shchurina, 1974, Clay minerals in iron- 
manganese concretions from the Pacific, Proc. Acad. Sci. U.S.S.R., Earth 
Sci. Sect., v. 216, p. 252-254. Transl. from Dokl. Akad. Nauk USSR, 
v. 216, no. 4, p. 908-910. 

Siapno, W. D., and G. A. Zahn, 1974, Navigation requirements for nodule 
exploration and mining, Intl. Symp. on Application of Marine Geodesy, 
3-5 June 1974, Battelle, Columbus, Ohio. 

Siever, R., and M. Kastner, 1967, Mineralogy and petrology of some Mid- 
Atlantic Ridge sediments, J. Marine Res., v. 25, p. 263-278. 

Siever, R., K. C. Beck, and R. A. Berner, 1965, Composition of interstitial 
waters of modern sediments, J. Geol., v. 73, p. 39-73. 

Sillen, L. G., and A. E. Martell, 1964, Stability constants of metal-ion 
complexes, Chem. SOC. (London) Spec. Publ. 17. 

Sinclair, A. J., 1965, Oceanic lead isotopes and ore genesis: Discussion, 
Econ. Geol., v. 60, p. 1533-1539. 

Siniukov, V. V., 1964, About the influence of volcanic eruptions on the 
chemistry of sea water, Okeanology, v. 4, p. 644-650. 

Slowey, J. F. ,  and L. M. Jeffrey, 1967, Evidence for organic complexed 
copper in sea water, Nature, v. 214, p. 377-378. 

Sokolova, Ye. G., and M. F. Pilipchuk, 1970, Selenium in Recent Black Sea 
sediments, Proc. Acad. Sci. U.S.S.R., Earth Sci. Sect., v. 193, 
p. 225-228. Transl. from Dokl. Akad. Nauk SSSR, v. 193, p. 692-695 
(1970). 

Sorem, R. K., 1975, Rest position relationships of manganese nodules and 
subjacent sediment as a key to nodule origin (abstr.), Trans. her. 
Geophys. Union, v. 56, no. 12, p. 999. 

Sorokin, Yu. I., 1970, Abundance and production of bacteria in the water 
and bottom sediments of the central Pacific, Proc. Acad. Sci. U.S.S.R., 
Earth Sci. Sect., v. 192, p. 212-215. Transl. from Dokl. Akad. Nauk 
- SSSR, v. 192, no. 3, p. 655-658. 

Spencer, D. W., and P. L. Sachs, 1970, Some aspects of the distribution, 
chemistry, and mineralogy of suspended,matter in the Gulf of Maine, 
Mar. Geol., v. 9, p. 117-136. 

Sreekumaran, C., K. C. Pillai, and T. R. Folsom, 1968, The concentration of 
lithium, potassium, rubidium, and cesium in some American rivers and 
marine sediments, Geochim. Cosmochim. Acta, v. 32, p. 1229-1234. 

Summerhayes, C. P., and J. P. Willis, 1973, Manganese encrustations from 
the Agulhas Bank, Progress Reports for the Year 1972, S. Afr. Natl. 
Comm. Oceanogr. Res., no. 5, p. 115-120. 

A-23 



Summerhayes, C. P., and J. P .  Willis, 1975, Geochemistry of manganese 
deposits in relation to environment on the sea floor around southern 
Africa, Mar. Geol., v. 18, no. 3, p. 159-173. 

Sung, W., K. B. Schwartz, V. M. Burns, and R. G. Burns, 1975, Changing 
mineralogy and microchemistry in manganese nodules from the NE Equatorial 
Pacific (abstr.), Trans. her. Geophys. Union, v. 56, no. 12, p. 1000. 

Szabo, B. J., F. F. KOCZY, and G. Ostlund, 1967, Radium and radiocarbon in 
Caribbean waters, Earth Planet. Sci. Lett., v. 3 ,  p. 51-61. 

Tatsumoto, M., and C. C. Patterson, 1963, The concentration of common lead 
in sea water, p. 74-89 in Earth Science and Meteoritics, North-Holland 
Publ. Co., Amsterdam. 

Tatsumoto, M., C. E. Hedge, and A. E. J. Engel, 1965, Potassium, rubidium, 
strontium, thorium, uranium, and the ratio of strontium 87 to strontium 
86 in oceanic tholeiitic basalt, Science, v. 150, p. 886-888. 

Thompson, G., 1968, Analyses of B, Ga, Rb, and K in two deep-sea sediment 
cores; consideration of their use as paleoenvironmental indicators, 
Mar. Geol., v. 6, p. 463-477. 

Thompson, G., 1973, A geochemical study of the low temperature interaction 
of sea water and oceanic igneous rocks, Trans. her. Geophys. Union, 
v. 54, no. 11, p. 1015-1019. 

Thompson, G., C. C. Woo, and W. Sung, 1975, Metalliferous deposits on the 
Mid-Atlantic Ridge (abstr.), Geol. SOC. her., Abstracts with Programs, 
v. 7, no. 7, p. 1297-1298. 

Tooms, J. S., 1970b, Metal deposits in the Red Sea--their nature, origin, 
and economic worth, Underwater Sci. and Tech. J., v. 2, no. 1, p. 28-33. 

Turekian, K. K., 1964b, The geochemistry of the Atlantic Ocean basin, Trans. 
N.Y. Acad. Sci., v. 26, p. 312-330. 

Turekian, K. K., 1967, Estimates of the average Pacific deep sea clay 
accumulation rate from material balance calculations, Progress in 
Oceanography, v. 4, p. 227-244, Pergamon, Oxford. 

Veeh, H. H., 1967, Deposition of uranium from the ocean, Earth Planet. Sci. 
.’ Lett v. 3, p. 145-150. 

234 238 Veeh, H. H., 1968, U /LJ in the east Pacific sector of the Antarctic 
Ocean and in the Red Sea, Geochim. Cosmochim. Acta, v. 32, p. 117-119. 

Vigil, Arthur E., Hugh L. Frisbee, and George L. Hatchett, 1975, Deep-sea 
survey system, paper presented to Offshore Technology Conference, Houston. 

Volkov, I. I., V. S .  Sokolov, Ye. G. Sokolova, et al., 1974, Rare and trace 
elements in sediments of the northwest Pacific Ocean, Litol. Polez. 
Iskop., no. 2, p. 3-21. (in Russian) 

A- 24 



Wakefield, B. D., 1969, Mining hard minerals three miles under water, 
Iron Age, v. 204, no. 17, p. 61-68. 

Wakeham, Stuart, and Roy Carpenter, 1974, Electron spin resonance spectra 
of marine and fresh-water manganese nodules, Chem. Geol., v. 13, no. 1, 
p. 39-47. 

Warner, Theodore B., and Joris M. Gieskes, 1974, Iron-rich basal sediments 
Site 245, Deep Sea Drilling Project, p .  395-403 from the Indian Ocean: 

in E. S. W. Simpson, R. Schlich, et al., Initial Reports of the Deep Sea 
Drilling Project, v. 25, U.S. Government Printing Office, Washington, 
D.C., 884 pp. 

Williamson, M. L., and D. 2. Piper, 1973, Detailed sampling and mineralogical- 
chemical analysis of a single ferromanganese nodule from the northeast 
Pacific (abstr.), Trans. her. Geophys. Union, v.  54, no. 11, p .  1109. 

Windom, H. L., 1970, Contribution of atmospherically transported trace 
metals to South Pacific sediments, Geochim. Cosmochim. Acta, v. 34, 
p. 509-514. 

Wing, Robert H., 1974, Project development plan deep ocean mining, p. 149-158 
in National Needs and Ocean Solutions, Proc., 10th Ann. Conf., Marine 
Technol. SOC., 23-25 Sept. 1974, Washington, D.C., 1062 pp. 

Wolgemuth, K., and W. S. Broecker, 1970, Barium in sea water, Earth Planet. 
Sci. Lett., v.  8, p. 372-378. 

Yemel'yanov, Ye. M., 1974, Manganese in deposits of the Atlantic Ocean. 
Dokl. Akad. Nauk SSSR, v. 217, no. 5, p. 1187-1190. (in Russian) 

A-25 



INDEX SECTIONS 

1 - MANGANESE NODULES--GENERAL 
2a- BIBLIOGRAPHIES 

b- SYMPOSIUMS and COLLECTIONS of PAPERS 

3 - DATA COLLECTIONS and EXPEDITION REPORTS 

4 - MARINE DISTRIBUTION and OCCURRENCE of NODULES and MANGANIFEROUS SEDIMENTS 
a- BOTTOM PHOTOGRAPHY OF NODULES 

b- PACIFIC OCEAN 

C- ATLANTIC OCEAN 

d- INDIAN OCEAN and RED SEA 

e- ANTARCTIC OCEAN 

f-  ARCTIC OCEAN 

g- MEDITERRANEAN and EUROPEAN SEAS 

h- GULF of MEXICO and CARIBBEAN SEA 

i- WORLDWIDE 

5 - FRESHWATER NODULES, CONCRETIONS, andOMANGANIFEROUS SEDIMENTS 

6 - SOIL NODULES and CONCRETIONS 
7 - "FOSSIL" MANGANESE NODULES 

8 - TERRESTRIAL MANGANESE OCCURRENCES 

a- MANGANESE ORE DEPOSITS 

b- MANGANESE in ROCKS 

9 - CHEMICAL COMPOSITION of NODULES 

10 - CHEMICAL COMPOSITION of SEDMNTS ASSOCIATED with NODULES 

11 - CHEMICAL ELEMENTS in AQUEOUS SOLUTIONS 

12 - DISTRIBUTION, MINERALOGY, and PHYSICAL PROPERTIES of SEDIMENTS 
ASSOCIATED with MANGANESE DEPOSITS 

A- 26 



13 - PETROLOGY and CHEMISTRY of ROCKS ASSOCIATED with MANGANESE DEPOSITS 

14a- MINERALOGY of MANGANESE NODULES 

b- MANGANESE MINERALS 

15 - GEOCHEMISTRY and STRUCTURE of FERROMANGANESE OXIDES and HYDROXIDES 

16 - GEOCHEMICAL PROCESSES and ENVIRONMENTAL CONTROLS RELEVANT t o  Mn-NODULE 
FORMATION 

17 - FORMATION and ORIGIN of MANGANESE ACCUMULATIONS (GENERAL) 

18a- MARINE METALLOGENIC DEPOSITS and FERROMANGANOAN SEDIMENTS 

b- ASSOCIATION of Mn-NODULES with SUBllARINE VOLCANICS; VOLCANIC ORIGIN 
of Mn-NODULES and NODULE METALS 

19a- BIOGEOCHEMISTRY of MANGANESE and OTHER ELEMENTS 

b- BIOLOGICAL ORIGIN OF NODULES; ASSOCIATION of ORGANISMS and Mn-NODULES 

20 - INTERNAL STRUCTURE and EXTERNAL MORPHOLOGY of NODULES 

21 - RADIOGEOCHEMISTRY of NODULES; RATES of NODULE GROWTH 

22 - INSTRUMENTAL and ANALYTICAL TECHNIQUES f o r  STUDYING NODULES 

23 - COSMIC SPHERULES i n  NODULES and ASSOCIATED SEDIMENTS 

24a- ECONOMIC POTENTIAL of MANGANESE NODULES 

b- NODULE EXPLORATION and MINING 

C- METALLURGICAL PROCESSING of NODULES 

25 - ENVIRONMENTAL ASPECTS of NODULE MINING, PROCESSING, and UTILIZATION 

26 - LEGAL ASPECTS of OCEAN-FLOOR MINING 

A-27 



INDEX ABBREVIATIONS 

accum(s) = accumulat ion(s)  o r  accumulat ing 

a s s o c ( s )  = a s s o c i a t i o n ( s )  o r  a s s o c i a t e d  

assoc/w = a s s o c i a t e d  w i t h  

A t 1  = A t l a n t i c  Ocean 

avg = average  

Ca l i f  = C a l i f o r n i a  

chem = chemistry o r  chemical 

d i s t r i b  = d i s t r i b u t i o n  

DSDP = Deep Sea D r i l l i n g  P r o j e c t  

DTA = d i f f e r e n t i a l  thermal  a n a l y s i s  

E = E a s t  

e lectrochem = e l e c t r o c h e m i s t r y  o r  e l ec t rochemica l  

Equat = E q u a t o r i a l  

exped = exped i t ion  

Fe-Mn = ferromanganese 

geochem = geochemistry o r  geochemical 

H I G  = H a w a i i  I n s t i t u t e  of Geophysics 

IDOE = I n t e r n a t i o n a l  Decade of Ocean Exp lo ra t ion  

Ind Oc = Ind ian  Ocean 

i n t l  = i n t e r n a t i o n a l  

Medit = Mediterranean Sea 

micronod(s) = micronodules ( s )  

MORB = mid-ocean r i d g e  b a s a l t  

N = North 

nod(s) = nodu le ( s )  

A-28 



Pac = Pacif ic  Ocean 

petrol = petrology or petrologic 

physiochem = physiochemistry or physiochmical 

radiochem = radiochemistry or radiochemical 

REE = rare-earth elements 

S = South 

sed = sediment or sedimentary 

seds = sediments 

SEM = scanning electron microscope or microscopy 

spectrochem = spectrochemistry or spectrochemical 

s trat ig  = stratigraphy or stratigraphic 

XRD = x-ray diffraction 

W = West 

A-2 9 



INDEX 

1 - MANGANESE NODULES--GENERAL 

Davin, 1973 Seabed assessment and resource geology 

2a - BIBLIOGRAPHIES 

None 

2b - SYMPOSIUMS AND COLLECTIONS OF PAPERS 

None 

3 - DATA COLLECTIONS AND EXPEDITION REPORTS 

Backer, 1974 Tangaroa cruise 22; Mn 
Pacific Basin 

nods in SW 

Margoiis, - e t  ., a1 1975 -- Moana Wave cruise Mn-7 -02; Mn nods 
in NE Equat Pacific 

Tangaroa; Mn nods S and SW of Rarotonga, 
Cook Islands 

Meylan, - et 2’ a1 1974 

Murray, J. and Hjort, 1912 Michael - Sars, North Atlantic 

4a - BOTTOM PHOTOGRAPHY OF NODULES 

Backer, 1974 

Glasby and Singleton, 1975 

Tangaroa 22 cruise report; SW Pacific 
Basin 

Underwater photos, Mn nods; SW Pacific 
Basin 

A- 30 



Schafer, 1974 

4b - PACIFIC OCEAN 

Andrews, 1975 

Backer, 1974 

BostrGm, Joensuu, et al., 
1974 

Burnett, et al,, 1975 

Burns, R. G., et al,, 1975 

Carsola and Dietz, 1952 

Corliss and Dymond, 1975 

Craig, J. D., 1975a, b 

Cronan, 1973a 

Cronan, 1973b 

Dugolinsky, 1975 

Dymond, Corliss, and Heath, 
1975 

Sed deposition and lithogenesis; 
Mid-Atlantic Ridge mountain tops 

Equat NE Pac; geologic setting of Mn 
nod deposits 

SW Pac Basin; Tangaroa cruise 22; 
Mn nods 

E Pac Rise; new finds of exhalative 
deposits 

Galapagos spreading center, E Pac; 
geochem and age of Fe-Mn crust 

NE Equat Pac; chem stratig mapping 
of Mn nods by electron microprobe; 
evidence of late stage Ni and Cu 
enrichments 

NE Pac; submarine geology of two 
seamounts 

Nazca Plate metalliferous seds; 
elemental distrib patterns in surface 
samples 

N Equat Pac; distrib of Fe-Mn nod 
deposits 

NE Equat Pac; DSDP Leg 16; basal 
ferruginous seds cored 

NE Equat Pac; DSDP Leg 16, Mn nods in 
seds cored 

NE Equat Pac; Cu and Ni enrichment in 
relation to major element compositfon 
in Mn nods 

Nazca Plate; DSDP Site 319; chem 
composition and metal accum rates of 
metalliferous seds 

A- 31 



Glasby, 1975c 

Glasby and Lawrence, 1974a 

Glasby and Lawrence, 1974b 

Glasby and Lawrence, 1974c 

Glasby and Lawrence, 1974d 

Glasby and Lawrence, 1974e 

Glasby and Lawrence, 1974f 

Glasby and Lawrence, 197413 

Glasby and Singleton, 1975 

Glasby , Backer, and Meylan, 
1975 

Heath and Moberly, 1971 

Heath, - et 2, a1 1975 

Kraemer and Schornick, 1974 

Lyle, et al., 1975 

Margolis, 1975 

Margolis, Bowser, et al., 1975 

McMurtry and Woollard, 1975 

Meylan, 1975 

Meylan and Craig, 1975 

SW Pac; Mn deposits 

S Pac; Mn deposits; distrib 

S Pac; Mn deposits; Mn content 

S Pac; Mn deposits; Fe content 

S Pac; Mn deposits; Cu content 

S Pac; Mn deposits; Ni content 

S Pac; Mn deposits; Co content 

S Pac; metalliferous seds, submarine 
volcanism, submarine geothermal 
activity 

SW Pac Basin; underwater photos of 
Mn nods 

SW Pac Basin; metal contents of Mn nods 

W Pac; DSDP Leg 7, noncalcareous pelagic 
seds 

Nazca Plate; Bauer Deep and adjacent 
E Pac Rise; partitioning of transition 
metals amongst mineral phases in 
metalliferous seds 

S Pac; Fe-Mn deposits and seds; 
comparison of elemental accum rates 

Bauer Deep; factors controlling chem 
composition of Mn nods and crusts 

NE Equat Pac; microchem variations 
in Mn nods 

NE Pac; Moana Wave cruise report Mn-74-02 

SW Pac, Bauer Deep; model for hydro- 
thermal metallogenesis 

Pac; regional variations in Mn nod 
mineralogy 

NE Equat Pac; descriptive characteriza- 
tion of Mn nods 

A- 32 



Meylan, et al., 1974 

Natland, 1973 

Piper, D. Z . ,  et al., 1975 

Senechal, et al., 1975 

S and SW of Rarotonga, Cook Islands; 
Mn nods 

NW Pac; DSDP Site 183, Aleutian Abyssal 
Plain and DSDP Site 192, Meiji Guyot; 
basal Fe-Mn seds 

NE Pac; Dellwood Seamount; hydrothermal 
Fe-rich deposit 

Bauer Deep, Nazca Plate; isotopic, 
elemental and mineralogical distribs 
in metalliferous seds 

Shterenberg and Shchurina, 1974 Pac; clay minerals in Fe-Mn concretions 

Sung, et al., 1975 NE Equat Pac; changing mineralogy and 
microchemistry in Mn nods 

Williamson and Piper, 1973 NE Pac; single Fe-Mn nod; detailed 
sampling and mineralogical-chem 
analysis 

4~ - ATLANTIC OCEAN 

Cronan, 1975 

Hekinian and Hoffert, 1975 

Hoffert, et al., 1975 

McGregor and Rona, 1975 

McKee, et al., 1975 

Murray, J. and Hjort, 1912 

Scott, R. B., Malpas, et al., 
1975 

Summerhayes and Willis, 1973 

Summerhayes and Willis, 1975 

Atl; Mn nods and other Fe-Mn oxide 
deposits 

Atl; rift valley near 36'50"; rate of 
palagonitization and Mn coating on 
basaltic rocks 

N Atl; authigenic attapulgite and 
phillipsite in Mn nod nuclei 

Mid-At1 Ridge; crest at 26'N 

NW Atl; microstructure of Fe-Mn micronods 

N Atl; Michael Sars; samples 

Mid-At1 Ridge at 26'N; submarine hydro- 
thermal activity and seafloor spreading 

Agulhas Bank, S Atl; Mn encrustations 

Seafloor around S Africa; geochem of Mn 
deposits in relation to environment 
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Thompson, G., et al., 1975 

4d - INDIAN OCEAN AND RED SEA 

Amann, et al., 1973 

Bignell, et al., 1974 

Cronan, Damiani, et al., 1974 

Degens and Ross, 1969 

Manheim, 1973 

Manheim, 1974 

Summerhayes and Willis, 1975 

Tooms, 1970b 

Warner and Gieskes, 1974 

4e - ANTARCTIC OCEAN 

Aumento and MacGillivray, 1975 

Glasby and Lawrence, 1974a 

Glasby and Lawrence, 1974b 

Glasby and Lawrence, 1974c 

Glasby and Lawrence, 1974d 

Glasby and Lawrence, 1974e 

Glasby and Lawrence, 1974f 

Mid-At1 Ridge; metalliferous deposits 

Red Sea and Gulf of Aden; marine 
metalliferous muds 

Red Sea; metalliferous seds; 
additional location 

Gulf of Aden and W Ind Oc; seds 

Red Sea; hot brines and recent heavy 
metal deposits 

Red Sea; hot brine; metal deposits 

Red Sea; geochem 

Seafloor around S Africa; geochem of 
Mn deposits in relation to environment 

Red Sea; nature, origin, and economic 
worth of metal deposits 

Ind Oc; DSDP Site 245; Fe-rich basal 
seds 

Antarctic Ocean; geochem of buried Miocene- 
Pleistocene Fe-Mn nods 

S Pac; Mn deposits; distrib 

S Pac; Mn deposits; Mn content 

S Pac; Mn deposits; Fe content 

S Pac; Mn deposits; Cu content 

S Pac; Mn deposits; Ni content 

S Pac; Mn deposits; Co content 
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Glasby and Lawrence, 19748 

Kraemer and Schornick, 1974 

Margolis, 1974 

Piper, D. J. W. and Brisco, 
1975 

S Pac; metalliferous seds, submarine 
volcanism, submarine geothermal activity 

S Pac; Fe-Mn deposits and seds; 
comparison of elemental accum rates 

Subantarctic; DSDP Leg 29; Mn deposits 

Antarctica; DSDP Leg 28; deep-water 
continental-margin sedimentation; buried 
micro- and macro-nods 

4f - ARCTIC OCEAN 

None 

4~ - MEDITERRANEAN AND EUROPEAN SEAS 

Andrussov, 1890 Black Sea; first Russian expedition; 
concretions around Modiolus shells 

Babinets, et al., 1973 Black Sea; deep-sea seds; hydro- 
geological and geochem properties 

Rozanov, et al., 1974 Black Sea; forms of Fe in surface layer 
of seds 

Samoilov and Titov, 1922 Baltic Sea; concretions 

4h - GULF OF MEXICO AND CARIBBEAN SEA 

Chugunnyy and Kovalyukh, 1974 Caribbean Sea; radiocarbon investigations 
of Fe-Mn nods; problems of water 
circulation in N At1 

41 - WORLDWIDE 

None 
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5 - FRESHWATER NODULES, CONCRETIONS, AND MANGANIFEROUS SEDIMENTS 

Chao and Anderson, 1975 

Coker and Nichol, 1975 

Jenne and Wahlberg, 1965 

Wakeham and Carpenter, 1974 

Colorado; stream seds of two drainage 
areas; scavenging of Ag by Mn and Fe 
oxides 

NW Ontario region of Canadian Shield; 
relation of lake sed geochem to 
mineralization 

Oak Ridge, Tennessee; White Oak Creek 
sed; Mn and Fe oxide scavenging of 
cobalt-60 

Fresh-water (and marine) Mn nods; 
electron spin resonance spectra 

6 - SOIL NODULES AND CONCRETIONS 

Langmuir, et al., 1975 Pennsylvania soil; geochem of Cu, Zn, 
Fe, Mn in soil moisture 

7 - "FOSSIL" MANGANESE NODULES 

Aumentc and MacGillivray, 1975 Buried Miocene-Pleistocene Fe-Mn nods; 
geochem; Antarctic Ocean 

Cronan, 1973b Mn nods in seds cored during DSDP Leg 16 

Piper, D. J. W. and Brisco, Buried micro- and macro-nods; deep-water 
1975 continental-margin sedimentation; DSDP 

Leg 28; Antarctica 

8a - MANGANESE ORE DEPOSITS 

Coker and Nichol, 1975 

Gavrilov, 1970 

NW Ontario region of Canadian Shield; 
relation of lake sed geochem to 
mineraliza t ion 

Exhalative sed Mn ore; role of diagenesis 
in formation 
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8b - MANGANESE I N  ROCKS 

Kay, M. ,  1974 

Miall, 1974 

9 - CHEMICAL COMPOSITION OF NODULES 

Andrussov, 1890 

Aumento and MacGillivray, 1975 

Bicker,  1974 

Banning, 1975 

Burnet t ,  e t  a l . ,  1975 

Burns, R. G. ,  e t  a l . ,  1975 

Cronan, 1975 

Dugolinsky, 1975 

Glasby, 1975d 

Glasby and Lawrence, 1974b 

Glasby .and Lawrence, 1974c 

Glasby and Lawrence, 1974d 

Glasby and Lawrence, 1974e 

NE Newfoundland; Campbell sequence; 
manganiferous beds ad jo in ing  Dunnage 
melange 

Banks I s l and ,  NW T e r r i t o r i e s ;  Mn 
s p h e r u l i t e s  at intra-Cretaceous 
disconformity 

Concretions;  Baltic Sea 

Buried Miocene-Pleistocene Fe-Mn nods; 
An ta rc t i c  Ocean; geochem 

Mn nods; SW Pac Basin; Tangaroa 22 
c r u i s e  

Marine Mn nods; Cu-Ni-Co assocs  

Fe-Mn c r u s t ;  Galapagos spreading cen te r ,  
E Pac; geochem and age 

Mn nods; NE Equat Pac; chem s t r a t i g  
mapping by e l e c t r o n  microprobe; evidence 
of l a t e  s t a g e  N i  and Cu enrichments 

Mn nods and o t h e r  Fe-Mn oxide depos i t s ;  
A t 1  Ocean 

Mn nods; NE Equat Pac; Cu and N i  enr ich-  
ment i n  r e l a t i o n  t o  major element 
compos i t ion  

Mn nods; minor element enrichment 
relative t o  sea water and marine seds  

Mn d e p o s i t s ;  S Pac; Mn conten t  

Mn d e p o s i t s ;  S Pac; Fe content  

Mn depos i t s ;  S Pac; Cu content  

Mn d e p o s i t s ;  S Pac; N i  content  
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Glasby and Lawrence, 1974f 

Glasby, Backer, and Meylan, 
1975 

Isayeva,  1974 

Lyle ,  e t  a l . ,  1975 

Mahoney, - et  2, a1 1975 

Margolis,  1975 

P ipe r ,  D. Z., 1974b 

Pushkina, 1974 

Samoilov and Ti tov ,  1922 

Summerhayes and Willis, 1975 

Sung, e t  a l . ,  1975 

Williamson and Piper ,  1973 

Yemel'yanov, 1974 

Mn depos i t s ;  S Pac; Co conten t  

Mn nods; SW Pac Basin; metal con ten t s  

Var i a t ion  of Mo/W r a t i o  as func t ion  of 
sediment a t  i o n  cond i t ions  

Mn nods and c r u s t s ;  Bauer Deep; f a c t o r s  
c o n t r o l l i n g  chem composition 

Mn nods; p a r t i c l e s  con t r ibu t ing  t o  
growth; i s o t o p i c  and chem analyses  

Mn nods; NE Equat Pac; microchem 
v a r i a t i o n s  

Sed cyc le ;  REE; summary 

P r o f i l e  c ross ing  NE Pac Basin; sed 
niobium and tantalum 

Concretions;  Baltic Sea 

Mn d e p o s i t s ;  s e a f l o o r  around S Afr ica ;  
geochem i n  r e l a t i o n  t o  environment 

Mn nods; NE Equat Pac; changing 
mineralogy and microchem 

S ing le  Fe-Mn nod; NE Pac; d e t a i l e d  
sampling and mineralogical-chem a n a l y s i s  

Mn i n  depos i t s ;  A t 1  Ocean 

10 - CHEMICAL COMPOSITION OF SEDIMENTS ASSOCIATED W I T H  NODULES 

Angino and Andrews, 1968 Trace element chem, heavy minera ls ,  sed 
s ta t is t ics ;  Weddell Sea seds  

Anta l ,  1966 

Babinets ,  e t  a l . ,  1973 

Belova, 1970 

Diagenesis  of Th i so topes ;  deep-sea seds  

Hydrogeological and geochem p r o p e r t i e s ;  
deep-sea seds  of Black Sea 

Zn; Holocene Black Sea seds  

Bennett and Manuel, 1968 Iod ine  abundances; deep-sea s e d s  
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Bernat and Goldberg, 1969 Th isotopes; marine environment 

Bertine, et al., 1970 

BostrGm and Valdes, 1969 

Cook, P. J., 1974 

Delevaux and Doe, 1974 

Dvoretskaya and Pushkina, 1974 

Emelyanov, 1975 

Frakes, 1975 

Glagoleva, 1970 

Glasby, 1975d 

Hirst, D. M., 1974 

Horowitz, 1970 

Hurd, 1973 

Isayeva, 1974 

Kalinenko and Morozov, 1974 

La1 and Krishnaswami, 1973 

Lubchenko, 1970 

Manheim, 1974 

Manheim and Siems, 1974 

Pimm, 1973 

Piper, D. Z., 1974b 

U determinations using fission tracks; 
deep-sea seds and natural waters 

Arsenic; ocean floors 

Major and trace element geochem; seds 
from DSDP Leg 27, Sites 259-263; E Ind Oc 

U, Th, Pb contents and Pb isotopic 
composition; sed samples from Red Sea 

Mineralogy and geochem; Ind Oc seds 
south of Sri Lanka (Ceylon) 

Ti; At1 Ocean seds 

Geochem; Ross Sea diamicts 

Zr; Recent Black Sea seds 

Minor element enrichment in Mn nods 
relative to sea water and marine seds 

Geochem of seds; eleven Black Sea cores 

Distrib of Pb, Ag, Sn, Ti, Zn; seds on 
active ocean -ridges 

Interactions of biogenic opal, seds, 
seawater; central Equat Pac 

Variation of Mo/W ratio as function of 
sedimentation conditions 

Li, K, Rd, Cs; White Sea seds 

Trace elements: sea water to seds 

Pb; Holocene Black Sea seds 

Red .Sea geochem 

Chem analyses; Red Sea seds 

Trace element determinations compared 
with XRD results; brown clay; central 
Pac 

REE in sed cycle; summary 
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Piper, D. Z . ,  1974c 

Pushkina, 1974 

ROzanov, et al., 1974 

Sokolova and Pilipchuk, 1970 

Sreekumaran, et al., 1968 

Thompson, G., 1968 

Turekian, 1964b 

Turekian, 1967 

Volkov, Sokolov, et al., 1974 

Windom, 1970 

Yemel'yanov, 1974 

REE cycle; marine environment; effects 
of formation of authigenic and biogenic 
phases 

Sed niobium and tantalum; profile 
crossing NE Pac basin 

Forms of Fe in surface layer; Black Sea 
seds 

Selenium; Recent Black Sea seds 

Concentration of Li, K, Rb, Cs; some 
American rivers and stream seds 

Analyses of B, Ga, Rb, K; two deep-sea 
sed cores; consideration of use as 
paleoenvironmental indicators 

Geochem; At1 Ocean basin 

Material balance calculations; estimates 
of avg Pac deep sea clay accum rate 

Rare and trace elements; seds of NW Pac 

Atmospherically transported trace metals; 
contribution to S Pac seds 

Mn in deposits; At1 Ocean 

11 - C3EMICAL ELEMENTS IN AQUEOUS SOLUTIONS 

Alexander and Corcoran, 1967 Distrib of Cu; tropical seawater 

Andersen and Hume, 1968 Sr, Ba content; sea water 

Angino and Billings, 1966 Trace element chem, heavy minerals, sed 
statistics; Weddell Sea seds 

Anonymous, 1964 Chem and the oceans 

Barnes, I. and Hem, 1973 Chem of subsurface waters 

Bender and Gagner, 1975 Dissolved Cu, Ni, Cd in sea water; 
measurements of concentration 

Bernat and Goldberg, 1969 Th isotopes; marine environment 
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Berner, 1964 

Berner, 1975 

Berrang and Grill, 1974 

Bertine, et al., 1970 

Bischoff and Ku, 1970 

Bowser, et al., 1975 

Brewer, et al., 1965 

Broecker, 1966 

Brooks, R. R., et al., 1968 

Callender, et al., 1975 -- 

Carpenter, J. H., 1967 

Carr, R. A., et al., 1974 

Chao and Anderson, 1975 

Chester and Stoner, 1974 

Chow, 1968 

Chow and Snyder, 1969 

Dissolved sulfate distrib in Recent 
seds; idealized model 

Dissolved species in interstitial 
waters of compacting seds; diagenetic 
models 

Effect of Mn oxide scavenging on Mo; 
Saanich Inlet, British Columbia 

Uranium determinations using fission 
tracks; deep sea seds and natural 
waters 

Pore fluids of Recent marine seds: 
oxidizing seds of 20'N; continental 
rise to Mid-Atlantic Ridge 

Pore fluid chem: nutrients and dissolved 
oxygen; Mn nod-rich seds; E Equat Pac 

Chem composition of hot salty water; 
bottom of Red Sea 

Radioisotopes; rate of mixing across main 
the rmo c 1 ine of ocean 

Trace elements; interstitial waters of 
marine seds 

Pore fluid chem; Mn nod-rich seds; E 
Equat Pac 

Cerium in coastal waters; concentration 
and state 

Anomalous mercury; near-bottom water; mid- 
Atlantic rift valley 

Scavenging of Ag by Mn and Fe oxides; 
stream seds; two drainage areas of 
Colorado 

Zn, Ni, Mn, Cd, Cu, Fe; distrib in some 
surface waters from world ocean 

Pb isotopes; Red Sea region 

Indium contents; sea water 
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Craig, H., 1966 Isotopic composition and origin; Red 
Sea and Salton Sea geothermal brines 

Curl, et al., 1965 

Degens and Ross, 1969 

Doe, et al., 1966 

Duinker, et al., 1974 

Ellis, A. J. and Mahon, 1964 

Fabricand, Imbimbo, et al., 
1966 

Fabricand, Sawyer, et al., 
1962 

Fanning and Schink, 1969 

Forster and Zeitlin, 1966a 

Forster and Zeitlin, 1966b 

Foster, P. and Hunt, 1975 

Friedman, et al., 1968 

Garrels, 1965 

Garrels and Thompson, 1962 

Glasby, 1975d 

Hanor and Chan, 1975 

Uptake of Cr(II1) by particles in sea 
water 

Hot brine and Recent heavy metal 
deposits; Red Sea 

Source of Pb and Sr in deep geothermal 
brines; Salton Sea geothermal area 

Behavior of Cu, Zn, Fe, Mn; evidence 
for mobilization processes; Dutch 
Wadden Sea 

Natural hydrothermal systems; experimental 
hot-water/rock interactions 

Li, K, Rb, Sr in ocean water; atomic 
absorption analyses 

Trace metal concentrations in ocean; 
atomic absorption spectroscopy 

Dissolved silica; interaction with 
marine seds 

Co in sea water; determination by 
modified nitroso-R method 

Ni in sea water; determination by 
modified dimethylglyoxin method 

Geochem of surface seds; acid stream 
estuary 

Interstitial waters from continental 
shelf seds; chem changes 

Silica: role in buffering of natural 
waters 

Sea water at 25OC and one atmosphere 
total pressure; chem model 

Minor element enrichment in Mn nods 
relative to sea water and marine seds 

Behavior of barium during mixing of 
Mississippi River and Gulf of Mexico 
waters 

A-42 



Healy, M. L. and Kieffer, 1973 Nature of Mn; Saanich Inlet, an 
intermittently anoxic fjord 

Helgeson and Mackenzie, 1970 Silicate-sea water equilibria; ocean 
sys t ems 

Hem, 1965 Reduction and complexing of Mn by 
gallic acids 

Hurd, 1973 Interactions of biogenic opal, seds, 
and sea water; central Equat Pac 

Ingols and Wilroy, 1963 

Kaufman, A . ,  1969 

Kester, et al., 1975 

Mechanism of Mn solution; lake waters 

Th232 concentration; surface ocean water 

Transition metal absorption from sea 
water 

Kido and Nishimura, 1975 Silica in sea; forms and dissolution 
rate 

Klinkhammer, et al., 1975 

Ku, Li, -- et al., 1970 

Mn in sea water; marine Mn balance 

Radium; Indian-Antarctic Ocean south of 
Australia 

La1 and Krishnaswami, 1973 

Langmuir, et al., 1975 

Trace metals: - sea water to seds 

Geochem of Cu, Zn, Fe, Mn in soil 
moisture; Pennsylvania soil 

Long and Angino, 1975 Zn, Cu, Cd, Pb; speciation in river, 
estuarine, marine environments 

Mackenzie, F. T. and Garrels, 
1965 

Silicates: reactivity with sea water 

Mackenzie, F. T. and Garrels, 
1966 

Chem mass balance between rivers and 
oceans 

Manheim, 1970 Diffusion of ions in unconsolidated seds 

Manheim, 1974 Red Sea geochem 

Physical chem of seawater Millero, 1974 
228 228 

Ra and Th ; measurement in sea water Moore, W. S., 1969b 

Amorphous silica; solubility at 25OC Morey, et al. , 1965 
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Morris, 1975 

Mottl, et al., 1975 

Murray, J. W., 1975a, b 

O'Connor, T. P., 1974 

Orlova, 1974 

Picciotto, 1961 

Pilipchuk, 1974 

Presley, et al., 1974 

Pytkowicz, 1975 

Ryabinin, et al., 1974 

Sackett and Cook, 1969 

Sayles and Manheim, 1975 

Scadden, 1969 

Sclater, et al., 1975 

Siever, et al., 1965 

Siniukov, 1964 

Slowey and Jeffrey, 1967 

Spencer and Sachs, 1970 

Sreekumaran, et al., 1968 

Dissolved Mo, V; NE At1 Ocean 

Trace element content; Reykjanes and 
Svartsengi thermal brines, Iceland 

Interaction of cobalt with hydrous Mn 
dioxide 

Adsorption of Cu, Co from aqueous 
solution onto illite and other substrates 

Suspended and dissolved forms of cobalt; 
content of Fey Mn, Cu; correlation in 
waters of North and Norwegian Seas 

Geochem of radioactive elements in ocean; 
chronology of deep-sea seds 

Arsenic distrib; Black Sea water 

Interstitial water chem; DSDP Leg 23; 
Red Sea 

Water composition and element cycles; 
trends in marine chem and geochem 

Au in ocean waters 

Uranium geochem; Gulf of Mexico 

Interstitial solutions and diagenesis; 
deeply buried marine seds; DSDP results 

Rhenium; concentration in Pac Ocean 
surface waters 

Ni; marine geochem 

Composition of interstitial waters; 
modern seds 

Chem of sea water; influence of volcanic 
erupt ions 

Evidence for organic complexed Cu in sea 
water 

Suspended matter; aspects of distrib, 
chem, mineralogy; Gulf of Maine 

Li, K, Rb, Cs; concentration in some 
American rivers and marine seds 
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Szabo, e t  a l . ,  1967 R a  and radiocarbon i n  Caribbean waters 

Tatsumoto and Pa t te rson ,  1963 Common Pb; concent ra t ion  i n  sea water 

Turekian, 1964b Geochem; A t 1  Ocean bas in  

Veeh, 1967 Uranium; depos i t ion  from ocean 

Veeh, 1968 
234 238 

U /U ; E Pac s e c t o r  of Antarc t ic  
Ocean and Red Sea 

Wolgemuth and Broecker, 1970 Ba  i n  sea water 

12 - DISTRIBUTION, MINERALOGY, AND PHYSICAL PROPERTIES OF SEDIMENTS 
ASSOCIATED WITH MANGANESE DEPOSITS 

Angino and Andrews, 1968 Trace element chem, heavy minera ls ,  
sed s t a t i s t i c s ;  Weddell Sea seds 

Arrhenius,  1952 Sed cores ;  E Pac 

Biscaye, 1964 Mineralogy and sedimentat ion;  deep-sea 
sed f i n e  f r a c t i o n ;  A t 1  Ocean and 
ad jacent  seas and oceans 

Bonat t i ,  1963 Zeo l i t e s ;  Pacr pe l ag ic  seds  

Caspar i ,  1910 Oceanic c l ays ;  composition and cha rac t e r  

Cronan, Damiani, e t  a l . ,  1974 Seds; Gulf of Aden and W Ind O c  

Dvoretskaya and Pushkina, 1974 Mineralogy and geochem; Ind O c  seds ;  
south  of S r i  Lanka (Ceylon) 

F u l l e r ,  e t  a l . ,  1966 Sed above b a s a l t ;  magnetic and pe t ro log ic  
s t u d i e s ;  experimental  Mohole co re  EM7 

Goldberg and G r i f f i n ,  1964 Sedimentation ra tes  and mineralogy; S A t 1  

Goldberg and G r i f f i n ,  1970 Seds; N Ind Oc 

G r i f f i n  and Goldberg, 1963 Clay mineral  d i s t r i b s ;  Pac Ocean 

Hathaway and Sachs, 1965 S e p i o l i t e ,  c l i n o p t i l o l i t e ;  Mid-Atlantic 
Ridge 

Hay, 1966 Zeo l i t e s  and z e o l i t i c  r e a c t i o n s  i n  sed 
rocks 
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Heath, 1969 

Heath and Moberly, 1971 

Nafe and Drake, 1963 

Ninkovich, -- e t  a l . ,  1964 

Rex, e t  a l . ,  1969 

Schafer ,  1974 

Siever  and Kastner ,  1967 

Windom, 1970 

Mineralogy; Cenozoic deep-sea seds ;  
Equat Pac Ocean 

Noncalcareous pe l ag ic  seds ;  DSDP Leg 7 ;  
W Pac  

Marine seds ;  phys ica l  p r o p e r t i e s  

S Sandwich tephra  i n  deep-sea seds  

Quartz i n  s o i l s  of Hawaiian I s l ands ,  
Pac pe l ag ic  seds ;  e o l i a n  o r i g i n  

Sed depos i t i on  and l i t h o g e n e s i s ;  Mid- 
A t l a n t i c  Ridge mountain tops  near  45ON 

Mid-Atlantic Ridge seds ;  mineralogy and 
pe t ro logy  

Contr ib  of a tmospherical ly  t r anspor t ed  
trace metals; S Pac seds  

13 - PETROLOGY AND CHEMISTRY OF ROCKS ASSOCIATED WITH MANGANESE DEPOSITS 

Bougalt, 1975 

Fein and Pa lmi te r ,  1975 

Kay, R . ,  e t  a l . ,  1970 

Noble and Naughton, 1968 

D i s t r i b  of f i r s t  series t r a n s i t i o n  
metals i n  rocks;  DSDP Leg 22; NE Ind O c  

Microchem of b a s a l t i c  p i l l ow l a v a s ;  
Nazca,Plate  

Chem c h a r a c t e r i s t i c s  and o r i g i n ;  oceanic  
r i d g e  volcanic  rocks 

Deep-ocean b a s a l t s :  i n e r t  gas  content  
and u n c e r t a i n t i e s  i n  age d a t i n g  

P h i l p o t t s ,  et a l . ,  1969 Submarine b a s a l t s ;  K ,  Rb, S r ,  B a y  REE, 
H 0, CO d a t a  bear ing  on t h e i r  altera- 
tzon,  modi f ica t ion  by p l ag ioc la se ,  
p o s s i b l e  source materials 

2 

Tatsumoto, et a l . ,  1965 Oceanic t l e i i t i  b a s a l t ;  K,  Rb, S r ,  Th, 
U, and S,$’ t o  Srg6 r a t i o  
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14a - MINERALOGY OF MANGANESE NODULES 

Cronan, 1975 

Fewkes, 1975 

Hoffert, et al., 1975 

Meylan, 1975 

Shterenberg and Shchurina, 1974 

Sung, et al., 1975 

Williamson and Piper, 1973 

Mn nods and other Fe-Mn deposits; 
At1 Ocean 

Correlation between morphology and 
mineralogy of marine Mn nods; possible 
economic significance 

Authigenic attapulgite and phillipsite 
in Mn nod nuclei; N At1 Ocean 

Regional variations in Mn nod 
mineralogy; Pac Ocean 

Clay minerals in Fe-Mn concretions; Pac 
Ocean 

Changing mineralogy and microchem in Mn 
nods; NE Equat Pac 

Detailed sampling and mineralogical-chem 
analysis; single Fe-Mn nod; NE Pac 

14b - MANGANESE MINERALS 

None 

15 - GEOCHEMISTRY AND STRUCTURE OF FERROMANGANESE OXIDES AND HYDROXIDES 

Berner, 1969 Goethite stability; origin of red beds 

Cronan, 1975 Mn nods and other Fe-Mn oxide deposits; 
At1 Ocean 

Jenne and Wahlberg, 1965 

Langmuir, 1970 

Mn and Fe oxide scavenging of cobalt-60; 
White Oak Creek sed (OakRidge,Tennessee) 

Reaction hematite + water = goethite; 
effect of particle size 

Murray, J. W., 1975a, b Interaction of Co with hydrous Mn dioxide 

Sillen and Martell, 1964 Metal-ion complexes; stability constants 
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Wakeham and Carpenter,  1974 Marine and f reshwater  Mn nods; 
e l e c t r o n  s p i n  resonance s p e c t r a  

16 - GEOCHEMICAL PROCESSES AND ENVIRONMENTAL CONTROLS RELEVANT TO 
Mn-NODULE FORMATION 

Antal,  1966 

Bacon, M. P . ,  e t  a l . ,  1975 

Berner, 1975 

Berrang and G r i l l ,  1974 

Burns, R. G. and Fyfe, 1967b 

Chao and Anderson, 1975 

Curl ,  e t  al. ,  1965 

Duinker, e t  a l . ,  1974 

E l l i s ,  A. J. and Mahon, 1964 

Fanning and Schink, 1969 

Fos te r ,  P. and Hunt, 1975 

Garrels, 1965 

Gavrilov, 1970 

Gruner, 1922 

Hay, 1966 

Diagenesis  of Th i s o t o p e s  i n  deep-sea 
seds  

Deep-sea scavenging of Pb-210, Po-210 

Diagenet ic  models of d i s so lved  s p e c i e s ;  
i n t e r s t i t i a l  waters of compacting seds  

Ef fec t  of Mn oxide  scavenging on Mo; 
Saanich I n l e t ,  B r i t i s h  Columbia 

Trace element d i s t r i b  r u l e s  and t h e i r  
s i g n i f i c a n c e  

Scavenging of Ag by Mn and Fe oxides i n  
stream seds; two dra inage  areas of 
Colorado 

Uptake of C r ( I I 1 )  by p a r t i c l e s  of 3ea 
water 

Behavior of Cu, Zn, Fe, Mn and evidence 
f o r  mob i l i za t ion  processes  

Natura l  hydrothermal systems; experimental  
hot-water/rock i n t e r a c t i o n s  

I n t e r a c t i o n  of marine seds  wi th  d isso lved  
s i l i ca  

Geochem of s u r f a c e  seds ;  a c i d  stream 
e s t u a r y  

Buffer ing of n a t u r e  waters; r o l e  of s i l i ca  

Formation of e x h a l a t i v e  sed Mn o r e ;  r o l e  
of d i agenes i s  

Or ig in  of sed Fe formations; Biwabik 
Formation of Mesabi Range 

Z e o l i t e s  and z e o l i t i c  r e a c t i o n s ;  sed  
rocks 



Heath, et al., 1975 

Hekinian and Hoffert, 1975 

Hem, 1965 

Partitioning of transition metals 
amongst mineral phases in metalliferous 
seds; Bauer Deep and adjacent E Pac Rise 

Rate of palagonitization and Mn coating 
on basaltic rocks; rift valley, At1 
Ocean near 36O50'N 

Reduction and complexing of Mn by 
gallic acids 

Ingols and Wilroy, 1963 Mechanism of Mn solution; lake waters 

Isayeva, 1974 

Kester, et al., 1975 

Langmuir, 1970 

Variation of Mo/W ratio as function of 
sediment at ion cond i t ions 

Transition metal adsorption from marine 
waters 

Reaction hematite + water = goethite; 
effect of particle size 

Mackenzie, F. T. and Garrels, Reactivity of silicates with sea water 
1965 

Mackenzie, F. T. and Garrels, Chem mass balance between rivers and 
1965 oceans 

Manheim, 1970 Diffusion of ions in unconsolidated seds 

Miall, 1974 

Murray, J. W., 1975a. b 

O'Connor, T. P., 1974 

Piper, D. Z., 1974c 

Pytkowicz, 1975 

Mn spherulites at intra-Cretaceous 
disconformity; Banks Island, NW 
Territories 

Interaction of Co with hydrous Mn 
dioxide 

Adsorption of Cu and Co from aqueous 
solution onto illite and other substrates 

Cycle of REE in marine environment; 
effects of formation of authigenic and 
biogenic phases 

Water composition and element cycles; 
trends in marine chem and geochem 

Sayles and Manheim, 1975 Interstitial solutions and diagenesis 
in deeply buried marine seds; DSDP results 

Thompson, G., 1973 Low temperature interaction of sea water 
and oceanic igneous rocks; geochem study 

A-49 



17 - FORMATION AND ORIGIN OF MANGANESE ACCUMULATIONS (GENERAL) 

Craig, J. D., 1975a, b 

Gavrilov, 1970 

Distrib of Fe-Mn nod deposits; N Equat 
Pac 

Formation of exhalative sed Mn ores; 
role of diagenesis 

18a - MARINE METALLOGENIC DEPOSITS AND FERROMANGANOAN SEDIMENTS 

Amann, et al., 1973 

Bignell, et al., 1974 

Bonatti, 1974 

Bostrgm, Joensuu, et al., 1974 

Corliss and Dymond, 1975 

Cronan, 1973a 

Degens and 'Ross, 1969 

Dymond, Corliss, and Heath, 
1975 

Glasby and Lawrence, 1974g 

Gruner, 1922 

Heath, et al., 1975 

Metalliferous muds of marine environment; 
Red Sea and Gulf of Aden 

Metalliferous seds; additional location 
in Red Sea 

Volcanogenic and hydrothermal seds; deep 
ocean basins 

Exhalative deposits; new finds on E Pac 
Rise 

Nazca Plate metalliferous seds; elemental 
distrib patterns in surface samples 

Basal ferruginous seds cored during 
Leg 16, DSDP 

Hot brines and Recent heavy metal 
deposits; Red Sea 

Chem composition and metal accum rates 
of metalliferous seds; DSDP Site 319, 
Nazca Plate 

Metalliferous seds, submarine volcanism, 
submarine geothermal activity; S Pac 
Ocean 

Origin of sed Fe formations; Biwabik 
Formation of Mesabi Range 

Partitioning of transition metals amongst 
mineral phases in metalliferous seds; 
Bauer Deep and adjacent E Pac Rise; 
Nazca Plate 

A- 50 



Manheim, 1973 

Manheim, 1974 

Manheim and Siems, 1974 

Mchrtry and Woollard, 1975 

Natland, 1973 

Piper, D. Z., et al., 1975 

Schott, 1974 

Scott, R. B., Malpas, - et A, a1 
1975 

Senechal, et al., 1975 

Thompson, G., et al., 1975 

Tooms, 1970b 

Warner and Gieskes, 1974 

Hot brine, metal deposits; Red Sea 

Red Sea geochem 

Chem analyses of Red Sea seds 

Model for hydrothermal metallogenesis; 
Bauer Deep, SE Pac 

Basal Fe-Mn seds; DSDP Site 183, Aleutian 
Abyssal Plain and Site 192, Meiji Guyot; 
DSDP Leg 16; NW Pac 

Hydrothermal Fe-rich deposit; upper 
flank of Dellwood Seamount; NE Pac 

Submarine mineral deposits in oceans 

Submarine hydrothermal activity and 
seafloor spreading; 26ON, MAR 

Isotopic, elemental, mineralogical 
distribs in size fractions; Bauer Deep 
sample; Nazca Plate 

Metalliferous deposits; Mid-Atlantic Ridge 

Red Sea metal deposits; nature, orrgin 
and economic worth 

Fe-rich basal seds; DSDP Site 245, Ind Oc 

18b - ASSOCIATION OF Mn-NODULES WITH SUBMARINE VOLCANICS; VOLCANIC ORIGIN 
OF Mn-NODULES AND NODULE METALS 

Arrhenius, 1952 Sed cores; E Pac 

Brewer, et al., 1965 Chem composition of hot salty water; 
bottom of Red Sea 

Carr, R. A., et al., 1974 Anomalous Hg in near-bottom water; mid- 
At1 rift valley 

Craig, H., 1966 Isotopic composition and origin; Red Sea 
and Salton Sea geothermal brines 

Degens and Ross, 1969 Hot brines and Recent heavy metal deposits 

A151 



Doe, et al., 1966 

Glasby and Lawrence, 1974g 

Hekinian and Hoffert, 1975 

Horowitz, 1970 

Huang, et al., 1975 

Manheim, 1973 

Manheim, 1974 

McBirney, 1963 

Mottl, et al., 1975 

Ninkovich, et al., 1964 

Schaf er , 19 74 

Siniukov, 1964 

Thompson, G., 1973 

Source of Pb and Sr in deep geothermal 
brines underlying Salton Sea geothermal 
area 

Metalliferous seds, submarine volcanism, 
submarine geothermal activity; S Pac 
Ocean 

Rate of palagonitization and Mn coating 
on basaltic rocks from rift valley; 
At1 Ocean near 36'50" 

Pb, Ag, Sn, Ti, Zn; distrib in seds on 
active oceanic ridges 

Sub-Antarctic volcanism, S Pac; Late 
Pliocene and Pleistocene; atmospherically 
transported volcanic glass in deep-sea 
seds 

Hot brine and metal deposits; Red Sea 

Red Sea geochem 

Submarine volcanism; factors governing 
nature 

Trace element content; Reykjanes and 
Svartsengi thermal brines; Iceland 

S Sandwich tephra in deep-sea seds 

Igneous rock fragments of explosive 
origin; sed deposition and lithogenesis; 
Mid-Atlantic Ridge mountain tops near 45'N 

Chem of sea water; influence of volcanic 
erupt ions 

Low temperature interaction of sea water 
and oceanic igneous rocks; geochem study 

19a - BIOGEOCHEMISTRY OF MANGANESE AND OTHER ELEMENTS 

Bostrb'm, Joensuu, and Brohm, Plankton: chem composition and 
1974 significance as source of pelagic seds 

Bos trGm, Moore, and Joensuu, Plankton: chem composition and 
1975 significance as sed source 

A- 52 



Piper, D. Z . ,  1974c 

Pyle and Tieh, 1970 

Slowey and Jeffrey, 1967 

Sorokin, 1970 

Cycle of REE in marine environment; 
effects of formation of authigenic 
and biogenic phases 

Sr, V, Zn in pteropod shells 

Evidence for organic complexed Cu in 
sea water 

Abundance and production of bacteria 
in water and bottom seds; central Pac 

19b - BIOLOGICAL ORIGIN OF NODULES; ASSOCIATION OF ORGANISMS AND h-NODULES 

Dugolinksy, et al., 1975 Influence of benthic biota on growth of 
deep sea Mn nods 

LaRock and Ehrlich, 1975 

Sorokin, 1970 

Bacterial microcolonies on surface of 
Fe-Mn nods; Blake Plateau; SEN 
observations 

Abundance and production of bacteria in 
water and bottom seds; central Pac 

20 - INTERNAL STRUCTURE AND EXTERNAL MORPHOLOGY OF NODULES 

Backer, 1974 

Craig, J. D., 1975a 

Fewkes, 1975 

McKee, et al., 1975 

Meylan and Craig, 1975 

Sorem, 1975 

Mn nods; Tangaroa 22 cruise report; SW 
Pac Basin 

Distrib of Fe-Mn nod deposits; N Equat 
Pac 

Correlation between morphology and 
mineralogy of marine Mn nods; possible 
economic significance 

Microstructure of Fe-Mn micronods; NW 
At1 Ocean 

Descriptive characterization of Mn nods; 
NE Equat Pac Ocean 

Rest position relationships of Mn nods 
and subjacent sed as key to nod origin 

A-53 



21 - RADIOGEOCHEMISTRY OF NODULES; RATES OF NODULE GROWTH 

Antal, 1966 

Bacon, M. P., et al., 1975 

Bernat and Goldberg, 1969 

Bertine, et al., 1970 

Brown, J. S., 1965 

Burnett, et al., 1975 

Centre des Faibles 
Radioactivit&, 1975 

Chow, 1968 

Chugunnyy and Kovalyukh, 1974 

Delevaux and Doe, 1974 

Doe, et al., 1966 

Dymond, 1966 

Dymond, 1969 

Dymond, 1970 

Fisher, D. E., 1969 

Funkhouser, et al., 1968 

Goldberg, 1968 

Heye, 1970 

Huang, et al., 1975 

Th isotopes; diagenesis in deep-sea seds 

Pb-210, Po-210; deep-sea scavenging 

Th isotopes in marine environment 

U determinations using fission tracks; 
deep-sea seds and natural waters 

Oceanic Pb isotopes and ore genesis 

Geochem and age determinations of Fe-Mn 
crust; Galapagos spreading center, E Pac 

Study of nods from principal exploration 
zones 

Pb isotopes in Red Sea region 

Radiocarbon investigations of Fe-Mn nods 
from Caribbean Sea; problems of N At1 
water circulation 

U, Th, Pb contents and Pb isotopic 
composition; Red Sea sed samples 

Source of Pb and Sr in deep geothermal 
brines underlying Salton Sea geothermal 
area 

K-Ar geochronology; deep-sea seds 

Age determinations of deep-sea seds; 
comparison of three methods 

Excess argon in submarine basalt pillows 

Fission track dating; deep sea glasses 

Excess argon in deep-sea rocks 

Ionium/thorium geochronologies 

System for detection of Io, Th, Pa; deep 
sea core dating 

Micronod accum rate; atmospherically 
transported volcanic glass; Late Pliocene- 
Pleistocene sub-Antarctic volcanism; S Pac 

A- 54 



Hurley, et al., 1963 

Jenne and Wahlberg, 1965 

Kaufman, A., 1969 

Kharkar, et al., 1969 

KOCZY, 1963 

Kraemer and Schornick, 1974 

Ku, et al., 1975 

Ku, Li, et al., 1970 

Moore, W. S., 1969b 

Morgenstein and Riley, 1975 

Noble and Naughton, 1968 

Osmond and Pollard, 1968 

Picciotto, 1961 

Picciotto and Wilgain, 1954 

Sackett and Cook, 1969 

S a m ,  1964 

Scott, M. R., 1968 

Sinclair, 1965 

K-Ar age values; pelagic seds; N At1 

Mn and Fe oxide scavenging of Co-60; 
White Oak Creek sed (Oak Ridge, 
Tennessee) 
232 

Th concentration of surface ocean 
water 
32 Si 

comparison of sedimentation rates; 
siliceous Antarctic cores 

and U decay series determinations; 

Age determinations by natural radio- 
activity; seds 

Fe-Mn deposits and seds; comparison of 
elemental accurn rates; S Pac Ocean 

Evaluation of dating nods by U-series 
isotopes 

Ra; Indian-Antarctic Ocean, south of 
Australia 
228 228 

Ra , Th ; measurement in sea water 

Hydration rind dating of basaltic glass; 
archaeological chronologies 

Inert gas content and uncertainties in 
age dating; deep-ocean basalts 

Sedimentation rate; deep sea cores; 
determination by gamma-ray spectrometry 

Geochem of radioactive elements in ocean; 
deep-sea sed chronology 

Th determination in deep-sea seds 

U geochem; Gulf of Mexico 

Io, Pa methods; dating marine seds 

Th, U concentrations and isotope ratios; 
river seds 

Oceanic Pb isotopes and ore genesis; 
discuss ion 



Szabo, et al., 1967 Ra and radiocarbon; Caribbean waters 

Tatsumoto and Patterson, 1963 Common Pb; concentration in sea water 

Tatsumoto, et al., 1965 

Veeh, 1967 

Veeh, 1968 

86 K, Rb, Sr, Th, U and SrS'I/Sr 
oceanic tholeiitic basalt 

ratio; 

Deposition of U from ocean 

u234/u238; E Pac sector of Antarctic 
Ocean and Red Sea 

22 - INSTRUMENTAL AND ANALYTICAL TECHNIQUES FOR STUDYING NODULES 

Angino and Billings, 1966 

Bertine, et al., 1970 

Burns, R. G., et al., 1975 

Fabricand, Imbimbo, et al., 
19 66 

Fabricand, Sawyer, et al., 
1962 

Fisher, D. E., 1969 

Forster and Zeitlin, 1966a 

Forster and Zeitlin, 1966b 

Heye, 1970 

LaRock and Ehrlich, 1975 

Mahoney, - et 2, a1 1975 

Atomic absorption spectrometry; Li 
content of sea water 

Uranium determinations using fission 
tracks; deep-sea seds and natural waters 

Electron microprobe; chem stratig 
mapping of Mn nods; evidence of late 
stage enrichments; NE Equat Pac 

Atomic absorption analyses; Li, Mg, K, 
Rb, Sr in ocean waters 

Atomic absorption spectroscopy; trace 
metal concentrations in ocean 

Fission track dating; deep sea glasses 

Modified nitroso-R method; determination 
of Co in sea water 

Modified dimethylglyoxin method; 
determination of Ni in sea water 

System for detection of Io, Th, Pa to 
date deep sea cores 

SEM observations of bacterial micro- 
colonies on surface of Fe-Mn nods; 
Blake Plateau 

Isotopic and chem analyses; particles 
contributing to Mn nod growth 

A-56 



Osmund and Pollard, 1968 Gamma-ray spectrometry; sedimentation 
rate determination in deep sea cores 

23 - COSMIC SPHERULES IN NODULES AND ASSOCIATED SEDIMENTS 

Fredriksson and Martin, 1963 Origin of black spherules; Pac islands, 
deep-sea seds, Antarctic ice 

Merrihue, 1964 

Mutch and Garrison, 1965 

Rare gas evidence for cosmic dust; 
modern Pac red clay 

Extraterrestrial spherule abundances; 
determination of sedimentation rates 

24a - ECONOMIC POTENTIAL OF MANGANESE NODULES 

Anonymous, 1969c Ocean firm launches $100-$200 million 
mining venture 

Anonymous, 1970g Going after riches 

Anonymous, 1974h Mineral resources of deep seabed 

Anonymous, 1975b 

Anonymous, 19 7 5e 

Anonymous, 19753 

Cruickshank, 1974a 

Flipse, 1975 

Glasby, 1975a 

McKelvey, 1968 

Mero, 1952 

Mero, 19641, 

Schott, 1974 

Tooms, 1970b 

Study assesses value of seabed nods 

Inco joins seabed mining venture 

Mining; outer continental shelf and 
deep sea 

Mineral resources potential of 
continental margins 

Ocean mining; promises and problems 

Marine mining in New Zealand: 
for development 

prospects 

Mineral potential of submerged parts of 
us 
Manganese 

Mineral resources of the sea 

Submarine mineral deposits in ocean 

Metal deposits in Red Sea; nature, 
origin, economic worth 

A-57 



24b - NODULE EXPLORATION AND M I N I N G  

Amann, 1975 

Anonymous, 19711 

Anonymous, 19751 

Anonymous, 19755 

Boes and Bade, 1971 

F l i p s e ,  1975 

Garland and Hagerty, 1972 

H i r s t ,  T.  J. and Richards, 1975 

Noakes, e t  a l . ,  1975 

Pearson, 1975 

Siapno and Zahn, 1974 

V i g i l ,  e t  a l . ,  1975 

Wakefield, 1969 

Wing, 1974 

D e f i n i t i o n  of ocean mining s i te  

Ocean mining comes of age, p a r t  2 

Mn nod mining ven tu re  a C I A  cover 

Mining; o u t e r  c o n t i n e n t a l  she l f  and 
deep sea 

Dual-pipe t r a n s p o r t  system f o r  deep 
ocean o r e  mining 

Ocean mining; promises and problems 

Mining systems; environmental planning 
cons ide ra t ions  f o r  deep ocean mining 

Analysis  of deep-sea nod mining-- 
s e a f l o o r  i n t e r a c t i o n  

Surve i l l ance  system f o r  subsea survey 
and mineral  exp lo ra t ion  

Ocean f l o o r  mining 

Navigation requirements  f o r  nod 
exp lo ra t ion  and mining 

Deep-sea survey system 

Mining hard minera ls  t h r e e  miles under 
water 

P r o j e c t  development p l an  deep ocean 
mining 

2 4 ~  - METALLURGICAL PROCESSING OF NODULES 

Morgan, C. L. and Moore, 1974 Fe-Mn nods: process ing  gu ide l ines  f o r  
marine mine 

A-58 



25 - ENVIRONMENTAL ASPECTS OF NODULE M I N I N G ,  PROCESSING, AND UTILIZATION 

Amos, Daubin, e t  a l . ,  1974 

Amos, Daubin, e t  a l . ,  1975 

Cross,  1975 

Cruickshank, 19741, 

Garland and Hagerty, 1972 

Gerard, 1975 

Hirst, T. J. and Richards,  1975 

Roels,  1974a 

Roels, 1974b 

Roels,  Amos, e t  a le ,  1972, 1973 

Environmental impact of Mn-nod mining; 
s tudy  of base l ine  condi t ions  i n  Mn nod 
province 

Environmental base l ine  condi t ions  i n  
Mn-nod province 

Marine environmental engineer ing 
handbook 

Environmental statement f o r  US 
involvement i n  l a w  of the sea 
nego t i a t ions  governing mining of deep 
seabed hard mineral  resources  seaward 
of l i m i t s  of n a t i o n a l  j u r i s d i c t i o n  

Environmental planning cons ide ra t ions  
f o r  deep ocean mining 

Environmental hazards of deep-sea mining 

Analysis of deep-sea nod mining-- 
s e a f l o o r  i n t e r a c t i o n  

W i l l  nod mining d i s t u r b  marine 
environment? 

Suggested procedure t o  i n s u r e  s a f e  
development of deep-sea mining 

Environmental impact of deep-sea mining 

26 - LEGAL ASPECTS OF OCEAN-FLOOR M I N I N G  

Alexander, L. M.,  1974 

Anderson, E. U., 1975 

Law of t h e  sea a t  end of decade: a 
p r e d i c t  ion  

Ocean mining f i rms  look f o r  green l i g h t  

Anonymous, 1 9  7 5 c Leasing system may hinder  ocean mining 

Anonymous, 1975d Ocean mining: UN o r  US 

Anonymous, 1975f Seabed mining a u t h o r i t y :  a l i n g e r i n g  
i s s u e  

A- 59 



Anonymous, 1975g 

Anonymous, 1975h 

Cruickshank, 1974b 

US industry, government up in arms 
over sea law meeting results 

White House support grows for ocean 
mining legislation prior to final Law 
of Sea treaty 

Environmental statement for US 
involvement in law of the sea 
negotiations governing mining of deep 
seabed hard mineral resources seaward 
of limits of national jurisdiction 

Gamble and Pontecorvo, 1973 Law of the sea; emerging regime of 
oceans 

Glasby, 1975b Mn nods and UN 

Laylin, 1973 

Nordquist , 1973 

Practical measures to advance orderly 
deep sea mining 

Outline of marine resource issues in 
law of the sea negotiations 

Shapley, 1974 War of nods 

u. 5. GOVERNMENT PRINTING OFFICE lS71-677-347/12S3 Rw.8 A- 60 


