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ANNUAL PROGRESS REPORT ON NASA GRANT NGR-05-010-.035 . ;

1 August 1972 to 31 July 1973 '' -V^So-1

.. Sumtnajry of work performed • . "•'• • ... . . •; '.' •'> ;.

••''-..'--. The tasks described below were completed'or initiated during. ;• >:.

the year: . . :. . . , .'•;..

I.. Studies on humic.substances through geolbg'i c. t.ime were com-

:• pie-ted',by Dr. Togwell Jackson, a paper on the'..subject, by .-' •'.'•:'..•

;:.";.•-.;.:;-Jacks.on^>and Cloud was presented at a'.Symposium on Envi ron.-. • -/';••

*'• •;;;;.;;fc
;m:enta.lA;;B:iogeochemi stry (Logan, Utah ,. 22-24 March 1 973)V and'''̂ :.'-.:-'..'

.y --'a.:;'.! on g paper, on. the subject by Dr.. Jackson, (now'with the ..'••! .:./!..•
."" •-- .;.. ' ' • ' . .'•• ' • " '.: ' ' : ': • •' . ''•:•' ' v , .': •:.'.-:'' ';. ' • . . "'.'.. ' .•' '•-.•'' ' \".'.;. >:. 7'•'••(/ •

......Fisheries Research Board of Canada) i s in press. The main'.';..•;.•,•;

;
;-."conclusion of this work is that the 43 selected samples ;•'. "•'.-..".-';•''•/•.••.

,. .. analyzed show s'ecular .trends in the humic comp.osi ti on 'of- ; v;. 1.;.'.;' - ̂

•"::: ;•'•:. sedime.nts that may be correlated with other, events, perhaps,. :.';''.:.. .

in bibgeologic evolution, at about 3.3, 2,. l.,.;;and. 0.7 bi 11 io.n ', i;..':

;..' .years before the present. .' '?' ;-.. :: • • / . ' ' ' .'.

11. The benzene and hexane soluble portions of the' benzene-methanol

••. extracts from the same standard suite, were analyzed for hydro-

carbons by Dr. Joel Leventhal using a gas chromatograph, ;. •

. simply .as a check on previous work by.-others./'' The results . ' :.

confirmed our judgement that the main conclusion to be.drawn- ''.

•.''.. from such work was .that this extracts'b'le. portvon is probably ; . ' - ' • '

not indigenous, and that future efforts should be concentrated. ":

on the kerogen, which offers better prospects that resul ts : •:-,\ • ; ;

C
C.O\̂ . ^̂  '' . . . . . . - , . . , . . . • • -,.- ....
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obtained will reflect the properties \,of 'primary i ndi genbus'X'- 'l̂ -yŷ  .;

•materials. . •.... .'•.•/ • . ' ;' -. ...'.'• -V..-. ' . ', .'• • '.-v •':• ̂'Z:! .̂-: "''!'•'•
: - ' • ' . ' - - ' ' . • - • . , -; ' ' ..>>;'-"';,X̂ 'S,V .;••"/•'

III. Experiments were iniated by Dr. Leventhal .i n; coll aboration' ':/•.' ,•'•','"•. ....

with others in the Ui ogeol ogy Clean Laboratory to f i'ndj. a','

.useful pyrolytic technique and to apply it to single taxa
: ..: : . fossil .vmicroorg an i sms or even i ndi vi dual microorgani sms ..•

: • "'.: .-.• ;These involve the steps listed below.:.. ; . ,:\'. • '".'•••,' -".v/v :j'- ?;yv'V:'. ;

•'. ••';'• >v'y- ' . A. ::>Sa'mple seal ed in 3/16"tube 'under vacuum; 3 00 "C^ for-' v.>:'̂ -̂ !iv-v̂ '':
' .5. min. with dry ice (-78°C) on one end , to condense • '\':;\:;V:.' :';;

:/
.'•-.:• .•'•'".' •- • ; voVlatiles. Using packed column (1/8" Dexs;il x 6 ftv); . :J>'̂ ;̂̂

. . , : - . • " B. Sample in.pyroprobe quartz tube, pyrolyzed at 1 50 , l! :'.;/'': "V
. 250, 350, 450, 600, 900°C. Using packed column ..*., ; ' -,•' :

•'•.;-; . (1/8" Dexsil x 6 ft.) . / - . - . ''. . ; ".- .-ĉ '/ ':.•.•;•'

• ..:•.. C. Sample in pyroprobe quartz tube;. 150, - etc.. cap.i 1 Tary/7 •;;'•' '•'.; '-"••_ '•'••
••..-- :';"': '.•'.".. column..' ": ; ' ; ' ' . ; '•. •'.•'-••'.•'. . '.'. •',•'•• •• •'.-.. • ..;. •; .• v̂ ;.;̂ .̂/ ,,.'"•

D. Kerogen concentrate on pyroprobe . ri bbon; , . : .;; vV-'v'';. '• ;£-:Y;\;r ::;; '.

;'- ; .'£..' Kerogen concentrate -in quartz -Vtube .', '..'.: V:-/- :•'•-.' /.' ̂••̂ ^ ••..'• •''•'̂ .̂'.•••: '•'..

v Fv .Hand.- pick mi crofossi Is for pyrolysis on '-.f i 1 ame.rit;.'>::.,;./"̂ ^::'v,' / .\: ••••

... G. Analyze modern organisms related to microfossil s.'.:; ;:-;p̂ .;., •

; . The most promising procedures involve', the pyroprobe quartz! .'-'̂- -•",":'' •''•'•"

.tube and ribbon at a range of temperatures , ̂ using a

col umn,,in;.the G. C. Preliminary results are as follows: .,,';.::,.;•;'

!;. , ...The -pyrb;lysi s analyses technique so far shows :l i ttl e. rel a-'. ;"• •
; ' _ : ti;o;n!tb the hexane extractable material^ ; :,. '-•.'•'••. •

2.. Repeat pyrolyses at 600 and 900°C give only<.l/4 as rnUcK^s ; is ••'•'
.;' i n i t i a l l y released, indicating that. 10 sec. is enough time • . .
'• to give most of' the products characteristic of that.- temp- . ,

'..-. .' ;' er.ature. . . .•','.'.:.,' •• .•'•/ .. . . •.'•';;• '•'.''..•':,'••.:.',''...•

;3. . The material released at different temperatures reflects; ', . .
•,'. the structure of the kerogen (whi ch depends on source ..'.-,,,' :';
. . material, environment o f deposition a n d subsequent , - ; • . , . •
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diagenesis). The lowest temperature (150°.) material is
.that wh'ich is very loosely bound and may be volatilized

.:_. ."-such as hydrogen bonded, chemical or physical adsorption .
. or absorption, or perhaps ester bonds.. '

4.. At intermediate temperatures (250 , 350 , 450°) ,. large^ mole-..
cules could be volatilized if they were h e l d . by only a
few bonds, especially the heteroatomic (C-N.-C-S, C-0 ) :

. b o n d s . The molecules released would be large non-polymer;-.
. ized material . •-'••Samples giving a substantial portion of

-'" their material at these temperatures wi IT be. the mos't : V.
interesting since they w i l l reflect large non-polymerized
molecules (chemical fossils?).

5. At h i g h temperatures (600° and higher) the appearance .of
methane and other molecules with two to six carbon atoms
reflects the pyrolysis and degradation of the polymer
itself. The p'olymer decomposition products will give
information about the structure. Unsaturated and aromatic
(benzene) compounds reflect the polymer nucleus, whereas

, r^- methane reflects, .the aliphatic and methyl groups which'

spectrum of results obtained by the' procedures described

,;.'••' is Illustrated in Figures 1 and 2. Mr.. Steven Suess , a

student, has been assisting (without pay) i.n the above experi-

ments. . .V •'.' • '''• .•..'•_..! .•:"'' ;-:'

IV. Experiments are being made to f ind .out where; the kerogen in
- . - - - •. / ' • • '

sediments came f rom, . particul arly how and to what extent humic
f

substances, become converted to kerogen and retained in sedi-

ments. This work is being done as a project v.f or a masters

thesis by JMr. Kenneth Peters, using a variety of substances

under a range of experimental conditions and analyzing products

by GC. Although very prel imi nary , the. -'indication is that

. ;;.v humi c substances dp convert to kerogen with ag.i.ng /at elevated
; temperatures and that this process goes on without much regard

to the kind of sedimentary matrix.
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V. . Other experiments, largely under NSF auspices, are directed i :.'.•:";

'••'.-. toward the micromanipulation and isolation of I n d i v i d u a l ! ; j.. ;. : •

•. .' . mi:riute;-(-1 to 12 ym.di ameter) kerogenous .fossilsvand mono- .-., •_';.- -\.:.'.•'..''•. .

:...;;.V.'.: specific;.'fo.ssi 1 assembl ages. Among other things we hope to \ !,•'-:'

•."•••. be able .to apply the techniques described. in-.III'to such

• ' • : samples so that we can.begin to talk of.,the biogeochemistry ...

'..''; of e x p l i c i t paleobi ologi c taxa and not-merely of rocks.. : .

VI: . In addition to the .above, largely under. NSF auspi ces but . ,.

involving much of the Pi's time, we have continued field .- .

work i.n the Mojave Desert and extended it ;to southeastern . •. .

./ Newfoundland» pursued our studies of the procaryote-eucaryote .•: '

. . ' ; . ' : " " • transition a n d t h e Proterozoi c-Phanerozoi c boundary, continued, , •

our search :for new pre-Phanerozoic biotas of any description, : :

and pushed our studies of the ul trami croscopy of f ossi 1. .mi cro-:.
 ?, _•.'

_.: organisms -- in particular the; 700 m.y. old Hector mi crobi ota".' :: J.V;.s: ."

• • " : . ' and the',2000 m.y. old Pokegama microbiota. New drying and : . ;; sri:;''v--
:.;.vv.-; impregriating'.techniques are leading to 1 ,imi ted .but 1 nterestf '-ng_'-̂ ::;";,,;_ ;

•.;.•'successes which we hope with time and patience1 i:o integrated ;:,'̂ :[:̂ ; ;.•;'_';

.. ; with the bi ogeochemi stry . Preliminary paleoecoTogi.cal studies :?i.-':,: •

. . of the late. Proterozoi c Johnnie Formation of eastern Cal i f.r" v:':>"':!.;, •'•' ":• •.

ornia by W i l l i a m Benmore are nearing. completion ;-'.an.d .Gary-K'line,.'j '•.:';.

is analyzing and describing a spectacular assemblage of','\,:,.:-VvfiK'y'!^

Proterophyti c-Proterozoi c growth forms that -are'-.identi cal .i'n' ;p;.'V>̂ '
;;"•••'; ..•

detail to those of the morphologically diverse l i v i n g Mn;'"ba:c>;̂ -\r'..'•: :':•!'-'".':

terium Metal 1 oqeni u m . . . . . , - : • ' „ ' . - . " > ' /
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. . The following lists of works published, in progress, and' in .

preparation .shows in more detail what we have been do.ing over-- ' ;.

t h e past year. : , • . - • • '.."':';. . ' ' ' • ' • . - ; : . • • • , • ' •

' : .;' Publications . , • .... ..-.-•' .," . v:''

1972 . . ' • • ' . - ' • ' , . " . ' • • - . - . ' . " : .
.Cloud, Preston, response to Paleontological Society Medal Present

tation: Jour. Paleont., v. 46, no. 3,, p.. 470-472

Germs, J. B. G., The stratigraphy and paleontology of the lower
Nama Group, South West Africa: University of Capetown, .
Precambrian Rese.arch Unit, 250 p. , :

Licari, G. R. and Preston Cloud, Prokaryotic algae associated : .
with Australian Proterozoic Stromatolites: Proc. Nat. Aead.,

.; Sci. (USA), v. 69, no. 9, ppi. 2500-2504, Sept. 1972 . ' - ; -.

Licari, G. R. and Benni e Troxel , Fossil algae 1.3 b,y. old from.'.,
eastern California rocks: Calif. Geology, 197.3, p. 15r 16. .•••.;.,

.';:••-• ;i"/':î ':;;A' -'-.'':•"'• .':̂ ':':-:/ 1973-' ': .'.. ', ;' ,--;.'-•.'''••' •,: •'•.''•''•'• •'. '

/.Clo.ud, P.r;es;ton,- Possible stratotype sequences, for the: basal' ".'• .'•;:.'.
. . ;.; '•PaV.eozd.i c i n. North America: Amerv Jour. Sci :'., v . '273 ,-. ' • : '4y

. ' . , ; -\v;.p.'-.;;vl 9 3 - 2Q6-.;.'.:; " . : \ - , . - - : . • , • • • • ' • • .,:':-.'.;-.-: " . • ' ' • . : : ' , . ' ' • ' ' - " ' • ' • • ' . " . ; • . • } . - -
• • • ' /.:. ' ': • • '••''". - ' ' •• •".•-.':. '"' "''•".•.'/v":.'•'• •"•' - ' V - ; /•..{ 'I-
Cloud, Preston and Marcel Dardenne, Proterozoic Age of.the Bambui .

. G r o u p , in Brazil : !Geol. Soc. Amer. Bull., v. 84, -p. 1673-. .1 "
.''. 1676, ;May 1.973 ' • . '•••''' ; '.;' . :; -.' ' .'. ;•• .-':'

:.:••'..••"-•'•• • ' •••• I n _pr_e_s_s '. • . -•. , :•': :' _•' • :*'',•••;•'•' '••

Germs, G., A reinterpretation of :!Ran_qeaL schneiderhohni and'the ;:•',
.discovery of a related new fiossil from the Nama Group, • •"
Southwest Africa: Lethaia, 'jji_ press ; '••:' , ,-

.Cloud and Be.ver, Trace fossils from the Flathead Sandstone, .of •,
; Fremont-County, Wyoming, compared with similar forms-from :

California and Australia: Jour. Paleont., j_n press • ' . • •',

McConne'Tl ,. Stratigraphy, paleoecology, and paleontology of the
1-..2-'to 1 .4 aeon-old Apache Group, Arizona-,-'.and1, its relation-,
to.equivalent rocks in the southwestern United States:
Museum of Northern Arizona, in press . ;• •
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Al 1 i s'on. and"'Moorman , ;A new microbiota from the late Proterpzpic ::.. :v..
. : ..v- .Tindi r.Formati on of central Alaska: Geol . Soc. Amer. , • i_n press;.

Licari, PaT'eontol ogy and- paleoecol ogy of the Proterozoic 'Beck ' .-.-j •'•• V;:K- •..'.'
.-'Spring 'Dolomite-/in eastern California: Jour . Pal eont. i •• | /','.{}"•'/

:. -. in p r e s s • : . • ' ; • ' ". •' > . " • . ' • -.'' ..,;...' • .'; •' ; ':..';|" '•'•••̂ •':''; ,

Cloud., . Preston , Paleoecologi cal s i gni fi cance of. banded Iron-forma1--".".•••{•.;•'.. .
/ "tion: . Econ.. Geology, iri press- :, ' ; . .'.,' ; -'^.,..:'.-'.{'-\

Jackson ,-togwell , Bi och.emi c'al evolution of p're-Phanerozoi c photo-.- . , . ; .';!
V ;.;..: autotrophs -- the significance of arpmati c" chromophores i n . > • : ; • • • ; ' • '
,;. .: -'f oss i T .-humus:' TJT_ press •'.-..; . : . ' . . • /

•Moorman,^ Microbiota of the late Proterozoic Hector Tormati o.n, '.'"'.' •
southv/este.rn Alberta, Canada: Jour. Paleont.,,.. jn press ,, :. :

.In r̂eĵ a ration '••:]• , . ' ' ' ' • : X;. . ''•','•

Cloud, Preston, Evolution of ecosystems ; • ' . ' . . :

.Cloud, Preston, Rubey Conference on Crustal Evolution — - a/'
conference report .. . .

-Cloud and Licari, Proterozoic fungi -- new records of advanced ;. .
forms. i ' ' ' • ' • ''•''.:-..'•'•'•

Cloud and Pierce, Further studies on the ultrastruct.ure of
: pre-Phanerozoi c microfossils ; '.-.'. : .

Kline, Gary, Metallogenium in the early Proterozoic and late
Proterophytic

Leventhal , Joel, Stepwise pyrolysis -gas chromatography for
analysis of organic materials

' "' • : . ' -t1

Leventhal •"• and Cloud, Analysis of kerogen in pre-Phanerozoi c' cherts .\
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