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ABSTRACT 

A unique assemblage of ~ situ microstromatolites, articulated 

intraclastic microstromatolites, and disarticulated stromatolites has 

been identified from drill cores of the 2.3 G.a. Transvaal Sequence, 

South Africa. These structures occur in organic-rich lenticular and 

nodular replacement black cherts which are associated with early dia

genetic dolomite. Petrographic evidence indicates that the chert has 

formed via a primary carbonate and organic matrix -- partial dolomitiza

tion -- silicification paragenetic sequence; and that dolomitization and 

silicification were closely contemporaneous diagenetic events. Micro

structures which resemble three dimensionally preserved microfossils are 

found in the majority of the silicified Transvaal cores. These fossil

like microstructures can be grouped broadly into three morphological 

types: (l) filaments, (2) ovoid or spheroidal forms, and (3) bacteria

like microstructures. Certain of the filamentous forms which are 

associated with pyrite mineral grains are clearly of abiological origin, 

and their formation can be explained in the context of sedimentary dia

genesis and mineral paragenesis. The three dimensional association of 

the ovoid and bacteria-like microstructures to the microstromatolites is 

such as would be predicted from studies of modern cyanobacterial/micro

bial mat ecosystems. Hence, these microstructures are considered to be 

potential microfossils. The Transvaal microstromatolitic materials 

represent some of the smallest stromatolites yet described from either 

x 



xi 

Proterozoic or Phanerozoic sedimentary rocks. Nearly all of the basic 

stromatolite growth forms (i.e. columnar, bulbous, nodular, and strati

form) are represented in the Transvaal assemblage. Thus, stromatolite 

diversity at the IIbasic growth form ll level apparently did not evolve 

through geologic time. Physical and chemical environmental parameters 

probably controlled stormatolite morphogenesis only to the extent that 

they influenced the steady state blaance of microstromatolite microbial 

communities. Indirect evidence suggests that the Transvaal microstroma

tolites grew via the precipitation of primary carbonate at some level 

within the structures and that a correlation exists between the degrada

tion of primary producer organic carbon and the precipitation of a 

structurally supportive carbonate mineral matrix. 



a-IAPTER 1 

INTRODUCTION 

This study outlines the occurrence of an assemblage of in situ 

microstromatolites, articulated intraclastic stromatolite microcolumns, 

and disarticulated stromatolite intraclasts from drill cores of the 

early Proterozoic Transvaal Sequence, Republic of South Africa (R.S.A.). 

These structures occur in organic-rich, lenticular and nodular replace

ment black cherts which are associated with early diagenetic dolomite. 

They represent some of the smallest stromatolites yet described from 

either Precambrian or Phanerozoic sedimentary rocks. These microstro

matolites display a degree of distinctive morphological diversity which 

is closely equivalent to that of much larger stromocolite structures 

known from throughout the Proterozoic (Hofmann 1969). Hence, they pro

vide a unique opportunity to evaluate stromatolite morphology and micro

structure at a level of detail which will provide new insights and con

straints regarding the environmental and/or biological controls which 

influence stromatolite morphogenesis. Furthermore, these microstro

matolites may represent a potentially significant autochthonous sediment 

source for early Proterozoic carbonate platform systems similar to the 

Transvaal Sequence. 

Stromatolites are laminated biosedimentary structures, the 

origin of which can be related to the activities of microbial 

1 
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populations. In turn, these populations interact as a microbial com

munity (Atlas and Bartha 1981). It is as a result of the activities of 

these communities, their constituent populations, and via their inter

action with the physical and chemical sedimentary environment, that 

laminated stromatolite structures are produced and preserved in the sed

imentary rock record (Krumbein 1983). Since the microorganisms them

selves are only infrequently preserved, stromatolites are a variety of 

trace fossil, and they often represent our only evidence of ancient 

microbial ecosystems. 

The Transvaal Sequence 

The occurrence of stromatolites and the significant biological 

contribution to the formation and deposition of the early Proterozoic 

Transvaal Sequence has been well known for almost fifty years. Young 

(1932, 1933, 1934, 1940) first reported algal stromatolites from the 

Northern Cape Province, R.S.A., in the 1930's, and drew the analogy 

between these fossilized structures and modern algal stromatolites of 

the Bahamas. Since that time, geological investigations of the Transvaal 

Sequence have been numerous. Eriksson, Truswell, Button and others (see 

Nagy 1978), in a series of reports have investigated the stratigraphic, 

sedimentary, paleoenvironmental and geochemical characteristics of the 

sequence, generating a broad body of geological information on which 

firmly based stromatolite paleoecological and micropaleontological 

studies might be conducted. An early Proterozoic age of approximately 

2.3 G.a. for the Transvaal Sequence is well defined (Van Niekerk and 

Burger 1964, see Eriksson and Truswell 1974) by radiometric dating of 
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both overlying and underlying volcanic rock units. Much of the Trans

vaal Sequence is unaffected by regional metamorphism or major structural 

complication, preserving an abundance of essentially unaltered post

lithification carbonate rock mineralogies, structures and textures. The 

Transvaal Sequence is exposed across a broad region of southern Africa 

(Figure 1), making surface samples highly accessible, while subsurface 

samples from the abundant drill cores taken through the Sequence to the 

underlying auriferous Witwatersrand Sequence are also occasionally 

available. This unusual wealth of geological information qualifies the 

Transvaal Sequence as one of the best known carbonate rock units from 

the early Proterozoic. 

Stratigraphy of the Transvaal Sequence 

The rock units which are stratigraphically included in the 

Transvaal Sequence are characterized by an unconformable lower contact 

above older Swazian rocks which have been peneplaned. The Sequence 

represents a tectano-sedimentary phase of chemical, clastic, and volcanic 

sedimentation in a long lived, east-west elongated sedimentary basin 

(SACS 1980). The SACS (South African Committee for Stratigraphy) has 

recently redefined the Sequence as consisting of two Groups (Chunies

poort and Pretoria Groups) with a combined maximum thickness of approxi

mately 13,000 meters in eastern Transvaal. In central Transvaal, the 

Sequence has a maximum thickness of about 5,100 meters (Figure 2). 

The Chuniespoort Group is lithostratigraphically defined as con

sisting of chemical sedimentary rocks (SACS 1980); these include dolo

mite, limestone, chert, and iron formation. These rocks conformably 
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Outcrop belt Of the Transvaal Sequence in southern Africa 
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overlie the Black Reef Quartzite Formation. A major unconformity 

separates the Chuniespoort Group from the overlying Pretoria Group. The 

main dolomite portion of the Chuniespoort Group in the central Transvaal 

(Figure 2) correlates with the Malmani Subgroup of eastern and western 

Transvaal State. The Malmani Subgroup comprises five formations, of 

which only the lower four are represented in the central Transvaal. 

These are recognized on the pasis of their chert content, the presence 

or absence of algal stromatolites, and the types of stromatolites which 

are present (SACS 1980). In the central Transvaal the Chuniespoort 

Group has a maximum thickness of about 1500 meters (Figure 2). 

The Pretoria Group consists predominantly of terrigenous sedi

mentary rocks (quartzite and shale), together with an important vol

canic unit (Hekpoort Andesite Formation), and minor conglomerate, 

chemical sedimentary, and other volcanic members (SACS 1980). 

Age of the Transvaal Sequence 

The age between approximately 2.4 and 2.1 G.a. for the Trans

vaal Sequence has been determined by radiometric dating of associated 

volcanic and plutonic rocks. A maximum age of 2.32 to 2.46 G.a. for the 

Sequence has been established by radiometric age determinations on acid 

volcanics below the Black Reef Formation in the northwestern and eastern 

Transvaal (Burger and Coertze 1973-74, Coertze et al. 1978). A minimum 

age for the Chuniespoort Group is based on a 2.2 G.a. Rb-Sr isochron on 

lava samples of the Hekpoort Andesite Formation (Burger and Coertze 

1973-74). The basic plutonic rocks of the Bushveld Complex which are 

intrusive into the Pretoria Group have been dated at 2.1 G.a .. This 
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2.1 G.a. age date on the Bushveld Complex provides a minimum age for the 

Transvaal Sequence (Hamilton 1977). 

Sedimentology of the Chuniespoort Group 

The dolomite and chert section (Figure 2) of the Chuniespoort 

Group is of particular interest to this report. In central Transvaal 

State, the Group consists of the lower four formations of the Malmani 

Subgroup (SACS 1980). From base to top of the section these include 

the Oaktree, Monte Christo, Lyttelton, and Eccels Formations (Figure 3) , 

with a combined thickness of 1425 meters in the vicinity of Zwartkops, 

R.S.A. (Truswell and Eriksson 1975). These formations are distin

guished lithostratigraphically on the basis of dolomite recrystalliza

tion textures, the relative abundance of authigenic silica, dolomite 

color, stromatolites, and other primary sedimentary structures. 

The Chuniespoort Group in the central Transvaal consists pre

dominantly of dolomite and chert with only minor terrigenous .sediments. 

Using models developed from modern environments Eriksson and Truswell 

(1974), and Truswell and Eriksson (1975) relate the sedimentology of the 

Group to the contemporary tidal flat systems of Shark Bay (Western 

Australia) and Abu Dhabi (Persian Gulf). Primary sedimentary structures 

include linear current and interference ripples, and cross-bedded, 

graded and reversely graded oolitic sands. These associated primary 

structures suggest deposition within a shallow water, subtidal to inter

tidal carbonate platform environment (Truswell and Eriksson 1975). 

Important subfacies of this environment include protected lagoonal and 

high-energy barrier bar systems. Bird's eye structures, mudcracks, and 
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flat pebble conglomerates are interpreted as representative of inter

tidal to supratidal subfacies. 

The Chuniespoort Group is distinguished by numerous trans

gressive and regressive cycles which are marked by chert breccia and 

carbonaceous shale horizons (Figure 3). Chert breccias are related to 

regressive exposure episodes which are accompanied by carbonate dissolu

tion and the concentration of insoluable chert rubble (Truswell and 

Eriksson 1975, Eriksson, Truswell and Button 1976). 

Stromatol i tes 

The term "stromatolite" was fi rst introduced by Kalkowsky 

(1908) to apply to a sequence of Lower Triassic laminated limestones 

which are exposed near Hartz in northwestern Germany (Monty 1977). 

Kalkowsky (1908) defines a fine, more or less planar, layered structure 

as the fundamental aspe~t of stromatolitic rocks, and he was also the 

first to allude to the microbial origins of stromatolites long before 

analogous forms were known from modern environments (Krumbein 1983). 

Kalkowsky (1908) describes stromatolite heads as (quoted from the trans

lation of Monty 1977): 

occurring not only as simple regular and laterally continuous 
banks, but also as better individualized masses, perfectly de
limited heads, which tower up the enclosing sediment with, at 
least, their upper half free. They must simply be called 'free 
stromatolite heads'. Their growth forms can be massive, branched 
columnar, cauliflower-like etc. . .. In many cases, stro
matolites start from protuberances in the underlying oolite; 
the upper surface of the bulges is first encrusted by stro
matolite layers which as growth proceeds, differentiate the 
various reported morphologies. 

Ka1kowsky (1908) also distinguishes between stromatolite and 
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"stromatoloi dll
,' a term whi ch refers to indi vi dual carbonate layers (Krum

bein 1983). Stromatolites are aggregate structures consisting of mul

tiple stromatoid layers. 

Over the past twenty-five years numerous descriptive and 

genetic definitions have been proposed for the term stromatolite. Per

haps the most widely accepted genetic definition in current usage was 

proposed by Walter (1976): IIStromatolites are organosedimentary struc

tures produced by sediment trapping, binding, and/or precipitation as a 

result of the growth and metabolic activity of micro-organisms, prin

cipally cyanophytes. 1I A purely descriptive definition for stromat

olites was introduced by Monty (1976): Stromatolites are IIdomal, club-

shaped, columnar, etc., structures characterized by generally non-planar 

lamination ranging from a few microns to a few millimeters, possessing 

well defined three dimensional boundries which grow attached to the 

substrate ll
• In addition, Monty (1976) distinquishes between stromat

olites and cryptalgal laminates, which he defines as laterally 

continuous stratiform deposits consisting of subcontinuous planar 

laminations ranging from a millimeter to several centimeters. 

In search of a concise definition for stromatolites several 

workers (e.g. Hofmann 1974, Monty 1977, Krumbein 1983) have returned to 

Kalkowsky's classic paper. Krumbein (1983) derives his definition 

directly from his translation of Kalkowsky (1908): 

Stromatolites are laminated rocks, the origin of which can 
clearly be related to the activity of microbial communities, 
which by their morphology, physiology, and arrangement in 
space and time interact with the physical and chemical environ
ment produce a laminated pattern which is retained in the 
final rock structure. 



And: 

Unconsolidated laminated systems, clearly related to the 
activity of microbial communities, often called "recent 
stromatolites" or "living stromatolites" are defined as 
"potenti a 1 stromatol i tes". 
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Krumbein's (1983) definition is favored in this report because 

it stresses the importance of an interacting community of microorganisms, 

structured in three dimensions such as to interact constructively (in 

balance) with the physical and chemical sedimentary environment. As 

such, stromatolites potentially represent direct evidence of fossilized 

microbial ecosystems. Secondly, stromatolites need not have been 

constructed principally by cyano~acteria (cyanophytes, Walter 1976) .. 

Potential stromatolites from modern environments may consist largely of 

anoxygeni c (non-oxygen produci ng) photosyntheti c fl exi bacteri a (Walter, 

Bauld, and Brock 1972; Doemel and Brock 1974, 1977) or non-photosyn

thetic chemoorganotrophic bacteria (Krumbein 1983). Finally, Krumbein's 

definition restricts the use of the term stromatolite to rock structures. 

Kalkowsky (1908) refers to stromatolites as "limestones grown in situ" 

(Krumbein 1983). While "potential stromatolites" are certainly pre

cursors to lithified stromatolites, many examples (e.g. Doemel and 

Brock 1977, Walter, Bauld, and Brock 1976) of potential stromatolites 

are known which are unmineralized, and thus are not structurally 

preserved within the sediment as the sediment substrate accretes. 

One problem with the Krumbein (1983) definition occurs with 

his suggestion that stromatolites should be "clearly related" to the 

activities of microbial communities. Krumbein (1983) does not continue 

in his discussion to propose criterion by which this relationship might 
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be unambiguously established in the rock record. Buick, Dunlop, and 

Groves (1981) criticize the Krumbein definition as being too restrictive 

for this reason. They point out the fact that under its constraints the 

majority of Precambrian stromatolites could not be classified as such. 

Bui ck et ale (1981) support the use of the term "stromatoloi d" for 

structures which are morphologically similar to stromatolites but 

cannot be definatively established as such. 

Modern Cyanobacterial/Microbial Mats 

Modern cyanobacterial mats can be considered in terms of bio

genic/organic and inorganic/mineralogical components. These mats and 

their associated microbial communities which may potentially be pre

served as stromatolites, consist of a vertically stratified assemblage 

of microorganisms, the spatial distribution of which is narrowly defined 

by vertical microchemical and light intensity gradations within the mat 

(Doemel and Brock 1977; Jorgensen and Cohen 1977; Krumbein, Cohen and 

Shilo 1977; Jorgensen et ale 1979). In simplest terms, the structuring 

of cyanobacterial mats can be considered in terms of two microbial 

components - primary producer and consumer/decomposer populations. The 

upper surface zone of photosynthetic mats is largely composed of photo

synthetic cyanobacteria and photosynthetic bacteria. These primary 

producer microorganisms convert atmospheric C02 to organic carbon using 

light as an energy source. Beneath this upper layer, at variable depths 

depending on the microchemical gradations within the mat, are found 

successive zones of consumer and decomposer bacteria (Doemel and Brock 

1977; Jorgensen and Cohen 1977; Jorgensen et ale 1979). These 
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microorganisms utilize the organic carbon originally fixed by the photo

synthetic primary producers, ultimately leading to the mineralization of 

organic carbon and the regeneration of CO2 ± CH 4 ± H2 (Doemel and Brock 

1977). In addition, consumer/decomposer microbial populations by their 

respective metabolic pathways (i.e., respiration, fermentation, sulfate 

reduction etc.), to a large degree govern the small-scale geochemical 

gradients within the mat. From the standpoint of microbial succession 

and carbon budgeting, potential stromatolites should represent a steady 

state, essentially time-independent system where production and con

sumption within the system are exactly in balance (Brock 1971). Hence, 

a mat which is strict~y biogenic/organic will reach an equilibrium thick

ness where the vertical accretion (primary production) at the upper mat 

surface is in balance with microbial consumption and decomposition with

in the mat (Figure 4). Under these steady state conditions stromatolite 

growth or accretion beyond the equilibrium condition could occur only 

through the trapping and binding of sediments at the upper mat surface, 

or through microbially induced microchemical conditions conducive to the 

precipitation of calcium carbonate at some level within the mat 

(Dalrymple 1965, Davies 1970, Friedman et al. 1973, Amdurer 1982). 

A critical aspect of potential stromatolite morphogenesis is 

controlled by the relative proportions of sediment trapping and binding 

and/or calcium carbonate precipitation. The accretion of cyanobacterial 

mat systems which trap and bind allochthonous carbonate sediment is 

dependent to a large degree on the availability of carbonate allochems 

and fine-grained carbonate sediments within the environment. Sediment 
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Figure 4. Generalized model for potential stromatolite accretion show~ 
ing biogenic/organic and inorganic/mineralogical components. 
The active layer is that zone occupied by photosynthetic 
microorganisms in photosynthetic mat systems. 



15 

transport parameters (e.g. direction, bedload vs. suspended load etc.) 

and grain-size distribution would influence both the rates of accretion 

and the internal fabric of potential stromatolites. Precipitated 

structures on the other hand, would accrete irregardless of carbonate 

sediment availability. They would be true orthochemical sediments and 

could themselves serve as an allochemical detrital component within the 

carbonate environment if detached and/or disarticulated. 

Classification of Stromatolites 

Two principal schools of debate have evolved over the past 

thirty years regarding the classification of stromatolites. In large 

part, this debate concerns environmental versus biological theories 

for stromatolite morphogenesis, and from them have arisen either morpho

metric/descriptive (e.g. logan, Rezak, and Ginsburg 1964, Donaldson 

1963) or biostratigraphic (see Semikhatov 1976) classifications respec

tively. While supporters of environmental theories do not fully 

disregard the importance of microorganisms in stromatolite morphogenesis, 

most consider laminae shape, thickness, and gross stromatolite morphology 

to have been controlled principally by physical parameters within the 

sedimentary environment. These would include such factors as tidal 

amplitude (logan 1961, Panella 1976), wave energy, rate of sedimentation 

and sediment transport parameters (Hofmann 1967), and angle of solar 

incidence or light intensity (Doemel and Brock 1974). These workers 

often note the morphological diversity of stromatolites which occur at 

single stratigraphic horizons and the apparent correlation of stromat

olite morphology with sedimentary environmental facies. logan et al. 



(1964) propose a morphological classification using descriptive adjec

tives to characterize outward morphology, basic lamination structure, 

and vertical height versus width of the stromatolite structure. 

16 

The latter bi ostrati graphi c perspecti ve regards stromato1i tes 

as being principally biological structures, stressing the importance of 

particular microorganisms in the creation and maintainance of various 

stromatolite morphologies. As such, microorganisms interact with, but 

are not controlled by sedimentary environmental parameters. As a con

sequence of this assumption, many workers assert that as the principal 

stromatolite microbiota have evolved through geologic time, so has stro

matolite diversity. Hence, stromatolites would be potential strati

graphic markers in Precambrian sedimentary sequences. Biostratigraphic 

classifications (see Semikhatov 1976) utilize binary names designating 

specific genera and species of stromatolite morphology (e.g. Weedia 

tuberosa, Walcott 1914; see Hoffman 1969). 

[Escriptive Attributes of Stromatolites 

The first task of a descriptive characterization of sedimentary 

rocks is to define those primary variables which must be considered in 

order to assure that description will lead to a reliable interpretation. 

In the case of stromatolites, we must consider those descriptive aspects 

which are common to all stromatolites, or which mqy serve to ultimately 

provide evidence linking a rock form to the microbial community which 

was responsi ble for its construction. These should include primary 

structural, textural, and morphometric variables which can be applied to 

stromatolites of any size as well as to a diversity of morphological 
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forms. These descriptive variables can be considered in terms of three 

general groupings: (1) outward stromatolite morphology, (2) lamination 

texture, and (3) microfossil or microstructure content. 

Stromatolite Morphology. In the most basic sense, outward 

stromatolite morphology is the ultimate 'end product' of the sum of all 

physical sedimentary, biological, and sedimentary geochemical environ

mental factors. Basic morphometric variables are required to describe 

outward morphology. These include height (relief), width, shape (pro

file), symmetry, and vertical attitude relative to the substrate. 

Branching forms should also be descriptively characterized. In addi

tion, the relationship between the positioning of stromatolites and 

substrate topography, and the substrate spacing distribution of struc

tures should also be noted. 

Stromatolite Lamination. The fundamental feature of a stro

matolite is the lamination. Laminae represent successive surfaces of 

equilibrium between interacting physical, chemical and biological 

variables (Hofmann 1969). However, certain laminae may represent sur

faces which mark periods of discontinuous growth (disequilibrium 

surfaces), or brief biological discontinuities. The form of a stro

matolite is to a large degree, determined by the stacking of laminae and 

by the three dimensional extent of laminae layers within the structure. 

Prior to 1970, most workers regarded stromatolite lamination as funda

mentally a sedimentation feature (Monty 1977). As such laminae would 

represent and record intervals of the accumulation of fine-grained sedi

ment on surfaces presumed to have been populated by a community of 

microorganisms (Hofmann 1969). Laminae can be mineralogically or 



textura lly defined. Those vari ab les whi ch must be consi de red when 

characterizing stromatolite laminated textures include microfabric, 

thickness, degree and attitude of curvature, the three dimensional 

extent and morphology of individual layers, degree of inheritance 

between laminated fabrics of similar stromatolite morphotypes. 
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Microfossils. Structurally preserved microfossils constitute 

the most direct evidence of ancient stromatolite microbial ecosystems. 

Most Precambrian microfossils are preserved in cherts - a chemically 

precipitated rock that because of its microcrystalline grain size and 

optical properties may preserve the three dimensional detail of fos

silized microorganisms and "a11ows them to be viewed much like Tertiary 

insects in amber or laboratory tissues enc"ased in bioplastic" (Knoll 

and Go1ubic 1979). 

Almost three decades have past since the first widely accepted 

reports of fossilized microorganisms from Precambrian stromatolitic 

cherts of the 1.9 G.a. Gunflint Iron Formation, Ontario (Tyler and 

Barghoorn 1954). Since that time, reports of new microfossil findings 

from Precambrian sedimentary rocks have been numerous (e.g. Barghoorn 

and Tyler 1965, Schopf 1968, Hofmann 1976, Horodyski and Donaldson 1980, 

Knoll 1983, Mendelson and Schopf 1982, and others), significantly 

expanding our knowledge about the early history of life on Earth 

Precambrian micropaleontological investigations have stressed 

three primary objectives: (1) the morphological characterization and 

taxonomic classification of microfossils in an attempt to understand the 

early history of biological evolution, (2) the use of fossilized 
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microbiota in conjunction with sedimentological observations to aid in 

the interpretation of Precambrian sedimentary environments, and (3) the 

use of fossilized microbial communities to deduce or provide structured 

constraints for inferences regarding the paleoenvironmental and geo

chemical conditions of the early Earth. The greatest volume of Precam

brian micropaleontological research has been devoted to the first two 

goals. A structurally well preserved, diverse microflora consisting 

largely of fossilized filamentous and spherical/coccoidal cyanobacteria 

has been recognized from Proterozoic rocks ranging in age up to approxi

mately 2.0 billion years before present. Microfossils tentatively 

identified as flexibacterial filaments have been identified from the 

Gunflint Formation (Barghoon and Tyler 1965) and the 2.0 G.a. Belcher 

Islands Formation (Hofmann 1976). Other potentially bacterial micro

fossils include morphologically distinctive structures similar to 

Eoastrion, first identified from the Gunflint Formation (Barghoorn and 

Tyler 1965) and later recognized from a number of other Precambrian 

microfossiliferous cherts (Walter, Goode and Hall 1976, Lanier and Nagy 

1982). Eoastrion-like microfossils resemble the extant iron and man

ganese precipitation bacterium Metallogenium. 

Unfortunately, at this time there still is not a generally 

agreed upon diagnostic criterion by which the authenticity of silicified 

microfossils might be established (B. Nagy, personal communication 1983). 

The interpretation of micrometer-sized ovoid and filamentous micro

structures as being fossilized microorganisms should therefore be 

approached with a certain level of caution. There are, however, relative 

degrees of confidence by which first order judgements can be made. When 
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fossil-like microstructures occur in stromatolitic cherts and show a 

well defined three dimensional relationship to the stromatolite struc

ture which is similar to modern microbial mat associations, they must be 

considered as potential microfossils and thoroughly described. Even 

without a definitive conclusion as to their microbial origins, these 

microstructures often constitute major textural and compositional com

ponents of well preserved silicified stromatolites. Those variables 

which should be considered when describing fossil-like microstructures 

include size (length and width), morphological type (i.e. filamentous, 

spheroidal, coccoidal), abundance, preservation, distribution, and color. 

In addition, microstructures and potential microfossil occurrences must 

be related three dimensionally to rock fabric and thoroughly described 

in the context of the overall diagenetic/paragenetic history of the 

sedimentary rock sample. 

Transvaal Stromatolites 

Stromatolites were first described from the Transvaal Sequence 

by Young in 1932. A diverse assemblage of stromatolites has since been 

described from the Sequence (e.g. Button 1973, Eriksson and Truswell 

1974, Truswell and Eriksson 1972, 1973, 1975, Forster and Wachendorf 

1977). The occurrence of stromatolites and of particular stromatolite 

morphologies has played a key role in sedimentary paleoenvironmental 

interpretations of the Chuniespoort Group (Eriksson and Truswell 1974, 

Truswell and Eriksson 1975). Transvaal stromatolite forms include soli

tary and linked columnar, elongate and hemispheroidal domes, and a 

variety of stratiform stromatolites. Columnar and dome-shaped structures 



21 

range in size from a few centimeters to several meters in diameter. 

Eriksson and Truswell (1974) report domes with relief of 5 centimeters 

to 1 meter and which vary in shape from hemispheroidal to convoluted 

They relate domical stromatolites to outer intertidal sedimentary facies, 

suggesting that the domes increase in size (relief) as a function of 

increasing water depth. Eriksson and Truswell (1974) describe four 

types of cryptalgal laminated fabrics (stratiform stromatolites) which 

they attribute to intertidal to supratidal sedimentary environmental 

facies. These include smooth (flat), blister, tufted, and pustular 

cryptalgal textures. A common vertical stromatolite association shows a 

flat or blister cryptalgal laminae overlain by domical stromatolites, 

intraclastic (breccia) infilling of the zones between stromatolite domes 

and again overlain by flat or blister cryptalgal laminites (Eriksson and 

Truswell 1974). 

Transvaal Microfossils 

Despite the extensive morphological and sedimentological studies 

of its stromatolites and its largely unmetamorphosed character, the lack 

of unequivocable microfossils from the Transvaal Sequence remains some

thing of an enigma in Precambrian micropaleontology. Literature reports 

of structurally preserved microfossils from the Sequence have been few 

(MacGregor, Truswell and Eriksson 1974, Nagy 1974, 1978, Lanier et al. 

1981, Lanier and Nagy 1982). Some of these occurrences are suspected of 

being recent contaminations (see Cloud and Morrison 1979, for a review 

of r~acGregor et al. 1974). Nagy (1982) and Campbell et al. (in press) 

have recently reported that the microfossils described by Nagy (1978) 
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are most probably contaminations caused by modern endolithic micro

organisms. Both of these occurrences are from stromatolitic carbonate 

rocks rather than organic-rich cherts, from which all other well estab

lished Precambrian microfossils have been described. Lanier et ale 

(1981) and Lanier and Nagy (1982) describe potential microfossils from 

lenticular and nodular replacement black cherts. 

Chert and Authigenic Silica Diagenesis 

Chert is a chemically precipitated, aliphatic rock composed 

primarily of crystalline silica which occurs as nodules, lenses or 

layers. Most chert contains greater than 85% to 90% silica in the form 

of cryptocrystalline or microcrystalline quartz (microquartz), chalce

dony (fibrous quartz), and often minor megaquartz (grain size greater 

than 30 micrometers). The optical properties of fine-grained silica 

are such that the path of light which travels through a chert petro

graphic thin section is essentially unperturbated. This is because the 

index of refraction of silica (1.54) is about the same as most bonding 

media used in the preparation of petrographic sections. As such, in 

plane light (uncrossed nicols) these rocks lappear to disappear ' . The 

silica fraction of chert rocks will thus lack textural detail and it is 

only by the composition (e.g. organic and/or mineral matter) and the 

three dimensional distribution of impurities that chert textures are 

microscopically defined. Much of what is known about the fine structural 

detail of stromatolites (e.g. Knoll and Golubic 1979) comes from the 

study of silicified forms, and virtually all Precambrian microfossils are 

found in cherts associated with stromatolites. 
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Chert and authigenic silica diagenesis can be considered broadly 

in terms of three aspects: (1) ori gi n (pri mary or secondary), (2) 

immediate source of silica, and (3) the timing of silica diagenesis rel

ative to non-silica (principally carbonate) diagenesis. 

The debate regarding the primary versus secondary origins of 

chert has continued from the early quarter' of this century. Tarr (1917) 

strongly advocated the theory of primary nodular chert formation. He 

proposed a theory whereby the concentration of silica in sea water would 

build up to a low threshold value and silica would precipitate in the 

form of spheroidal 'blobs' of gel which would eventually harden to form 

nodular chert. In a less restrictive sense, primary cherts are those 

which form as primary gel precipitates (e.g. amorphous colloidal silica 

or sodi urn sil i cate gel) at or near t'he sedi ment-water interface and 

whose origins are closely linked to the chemistry of that water body. 

Many early theories concerning Precambrian microfossil permineralization 

(e.g. Barghoorn and Tyler 1965, Schopf 1968) regarded all microfossi

liferous chert as being primary in origin; suggesting that silicification 

occurred closely following, or perhaps even causing, the death of the 

mi croorgani sms. 

Secondary cherts are those which form as diagenetic replace

ments of a precursor mineral phase or mineral phases. Barton (1918) and 

van Tuyl (1918) were the first workers to advocate the diagenetic 

replacement of an initially carbonate host rock as the origin of nodular 

chert. Secondary chert can form as a replacement of carbonate, mixed 

carbonate and terrigenous, and even volcaniclastic (Lanier and Lowe 1982) 

precursor sediment. 



The immediate source of silica for Phanerozoic chert is 

generally considered to be biogenic (Davies and Supko 1973, Wise and 

Weaver 1974, von Rad, Reich and Rosch 1978, and others). Organisms 

which secrete hard parts constructed largely of biogenic opal-A are 

deposited and dissolve within the sediment upon burial. Silica is 

released into interstitial solutions and subsequently reprecipitates as 
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a more stable silica polymorph, generally opal-CT or microquartz. In the 

early Proterozoic, before the evolution of silica precipitating micro

organisms, the immediate source of silica for chert remains problematic. 

One of the most important aspects to be considered in the 

interpretation of authigenic silica diagenesis/paragenesis is the timing 

of silica diagenesis relative to the diagenesis of non-silica mineral 

phases which are present in the rock. In the case of organic-rich chert, 

it is important to consider silica diagenesis relative to organic matter 

decomposition and kerogen maturation. If other mineral phases are 

present (e.g. calcite, dolomite, or sulfate minerals) they may represent 

some of the most important clues in deciphering paragenetic sequences. 

It is the relationship between the various silica polymorphs present in 

chert and their spatial and contact relationships (i .e. dissolution, 

recrystallization, incorporation, replacement textures, cross-cutting, 

etc.) to these minerals which can be utilized to determine the origin and 

timing of silicification. 



CHAPTER 2 

MATERIALS AND METHODS 

The stromatolitic materials described in this report occur with

in, and in association with, lenticular and nodular black cherts from 

drill cores of the 2.3 G.a. Transvaal Sequence, South Africa. These 

cores were drilled by the Anglo American Corporation during an explora

tion drilling project through the Sequence to the underlying Witwater

srand Group. The drilling sites (MA 1 and DO 2) are located approxi

mately 16 km southeast of Klerksdorp, in the central Transvaal (Figure 

5). The core samples were collected in 1976 by L.A. Nagy (Laboratory of 

Organic Geochemistry, The University of Arizona). Each 4.2 centimeter 

diameter core section was clearly marked by Anglo American as to the 

surface to depth distance and the stratigraphic 'up' direction (Figure 

6) • 

The Transvaal Sequence in the Klerksdorp area consists of 

approximately 950 meters of chert bearing stromatolitic dolomite of the 

Chuniespoort Group. Since only a limited number of core samples could be 

obtained, a complete lithostratigraphic log of each drill core is not 

available. However, a general lithological correlation with the SACS 

(1980) stratigraphy for the Chuniespoort Group can be established by 

utilizing dolomite color, crystallinity, presence or absence of authi

genic silica, and surface to depth distances of core samples (Table 1). 

The base of the Monte Christo Formation can be assigned to the lowest 
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Figure 5. Geologic may of the Transvaal Sequence in central Transvaal 
State (A). Map (B) shows the location of drill sites MA 1 
and DO 2. Adapted from mine map provided by Anglo American 
Corporation. 
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Figure 6. Photograph showing typical subsurface core samples of the 
Chuniespoort Group near Klerksdorp, R.S.A •• 
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Table 1. Generalized lithostratigraphic correlation of the Transvaal 
drill core samples with the SACS (1980) stratigraphy for the 
Chuniespoort Group in the central Transvaal. Sample desig
nation indicates lab1e assignments for petrographic thin 
section series. 

Core Sample 
Depth (m) 

Lithologic 
Description 

Sample 
Designation 

69 Light gray, sugary,' coarsely 
crystalline dolomite 

356 

398 

400 
402 

Lenticular bl~ck chert, overlain 
and underlain by li9ht gray TRD-4 series 
coarsely crystalline dolomite 
Lenticular/nodular bleck chert 
overlain and underlain by TRD-l series 
light gray coarsely crystal-
line dolomite 
Medium gray dolomite 
Black, dark to medium gray, 
medium to finely crystal-
line dolomite 

698 Lenticular black chert, dark 
to medium gray' dolomite and TRDO-8 series 
light gray coarsely crystal-
line dolomite 

791 Light gray dolomite, light 
gray chert with silicified TRD-2 series 
oolites 

Lithostratigraphic 
Assigrvnent 

~NTE CHRISTO 
FORMATION 

-------1---------------------------------------------?----------------------?------------
915 Black to dark gray, fine to 

medium crystalline dolomite 
finely laminated with soft 
sediment deformation 

933 Dark to medium gray, fine 

TRD-6 series 

to medium crystalline TRD-3 series 
dolomite 

OAKTREE 
FORMATION 

-------7---------------------------------------------1----------------------7------------
947 Finely laminated black to BLACK REEF * 

dark gray, mixed terrfgenous FORMATION 
clastic Ind carbonate, some 
soft sediment deformation 

-------7---------------------------------------------1----------------------?------------
967 Dark green all\Ygdaloidal vol- VENTERSDORP * 

canfc rock SEQUENCE 

* Assignment made by Anglo American Corporation 
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light gray (recrystallized) dolomite and chert horizon (791 m) in 

the cor~. The base of the Black Reef Formation is defined by an uncon

formable contact above a green amygdaloidal volcanic rock horizon (Ven

tersdorp supergroup; Anglo American Corp., personal communication 1976). 

The corresponding thicknesses of approximately 720 meters for the Monte 

Christo and 175 meters for the combined thickness of the Black Reef and 

Oaktree Formations, are closely equivalent to those defined by the SACS 

(1980; see Figures 2 and 3). 

Inherent in the use of subsurface cores is the lack of lateral 

and often small scale vertical stratigraphic, structural and sedimen

tological control. However, the use of core samples eliminates the 

potential of surface exposure contaminations by recent microorganisms, 

and largely reduces organic geochemical contaminations by modern bio

chemicals which are often introduced at weathered rock surfaces. Surface 

exposure contaminations by modern microorganisms have been particularly 

problematic in past micropaleontological investigations of the Transvaal 

Sequence (Cloud and Morrison 1979, Campbell et ale in press). 

The methods used in the analyses of stromatolitic materials of 

the Transvaal Sequence included: (1) optical microscopy, (2) x-ray 

diffraction analysis, and (3) electron microprobe analysis. 

Optical Microscopy 

This work is largely oriented towards a detailed petrographic 

thin section analysis of both chert-rich and chert-free sections of the 

core samples. The samples were studied as 30 to 50 micrometer thick 

petrographic thin sections cut both parallel and perpendicular to 
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bedding. Thin section thicknesses were determined using quartz bire

fringence (Kerr 1977). It was found that at low magnifications (35x and 

100x) , chert petrographic sections in the thicker ranges (greater than 

40 ~m) show optimal textural depth and detail. Thinner sections were 

preferred for optical determinations and observations of quartz poly

morphs. The thin sections were evaluated with a Leitz ORTHOLUX-UMA 

petrographic microscope at magnifications of up to 1000 times using 

transmitted light. The Leitz petrographic microscope used in this study 

has a useful limit of magnification of about 1800:1. 

Direct measurements from petrographic thin sections were made 

using an 8x Zeiss occular micrometer calibrated to a Zeiss (5+100/100 

mm) stage micrometer. For detailed measurements at high magnifications 

(760x) using a Leitz A 328696 95x oil immersion objective lens, the 

smallest bar division of the occular micrometer is equal to 0.6 micro

meters. 

Measurements of textural features on the scale of a few milli

meters to several centimeters were made by projecting the petrographic 

thin section from a photographic enlarger. Direct line drawings and/or 

negative photographic prints were made by this method. 

X-Ray Diffraction Analysis 

To aid in petrographic mineral identification, selected core 

samples were powdered and anaylzed by x-ray diffraction. Samples were 

scanned through a range of 50 to 800 28 (20/minute), Cu K~ radiation 

(30 rnA and 40 kV) using a D 500 Siemens x-ray diffractometer. Several 

carbon-rich samples were treated with a hot 60:40 (volume:volume) 



31 

mixture of concentrated hydrochloric acid and hydrofluoric acid (48%) to 

remove carbonate and silicate minerals. The samples were analyzed by 

x-ray di ffracti on using Debye-Sherrer and Gandolfi powder cameras (10 

hour exposure times Cu K~ radiation, 30 rnA and 40 kV). 

Electron Microprobe Analysis 

One petrographic thin section, initially prepared for optical 

microscopy, was polished and coated with approximately 50 ~ of carbon. 

This sample was analyzed with the scanning electron microscope (SEM) 

using backscattered electron (SSE) Z contrast imaging, and qualitative 

energy dispersive x-ray (EDS) microprobe analysis (Krins1ey, Pye and 

Kears1ey 1983). EDS data was collected using 100 second counting times. 

While the SSE imaging technique is still in the early stages of its 

development, the EDS analyses are a reliable, qualitative assessment 

of relative elemental abundances. 



CHAPTER 3 

RESULTS 

The descriptive characterization of stromatolitic materials 

from the Transvaal Sequence will be considered from the standpoint of 

three scaled levels of observations and measurements. These include: 

(1) sedimentary rock texture and mineralogy, (2) the occurrence and des

cription of stromatolites, and (3) the microtexture of these stromato

lites and their associated microstructures. 

Mineralogy and Texture 

The occurrence of stromatolitic materials of the Transvaal 

Sequence must be related three dimensionally to sedimentary rock texture 

and mineralogy, and described in context with the overall diagenetic/ 

paragenetic history of the core samples. To this end, four samples 

(TRO-1, TRO-2, TROD-8, and TRO-4 series; see Table 1) which represent 

a range of diagenetic textures and mineralogies have been selected for 

detailed description. The chert and dolomite samples from all depth 

horizons show many similarities and it is only through a comparison of 

their common attributes that diagenesis/paragenesis can be accurately 

related to the preservation of primary sedimentary and biosedimentary 

structures. 
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TRD-1 Series 

The black chert and dolomite sample of the TRD-1 series is 

taken from a depth of 398 meters in the MA 1 drill core (Table 1). A 

drawing of the TRD-1-24 petrographic thin section from this series is 

shown in Figure 7. The TRD-1 core sample lacks a well defined fabric 

which can be related in detail to a primary sedimentary texture. How

ever, the gross texture of the sample is defined by convex-upward 

organic-rich laminations which may be stromatolitic in origin, and the 

chert zone of the sample contains a high concentration of filamentous 

microstructures. The sample (Figure 7) can be considered in terms of 

three textural/mineralogical zones: (I) a lower medium to coarsely 

crystalline dolomite zone, (2) a mixed zone consisting of medium crys

talline dolomite embayed in a chert matrix, and (3) a black chert zone. 

The lower section of the sample consists of light to medium 

gray dolomite with a grain size ranging between approximately 0.2 and 

1.5 millimeters. X-ray diffraction analysis confirms the presence of 

dolomite (d=2.89~), with minor quartz (d=3.33~) and calcite (d=3.04A). 

Variations in dolomite grain size occur within zones which roughly 

parallel textural laminations. Grain size coarsens significantly with

in an approximately 7 millimeter zone which parallels the chert-

dolomite interface. Organic matter may occur as disseminated particu

late material, or it may be diagenetically concentrated along styolitic 

seams which result from the microdissolution of dolomite within organic

rich zones. The spacing between laminations ranges between approximately 

0.5 and 1.5 millimeters. Several patchy zones of microcrystalline quartz 



TRD-1-24 

DCHERT. DOLOM ITE 

IEJMIXED ZONE 

34 

Figure 7. Drawing of the TRD~1~24 petrographic thin section cut from 
the silicified section of the 398 meter depth horizon of the 
MA 1 drill core. Stratigraphic up is to the top of the 
sample. 
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occur about 2.5 centimeters below the chert-dolomite interface. These 

zones are always associated with localized higher concentrations of 

organic matter and they contain disseminated, embayed, medium crystal

line dolomite rhombohedra. Pyrite is a common accessory mineral of the 

dolomite. 

The 'mixed zone l (Figure 7) represents a transitional interface 

between relatively pure black chert and dolomite. The thickness of this 

zone -ranges from about 0.1 to 5 millimeters. High concentrations of 

filamentous microstructures occur within, but are not restricted to, the 

mixed zone. This zone consists of black chert and between 5% and 60% 

medium crystalline dolomite. Individual disseminated dolomite rhombo

hedra within the chert matrix often show clotted, dark subhedral to 

anhedral cores surrounded by clear, euhedral syntaxial overgrowths. 

The rhombic overgrowths commonly show evidence of pitting and corrosion. 

Authigenic silica occurs as approximately 60% microcrystalline quartz 

(grain size between 1 and 30 ~m); with the balance consisting of 

spherulitic (100 to 200 ~m diameter) bundles of length fast fibrous 

quartz (Figure 8), and larger irregular zones of length fast fibrous 

quartz. Megaquartz is a minor constituent. Chert texture, as defined 

by the occurrence and distribution of these various silica polymorphs, 

is discontinuous and heterogeneous. Opaque, euhedral to subhedral 

pyrite grains are found locally in high concentrations of up to 10-15 

grains/100 ~m3. Pyrite grain size ranges from less than 1 to over 40 

micrometers. Organic matter is a highly disseminated constituent of the 

microcrystalline quartz. 
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Figure 8. Photomicrograph showing the common chert textures found in 
the chert of sample TRD-1-24. 
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The upper black chert zone consists predominantly of micro

crystalline quartz with minor disseminated medium crystalline dolomite. 

The dolomite rhombohedra are often pitted and corroded as in the mixed 

zone of the sample. The chert consists of approximately 90% micro

crystalline quartz and recrystallized spherulitic quartz, with minor 

fibrous quartz. Pyrite is a common accessory mineral, but it is found 

in significantly lower concentrations than in the mixed zone. Varying 

concentrations of finely disseminated organic matter. impart a crudely 

stratified, convex-upward laminated texture to the black chert, which 

roughly parallels that of the lower dolomite zone. Two sets of fracture 

systems which frequently intersect at angles of between 409 to 700 are 

continuous from the black chert into the mixed zone. These are 

texturally defined by finely disseminated moderate relief to opaque 

minerals which are concentrated along the plane of the fracture. The 

fractures cross-cut both dolomite rhombs and the filamentous micro

structures which occur in the black chert. These features show little 

or no offset. 

TRD-2 Series 

The TRD-2 series core sample consists of light gray dolomite 

with a 7 centimeter thick, normally graded layer of gray silicified 

oolite which is found at the top of the core section. Silicified ooids 

provide an important comparative framework by which the authigenic 

silica paragenesis of other potenetially carbonate allochems can be 

established. This is particularly true in the case of silicified 
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stromatolites, where a precursor carbonate (e.g. Mg-calcite or aragonite) 

mineralogy cannot be accepted ~ priori. 

The TRD-2 series sample is taken from a depth of 791 meters 

from the DO 2 drill core. The medium gray dolomite has a uniform texture 

composed of interlocking medium to coarsely crystalline, anhedral to 

subhedral dolomite rhombohedra. As is often the case, this homogeneous, 

recrystallized texture obscures most evidence of a small scale primary 

sedimentary fabric. Ooid grain size within the silicified section of 

the core ranges between approximately 1.0 and 1.7 millimeters 

(~= 1.4, s = 0.28, N = 75). The ooids are uniformly spherical and 

the oolite appears to be grain supported. 

The TRD-2 oolite shows a progressive silicification fabric, 

ranging from poorly defined dolomite/calcite ooids in a dolomite matrix 

to relatively pure silica ooids in an authigenic silica matrix with 

only minor dolomite (Figure 9). Unsilicified ooids are texturally 

defined by irregular to subspherical patches of medium to finely crys

talline dolomite/calcite in a homogeneous matrix of interlocking medium 

to coarse grained dolomite (Figure 9A). These finer grained zones are 

only one-half to one-third the size of subadjacent silicified ooids, 

suggesting that only the central cores of the grains have been texturally 

preserved. Partially silicified ooids are preserved in a matrix of 

medium crystalline dolomite. The cores of the grains consists of 

mixed fine-grained subhedral dolomite and blocky anhedral calcite. 

Microcrystalline quartz is the dominant authigenic silica phase which 

defines the outer layers of the ooids. Carbonate does, however, occur 
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Figure 9. Optical photomicrographs showing typi.cal silicified, partially 
silicified, and non-silicified TRO-2 ooid textures. 
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in varying concentrations within the outer layers, where it is 

frequently concentrated within individual concentric layers (Figure 98). 

Somewhat more silicified ooids occur in a matrix of mixed microcrystal

line quartz and medium crystalline dolomite (Figure 9C). Relic fine

grained calcite is found only in the central cores of the grains. Fully 

silicified ooids occur in a matrix of mixed microcrystalline quartz and 

very fine-grained megaquartz. Only minor disseminated dolomite is 

present. With uncrossed polars at low light intensities, the original 

concentric layered fabric of the ooid is often clearly defined 

(Figure 9D) by relic finely disseminated micrometer-sized calcite 

impurities. Crossed polars reveals a poorly defined radial and concen

trically layered fabric. Microcrystalline quartz grain size coarsens 

somewhat towards the centers of the ooid grains, with the finest 

grained microcrystalline quartz occurring within an outer layer of 

about 100 to 200 micrometers in thickness. The grains show no evidence 

of structural collapse or dissolution (Wilkinson and Landing 1978) 

prior to authigenic silica replacement. The lower outer surfaces of 

the ooid grains in the fully silicified section of the core often show 

a layer or zone of coarse-grained microcrystalline quartz or fine-

grai ned megaquartz (Fi gure 10). 

TRDO-8 Series 

The TRDO-8 series sarrple is taken from a depth of 698 meters 

from the DO 2 drill core. A drawing of the TRDO-8-1 petrographic 

section is shown in Figure 11. The lower zone of this sarrple is 

characterized by irregularly shaped patches of authigenic silica embayed 
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Figure 10. Optical photomicrograph showing the fine grained megaquartz 
and coarse grained microcrystalline rims which occur below 
ooids in the silicified section of the TRD~2 series sample. 
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Figure 11. Drawing of the TRDO-8~1 petrographic thin section. 
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in a matrix of medium to coarsely crystalline dolomite. Also present 

are several zones of mixed very fine grained microcrystalline quartz 

and carbonate (calcite?). These areas are brown in color under plane 

li ght and the carbonate mineral phase occurs as hi gh concentrati ons 
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of micrometer-sized granules. The patchy zones of authigenic silica have 

a non-uniform texture and consist of a mixture of microcrystalline 

quartz, fine-grained irregular bundles of fibrous quartz, length fast 

fibrous quartz, and fine-grained megaquartz. Organic-rich intraclasts 

are common textural components of the authigenic silica. Pyrite is an 

accessory mineral of both the chert-rich and dolomite zones. 

The dominant textural feature of the TRDO-8 series core sample 

is a laminated black chert zone of between approximately 0.5 and 1.8 

centimeters in thickness (Figure 11). The laminations are often wavy 

and range from several tens of micrometers to several millimeters in 

thickness. They are texturally defined in part by organic-rich 

intraclastic grains which range from less than 25 micrometers to about 

a millimeter in long axis dimension. These intraclasts are probably 

stromatolitic in origin, but only a few large internally laminated 

intraclasts have been observed. Only a small percentage of the intra

clasts present within the laminated zone which contain high concen

trations of organic matter are clearly visible. Observations at low 

magnifications using the substage condension lens reveal a clotted 

detrital texture within many of the laminations. With crossed polars, 

the laminations are texturally distinquished by very slight changes 

in microcrystalline quartz crystal orientation within each laminated 



44 

zone. Micrometer-sized pyrite grains and finely disseminated organic 

matter are often concentrated along the laminations. The laminated 

texture is truncated at the chert-dolomite interface, although numerous 

larger organic-rich intraclasts are clearly visible within the 

dolomite (Figure 11). Fractures cross-cut the black chert layer and 

the largest of these is infilled with coarsely crystalline dolomite. 

A prominant zone of dark, fine-grained dolomite, approximately 1.0 to 

1.5 millimeters in thickness occurs within a zone which parallels the 

chert-dolomite interface above the laminated black chert horizon 

(Fi gure 11). 

TRD-4 Seri es 

The TRD-4 series sample is from a depth of 356 meters in the 

MA 1 drill core section. This sample consists of light to dark gray, 

medium to coarsely crystalline dolomite with a 5 to 7 centimeter thick 

zone of lenticular black chert centrally located in the core. Light 

gray dolomite has a sugary, recrystallized texture which largely 

obscures primary sedimentary structures. Recrystallized dolomite 

occurs above and below the chert horizon. Medium crystalline dark 

gray dolomite is spacially associated with the black chert zone, and 

occurs as lenses or irregularly shaped patches within the chert. In 

hand sample, a laminated sedimentary fabric is visible in the dark 

gray dolomite which is continuous between the dolomite and black chert. 

The silicified portion of the TRD-4 series core section 

(Figure 12) can be subdivided into four units on the basis of its 

textural and mineralogical characteristics. From base to top these 
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Figure 12. Generalized small-scale stratigraphic column of the 
authigenic silica-rich section of the TRO-4 series 
core sample. 
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include: (1) a lower section consisting of chert and patchy to 

disseminated medium crystalline dolomite lacking a well defined primary 

sedimentary fabric and containing a paucity of organic matter, (2) a 

second zone showing wavy, organic-rich laminations which is capped by a 

partially erosional upper surface showing ~ situ microstromatolite 

columns, (3) a stromatolitic intraclast zone with a flat laminated 

upper division, and (4) an upper zone dominated by medium to coarsely 

crystalline dolomite. 

The lower approximately 1.8 centimeters of the section 

(Figure 12) is composed of disseminated euhedral to patchy, hypidotopic, 

medium to coarse crystalline dolomite and black chert. The chert 

consists of about 70% microcrystalline quartz with a grain size of 

between 1 and 30 micrometers. Subordinant amounts of length-fast 

fibrous quartz and minor megaquartz comprise the balance of the authi

genic silica. Opaque, euhedral to subhedral pyrite grains are the most 

common accessory mineral. The contact between the chert and dolomite 

may be sharp to gradational. Dolomite shows a rhombohedral crystal 

habit and individual disseminated rhombs within the chert matrix may 

show clotted cores with euhedral syntaxial overgrowths. The rhombic 

overgrowths often show evidence of corrosion and dissolution. This 

zone contai ns a pauci ty of organi c matte rand 1 acks we 11 defi ned 

sedimentary laminations. 

The second division (Figure 12) is an approximately 1.2 

centimeter thick zone of black chert showing organically defined wavy 

laminations and proportioanlly less dolomite than the lower unit. 
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Dolomite is present as solitary rhomohedra or as patches of interlocking 

grains several millimeters across. The authigenic silica in this zone 

is predominantly microcrystalline quartz and spherulitic (100 to 200 ~m 

diameter) bundles of length-fast fibrous quartz which may be partially 

or wholly inverted to a patchy microcrystalline quartz matrix. Lam

inations are between about 25 and 100 micrometers in thickness and 

are texturally defined by variable concentrations of light to dark 

brown or black organic matter. Most laminae are discontinuous, though 

they may be relatively continuous through both dolomite and authigenic 

silica-rich zones. Thicker laminations tend to be darker in color 

towards their upper surfaces. Interlaminae zones contain little organic 

matter and are composed of patchy microcrystalline quartz. The upper 

surface of this division is a discontinuous organic-rich internally 

laminated layer of from 50 to 200 micrometers in thickness. This 

surface is irregular to hummocky with about 1 to 5 millimeters of relief. 

Also characterizing this surface are in situ rounded to flat-topped 

stromatolite microcolumns (Figure 13) which are 1 to 2.5 millimeters in 

height and 0.8 to 1.6 millimeters in diameter. 

The third division of the silicified section of the core 

consists of an approximately 2.5 centimeter thick zone of very poorly 

sorted stromatolitic intraclastic detritus (Figure 13). Intraclastic 

grain size ranges from less than 50 micrometers to over 2 millimeters, 

with intraclasts in the smaller size range being dominant. Most 

intraclasts are irregularly shaped to ellipsoidal, while most larger 

clasts consist of single detached stromatolitic microcolumns. The 
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Figure 13. Negative print of a portion of the TRO-4-30 petrographic 
thin section showing the in situ microstromato1itic surface 
and the detrital character-of the overlying stromatolite 
intrac1astic zone. 
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Figure 14. Optical photomicrographs showing the authigenic silica 
texture of several stromatolite intraclasts. 
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intraclastic zone is composed predominantly of black chert as micro

crystalline quartz, recrystallized spherulitic or void (?) filling 

length-fast fibrous quartz. Microcrystalline quartz grain size ranges 

from about 1 to 20 micrometers, with grain size being inversely propor

tional to the concentration of organic matter (Figure 14). Clast 

size is defined by the abundant organic matter which is present, or on 

the basis of a clast-like zone of finer grained microcrystalline quartz. 

Dolomite is present as disseminated, often highly corroded rhombs or 

patches. Pyrite occurs either as disseminated crystals in the chert 

or dolomite matrix, or it may be highly concentrated in a single intra

clastic grain. Silicate minerals are sparce and are largely confined to 

clay-sized phyllosilicates. The upper 7 millimeters of the intraclastic 

zone shows flat sedimentary laminations ranging in thickness from 

approximately 0.35 to 3 millimeters. These laminations contain silt-

to fine sand-sized stromatolite intraclasts and the zone is similar in 

texture to the laminated black chert unit of the TRDO-8 series sample. 

The upper zone of the silicified section of the TRD-4 series 

(Figure 12) passes abruptly into an area consisting predominantly of 

medium to coarsely crystalline dolomite with patchy zones of authigenic 

silica. This zone is similar to the lowest portion of the silicified 

section. 
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Microstromatolites and Stromatolite Intraclasts 

Stromatolites from the Tranvaal Sequence represent one of our 

most direct evidence of microbial ecosystems 2.3 billion years ago. The 

stromatolites which are described in this report are classified as 

microstromatolites because they are not visible to the unaided eye in 

hand sample. Most are considerably less than 1 millimeter in long axis 

dimension. The microstromatolite materials occur as substrate attached 

(~situ) and intraclastic (detached and detrital) structures. Intra

clastic microstromatolites in turn, occur as detached articulated 

structures and disarticulated fragments of various sizes, morphologies, 

and internal microtextures. 

Textural Definition 

Optical photomicrographs of representative examples of the 

Transvaal stromatolitic materials are shown in Figures 15 through 20. 

All of these structures are preserved in chert, and thus it is only by 

tbe variable concentrations and three dimensional distribution of 

impurities within the authigenic silica matrix that stromatolite micro

structure is defined. These impurities include both organic matter and 

inorganic (mineral) components. 

The texture and microstructure of the Transvaal microstromat

olites is to a large degree defined by variable concentrations of 

kerogenaceous organic matter. Kerogen is a solid, particulate, polymer

like form of organic matter which is insoluble in common solvents and 

occurs at concentrations of a few tenths of a percent in most sed

imentary rocks (Durand 1980). High resolution x-ray diffraction 
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analysis of this kerogenaceous material concentrated by acid dissolution 

of the chert, shows it to be unusually x-ray amorphous and non

graphitic. Organic matter occurs as a disseminated, submicrometer-sized 

particulate material, which when viewed in plane light imparts a dark 

to light brown pigmentation to the chert matrix. Organic matter can 

occur locally in such high concentrations that these areas are function

ally opaque to standard intensity illumination. With the substage 

condensing lens, these same areas do transmit some light and are brown 

in color. Organically bounded spheroidal microstructures which resemble 

fossilized microcrganisms provide textural definition by their common 

occurrence at the outer surfaces and along laminated zones within 

many stromatolite intraclasts. Where organic matter is present, it is 

important that it should be possible to correlate (in the most general 

sense) the concentration of this material and the varying shades of 

dark pigmentation which it imparts, to the former presence and relative 

distribution of precursor biological material within these particular 

zones. 

Mineral matter is secondary in importance to organic matter as 

a texturally definitive component of the Transvaal microstromatolite 

structures. This material includes fine-grained phyllosilicates 

(muscovite-like 10~ micas), pyrite, and carbonate. Most carbonate is 

relic, i.e. unreplaced, unsilicified carbonate (calcite?) relic from 

the precursor carbonate mineralogy of the samples. Pyrite is recog

nized by its opaque, cubic to octahedral crystal form. Under reflected 
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Figure 15. Microstromato1ite intraclasts. (A) Disarticulated, f1at
laminated stromatolite intraclast showing a gradational 
darker pigmentation towards its upper surface. (B) Un
structured intraclast with an organic-rich clotted texture. 
(C) Detached, articulated microstromato1ite column with a 
convex-upward finely laminated texture. (D) Detached digi
tate microco1umn with a dense peripheral layer composed of 
spheroidal microstructures. All micrographs to scale shown 
in (A). 
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Figure 16. Microstromato1ite intraclasts. (A) Small intraclast showing 
an approximately 40 micrometer thick peripheral layer of 
spheroidal microstructures. (B) Disarticulated structured 
intraclast showing a sharply convex laminated texture. (C) 
Disarticulated laminated intraclast with a gently convex 
laminated texture. (D) Detached articulated, club-shaped 
ovoid microstrmato1ite column. All micrographs to the scale 
shown in (C). 



Figure 17. 
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Large detached bulbous microstromatolite which resembles an 
oncolite; flattened zone (arrows) inferred to represent the 
area of substrate detachment. 
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Figure 18. Detached articulated, rounded and flat"topped stromatolite 
microcolumns (A through D). (E) Negative print showing an 
in situ stromatolite microcolumn with a rounded top. Note 
tne-aetr1tal texture of the intraclastic zone above the 
column. Light colored areas of the print contain higher 
concentrations of organic matter. Scale for (E) indicated; 
scales for (A) through (0) are same as (0). 
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Figure 19. Microstromatolite intraclasts. (A) Small bulbous structure 
showing asymmetric concentric laminations. (8) An elongate 
unstructured intraclast containing a high concentration of 
organic matter. (C) Composite structure composed of three 
linked bulbous microstromatolites. (0) Composite flat. 
laminated (cr¥ptalgal) structure, Scale for (A) shown; 
scales for (8) through (0) same as (8). 



Figure 20. Microstromatolite intraclasts. (A) Composite nodular struc~ 
ture. (B) Unstructured, disarticulated intraclast showing 
a 'honey-combed', linked spheroidal fabric. (C) Unstruc
tured, organic-rich intraclast showing very faint lamina
tions; arrows indicate spheroidal microstructures. Scale 
for (B) and (C) shown in (B). 
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light, pyrite has a brass yellow metallic luster. All of these mineral 

phases have been identified by x-ray diffraction analysis. 

Disarticulated Microstromatolites 

A large percentage of the stromatolite intraclastic materials 

represent the disarticulated fragments of somewhat larger stromatolite 

structures. A general grouping of these structures includes unstruc

tured clasts, and clasts showing poorly to well defined internally 

laminated textures. All disarticulated stromatolitic materials share 

the common attribute of being texturally truncated structures, i.e. if 

laminations or texturally definitive microtextures are present, these 

are terminated and discontinuous at the grain boundry. 

Unstructured stromatolite intraclasts are classified as such 

because they lack both a characteristic outward morphology and internal 

laminae. Most of these grains are small, being generally less than 400 

micrometers in long axis dimension. Many of these intraclasts are 

classified as unstructured simply because they contain such high con

centrations of organic matter that internal fabrics cannot be resolved 

at low magnifications. These grains often have a highly pigmented, 

clotted appearance (Figures 158 and 198). Higher magnification obser

vations at increased light intensity occassionally reveal poorly 

defined, wavy internal laminations ranging from approximately 5 to 

20 micrometers in thickness (Figure 20C). High concentrations of 

spherical microstructures also characterize many of these unstructured 

clasts. Still other unstructured clasts which contain high organic 

matter concentrations are texturally defined by a three dimensionally 



linked, I honey-combed I spheroidal fabric (Figure 20B). A second 

population of unstructured clasts contain only a paucity of organic 

material, and are only distinquished by variations in microcrystalline 

quartz grain size as observed in crossed polars (Figure 14). 
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Disarticulated microstromatolite intraclasts which display 

poorly to well developed internally laminated fabrics also comprise a 

high percentage of the total intraclastic grain population. As a 

general grouping, these intraclasts show a diversity of grain shapes and 

a broad grain size distribution. Both curved and flat laminated fabrics 

have been observed. Disarticulated microstromatolite intraclasts with 

curved lamination textures show gently (Figure 16C) to steeply convex 

(Figure 16B) laminations which run roughly parallel to the rounded 

and smoothly curved zone of the grain surface. The balance of the clast 

surface is frequently rough, ragged or irregular in texture (Figure 16B). 

Laminations range from 5 to 40 micrometers in thickness and are often 

sharply defined by organic detritus or by a more diffuse zone of 

several micrometers in thickness showing a slightly darker organic 

pigmentation. Many disarticulated structures display a laminated fabric 

only within a peripheral surface zone of 60 to 80 micrometers in 

thickness. 

Microstromatolite intraclasts with flat laminated textures 

comprise a group of elongated clasts with width to length ratios of 

less than approximately 0.5. These lamination fabrics are oriented 

parallel to the long axis of the intraclast. These grains range in 

thickness from about 40 to 275 micrometers with lengths of up to 
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1.7 millimeters. Many organic-rich intraclasts show a pronounced 

darker pigmentation at one surface relative to the opposite surface 

(Figure 15A). Individual laminae may be smooth (flat), wavy, hummocky, 

or pustulose. 

Articulated Microstromatolites 

Articulated Transvaal microstromatolites can be grouped into 

three morphological varieties: (1) columns, (2) bulbous or ovoid 

forms, and (3) nodular forms. Composite structures have also been 

observed. These structures range in size from about 250 micrometers 

to 2.5 millimeters in height and between approximately 200 micrometers 

and 1.5 millimeters in width. The majority of articulated micro

stromatolites are straight and roughly symmetrical about a central 

vertical plane; although curved columns and asymmetrical forms showing 

incipient branching are also present. Most of these structures appear 

to have been detached cleanly from the sediment substrate, and the 

former surface of substrate attachment is marked by a flat to somewhat 

ragged surface geometry along this zone (Figure 15 C and D, Figure 17). 

Several articulated structures were detached together with some portion 

of the substrate still attached. The majority of these microstromat

olites show internally laminated fabrics, but a few lack laminated 

textures. If present, lamination textures are all convex upward 

relative to the infered zone of substrate attachment. The grouping 

of various morphological forms is based primarily on outward geometry; 

although most often lamination textures reflect internally the outward 

morphology and geometry of the microstromatolitic structure. 
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Columnar Microstromatolites. The classification of columnar 

microstromatolites which is utilized in this report is based in part 

on a variety of growth forms illustrated in Hofmann (1969; Figure 13). 

It is important to note that, as is often the case with rigid classi

fication schemes, the distinction between these geometric forms is not 

always clean-cut and that there exists a relative continuum of forms 

between the various morphological types. Both the Hofmann (1969) 

classification for stromatolite columns and the geometric groupings 

utilized in this report are shown in Figure 21. These groupings include 

digitate, rounded top, flat-topped, terete, and turbinate or ovoid 

microcolumns. Digitate, rounded and flat-topped C01Ul1l1S are character

ized by relatively straight sides, i.e. column widths are closely 

consistent from the base of the structure to the zone of deflecture or 

curvature. Digitate columns (Figure 15 D) show large height to width 

ratios and a very gradual reduction in column width towards a rounded 

top. Rounded and flat-topped microcolumns show a more abrupt deflexure 

whi ch occurs closer towards the top of the columns. Rounded top 

columns (Figure 15 C) display curved upper surfaces and gently convex 

laminae. Flat-topped C01UlTTlS (Figure 18 A and B) show laminae which 

are somewhat flattened in the center of the column \'Jith abruptly de

flexed margins. The widths of terete columns gradually decrease from 

the base to the zones of sharp deflexure. A curved terete column is 

shown in Figure 18 c. Turbinate or ovoid microcolunns (Figure 16 D) 

have widths which generally increase from the base of the column upwards 



to the zones of deflexure. The upper surfaces of turbinate columns 

are gently curved. 
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Bulbous Microstromatolites. Bulbous or ovoid articulated micro

stromatolites (Figures 17 and 19 A) are characterized by a very narrow 

basal zone of attachment relative to the ma~imum width of the 

structure. Microstromatolite surfaces are curved throughout the 

vertical extent of the structures, generating spherical to ovoid morph

ologies. Maximum width is approximately 0.5 times the height of the 

microstromatolite. Many of the bulbous microstromatolites resemble 

oncolites (i.e., unattached stromatolites with encapsulating laminae; 

Walter 1976) by virtue of their generally concentric laminated fabrics. 

However, most of these fabrics are asymmetrical relative to a central 

horizontal plane and many of these structures show a truncated or 

flattened surface at one end of the structure (Figure 17); suggesting 

that they were prev'jously attached to a substrate. 

Nodular Microstromatolites. Nodular microstromatolites are 

generally low profile structures which show a surface of attachment 

and mean width which is broad relative to the height of the structure. 

The ratio of mean width to height is greater than 1.0. Low profile 

stromatolites of this general morphology have been referred to as 

"algal biscuits". Upper surfaces are flat (Figure 18 D) to gently 

convex, and outward morphologies range from si rrp le mi cro-hemi spheroi ds 

to flat-topped structures which taper downward to the base. Many of 



these nodular structures may sirrply represent the early stage growth 

forms of somewhat larger columnar or bulbous microstromatolites. 

Composite Microstromatolites. Intraclastic composite morph

ologies consist of from two to several microstromatolites which are 

laterally linked to form a larger stromatolite structure. IJ:!spite 
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their corrposite character, the largest of these structures are still 

generally less than 2 millimeters in long axis dimension. The composite 

designation of these structures is attributed to the origin of the forms 

from multiple and discrete nuclei of initial growth which were closely 

juxtaposed on the growth substrate. The initial microstromatolite 

morphologies which merge to form the larger composite structure are 

always the same morphological type; i.e. columnar, bulbous, nodular, 

or flat-laminated (stratiform) forms. The outward morphology of 

these forms is to a 1 arge degree inherited from and defi ned by the 

size and lateral spacing of the microstromatolitic nuclei. Figure 20 A 

shows a composite structure which has developed through the lateral 

linkage of three hemispheroidal nodes or nodules. The two nodes on the 

right side of the structure were bridged early in the growth of the 

stromatolite, while the left node has maintained discrete upward 

growth without a convex upward lamination linkage. The composite 

structure shown in Figure 19 C has developed from the lateral linkage 

of three bulbous microstromatolites. The hummocky upper surface of the 

structure retains evidence of the original bulbous forms. Figure 19 0 

is a composite structure composed of two texturally discrete generations 

of flat-laminated (stratiform) fabrics. 
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Microtopographic cross-sections of the in situ stromatolite 
surface. - --
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In Situ Microstromatolites 

A detailed consideration of the texture and occurrence of the 

in situ microstromatolites is important to the extent that if local 

physical and chemical conditions do control and are reflected by stro

matolite morphology, these in situ structures are the most direct 

evidence of those environmental conditions prior to the deposition of 

the intraclastic sediment layer. Also, since they are within the same 

size range and are morphologically similar to many of the detached 

articulated microcolumns, these in situ structures provide a needed 

reference framework for the textural interpretation of the intra

clastic microstromatolites. The in situ microstromatolites (Figure 13 

and 18 E) are morphologically classified as terete columns. Column 

diameter generally decreases upward from a broad base of support and 

column tops are rounded. These stromatolites range between 340 micro

meters and 1.8 millimeters in height, and from 430 micrometers and 

1.5 millimeters in mean width. The terete column shown in Figure 18 E 

has a basal width of support approximately equal to the height of the 

structure. An unusual terete column with a bulbous top is shown in 

Figure 13. A dark, organically pigmented layer (see Figure 13) marks 

the sediment substrate interface prior to intraclastic sediment depo

sition. This layer is continuous from the surrounding substrate to 

the in situ columns. There is a general continuum of growth forms 

along this surface from small hemispherical nodes through fully 

developed terete columns. The sediment substrate was apparently a 
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highly irregular surface with up to 3 millimeters of relief (Figure 22). 

While the in situ microstromatolites do not necessarily occupy the 

highest positions along this surface, some do appear to have developed 

above slight topographic highs (Figure 22 C). The internally laminated 

texture of the microcolumns is sharply discontinuous to the base of the 

structures and the substrate immediately below the columns is unlami

nated. Still further below the substrate surface are subparallel zones 

of dark, wavy, discontinuous laminations (Figure 22 D) which may 

represent portions of former substrate surfaces. This zone also 

contains abundant, though often very poorly preserved stromatolite 

intraclastic detritus. 

Fossil-Like Microstructures 

Microstructures which resemble three dimensionally preserved 

microfossils are found in widely variable concentrations in the majority 

of the silicified Transvaal cores. While structurally preserved 

microfossils do constitute the most direct evidence of ancient microbial 

ecosystems, the differentiation between indigenous and syngenetic 

microfossils, and pseudomicrofossils is still a problematic aspect of 

Precambrian micropaleontology (Cloud and Morrison 1979). The inter

pretation of micrometer-sized fossil-like structures should therefore 

be approached with a high degree of caution. When microfossil-like 

structures occur in stromatolitic chert, it is important to relate 

their distribution and concentration to that of modern microbial mats 

and potential stromatolites. This particular task is considerably 

simplified in the case of the Transvaal microstromatolitic materials, 
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where a large number of stromatolites and disarticulated stromatolite 

fragments can be observed in a single petrographic section. Hence, when 

comparisons and observations are made, they are between numerous micro

stroma tol i te structures whi ch have experi enced the same di ageneti c geo

chemical conditions subsequent to burial. 

The fossil-like microstructures which are found in the Trans

vaal cherts can IE grouped broadly into three morphological types! (1) 

filamentous forms, (2) spheroidal or coccoidal forms, and (3) micro

structures whi ch resent le fossil i zed bacteri a. Despite the fact that 

there remains no generally agreed upon di agnosti c criteri a by whi ch the 

authenticity of silicified microfossils can be established, these micro

structures often constitute the major textural and compositional com

ponents of the microstromatolites. 

Filamentous Microstructures 

Two basic varieties of filamentous microstructures are distin

guished on the basis of texture and occurrence. The first variety is 

often associated with pyrite mineral grains which occur at one terminus 

of the filament. These filamentous morphotypes are the most abundant 

and they do not show a well defined association to stromatolite fabric. 

The second group of filamentous morphotypes occurs exclusively within 

stromatolite intraclasts. 

Filaments Associated With Pyrite Grains. The first variety of 

filamentous microstructure ranges in diameter between approximately 1 

and 35 mi crometers ex = 9.4 I-Im, s = 5.7 /-1m, N = 1221; Fi gure 23). 

Lengths are from less than 10 to about 500 mi crometers. Di ameters are 
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uni form, and the structures are non-septate and unbranched. Solitary 

filaments can be relatively straight, curved, coiled, or complexly 

inflexed (Figure 24}. They can also occur as densely inteY'IJoven, tufted 

masses of several tens of filaments (Figure 25). 

In terms of occurrence and textural definition, these filamen

tous microstructures can be further subdivided into two groups: (1) a 

variety which shows reticulate to granular walls; approximately 25 per

cent of which possess a single pyrite mineral grain at a terminal end, 

and (2) a variety which is opaque, apparently mineralized and shows no 

association with pyrite grains. Both filament types can occur in close 

spati al associ ati on. 

Approximately 90 percent of these filamentous microstructures 

fall into the first grouping. They are brown-gray in color and show 

moderate to high relief at low magnifications in plane light (Figures 24 

and 25). Relief is defined by granular to reticulate, often striated 

appearing concentrations of submicrometer-sized amber to gold-yellow 

minerals (Figure 26 A and B). Preliminary EOS microprobe analysis shows 

the filaments to contain high concentrations of aluminum and potassium 

above matrix background, suggesting a phyllosilicate mineralogy for the 

amber minerals. High concentrations of this same mineral occur along 

fractures. The filamentous structures are not tubes in the sense that 

they consist of a reticulate outer wall and a hollow microcrystalline 

quartz fi lled interior. The reticulate texture is often clearly con

tinuous across the filament, and filament cross-sections when viewed down 

the axis of the structures may be subcircular to rhombic (Figures 26 C 

and D). Approximately 25 percent of these filamentous structures possess 
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Figure 24. Solitary filamentous microstructures. (A and B) Apparently 
mineralized filamentous structures which are complexly 
coiled and twisted. The fragmented sections of the struc
ture shown in (A) could be mistaken for segmentations. 
(C and D) Relatively straight and gently curved filamen
tous microstructures. All micrographs to the scale shown 
in (D). 
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Figure 25. Tufted (A and C) and entangled (8 and D) masses of filamen
tous microstructures occuring near or adjacent to the dolo
mite-chert interface of sample TRD-l. (C) and (D) are 
higher magnification micrographs of (A) and (8) respec
tively. Note the pyrite grains attached to many of the 
microstructures and the cross-cutting fractures. 
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Figure 26. Filamentous microstructures. (A) Microstructure with a ter
minal pyrite grain. (B) High magnification photomicrograph 
showing the microtexture of a filamentous structure. Note 
the reticulate, striated appearing texture which may result 
from a high concentration of phyllosilicate mineral impur
ities. (C and D) Cross-sectional views of filamentous 
microstructures showing rhombic (C) and subround geometries. 
Bar scale for (B) shown; all other micrographs to scale 
shown in (A). 
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a pyrite mineral grain at one terminus of the microstructure (Figure 

26 A). This association is similar to those described by Tyler and 

Barghoorn (1963), and Knoll and Barghoorn (1974). Less than 10 percent 

of the pyrite grains are the same size as the filament with which it 

is associated, with the majority of the grains being slightly larger. 

There is, however, a high correlation coefficient of 0.888 between fila

ment size and pyrite grain size (Figure 27). There is no apparent 

relationship between filament length and pyrite grain size. For a 

single petrographic thin section, filaments and pyrite grains not 

associated with filaments show approximately the same range of sizes but 

dissimilar size distributions (Figure 28). 

The second filamentous morphology appears to be genetically 

related to the former. Numerous examples of the first variety of 

filament have been observed which are partially mineralized. This 

second group of filaments is opaque and appears to be fully mineral

ized. They are closely associated with the reticulate walled struc

tures which possess pyrite mineral grains. The distinction between 

the two filamentous morphologies is important however, since the more 

mineralized, fragmented filaments can often appear to be segmented 

(Figure 24 A). None of the mineralized filamentous forms have been 

found in association with terminal pyrite grains. 

Relatively high concentrations of these filaments, and all of 

the tufted masses of these structures occur within the mixed zone of the 

TRD-l sample (Figure 7). Within this zone, authigenic dolomite rhombs 

cross-cut filaments, and filament structure is preserved in the chert on 
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Figure 27. Linear regression plot for pyrite grain size versus size of 
its associated filamentous microstructure. 
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Figure 28. Size distribution for pyrite mineral grains and filamentous 
microstructures not associated with pyrite for the TRD-1-23 
petrographic thin section. 
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either side of the rhomb but not in the dolomite. Other filamentous 

microstructures which occur at the dolomite-chert interface appear to 

originate within the dolomite, pass into the chert and return to the 

dolomite. Again, the filament texture is preserved in the chert, but 

not in the dolomite. The filaments are truncated when some slight rela

tive movement has occurred along fractures. These same filamentous 

morphologies also occur in the TRD-4 series sample in association. with 

microstromatolite interclasts. Here, filamentous structures have been 

observed which clearly cross interclastic grain boundries. 

Filaments Associated With Stromatolite Intraclasts. The 

filamentous microstructures which are associated exclusively with stro

matolite intraclasts (Figure 29) are significantly less abundant than 

the former filamentous morphotype. In thirty petrographic thin sections 

containing stromatolite intraclastic material, only about twenty-five 

intraclasts out of a population of several thousand grains were found to 

contain structurally preserved filamentous forms. These filaments range 

between approximately 0.8 and 2.0 micrometers in maximum diameter (5< = 

1.2, s = 0.4, N = 56). Lengths rarely exceed 60 to 70 micrometers, with 

the majority of these filamentous furms being considerably shorter. 

Filaments which occur adjacent to the intraclast grain boundry are 

always truncated and discontinuous at this surface; indicating that they 

were indigenous to the stromatolite intraclast prior to its deposition. 

The filamentous microstructures may be grouped broadly into two 

types. Both forms have been found to coexist in the same stromatolite 

intraclast. The first is a slender (approximately 0.7 to 1.2 ~m 

diameter), unbranched, curved to reflexed or twisted form composed of 



Figure 29. Filamentous microstructures. {A} Segmented filamentous 
microstructure which appears to show collapsed cell-like 
walls {arrows}. {B} Opaque, mineralized microstructure 
with poorly defined segmentations {arrows}. (C) Well pre
served segmented filamentous microstructure. Arrows show 
the collapsed cell-like walls. Note that these two fila
ments are overlapping and are not branching. {D} Low mag
nification micrograph showing the association of filamen
tous forms similar to {B}. Scales for {B} and (D) are 
shown; scale for (C) same as (A). 
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submicrometer-sized opaque particles (Figure 29 B). The generally 

poorly preserved character of this filament type often obscures its 

segmented structure. More elongate filaments tend to be highly frag

mented. These forms were located in several unstructured stromatolite 

intraclasts. They occur in densely matted masses of several tens of 

filaments (Figure 29 D), which seemingly lack any preferred orientation. 

The second type of unbranched filamentous microstructure shows 

well-preserved segmentations defined by discrete elongate cell-like 

units (Figure 29 A and C). The size of the cell-like segments is 

somewhat variable, ranging from about 1.0 to 3.4 micrometers in length, 

and between 0.8 and 2.0 micrometers in maximum diameter. The walls are 

often apparently collapsed at one side (Figure 29 A and C, arrows). 

These well-preserved filamentous microstructures are rare (N = 10), 

although they have been found in unstructured stromatolite intraclasts 

with abundant small spheroidal microstructures. 

Coccoid/Spheroidal Microstructures 

Of intermediate abundance in the Transvaal assemblage of 

fossil-like microstructures are the coccoid/spheroidal forms. Since 

the term coccoid carries a biological connotation, subsequent reference 

to these microstructures will be as ovoid forms; denoting the generally 

elongate geometery of the cell-like units. Undifferentiated ovoid/ 

spheroidal microstructures range in size between approximately 1.5 

and 16 micrometers. These structures can be subdivided into two types 

on the basis of size and occurrence: (1) a predominant population of 

small (1.5 and 6 ~m) largely solitary ovoid microstructures which occur 
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as peripheral layers at the surfaces of microstromatolites and stromat-

olite intraclasts, and (2) larger (6 to 16 ~m) spheroidal micro-

structures which most often occur as clustered associations in 

unstructured stromatolite intraclasts. 

The smaller ovoid forms comprise the dominant percentage of 

the microstructures which are found within the surfacial "photosyn

thetic" zone of the stromatolite intraclasts. Ovoid forms occupy a 

thin zone of up to about 60 micrometers at the surface of many micro

stromatolites and disarticulated stromatolite fragments. Generally, 

their degree of preservation increases towards the microstromatolite 

surface. The concentration of ovoid forms ranges up to 2.4 x 109 per 

cm3 and tends to be somewhat variable between different intraclasts. 

Surface accumulations of these microstructures on individual clasts 

often appears patchy or localized (Figure 15 D). Many detached micro

columns have been found which show significantly higher concentrations 

of ovoid forms coating their lower flanks and only rarely does a 

uniform layer cover the entire surface of a microcolumn. 

Considered as a group, the ovoid microstructures show an 

interesting range of degradational morphologies between different 

intraclasts (Figures 30 and 31). However, within an individual clast, 

the preservation tends to be somewhat uniform. Ovoid forms occur as 

solitary individuals, doublets, (two forms in contact), or rarely as 

irregularly shaped clusters of up to 20 or 25 forms (Figure 30 M). 

Surface textures are psilate (unornamented), smooth to granular with 

the majority of the ovoi d mi crostructures showi.ng a central or 
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Figure 30. Photomicrographs showing typical ovoid microstructures in 
the less than 6 micrometer size range (A through L); 
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arrows indicate the positioning of internal darkened zones. 
(M) An unusual clustered association of this same sized 
ovoid microstructure. All micrographs to the same scale 
shown in (M). 
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Figure 31. Ovoid microstructures. (A and 0 through H) Ovoid forms 
showing excellent structural preservation. Arrows indicate 
internal darkened zones. (6 and C) A rare variety of 
elongate, solitary spheroidal microstructure which is 
larger than 6 micrometers and occasionally found in associa
tion with the smaller ovoid forms. All micrographs to the 
scale shown in (6). 
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peripheral dark inclusion or darkened zone (Figures 30 and 31). The 

ovoid structures show a narrow size range; with 98 percent being less 

than 6 micrometers and 92 percent ranging in size between 1.5 micro

meters and 5 micrometers. The size distribution data for ovoid forms 

which occur in four different microstromatolite intraclasts is given 

in Table 2. Doublet forms comprise between 10 and 16 percent of their 

respective populations. Undifferentiated mean lengths range between 

3.2 and 3.9 micrometers and mean widths from 2.6 and 2.8 micrometers; 

defining an average shape which is elongated with a width to length 

ratio of 0.75. Two typical size frequency distributions are shown in 

Figure 32. Cumulative probabi~ity size frequency plots (after Schopf 

1976) which differentiate length and width measurements for each size 

data set are shown in Figure 33. These plots illustrate that length 

and width size populations form two discrete and non-overlapping 

data sets. 

A statistical analysis using a graphical Kolmogorov-Smirnow 

test (Miller and Kahn 1962, p.464) confirms that each distribution 

could belong to the same population. A correlation analysis of width

length measurements indicates that the ovoid microstructures from each 

microstromatolite intraclast could have come from a common population 

correlation and that the removal of doublets from the data set increases 

the population correlation by up to 25 percent. Both the student 

t-test and one-way analysis of variance (ANOV) statistics confirm the 

fact that greater variation occurs between mean lengths than between 

mean widths. 

Spheroidal microstructures in the 6 to 16 micrometers size 



Table 2. Ovoid microstructure side data for four different microstromatolite intraclasts. 

TABLE 2 
OVOID MICROSTRUCTURE1 

SIZE DATA 

Doublets Included Without Doublets Doublets 

Sa!!E1e N FD* length {s~ width {s~ W/L length {s~ width {s2 W/L length width W/L 

30-6 150 10 3.2 1.0 2.6 0.7 0.8 3.1 1.0 2.7 0.7 0.8 4.2 2.4 0.6 

30-3 103 16 3.3 0.9 2.4 0.7 0.7 3.2 0.9 2.5 0.8 0.8 3.8 2.1 0.5 

33-1 148 11 3.9 1.2 2.8 0.9 0.7 3.7 1.1 2.8 0.9 0.8 5.1 2.7 0.5 

31-4 85 13 3.7 1.2 2.8 0.9 0.8 3.6 1.3 2.9 1.0 0.8 4.1 2.3 0.6 

* FD is the frequency of doublets as a percent of the total sample. 
1Al1 measurements are in micrometers. 
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Figure 32. Typical size-frequency distributions for length and width 
measurements for the ovoid microstructures occuring in two 
different stromatolite intraclasts. . 
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Figure 33. Cumulative probability plots (after Schopf 1976) for ovoid 
microstructures from four different microstromatolite intra
clasts. Length and width measurements for each data set 
have been differentiated. 



Figure 34. Clustered association of large spheroidal microstructures 
(A) and other miscellaneous (B through 1) ovoid/spheroidal 
microstructures which show a range of degradational mor
phologies. Arrows show the positioning of internal dark 
inclusions or darkened lones. Scale for (A) shown; scales 
for (B) through (1) are the same as (C). 
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range are only rarely found as solitary individuals (Figure 34 B). 

Most frequently they occur as tight clusters of up to 30 or 35 units 

(Figure 34 A) which form a three-dimensionally linked "honey comb" 

fabric. Surface textures are psilate, reticulate or granular. Contacts 

between spheroids may be tight (forming a simple triple junction) or 

open, forming a tricuspate void between adjacent units. Well-

preserved clusters of large spheroidal microstructures often contain 

an accessory population of smaller (approximately 4 to 7 ~m diameter) 

spheroids which display equivalent textural characteristics and differ 

only in their smaller size (Figure 34 A). Clusters of large spheroidal 

forms are found in unstructured stromatolite intraclasts or less 

frequently in poorly defined layers in flat laminated intraclastic 

stromatolite crusts. 

Bacteria-Like Microstructures 

Microstructures resembling fossilized bacteria comprise the 

most abundant population of structures found in the microstromatolites 

and microstromatolite intraclasts. An informal subdivision of these 

microstructures includes: (1) single or linked spherical to ellip

soidal, vibrio or rod-shaped forms, and (2) microstructures morpho

logically similar to what has been described by Barghoorn and Tyler 

(1963) as Eoastrion from the Gunflint Chert microflora. 

Microstructures which resemble fossilized photosynthetic 

and/or heterotrophic bacteria occur as ovoid, bean or vibrio-shaped 

forms, or as short rods (Figure 35). They range in size between 
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Figure 35. Bacteria-like nrlcrostructures. (A, A* and A**) Rod and 
vibrio-shaped bacteria-like microstructures often occur in 
zones or layers which define stromatolite intraclast la
minae. (A) Arrow shows the approximate position of the 
layer. (A*) and (A**) are taken at slightly different 
focal depths. (B through L) Photomicrographs which il
lustrate the degree of morphological diversity amoung the 
population of bacteria-like forms. Scale for (A*) same as 
(A**); scale for (B) through (L) same as (F). 
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about 0.2 and 2.5 micrometers in length and from 0.2 to 1.0 

micrometers in diameter. The rods are often thick and cylindrical 

with rounded ends. They may be straight or curved slightly. Spherical 

to ovoid bacteria-like microstructures occur as solitary individuals, 

doublets, and as linked groupings of from three to six individuals. 

The frequency of doublet forms ranges between 4 percent and 11 percent. 

Many rod-shaped microstructures show diffuse apical microfilament-

like extensions which are from 0.5 to 1 times the length of the form 

(Figure 35 G, H and I). Although these microstructures often appear 

optically opaque in photomicrographs,· they frequently transmit some 

light and many show terminal or bipolar darkened zones. 

Considered as a group, these bacteria-like microstructures 

share several important unifying attributes: (1) they are all similar 

in size and shape, defining a narrow size range with widths not 

exceeding 1.0 micrometer, (2) they occur in high numbers, ranging 

between 2 x 109 and 1.3 x 1010 per cm3, and (3) they are often found 

to succeed peripheral ovoid microstructure layers at structurally 

deeper levels within the microstromatolites. 

Bacteria-like micros~ructures may occur as highly disseminated 

solitary individuals or most often as dense (5 to 35 ~m thick) layers 

which commonly define microstromatolite laminae (Figure 35 A). It was 

on the basis of these dense layered concentrations that these micro-

structures were first recognized. An example of a typical occurrence 

is shown in Figure 36. This 400 micrometer thick stromatolite intra

clast is texturally defined by two layers. The upper approximately 
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Figure 36. Photomicrographs illustrating the juxtaposition of ovoid 
and bacteria-like microstructure layers within a single 
microstromatolite intraclast. Upper and lower arrows in 
(A) show the approxi mate top of the avo; d 1 aye r and base of 
the bacteria-like microstructure layer respectively. (B and 
C) Relative density of rod and vibrio-shaped microstructures 
beneath a zone of poorly preserved ovoid forms. Arrow in 
(C) is same structure shown in (E). (0 and F) Higher mag
nification micrographs of rod and vibrio-shaped microstruc
tures from the bacteria-like layer. Scale for (B) same as 
(C); scale for (0), (E), and (F) shown below (F). 
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Figure 37. Photomicrographs of miscellaneous oddly shaped bacteria-like 
microstructures. (A, B, C, and E) Club-shaped microstruc
tures. (D, F through K) Bacteria-like forms which show mor
phological affinities to Eoastrion (Barghoorn and Tyler 
1965) from the Gunflint Chert microflora. Arrow in (F) 
shows opaque granule located at the tip of a microfilamen
tous appendage of the structure. All micrographs are to the 
5 micron bar scale shown at the top of the figure. 



100 micrometer thick layer showing the dark pigmentation contains 

poorly preserved (2 to 6 ~m diameter) ovoid forms. About 30 micro

meters below this layer is found an approximately 20 to 25 micrometer 

thick layer of vibrio and rod-shaped bacteria-like microstructures. 
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The second informal subdivision of bacteria-like microstruc

tures includes a group of oddly shaped forms; many of which are 

morphologically very similar, or which show morphological affinities to 

what has been described as Eoastrion from the Gunflint Chert microflora 

(Barghoorn and Tyler 1965). This group of microstructures is shown in 

Figure 37. The Eoastrion-like microstructures range in size between 

3 and 7 micrometers. As a group they are characterized by radiating 

microfilamentous extensions originating from a common central mass. A 

single structure may show from 1 to 8 microfilaments ranging in length 

between about 1.2 and 4.2 micrometers. They may be straight or gently 

curved. The diameter of the microfilament generally tapers toward 

the tip, at which is often located an opaque, rounded to slightly 

elongated granule (about 0.4 ~m in length) with its long axis oriented 

perpendicular to the microfilament (Figure 37 F). Branching micro

filaments are rare. Also included in this second division of bacteria

like forms are a group of odd, club-shaped microstructures (Figure 

36 A, B, C, and E). Although less common than the Eoastrion- like 

structures, they are a morphologically distinct group of forms and 

are frequently found in close spatial association with the Eoastrion

like structures. 

Microstructures with Eoastrion-like affinities are most often 
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found in unstructured stromatolite intraclasts which contain a large 

percentage of highly degraded organic matter and only a paucity of 

other fossil-like microstructures. Rarely does an intraclast contain 

only a single individual. Several Eoastrion- like microstructures have 

been found in microstromatolite intraclasts which contain abundant 

disseminated pyrite grains. 



CHAPTER 4 

DISCUSSION 

The Transvaal microstromatolitic materials represent some of 

the smallest stromatolites yet described from either Proterozoic or 

Phanerozoic sedimentary rocks. The degree to which these structures 

can be interpreted (i.e. as something other than just interesting 

small stromatolite morphologies) is largely dependent upon the degree 

to which the various levels of observations fit coherently into a 

unified perspective or thesis. In the most basic sense, all of the 

observed parameters relevant to the origin and structural preservation 

of the microstromatolites are tightly interconnected. For example, 

by their respective metabolic activities, certain microorganisms are 

known to precipitate, or induce the precipitation, of various minerals 

which are both accessory and constructional components of stromatolites. 

Subsequently, the decay and diagenesis of organic materials represent

ative of these microorganisms can further significantly influence 

sedimentary geochemistry. At the same time, the timing and nature of 

mineral precipitation largely determines the extent to which micro

organisms may be fossilized in stromatolitic rocks as well as the 

relative degree of stromatolite microtextural preservation. Potential 

microfossils often form an important textural component of stromat

olites and can be utilized to aid in morphological and morphogenic 
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interpretations. On the other hand, stromatolite microtexture can 

provide some credibility to the interpretation of microstructures as 

potential microfossils. Observations of the mineralogical texture of 

the microstromatolites are a critical aspect in the interpretation of 

sedimentary diagenesis and mineral paragenesis. 

Diagenesis and Silicification 
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The microstromatolitic materials and microstructures here 

described are all preserved in black chert; an occurrence which is 

similar to a large number of other Precambrian examples (e.g. Barghoorn 

and Tyler 1965, Schopf 1968, Hofmann 1976, and others). Chert is a 

chemically precipitated, aliphatic rock composed primarily of crystal

line silica which occurs as nodules, lenses or layers. However, the 

vast majority of Precambrian stromatolites are carbonate (calcite or 

dolomite), and while the fine grain size and optical properties of 

chert are optimal for observing stromatolite microtextures, Precambrian 

carbonates are most often recrystallized to the extent that all but 

the largest scale stromatolite morphological features are texturally 

obscured. Since the majority of Precambrian stromatolites are carbon

ate, when authigenic silica is present as an accessory or predominant 

mineral phase, several questions must be considered relative to the 

origins of the chert. First, is the chert primary or a secondary 

replacement after carbonate? If secondary, what was the timing of 

silica replacement relative to carbonate diagenesis and how accurately 

do authigenic silica textures reflect primary stromatolite micro

textures? 
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Three, largely competitive chemical, physical, and biological 

factors are responsible for the relative degree of three dimensional 

microstructural and textural preservation of microstromatolites by 

chert. These are (1) the timing and paragenesis of chert formation 

relative to (2) the rate of physical compaction of the sediment and/or 

stromatolite organic matrix, versus (3) the degree or rate of micro

bial degradation and decomposition of stromatolite organic materials. 

This third factor is important to the extent that organic materials and 

potential microfossils are often significant textural components which 

define stromatolite microtextures in chert. 

The excellent three dimensional microtextural preservation of 

much of the Transvaal material indicates that silicification (~ilica 

permineralization) occurred early in the diagenesis of the stromat

olitic precursor sediments. The suggestion of early diagenesis must 

be considered in the most relative terms, since it has been demon

strated that cyanobacterial cellular materials can remain structurally 

preserved in sediments for time periods of at least 8000 years under 

certain chemical conditions (Golubic 1976). In the most basic sense, 

"early" implies only that silicification preceeded those particular 

physical and chemical changes in the precursor sediment which would 

act to significantly alter (structurally or texturally) it from a 

condition which is largely representative of its original texture. 

These changes entail the loss of information and the ~ priori inter

pretation of stromatolitic materials in chert without this consideration 

can be misleading. Three principal mechansims (Horodyski and Donaldson 



1983} have been proposed for the silicification of stromatolites: 

(1) the direct precipitation of a silica colloid or amorphous silica 

gel within an open framework organic matrix; the so-called primary 

chert, (2) the silicification of primary sulfate mineral (evaporite) 

supported stromatolite structures, and (3) silicification via a 

mechamsm involving the early diagenetic replacement of an initially 

carbonate (calcite, Mg-calcite, or aragonite) stromatolite directly 

by microcrystalline quartz (Horodyski and Donaldson 1980, Mendalson 

and Schopf 1982) or through an opal-CT to microcrystalline quartz 

maturation pathway (see Wise and Weaver 1974). Silicification could 

also involve a combination of the above mechanisms. 

Many early theories concerning Precambrian microfossil per

mineralization (e.g. Barghoorn and Tyler 1965, Schopf 1968) regarded 

all microfossiliferous stromatolitic chert as being primary in origin; 

suggesting that silicification occurred closely following or perhaps 

even causing the death of the microorganisms. Unfortunately, unequiv

ocal criteria for the recognition of primary chert is largely lacking 

in both Precambrian and Phanerozoic sedimentary rocks. Oehler (1976; 

see Mendelson and Schopf 1982) sites as evidence for a primary silica 

colloid the preservation of quartz microspheres or remnant micro

spherulitic textures. These textures have been synthetically produced 

from colloid silica IIchert precursors" in laboratory high temperature

high pressure experiments (Oehler 1976). However, quartz microspheres 

in the form of opal-CT lepispheres are known from DSDP (Deep Sea 

Drilling Project) studies of post-Jurassic cherts Which form by the 
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replacement of both carbonate and mixed carbonate/clayey terrigenous 

precursor sediments (Lancelot 1973, Wise and Weaver 1974). Horodyski 

and Donaldson (1983) suggest as petrographic evidence for primary chert 

the occurrence of osmotic filaments and reniform surfaces caused by the 

coagulation of a silica gel, and diffusion banding. None of these 

structures or textures have been identified from the Transvaal cherts 

and there remains some question as to precise interpretations of their 

significance. Perhaps the closest modern equivalent to what might be 

considered as primary silica precipitates are the Magadi cherts from 

Lake Magadi, Kenya (Eugster 1967, 1969). However, the chemical 

conditions for magadiite chert formation are extremely harsh, requiring 

evaporitic, highly alkaline waters in a lacustrine or playa lake 

environment. These conditions are not common in modern stromatolitic 

environments and are unknown from marine stromatolitic sequences. There 

is no petrographic evidence (e.g. silicified evaporite mineral pseudo

morphs, length-slow chalcedony, etc.) to link the environment of 

Transvaal microstromatolite formation to an evaporitic depositional 

setting. 

While unequivocal criteria for the recognition of primary chert 

is largely lacking, certainly the best understood silicification 

mechanism for stromatolitic or other sedimentary rocks from predomi

nantly carbonate sequences involves the replacement of carbonate by 

silica. Evidence supporting a carbonate replacement origin for chert 

can be based both on sedimentary rock texture/mineralogy, and on 

microscopic observations of silica polymorph texture and distribution. 

Many of the difficulties inherent in the recognition of carbonate 



replarement chert are minimized in Phanerozoic rocks which contain 

abundant carbonate allochemical material (paricularly ooids and/or 

fossil debris). In these situations, the carbonate mineralogy of the 

precursor sediments can be accepted without question and observations 

of silica replacement textures may then be applied directly to other 

cherts within the sequence which may lack these coarser grained 

materials. Since all of the Transvaal cores contain dolomite and 

quartz as their dominant mineralogical components, the interpretation 

of authigenic silica diagenesis should also consider the possible 

relationship between silicification and dolomitization. 
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Hand specimen and low magnification petrographic observations 

reveal a number of features which support a carbonate replacement 

origin for the Transvaal cherts. At this level, both sedimentary 

fabric/texture and mineralogy can be utilized. Textures such as flat 

sedimentary laminations and wavy, organic-rich laminations which are 

continuous from zones of authigenic silica through zones of medium 

crystalline dolomite are strong evidence for a replacement chert. In 

many cases (e.g. the TRDO-8 series sample) fine-scale sedimentary 

laminations are texturally truncated at the chert-coarse grained 

dolomite interface, but larger scale textural features such as organic

rich intraclasts are continuous through the projected laminated zone 

within the dolomite. The uncompacted fabric of the lower chert zone 

in the TRD-4 series sample (see Figure 12) suggests that these organic

rich laminations were mineral/sediment supported at the time of 

silicification (Knoll and Golubic 1979). The stromatolite intraclasts 



from this sample are also uncompacted, indicating they were at least 

partially consolidated when deposited. Thus, the organic materials 
, 
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within these clasts must also have been mineral or sediment supported. 

The articulated stromatolite intraclasts show no evidence of a pre

existing, three dimensionally linked organic framework which may have 

served to structurally support the microstromatolites, but rather 

show higher concentrations of organic materials only within peripheral 

zones. As such, in order to have been transported as coherent detrital 

grains and remain subsequently uncompacted upon burial they must also 

have been mineral supported. Dolomite rhombohedra which cross stro

matolite intraclast grain boundries suggest that both dolomite and 

chert are secondary replacements. Disseminated dolomite rhombs which 

are embayed or corroded within the microcrystalline chert matrix 

suggest, that at least locally, a partial phase of dolomitization 

preceeded silicification of the precursor sediment. 

The fact that neither chert or dolomite uniformly and contin

uously define primary sedimentary textural features throughout the 

silicified zones of the Transvaal samples indicates that both are 

secondary/authigenic mineral phases. Given the predominantly carbon

ate mineralogy of the Chuniespoort Group and the fact that both authi

genic silica and dolomite are well known secondary replacements after 

primary carbonate (calcite, aragonite, or Mg-calcite) , the above series 

of observations strongly suggest a primary carbonate mineralogy for 

the chert precursor sediment. 



103 

Microscopic observations of the silicified oolite from the 

TRD-2 series samples can also be utilized as supporting evidence for 

carbonate replacement cherts. Silicified ooids provide an important 

comparative framework by which the authigenic silica paragenesis of 

other potentially carbonate allochems can be established. The TRO-2 

oolite shows a progressive silicification fabric, ranging from poorly 

defined dolomite/calcite ooids in a dolomite matrix to relatively pure 

silica ooids in a authigenic silica matrix. Unlike the well preserved 

microstromatolites, the silicified ooids contain a puacity of organic 

matter. The concentricly layered ooid fabrics are defined by varying 

concentrations of disseminated relic carbonate ranging from about a 

micrometer to several tens of micrometers in grain size. Partially 

silicified ooids show higher concentrations of somewhat coarser 

grained carbonate within their cores. Similarly, the cores of fully 

silicified ooids contain the coarsest microcrystalline quartz with 

grain size generally decreasing towards the ooid perimeter. The con

centric layers of these ooids are distinguished by very nine-grained 

relic carbonate which is visible only in plane light. The partially 

silicified ooids often show fine-grained euhedral dolomite rhombo

hedra which are concentrated along the concentric layers. These 

rhombohedra were largely unaffected by silicification. 

Silicification is a geochemically selective process in the 

sense that silica replacement requires the concommitant dissolution of 

one mineral phase (i.e. carbonate) and the precipitation of crystalline 

silica. Another of the unique properties of carbonate replacement 
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chert is the capacity of authigenic silica to mirror the grain size of 

the precursor carbonate. Thus, when interpreting authigenic silica 

paragenesis in carbonate, it is particularly important to remember 

that carbonate diagenesis is also an ongoing process. Primary carbon

ate sediments consist largely of mineralogically unstable mixtures of 

Mg-calcite and/or aragonite (Bathurst 1975). Upon burial in a 

hydrologically open system, these unstable carbonate polymorphs will 

invert via dissolution or partial dissolution-inversion to a geologic

ally stable low Mg-calcite or calcite mineralogy. Subsequent pro

gressive diagenesis and neomorphism (Folk 1974) can increase grain 

size and may largely eliminate small-scale primary fabrics. Horodyski 

and Donaldson (1983) have suggested that it is at this stage of car

bonate diagenesis that microfossils are destroyed and a large 

percentage of organic materials are degraded. Horodyski and Vonder 

Haar (1975) have shown that microfossils can be preserved in Holocene 

stromatolitic primary carbonate prior to the initial stages of carbon

ate mineral dissolution and inversion. Authigenic silica replacement 

can occur at any stage of progressive carbonate diagenesis provided 

that the diagenetic pore waters are simultaneously supersaturated with 

respect to crystalline silica and undersaturated with respect to the 

carbonate mineral phase being replaced. Furthermore, more rapid 

dissolution is favored in precursor primary sediments which are finer 

grained, since smaller carbonate crystals are significantly more 

soluble than larger secondary crystals (Bathurst 1975). 

Hence, the silicification of the TRD-2 oolite apparently took 

place in an open system at an early/intermediate stage of carbonate 
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diagenesis where at least the ooid cores had begun to invert to a more 

stable and somewhat coarser grained carbonate polymorph. Under 

identical geochemical conditions the relative solubility of calcite is 

considerably less than either Mg-calcite or aragonite (Bathurst 1975). 

In addition, it appears that the ooids were at least partially cemented 

at the time of silicification, since many of the grains show lower, 

outer surfaces of coarser grained microcrystalline quartz and fine -

grained megaquartz. These textures may reflect the former presence of 

a meniscus carbonate cement. These form during the early stages of 

diagenesis in the vadose zone where the pores are only partially filled 

with water which is localized at grain contacts and below the grains _ 

(Bathurst 1975). 

The silicified microstromatolites from the TRD-4 series 

samples also contain varying concentrations of disseminated micrometer

sized relic carbonate indicative of their carbonate replacement origins. 

However, they also contain relatively high concentrations of organic 

matter and well-preserved potential microfossils; suggesting that these 

stromatolitic allochems were replaced early and prior to carbonate 

polymorph inversion and neomorphism. 

Coexisting carbonate replacement chert and secondary dolomite 

are particularly well known from Paleozoic nodular cherts (Knauth 1979). 

Chert-dolomite associations of this type are often interpreted as 

representing an initial phase of selective dolomitization followed or 

interrupted by silicification (Dietrich et al. 1963). In sediments 

consisting of a mixture of carbonate (Mg-calcite or aragonite), the 
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former carbonate polymorphs are replaced by microcrystalline quartz, 

leaving the dolomite rhombohedra disseminated in a fine-grained chert 

matrix. Chemical models have been proposed which relate silicification 

(Knauth 1979) and dolomitization to a diagenetic zone at the mixing 

interface between marine and meteoric fresh waters (the "mixing zone" 

of Badiozamani 1973, and Land 1973). Under the Knauth (1979) model, 

this zone can be simultaneously supersaturated with respect to crystal

line silica (alpha quartz or opal-CT) and dolomite, and yet under

saturated with respect to calcite. This model does not require harsh 

or unusual diagenetic conditions. The localized precipitation of 

silica would be further aided by microchemical environments which are 

high in organic matter, where decarboxylation reactions associated 

with organic matter diagenesis release CO2 to solution and thereby 

decrease pH slightly relative to the surrounding sediment. These 

reactions would aid in precursor carbonate (Mg-calcite or aragonite) 

dissolution (Mendelson and Schopf 1982). Eriksson et ale (1975) and 

Warren and Eriksson (1982) present convincing geochemical evidence in 

support of a "mixing zone" model for the origin of the Transvaal 

dolomites from Mg-calcite precursor sediments. 

Fossil-Like Microstructures 

The evaluation of the various Transvaal microstructures as 

potential microfossils requires a cautious step-wise approach in which 

a number of factors are considered. First, an attempt must be made to 

reconcile the structures in the context of sedimentary rock diagenesis/ 

silica paragenesis. For example, do the structures occur in chert 



107 

which is fine-grained, organic-rich, and which has not been subjected 

to neomorphic recrystallization prior to authigenic silica replacement? 

Are the structures similar in size and morphology to modern micro

organisms, and do populations of structures show similar size distri

butions? For microstructures to be considered as potential micro

fossils, their occurrence must be related in three dimensions to stro-

matolite fabric in a manner which would be predicted from studies of 

modern cyanobacterial mats and potential stromatolites. Finally, how 

are the various populations of potential microfossils juxtaposed in 

the microstromatolites, and can these relative distributions be related 

to modern microbial communities? 

Filamentous Microstructures Associated with Pyrite; 
Comparison With "Ambient Pyrite Grains" 

Tyler and Barghoorn (1963) and later Knoll and Barghoorn 

(1974) describe a variety of filamentous pseudomicrofossils which they 

interpret as "appendages" to "ambient" pyrite grains. These structures 

occur in the Precambrian Biwabik Formation of Minnesota, the 1.8 G.a. 

Gunflint Iron Formation (Canada), and the 2.2 G.a. Fortesque Group of 

Western Australia. Iron-rich carbonate appendages from the Biwabik 

Formation are from 1 to 10 micrometers in diameter, with lengths of up 

to 100 micrometers. They are straight, curved, coiled and pseudo

branching; and curvature is always within a single plane. The widths 

of the appendages are always identical to the pyrite grains with which 

they are associated. Similar, but somewhat larger structures have 

been observed in the Gunflint Formation. These range in diameter 

between 0.65 and 1.6 millimeters, and the filamentous appendages are 
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mineralogically defined by both carbonate and quartz. In both occur

rences, the filamentous appendages show smooth and regular exteriors 

throughout their extents (Tyler and Barghoorn 1963). The filamentous 

microstructures described by Knoll and Barghoorn (1974) from the 

Fortesque Group have widths of from 0.5 to 0.8 micrometers and lengths 

of up to 60 micrometers. These structures occur as radiating IIstar

bursts ll from a central locus. Only occasionally, however, are pyrite 

~rains observed at the terminus of the Knoll and Barghoorn (1974) 

appendages. 

Virtually the only similarity between the Transvaal filamen

tous microstructures and those described by Tyler and Barghoorn (1963) 

and Knoll and Barghoorn (1974), lies in the simple association of 

pyrite grains with some of the filaments. The Transvaal forms show 

granular to reticulate walls, and not smooth exteriors. Their curva

ture is most often three dimensionally complex and is not confined to 

a single plane. In addition, the largest percentage of pyrite grain/ 

filament associations found in the Transvaal samples show pyrite grains 

of different sizes than the filaments with which they occur. It 

should also be noted that the illustrations of ambient appendages 

presented in both Tyler and Barghoorn (1963) and Knoll and Barghoorn 

(1974) appear strikingly geometric and abiological; while the majority 

of the Transvaal structures (Figures 24 and 25) are morphologically 

very similar to the empty sheaths of fossilized filamentous cyano

bacteria or flexibacteria. 

While the pyrite associated filaments may resemble fossilized 

cyanobacteria and are clearly dissimilar to the lIappendages ll of 



migrating pyrite grains (Tyler and Barghoorn 1963, Knoll and 

Barghoorn 1974), it seems certain that these microstructures are of 

abiological origin. This judgement is based on two factors. First, 

the pyrite associated filaments cannot be related in any way to 

primary stromatolite microtexture. In addition, the occurrence, 

texture, and mineralogy of these structures can be reconciled with d 

secondary diagenetic origin in the context of chert paragenesis. 

The highest concentrations of pyrite associated filamentous 

microstructures are found in the TRD-1 series samples. The TRD-1 

samples show little in the way of small-scale primary stromatolitic 

textures to which the occurrence of these filaments may be related. 
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The largest and best preserved of the structures occur adjacent to the 

diagenetic interface between chert and dolomite (Figure 7). Additional 

pyrite associated filaments have been found in the TRD-4 series 

samples which contain stromatolite intraclasts. None of the filamentous 

structures from the TRD-4 samples have been found to be confined with

in a stromatolite intraclast, but rather have been observed crossing 

intraclast grain boundries into the surrounding matrix. Hence, these 

filamentous forms are at least post-depositional in origin. The pyrite 

associated filaments also show an unusually broad range of diameter 

sizes (Figure 23). Well preserved forms are clearly unsegmented, while 

it is only the poorly preserved and fragmented filaments which appear 

to be segmented. The walls of these filaments contain a paucity of 

organic matter only in areas of the chert matrix which show otherwise 
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hi gh concentrati ons of organi c matter. In vi rtua lly every other occur

rence, filament textures are mineralogically defined. 

Tyler and Barghoorn (1963), and Knoll and Barghoorn (1974) 

propose a pressure dissolution model for the formation of ambient 

pyrite grain appendages. They suggest that pyrite crystals were pro

pelled through solid chert by either (1) the force of crystallization 

of carbonate or quartz within the appendage behind the advancing pyrite 

grain, or (2) that gaseous (C02 or CH 4) pressures generated within 

solid chert by the advanced thermal degradation of kerogen served to 

propel the grains along their paths. Both mechanisms require that 

material which is dissolved via pressure solution ahead of the ad

vancing pyrite grain should be reprecipitated in its "wake". 

Petrographic observations indicate that the Transvaal cherts 

have formed via a primary carbonate and organic matrix -- partial dolo

mitization -- silicification paragenetic sequence. In all samples, it 

appears that dolomitization and silicification were closely contempor

aneous diagenetic events. In the case of the TRD-1 series samples, 

the textural and mineralogical overprinting of these diagenetic alter

ations can be utilized specifically to establish both the timing and 

the mechanism of pyrite associated filamentous microstructure formation. 

Any mechanism which is proposed for filament formation must incorporate 

several criteria. Their formation must be: (1) predolomitization, 

(2) either presilicification or contemporaneous with silicification, 

and (3) must incorporate some mechanism by which phyllosilicate mineral 

impurities are concentrated within the structures during their 



formation. Their formation would also be post-pyrite mineralization, 

if in fact pyrite grains were active participants in filament con

struction. These criteria could not be satisfied if the pyrite asso

ciated filamentous structures had formed in solid chert, but rather, 

require that their formation should be linked to a period or stage of 

active chert diagenesis where metallic cation mobility, and the rates 

of carbonate microdissolution and silica precipitation are maximized. 
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The existence of early diagenetic microchemical conditions 

conducive to the formation of pyrite are particularly well known 

(Luther et al. 1982). Many of the stromatolite intraclasts from the 

TRD-4 samples have been found to contain high concentrations of pyrite. 

Still other intraclasts show well preserved ovoid microstructures 

grading into zones where the ovoid forms are apparently replaced by 

pyrite grains which are approximately the same size and show the same 

density distribution as the ovoid forms. This does not necessarily 

prove that the pyrite formed prior to intraclast erosion and transport. 

However, it suggests that the "mineralogical stage" had been estab

lished early and probably biogenically (possibly with the initial 

formation of iron mono-sulfides); with stoichiometric pyrite formation 

occuring slightly later in diagenesis. 

The silicification mechanism of the Transvaal cherts appears 

closely analogous to currently available models for nodular chert for

mation which have been developed from Deep Sea Drilling Project 

studies (Wise and Weaver 1974, Lancelot 1973). These models interpret 

silicification as an accretionary process involving the concomitant 
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microdissolution of carbonate and precipitation of silica. The 

attitude of accretion is generally outward from a central locus or zone. 

However, on a fine-scale the directions and rates of growth can be 

three dimensionally complex due to textural and mineralogical hetero

geneities of the precursor carbonate. A zone of varying thickness 

(silicification front) advances ahead of the growing nodule, within 

which are concentrated the various impurities (carbonate and metallic 

cations) that were solubilized and mobilized during silica replacement. 

Phyllosilicates and carbonate can subsequently be reprecipitated within 

and/or ahead of the silicification front (Von Rad et al. 1978). 

Such a mechanism would explain the mineralogies and occurrence 

of the Transvaal pyrite associated filamentous microstructures. It 

would provide the phyllosilicates, calcium or iron-rich carbonates, and 

the silica required for microstructure formation, and would explain why 

these same phyllosilicate impurities are concentrated along early 

diagenetic fractures. In the TRO-1 sample, the IImixed zone ll would cor

respond to the silicification front which would explain why the 

majority and largest of the pyrite associated filamentous structures 

occur within this zone. According to this model, microstructure for

mation would not be restricted to the IImixed zone II - they could form 

at any time along the advancing silicification front. In addition, a 

structure initially constructed of carbonate and/or phyllosilicates 

might subsequently be replaced by silica; providing an explanation for 

the varying degrees of filament preservation as well as the observation 

of Tyler and Barghoorn (1963) that their lIappendage ll mineralogies 
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consisted of both iron-rich carbonate and quartz. Tyler and Barghoorn 

(1963) also report appendages consisting of the phyllosilicate mineral 

chlorite. 

Simultaneous dolomitization and silicification (Knauth 1979) 

would also aid in the mechanism of pyrite associated filamentous 

microstructure formation. Filaments which are (1) cross-cut by, and 

not texturally preserved within dolomite rhombs, and (2) filaments 

which apparently originate within and return to the dolomite zone, 

indicate that filament formation preceded dolomitization within the 

mixed zone. Hence, the relative downward movement of the silicification 

front was probably contemporaneous with the relative upward advance 

of a "dolomitization front". The interface of less soluble and rela

tively impermeable dolomite would further aid in the concentration of 

impurities. 

What remain to be explained are the two most puzzeling aspects 

of the pyrite associated microstructures: (1) why are the mineral 

impurities concentrated so as to form pseudofilaments?, and (2) why 

are_pyrite grains found at the terminus of only about 25% of the 

structures while a high percentage of the forms both originate and 

terminate within the plane of the thin section and yet show no asso

ciation with pyrite? These questions return the discussion to the 

consideration of ambient pyrite grain appendages (Tyler and Barghoorn 

1963, Knoll and Barghoorn 1974). In their descriptions of the "silici

fication front" several workers have used such terms as "pushed aside" 

and "pushed along" in reference to the concentration of various impur

ities within this zone (Lancelot 1973, Von Rad et al. 1978). It is 
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not clear that these descriptions refer to a forceful or physical 

mechanism for mobilizing particulate matter. However, if pyrite grains 

were caused to "migrate" by the force of crystallization of phyllo

silicates or carbonate behind the grains (Tyler and Barghoorn 1963), 

the silicification front mechanism could provide the needed material. 

The high correlation coefficient (0.888) between pyrite grain size and 

filament size does suggest some genetic relationship between the two. 

The generally .larger size of the pyrite grains versus their associated 

filament diameters might be explained if either the pyrite grain had 

grown slightly, or the filament diameter had been slightly reduced 

during subsequent silica replacement. The latter should be a reasonable 

possibility only if the filaments had formed in carbonate which was 

later replaced by authigenic silica. Finally, if the filamentous 

microstructures are indeed the appendages of migrating pyrite grains, 

then virtually the only explanation for the lack of a pyrite grain on 

so many of the structures would be that subsequent to filament 

formation, the pyrite grains were removed by dissolution. 

The identification and description of the Transvaal pyrite 

associated microstructures should stress a note of caution for those 

workers who identify empty filamentous sheaths as indigenous Precam

brian microfossils. This would be especially true in sedimentary rocks 

which contain a paucity of other microfossils, or in which any fila

mentous microstructure - pyrite grain associations are recognized. 

The Transvaal pseudofilaments and those described by Tyler and Barghoorn 

(1963) and Knoll and Barghoorn (1974) appear to be significantly 
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different in many respects, and yet it seems probable that they have 

formed by the same diagenetic mechanism. The walls of the pyrite 

associated filaments can contain disseminated organic matter, and if 

the filaments were constructed as carbonate appendages and subsequently 

replaced by microcrystalline quartz, they would be virtually indistin

guishable from the fossilized "empty filamentous sheaths" of micro

fossils which are often described in the Precambrian micropaleontology 

literature. 

Other Transvaal Microstructures - "Potential Microfossils" 

The balance of the Transvaal fossil-like microstructures 

(i.e. intraclast associated filaments, spheroidal and ovoid forms, 

and bacteria-like microstructures) cannot be easily reconciled with an 

abiological, diagenetic model. These structures are not associated with 

a diagenetic interface (as in the case of the pyrite associated fila

ments), but rather are directly related to microstromatolite fabric and 

texture in such a manner as would be predicted from studies of modern 

cyanobacterial mat microbial systems. These microstructures are found 

only in organic-rich cherts which represent very fine-grained, early 

diagenetic replacements of primary stromatolitic carbonate. Although 

most are small and morphologically quite simple, it is specifically by 

their three dimensional association to stromatolite fabric which as a 

group qualifies these fossil-like structures as "potential microfossils" 

rather than simply "microstructures". 

Stromatolite Intraclast Associated Filaments. The stromat

olite intraclast associated filamentous microstructures occur 
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exclusively in disarticulated stromatolite intraclasts from the TRD-4 

and TRDO-8 series samples. They have not been identified from the 

articulated microstromatolites or in situ structures. The intraclast 

associated filaments define a narrow diameter size range which is 

similar to that of a number of filamentous microfossil occurrences 

from approximately age equivalent Proterozoic stromatolitic cherts 

(e.g. Hofmann 1976, Barghoorn and Tyler 1965). While these micro

structures are not found in high numbers, certainly one of the strong

est arguments for a potential microfossils interpretation is the fact 

that they are always sharply truncated at the intraclast grain 

boundries. Thus, irregardless of their origins, they were clearly 

indigenous to the intraclast prior to its final deposition and burial. 

While the pyrite associated filamentous microstructures show poten

tially segmented morphologies only when they are poorly preserved and 

fragmented, the intraclast associated filaments show well defined 

segmentations at the highest levels of preservation. This might be 

anticipated, since post-mortem microbial degradation and subsequent 

organic matter diagenesis may involve a significant loss of morph

ological information. These segmented microstructures frequently 

show cell-like units which were apparently collapsed at one side 

prior to final silica permineralization. This mode of structural 

preservation is not uncommon among authentic filamentous microfossil 

populations (S. Golubic, personal communication 1983). 
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Ovoid/Spheroidal Microstructures. Ovoid and spheroidal micro

structures have been identified from the disarticulated stromatolite 

intraclasts, articulated microstromatolite intraclasts, ~ situ micro

stromatolites, and along the organic-rich interface between the intra

clastic layer and the sediment substrate in the TRO-4 series sample 

(see Figure 12). These microstructures have also been found well below 

the in situ surface in the TRO-4 sample. However, while intraclast 

associated forms show a broad range of degradational morphologies, the 

ovoid forms which occur below the in situ surface are uniformly poorly 

preserved and apparently highly degraded. A similar pattern of occur

rence and preservation has been observed for authentic microfossils 

from other Precambrian black cherts consisting of intercalated crypt

algal and stromatolite intaclastic fabrics (Nyberg and Schopf 1981, 

Mendelson and Schopf 1982). 

Both the occurrence and distribution of the ovoid forms 

support a potential microfossil interpretation. These microstructures 

occur in the outer "photosynthetic zone" of the articulated micro

stromatolites and the relative degree of their structural preservation 

decreases interior to the outermost surface. This particular relation

ship between the degree of structural preservation and microstromat

olite morphology might be anticipated in the case of a steady state 

model for stromatolite accretion, where successive generations of 

primary producer coccoidal microorganisms occupy the outer surface 

and older cells below this surface are subsequently lysed and degraded 

by consumer/decomposer bacteria. 
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Size and size distribution analysis of the ovoid forms also 

support a potential microfossil interpretation. Statistical analysis 

confirm that greater variation occurs between mean lengths than between 

mean widths for data sets collected on individual stromatolite intra

clasts. A biological interpretation of the size distribution data 

could involve both metabolic and degradational factors (Figure 38). 

Much of the length variation could be the result of cell elongation 

prior to cell division by binary fission. The relationship between 

single cells and doublets (Figure 38) from each intraclast would there

fore suggest that dividing cells increase in length while decreasing 

slightly in width during divisional stages. The trend in length/width 

variation between the individual data sets could relate to post-mortem 

shrinkage of cells prior to permineralization. Similar length/width 

size distribution diagrams have been utilized in the interpretation 

of authentic microfossils from the Bitter Springs Formation (Knoll and 

Golubic 1979). Knoll and Golubic (1979) interpret their size distri

bution variation as a function of cell shrinkage and compaction, but 

fail to distinguish between single and doublet forms. When doublet 

forms are differentiated and included in the Transvaal plots, it is 

most interesting to note that they, too, show a trend which can be 

attributed to post-mortem shrinkage, and that this trend is roughly 

parallel to that of the single cells. Knoll and Golubic (1979) would 

interpret the "cell division" trend shown in Figure 38 as a function 

of compaction subsequent to burial. However, ~ince the single and 

doublet forms occur in individual stromatolite intraclasts, and all 
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of the intraclasts occur in a single chert sample, such an interpre

tation cannot be invoked in the case of the Transvaal materials. 

Bacteria-Like Microstructures. The bacteria-like micro-
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structures are the most problematic of the potential Transvaal 

microfossils. This is in part due to their small size and resulting 

apparent optical opacity. Unlike the ovoid/spheroidal and filamentous 

potential microfossils, microstructures morphologically similar to 

rod and vibrio-shaped bacteria have yet to be reported from silicified 

stromatolites of any geological age. Indeed, certain workers have 

speculated that these particular bacterial forms cannot be fossilized 

(Awramik, Gebelein and Cloud 1978) even at the highest levels of 

preservation of larger microfossils. The Transvaal bacteria-like 

forms are considered to be potential microfossils because they often 

occur as stratified layers within the microstromatolites, and below 

peripheral layers of ovoid microstructures. This occurrence would be 

predicted from the concept of microbial succession (Atlas and Bartha 

1981) and by numerous studies of modern microbial mat ecosystems 

(e.g. Margulis et al. 1983, Jorgensen et al. 1979). In addition, the 

rod and vibrio-shaped bacteria-like microstructures show a very 

restricted size range, with diameters not exceeding one micrometer; 

a size criterion which is generally accepted for most extant bacteria 

(N. Sinclair, personal communication 1982). The bacteria-like forms 

also occur at high densities (2 x 109 to 1 x 1010 per cm3) within the 

bacterial layers. 

An interesting biological scenario could be considered whereby 
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the ovoid and bacteria-like microstructures could constitute the two 

basic components of a Precambrian microbial ecosystem. Potential 

stromatolites and modern microbial mats are known to consist of a 

vertically stratified assemblage of microorganisms, the spatial 

distribution of which is narrowly defined by vertical microchemical 

and light intensity gradations within the mat (Jorgensen et al. 1979, 

Krumbein et al. 1977, Doemel and Brock 1977). In simplest terms, the 

structuring of cyanobacterial mats can be considered in terms of two 

interrelated microbial components. The upper surface zone of the mat 

is largely composed of photosynthetic cyanobacteria and photosynthetic 

bacteria. These primary producer microorganisms convert atmospheric 

CO2 to organic carbon using light as an energy source. At varying 

depths beneath this upper layer are found successive zones of consumer 

and decomposer bacteria (Doemel and Brock 1977, Jorgensen et al. 1979, 

Jorgensen and Cohen 1977). These microorganisms utilize the organic 

carbon originally fixed by the photosynthetic primary producers, 

ultimately leading to the mineralization of organic carbon and the 

regeneration of CO2, Similar sharply defined stratified zonations 

characterize the juxtaposition of ovoid and bacteria-like microstruc

ture layers. Many of the Transvaal microstromatolites and disarticu

lated stromatolite fragments show dense surficial layers of ovoid 

forms which may represent the fossilized primary producer population 

of microorganisms. Lysis of these primary producer microorganisms 

would thus have occurred within 50 to 100 micrometers of the outer 

surface of the microstromatolites, and ovoid layers were succeeded at 
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depth by a "time successive" population of consumer/decomposer rod and 

vibrio-shaped bacteria. Utilizing a steady state model for stromat

olite growth if these two populations of primary producer and consumer/ 

decomposer microstructures represent authentic microfossils, than the 

amount of organic carbon represented by each population should balance 

as a function of microstromatolite growth rates. 

Transvaal Microstromatolites 

The articulated intraclastic and in situ microstromatolites 

which are found in the Transvaal samples are unusually small when 

compared to other published reports of Precambrian stromatolites (see 

Walter 1976). However, in terms of basic morphology, laminated inter

nal microfabric, and the three dimensional relationship between poten

tial microfossil occurrence and stromatolite texture, these Transvaal 

microstromatolites are very similar to a wide variety of stromatolite 

structures which are known to range in age from Precambrian to Recent. 

Small potential stromatolites which are morphologically similar to 

the Transvaal microcolumns have been described from modern cyano

bacterial mats from the hot springs of Yellowstone National Park 

(Walter et al. 1976, Doemel and Brock 1977). These occur as conical 

projections and flat-topped microcolumns up to about 2 centimeters in 

height which define relief on otherwise flat cyanobacterial mat sur

faces. The Yellowstone stromatolites form in shallow outflow channels 

in water depths of between two and ten centimeters (Walters et al. 

1976), and the structures are continuously submerged. Morphologically 

similar structures have also been described from marine intertidal 



cyanobacterial mats of Laguna Guerrero Negro, Mexico (Javor and 

Castenholz 1981). It is important to note however, that the smallest 

of these modern potential stromatolites are still approximately an 

order of magnitude larger than the Transvaal structures. 

A variety of size-equivalent, pillar-shaped microstromat

olites has been described from Precambrian sedimentary rocks of the 

Belt Supergroup (Middle Proterozoic) in Montana (Horodyski 1975). 
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These are hematitic structures preserved in carbonate, which range 

from 20 to 500 micrometers in height and between 100 and 200 micro

meters in width. The Belt Supergroup microstromatolites are commonly 

branched, with the sense of branching being upward relative to the 

infered substrate of attachment. When laminae are visible, they are 

from 3 to 10 micrometers in thickness and convex upward (Horodyski 

1975). Unfortunately, their internal structuring is difficult to 

resolve because of the high density of disseminated hematite which is 

present. As such, microstructural comparisons with the Transvaal 

microstromatolites are not possible. In terms of gross morphology, 

the Belt Supergroup microstromatolites form a low diversity assemblage. 

The majority of the microstromatolite structures illustrated in 

Horodyski (1975) appear to be branched columns, while only rarely do 

the Transvaal microstromatolites show incipient branching. The 

unbranched forms resemble turbinate columns. Column exteriors are 

generally rough in appearance and tops are gently rounded. Horodyski 

(1975) reports that similar-appearing hematitic microstromatolites 

have been described from Lower Proterozoic stromatolitic rocks of 

the Gunflint Iron Formation (Hofmann 1969), from Ordovician 
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stromatolites of the Siberian Platform (Maslov 1960), and from Jurassic 

stromatolites of Poland (Szulczewki 1963). Based on the fine lamina

tion of the Gunflint specimens, Hofmann (1969) suggested a bacterial 

origin. 

Certainly more important than simple size, morphological, or 

age comparisons with other small stromatolite occurrences is the fact 

that a 2.5 centimeter thick sample (34 cm3) of the Transvaal chert 

contains a wide diversity of microstromatolite morphologies, and that 

nearly all of the basic stromatolite growth forms are represented. 

These include the flat (stratiform), nodular, bulbous, turbinate, 

cylindrical, branching, and coalescent (composite) forms illustrated 

by Anderson (1950) from the extensive Carboniferous sediments of 

Northern England and Scotland. The similarity between the Transvaal 

microstromatolites and the Anderson (1950) Carboniferous stromatolites 

is one of morphology and not size, perhaps suggesting that the same 

basic principals of growth should be applicable to all stromatolites. 

Futhermore, the hypothesis - that as a function of the evolution of the 

principal stromatolite forming microbiota, the various stromatolite 

morphologies have evolved - fails in this regard to explain the diver

sity of the Transvaal microstromatolites or the morphological simi

larity of basic growth forms from stromatolitic rocks throughout 

geological time. Rather, it suggests that it is through the prolonged 

growth (accretion) and extensive branching of the basic growth forms 

that more elaborate stromatolite morphologies are constructed. 

It was Kalkowski (1908) who first noted that lithe more one 

sees, the conclusion is that all stromatolites are nothing but 
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differences in the habitus of one and the same principal and organism, 

and that differences in habitus are basically caused by external 

influences (not by different species or organisms)1I (Monty 1977). In 

the case of the Transvaal microstromatolites, whatever conditions or 

principals were responsible for their morphological diversity must be 

accounted for from within a single sedimentary system. Indeed, it 

seems certain that considering the chaotic sedimentary texture of the 

TRD-4 deposit (Figure 12), these stromatolite intraclastic materials 

were eroded and deposited by a single (perhaps storm related) current 

event. Hence, all of the various Transvaal microstromatolitic forms 

were probably developing simultaneously within this sedimentary system. 

The factors which may have governed microstromatolite morphology 

include environmental variability and/or microbial diversity. The 

extent to which either or both factors influenced stromatolite morph

ogenesis must also be considered in terms of the possible areal 

extent of the sedimentary system from which the various stromatolitic 

materials were derived. 

Microbial diversity alone may control stromatolite morpho

logical diversity only to the extent that either (1) the principal 

microorganisms involved in stromatolite construction are significantly 

varied in their form or function (e.g. size, shape, metabolic function, 

characteristics of coloney formation, etc.), or (2) the interactions 

between stratified populations of microorganisms are significantly 

different, i.e. variation in community structure. The former would 

perhaps be the case between coccoidal versus filamentous cyanobacteria. 
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Studi es of modern cyanobacteri al mat ecosystems have es'tabl i shed that 

microbial diversity among the primary producer (photolithoautotrophic) 

microorganisms is generally quite low; with one or at most three 

cyanobacterial genera dominating the biota over a broad areal extent 

containing numerous sedimentary subenvironments (Horodyski and Vonder 

Haar 1975, Margulis et al. 1980, Javor and Castenholz 1981, Margulis 

et al. 1983). For example, Horodyski and Vonder Haar (1975) have 

shown that only one genera of coccoidal cyanobacteria (Entophysalis) 

is common to the potential stromatolite positive surface irregularities 

of Laguna Mormona (Baja California, Mexico). The potential stromat

olites from the Yellowstone hot springs consist of two principal 

genera; Chloroflexus (a photosynthetic flexibacterium) and the coccoid 

cyanobacteri um Synechoccus, (Doeme 1 and Brock 1974, 1977). Doeme 1 and 

Brock have established that Chloroflexus is largely responsible for 

potential stromatolite formation. Non-antagonistic microbial inter

actions (i.e. commensalism, synergism, or mutualism; Atals and Bartha 

1981) are implied when two or more genera occupy the same potential 

stromatolite. 

Microbial diversity within the Transvaal system can be evalu

ated only if a biological scenario is considered to be valid for the 

potential microfossils which occur in the Transvaal microstromatolites. 

If the Transvaal potential microfossils are authentic, then the ovoid 

forms would represent coccoid cyanobacteria and the filaments would be 

the fossilized remains of filamentous cyanobacteria or flexibacteria. 

Most modern cyanobacterial mats and potential stromatolites are con

structed by a framework of filamentous cyanobacteria and/or 
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flexibacteria. While coccoid cyanobacteria are known to occupy the 

upper or outer photosynthetic zones of these modern mats, potential 

stromatolite growth is largely attributed to the accretion of layers of 

filamentous microorganisms (Doemel and Brock 1977). While filamentous 

potential microfossils are found in the disarticulated stromatolite 

intraclasts, their numbers are insignificant when considered in terms 

of the.total population of ovoid forms. In situations where both 

ovoid potential microfossils and segmented filaments have been identi

fied occurring together at the outer surface of disarticulated stromat

olite intraclasts, both morphologies appear to be equally degraded. 

Still other clasts which contain abundant, well preserved filaments, 

show highly degraded and poorly preserved ovoid forms. This suggests 

that the preservation potential of the filamentous forms may be even 

higher than that of the ovoid potential microfossils. More signifi

cantly, not a single filament or degraded filamentous morphology 

has yet been found in the articulated intraclastic microstromatolites 

or in situ microstromatolites, while ovoid forms are abundant and 

often very well preserved at the outer surfaces of many of these 

structures. These lines of evidence suggest: (1) that microbial 

diversity in the Transvaal system may have been low at the time of 

microstromatolite formation, and (2) that coccoidal cyanobacteria, 

and not filamentous microorganisms, were the predominant primary 

producer biota associated with theconstruct;on of the Transvaal 

microstromatolites. Without a supportive framework of filamentous 

microorganisms, the structural integrity of the Transvaal micro

stromatolites could have been maintained only if they were mineral 
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supported prior to erosion and transport. Furthermore, if essentially 

the same stromatolite morpholo9ies can be constructed with either 

filamentous or coccoidal microorganisms occupying the outer photo

synthetic zone, then perhaps this particular variable is not of first 

order significance to stromatolite morphogenesis. 

The concept of environmental variability encompasses two 

aspects: (1) spatial variations in physical and chemical environ

mental parameters throughout the sedimentary system, and (2) time 

dependent variations in these same parameters at a single locality. 

It is difficult to evaluate environmental variability as a factor 

controling stromatolite morphological diversity in the case of the 

Transvaal materials, since only a limited number of structures are 

preserved in situ. Even in the case of the in situ microstromatolites, 

the lack of lateral and small scale vertical stratigraphic control 

severely constrains the scope of reliable sedimentary environmental 

interpretation. It can be assumed, however, that in the case of 

morphologically distinct stromatolite structures (e.g. columnar, 

bulbous, and turbinate) that steady state conditions were maintained 

for at least the duration of its growth period. The concept of 

steady state accretion does not rule out periodic fluccuations in 

environmental parameters. These may include for example, daily tidal 

fluccuations in water depth or steady sediment input into the system. 

Using an average modern cyanobacterial mat accretion rate of approx

imately 25 micrometers/day (Doemel and Brock 1977, Javor and 

Castenholz 1981), the average Transvaal microstromatolite structure 

(mean height of 380 ~m) could grow in less than sixteen days. It is 



over this time period that steady state conditions should prevail. 

However, episodic fluccuations such as unusually high energy current, 

high sedimentation rates, or a major change in water chemistry (e.g. 

salinity) could significantly alter these steady state conditions. 

The impact of an episodic fluccuation could also disrupt the delicate 

balance of interacting microbial populations within the stromatolite. 

If stromatolite morphogenesis is governed by interactions within the 

microbial community, then it is possible that small but prolonged 

shifts in certain chemical environmental parameters could alter 

stromatolite morphology. 

Microstromatolite Morphogenesis 

The following morphogenic model is based largely on the 

concepts of microbial succession (Atlas and Bartha 1981) and steady 

state (Brock 1971) microstromatolite accretion. Microbial succession 

forms the basis of the stratified microbial community model (Figure 

39) for microstromatolites; where through time as a function of 

vertical growth a microstromatolite layer occupied by one population 

of the microbial community (e.g. primary producer microorganisms) 

will bp. succeeded by another population of that community (e.g. 

consumer/decomposer microorganisms). Three underlying assumptions 

are necessary for the proposed morphogenic model. The first is the 

steady state hypothesis, where organic matter fixed in the primary 

producer zone will be utilized as a carbon source for consumer/ 

decomposer microorganisms. This process would lead to a net loss of 

visible organic materials depending on the efficiency of the 
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consumer/decomposer populations. The second assumption is that unless 

organic biomass produced at the primary producer level is replaced or 

augmented by mineral matter (e.g. primary carbonate) at some level 

within the structure, the microstromatolite could only accrete to a 

certain steady state equilibrium size; this being determined by the time 

dependent ratio between production and consumption. The third 

assumption is that it should be possible to correlate (in the most 

relative sense) the concentration of organic matter and the varying 

shades of dark pigmentation which it imparts to the microstromatolites, 

to the former presence and relative distribution of precursor bio

logical materials within these particular zones. 

Microstromatolite Lamination Textures. The fundamental 

feature of a stromatolite is the lamination. As such, one of the more 

important aspects in the development of a reliable morphogenic hypo

thesis involves the interpretation of lamination textures. Hofmann 

(1969) suggested that laminae represent successive surfaces of equil

ibrium between interacting physical, chemical, and biological variables. 

Transvaal microstromatolite laminae average approximately 27 micro

meters in thickness (Figure 40), but thicknesses vary in three dimen

sions within individual microstromatolites (Figure 41). Structures of 

identical outward morphology may also display a considerable variation 

in laminae thickness. Indeed, essentially the same microstromatolite 

growth form mayor may not show laminations (Figure 42). 

It seems certain that laminae textures record successive 

stages or phases of microstromatolite growth. Figure 41 shows two 
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Lanimated (8) and unlaminated (A) flat-topped stromatolite 
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nodular microstromatolites of approximately the same height and basal 

diameter of substrate attachment. The arrows indicate differential 

directions of accretion, possibly relating to differential rates of 

growth. The lower (B) shows thicker laminae in the central portion of 

the structure, and a nodular, biscuit-like structure was generated. 

The microstromatolite shown in (A) has developed by the addition of 

progressively thicker laminae at its outer margins. Steady state 

accretion is suggested for both nodular structures by the fact that 

these trends were largely maintained throughout the development of the 

microstromatolites. Given similar observations of other ancient and 

potential stromatolite textures, it is not surprising that many workers 

have attributed growth by a mechanism involving the deposition of 

successive sediment layers at stromatolite outer surfaces (e.g. Logan 

et ale 1964, Geblein 1969, Hofmann 1969). 

Transvaal microstromatolite laminae fabrics and gross outward 

morphologies are texturally defined by a variable intensity of dark 

pigmentation. This dark pigmentation results from varying concentra

tions of organic matter, which represents the organic remnants (bio

mass) of a former microbial community. While biomass production 

occurred at all levels of the stratified microbial system, the bulk of 

the organic carbon which was cycled into the microstromatolite system 

probably originated from the primary producer (surface) levels. Two 

processes primarily determine the intensity of dark organic pigmenta

tion: (1) the dilution or replacement of primary producer organic 

matter by mineral matter (primary carbonate), and (2) the relative 
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degree of primary producer organic matter destruction by consumer/ 

decomposer microorganisms. In the case of mineral supported stromat

olites, both processes were occurring simultaneously. That is, organic 

matter was being generated as primary producer biomass and consumed at 

various levels within the microstromatolites, while carbonate was 

being either trapped at the upper surface or precipitated at some level 

within the structures. The key to understanding microstromatolite 

morphogenesis is interpreting where these two processes were occurring 

relative to the three dimensional geometry of the structures, and 

estimating the relative contribution of each process. 

Figure 43 shows a drawing of an in situ microstromatolite 

node representative of the early stages of stromatolite growth. The 

intensity of dark pigmentation (stipple pattern) implies the accumu

lation of organic matter which was both undiluted by mineral matter 

and largely unconsumed by decomposer microorganisms. Thus, while the 

entire surface of the structure and the surrounding substrate was 

occupied by an active layer of primary producer microorganisms, 

differential vertical accretion from that substrate involved both the 

addition of mineral matter (primary carbonate) and the consumption of 

primary producer organic matter. This mechanism would explain why the 

majority of the Transvaal microstromatolites show heavy, dark pigment

ation along their surfaces from their bases upward to approximately 

the zones of deflexure or curvature (Figure 44). The microstromatolite 

laminae would therefore represent the remnant organic materials 

(plus any additional bacterial remnant biomass) which were unconsumed 

by the decomposer microorganisms. The intensity of pigmentation at any 
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Figure 44. An in situ terete columnar microstromatolite showing bulbous 
growth at the top of the column. The dark, organic-rich 
pigmentation extends from the surrounding substrate and up 
the sides of the column to the zone of bulbous deflexure. 



particular laminae level could reflect the efficiency of consumption/ 

decomposition. Within a vertically accreting stratified microbial 

system in which the spatial juxtaposition of various populations is 

governed by stratified microchemical gradations, the efficiency of 

consumption/decomposition could also be time dependent. Rapid growth 

at the upper surface could shift vertically the optimal chemical zone 

in which the consumer microorganisms were active, leaving proportion

ally more unconsumed organic material at the lower level. 
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Sediment Trapping/Binding Versus Carbonate Precipitation. A 

critical aspect of Transvaal microstromatolite morphogenesis concerns 

the relative proportions of sediment trapping and binding versus car

bonate precipitation. The accretion of microstromatolites which would 

trap and bind allochthonous carbonate sediment would have depended to 

a large degree on the availability of fine-grained carbonate sediments 

within the Transvaal system. Precipitated structures on the other 

hand would accrete irregardless of carbonate sediment and could them

selves serve as an allochemical detrital sediment component if detached 

and/or disarticulated. 

In the case of stromatolites which trap and bind carbonate 

sediment, laminae would represent and record intervals of the accumu

lation of fine-grained sediment on surfaces populated by a community 

of microorganisms (Hofmann 1969). The microorganisms would produce 

a "sticky" muculagenous film to which the allochthonous carbonate 

particles adhere. In a layered accretion model, this sediment 

accumulation (as represented by variable laminae thicknesses) would 

be laterally variable along that active surface. For example, in 
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the case of the microstromatolites which are illustrated in Figure 41, 

proportionally more sediment would have been deposited either in the 

central zone (B) or at the outer margins (A) of the structures to 

generate these particular morphologies. For much larger stromatolites, 

lateral variation in sediment accumulation thickness across a surface 

of centimeters Ol~ decimeters in dimension would be a possibility. In 

the case of the Transvaal microstromatolites, it is difficult to con-

ceive of microsedimentation which is scaled to the size of the struc-

tures. For bulbous microstromatolites to have accreted by this 

mechanism, fine-grained sediments must also have been deposited on the 

sides of the structures, and below the zone of maximum cross section 

diameter. Sedimentation from suspension alone could not account for 

this particular geometry of microstromatolite layering. In addition, 

the adhesion of fine-grained sediments to stromatolite surfaces re-

quires a "sticky" muculagenous film produced by microorganisms. Yet, 

both the lower outer surfaces of the in situ microstromatolites and ---
the surrounding substrate shows a uniform high organic pigmentation 

(Figure 44), indicating that these surfaces were also populated by 

microorganisms and potentially just as "sticky" as the upper surface 

of the microstromatolite. It is not possible to conceive of a mech

anism by which fine-grained sediment would be deposited only at the 

upper-most surface of the microstromatolites and not over the entire 

sediment substrate surface. 

It therefore seems likely that the Transvaal microstromat

olites formed by a mechanism involving the precipitation of primary 
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carbonate at either the upper stromatolite surfaces or at some level 

within the structures. Krumbein et al. (1977) have established a 

direct relationship between a decrease in organic carbon and increasing 

carbonate for the potential stromatolites of Solar Lake (Sinai). 

Carbonate precipitation was not occurring at the upper-most productive 

mat surface, but rather within the potential stromatolites as a conse

quence of the bacterial mineralization (consumption/decomposition) of 

primary producer organic materials. A similar decrease in visible 

organic materials interior from the surface layer is observed for the 

Transvaal microstromatolites. Krumbein et al. (1977) suggest that 

consumer/decomposer bacteria, by their variety of metabolic processes 

produce changes in their microenvironment which lead to carbonate 

precipitation. These include sulfate reduction, denitrification, and 

ammonification, which release small amounts of carbon dioxide into a 

semi-enclosed microenvironment. The initiation of primary carbonate 

precipitation is at or on cell surfaces and not within the bacterial 

cells. These processes occur in both anerobic and aerobic zones of 

the microbial mat system. Halley (1976) and Eggelston and Dean (1976) 

have also observed that the calcification of freshwater potential 

stromatolites occurs within the structures and not at their surfaces. 

Morphogenesis. All of the Transvaal microstromatolite growth 

forms appear to have been established as an initial hemispherical node. 

This particular initial structuring is probably not fortuitous, since 

a variety of microorganisms grown as laboratory cultures assume 

approximately this same initial colonial geometry. The positioning of 
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initial node formation relative to substrate topography does not 

appear to have been particularly important. However, the spacing of 

node formation along the substrate determined whether a single (soli

tary) microstromatolite would develop, or whether several nodes would 

merge to form a composite structure. The growth of the Transvaal 

microstromatolites required that a specific community structure should 

have been established between primary producer and decomposer/consumer 

microbial populations. Vertical accretion was accomplished through a 

mechanism involving the production of primary producer biomass at the 

outer surfaces of the structures and subsequent mineralization of that 

biomass with the concomitant precipitation of primary carbonate at 

successively lower levels within the microstromatolites. Vertical 

accretion of the Transvaal microstromatolites was probably self

limited by the narrow base of support which characterizes the majority 

of growth forms. Eventually, all columnar and bulbous forms would 

accrete to such a height that even low energy currents would detach 

them and introduce them as carbonate allochems to the Transvaal 

carbonate system. 



CHAPTER 5 

CONCLUSION 

Stromatolites are laminated sedimentary rocks, the origin of 

which should be clearly related to the activities of microbial commun

ities, which by their morphology, physiology, and arrangement in space 

and time interact with physical and chemical envionmental parameters 

to produce a laminated pattern which is retained in the final rock 

structure (Krumbein 1983). It is specifically from this perspective 

that the Transvaal microstromatolites have been considered. Both the 

Krumbein (1983) definition and the original descriptions of Kalkowski 

(1908) stress the fact that stromatolites are rock structures. The 

extent to which a stromatolite rock structure is an accurate and 

reliable instrument by which ancient microbial ecosystems can be 

evaluated, is first, and perhaps foremost, dependent on an under

standing of the sedimentary rocks themselves. As such, the interpre

tation of ancient stromatolite morphologies and microtextures cannot 

be removed from the context of sedimentary diagenesis and mineral 

paragenesis. In the case of silicified stromatolites, where authigenic 

silica preserves and permineralizes the stromatolite microtexture but 

silica replacement is not directly a function of microbial inter

actions, the interpretation of mineral paragenesis becomes doubly 

important. Furthermore, the Krumbein (1983) definition stresses the 

concept of an interacting microbial community and a spatial/time 
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related balance between that community and the sedimentary system, 

rather than just single species or genera, of microorganisms or solely 

environmental factors. Transvaal microstromatolite morphogenesis has 

therefore been considered from two fundmental aspects: (1) potential 

interactions within the various populations of microorganisms which 

composed the community, and (2) outside environmental parameters which 

may have influenced the steady state interactions of that balanced 

community structure. 

It has been the goal of this study to integrate the various 

lines of evidence relevant to the formation and preservation of the 

Transvaal microstromatolites into a uniform perspective or thesis. 

The following conclusions are relevant to this goal. 

1. The best preservation of the Transvaal microstromatolites 

occurs in black chert which is an early diagenetic replacement of 

primary carbonate (calcite, Mg-calcite, or aragonite). The proposed 

paragenetic sequence for the Transvaal chert is: (1) primary carbon

ate and organic matrix, (2) partial dolomitization, (3) silicification, 

and (4) partial neomorphic recrystallization of dolomite. Dolomiti

zation and silicification were closely contemporaneous diagenetic 

events. Locally high concentrations of organic matter may have been 

responsible for selective silicification. 

2. The Transvaal black cherts contain an interesting but 

problematic assemblage of microstructures which includes filamentous, 

spheroidal/ovoid, and bacteria-like forms. Certain of these micro

structures (pyrite associated filaments) are clearly of abiological 
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origin, and their formation can be explained in the context of sedi

mentary diagenesis and mineral paragenesis. The balance of the Trans

vaal microstructures cannot by explained in terms of diagenetic or 

similar abiological models. These microstructures are considered to 

be potential microfossils because their three-dimensional association 

to stromatolite fabric is such as would be predicted from studies of 

potential stromatolites and modern cyanobacterial mat ecosystems. 

However, based on currently lIacceptedll standards on which the authen

ticity of Precambrian microfossils are judged, a microfossil inter

pretation for these microstructures is not appropriate at this time. 

3. The Transvaal microstromatolites represent some of the 

smallest and best preserved stromatolites known from the Precambrian. 

The significance of the Transvaal microstromatolites is three-fold. 

First, they represent morphological II miniatures ll of essentially all 

of the basic stromatolite growth forms. Hence, the basic or primary 

variables which govern stromatolite morphogenesis should apply to all 

stromatolites. Secondly, all of the various microstromatolite 

morphologies were growing simultaneously within a single sedimentary 

system. Thus, stromatolite morphological diversity at the IIbasic 

growth formll level apparently did not evolve through geologic time. 

Thirdly, the Transvaal microstromatolites are not small stromatolites 

which would eventually grow to become larger stromatolite structures. 

Microstromatolite size within any sedimentary system which might show 

episodic or periodic, moderate to high energy currents, would be 

self-limited by the narrow base of support which characterizes the 
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majority of structures. Rapidly accreting and periodically detached 

structures such as these could provide an important source of detrital 

carbonate sediment to the Transvaal carbonate platform. The Transvaal 

microstromatolites apparently grew as carbonate was precipitated within 

the structures and primary producer organic matter was degraded and 

consumed. This mechanism of accretion implies a delicate balance 

between primary producer and consumer populations of the microbial 

community, and between the physical and chemical sedimentary environ

ment. 
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