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8. l l m u i k :  PRECMBRICUII 

Precambrian time refers 

Eo#ufION AND THE R#3K RECORD 

to geological time prior to the first 
appearance of animals with mineralized hard parts (see Fig 1-2.5 for 
geological time scale). Best estimates for this event are around 570 
million years ago. Because the rock record begins some 3,800 million 
years ago the Precambrian encompasses about 84 percent of geologic 
time. The fossil record for this immense span of time i5 dominated by 
prokaryotes and the sedimentary structures produced by them. The 
first fossil remains that can confidently be considered eukaryotic are 
found in 1,000 million year old rocks. The first animals may be as 
old as 700 million years. 

Like life, the Earth has changed through time. An understanding 
of the interrelationship between the physical evolution of the Earth 
and it5 life is one goal of paleontology. During the Archean €on 
(3,800 to 2 , 5 0 C  million years ago) solar lumino~ity was lower than at 
present yet surface temperatures of the Earth ware not unlike those of  
today. Free atmospheric oxygen w a s  absent, the crust of the Earth wa5 
thin. and there were higher geothermal qradients. There existed a 
preponderance of tectonically short-lived but active marine basins. 
Around 2,500 million years ego, at the beginning of the Proterozoic 
Eon, s o m e  major changes occurred on the Earth. The crust became 
thicker and continents emerged above wave base on a larger scale. 
Intercratonic troughs became common, as did extensive. shallow marine 
environments with mature, multicycled sediments. Around 2.000 million 
years ago, significant quantities of free oxygen appeared in the 
atmosphere and, about 1,500 million years ago, the tectonic style 
began to change over to a regime that resembled modern plate tectonics 
with large scale horizontal plate motion. The quantity of oxygen as 
01 increased in the atmosphere though the quantitative details 
are not known. Extrapolating from the metabolic needs for oxygen b y  
all animals it i5 inferred that by 700 million years ago, the time the 
first animals appeared, at least 10 percent of the Earth's present 
atmospheric level of  01 was already achieved. No physical or 
chemical signals have been identified that carelate with the explosion 
of metazoan evolution at the Precambrian--Cambrian transition. 

The olde5t fossils are those from the 3,500 million year old 
Warrawoona Group in Western Australia and the Swaziland Supergroup i n  
South Africa. Organic-walled, micron-sized filaments have been 
preserved three dimensionally in chert, a cryptocrystalline form of 
quartz. The chert is laminated and this lamination may have bean 
produced by microbial activity. Stromatolites are urganosedimentary 
structures usually found in the form of laminated rocks. Froduced by 
sediment trapping, binding and/or Lhe precipitation activities c3f 

microbial communi tics, sstromatoli tes are known from both the 
War rawoona and the Swazi 1 and rocks. The presence of stromatol i tes 
indicates complex microbial activity; pre=.umably photoautotrophic 
bacteria were involved. The fossilized communities of microbes are of 
such simple morphology that little can be said about them. 'The +ossi1 
r-cord for the remainder of the Archean Eun is spotty, w i t k  only a f :ew 
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good examples o f  m i c r o f o 5 s i l i z a t i o n .  Even tua l l y  s t r o m a t o l i t e s  become 
more n u t i c a b l e  i n  shal low water i n  t e c L o n i c a l l y  i n a c t i v e  geo log ica l  
mvironments.  By t h e  e a r l y  Proterozoic ,  s t romato l  i ter j  become abundant 
and e x h i b i t  d i ve rse  and complex morphologies. 

fi major benchmar-I; i n  t h e  h i s t o r y  o f  l i f e  i s  recorded by  the  
fo'iii5ils of  t h e  2,000 m i l l i o n  year o l d  G u n f l i n t  I r o n  Formation of Lake 
Superior. Canada. Well--preser-ved, abundant and d i v e r s e  m i c r o f o s s i l s  
art? tound i n  bo th  s t r o m a t o l i t i c  and non-s t romato l i t i c  cher ts .  F o s s i l s  
r-escmbl i n g  modern coccoid and f i lamentous cyanobacter-i a as we1 1 a5 
i r o n - o x i d i z i n g  b a c t e r i a  a re  common. B i z a r r e  forms o f  unce r ta in  
taxonomic a f f i n i t y  art. we l l  represented i n  the G u n f l i n t .  The f i r s t  
p l a n k t e r s  dre a.iso found i n  the  G u n C l i n t  I r o n  Formatj,on. So, by 2,600 
m i  11 i o n  years ago, s t r o m a t o l i  te-bui  l d i n q  microbes w e r e  d i ve rse  and 
p lankton had appeared. Genera l ly  speaking, e a r l y  P ro te rozo ic  microbes 
of the Gctrif l ir i t and other  format ions were smal l  ( l e s s  than 10 urn 
i n  diameter, and domin,3ted by cyanc)bacteria-- l  i k c  forms. 

Str-omatol i  t i c  + c 3 5 s i  1 microbes throughout the  remainder o f  t he  
F'roterozoic Eon show a tendency towards increased s i z e  and 
mor pholoq i c a l  cornp 1 ex i t y . Unl i ke many modern s t romato l  i t e s b  
mul t i t r ichomous f i lamentzi a re  v e r y  ra re .  Yet, by t h e  middle and l a t e  
F'roter-azoic Eon s t romato l i t i c :  mic.robiotas had become s u r p r i s i n g l y  
"motlern" i n  cippear-arice. T - h e  d ivers1  t y  0.f carbonatt. s t ramato l  i t e s  
increal.sed marl;r.dly dur-ing t h i s  i n t e r v a l .  S t r o m a t o l i t e s  reached t h e  
t ie ight  of t h e i r  mor p h o l o c ~ i ~ ~ a l  complex i ty  by about. 8OCt m i l  l i o n  y e a r s  
ago. Then, from ii80 t o  570 m i l l i o n  years ago, s t r o m a t o l i t e  d i v e r s i t y  
sharp ly  decreased. The rtumber o f  Pro terozo ic  s t r o m a t o l i t i c  
micr-afossi 1 l u c a l  i tiers 15 few. somewhw-e i n  excess of 200. bu t  the re  
are t.lIout-,ands o f  f j t romatc l  i t e  l o c a l  i t i e s  t h a t  do not cur i ta in  any 
preserved micr-of ossi  1s. 

The i i rst abundant t-ernairi~ o f  p i  anC;trJri a re  Cound ar uund 1 , O C ~ O  
m i l  l i c j s n  ;/ears ago i n  c l a s t i c  r-ocks. These m i c r o f o s s i l s ,  which have 
3c.1 &-res1 s t a n t  orq,mi c wal I S ,  measur e from a few t o  sever a1 tens of 
micr-on5 i n  d j  ameter. Host r-esearcher-5 agree t h a t  these micro+oss i  1s 
dr(c remains o f  e n k a r y ~ t ~ c  plank.ton. M i c r o f o s s i l s  5t-tc.w an increase i n  
d i  ~er5 , i t y  throughout the r-emainde~- o f  the Proterozoic, undergoing some 
e.xtirict. ions dur-ing t h e  l a t e s t  F'r-ot.er azoic i70Cl t o  6C)O m.1 1 l i o n  years 
acjoi. t i u I . a r - y o t i c  m i c : r - o b e ! j  apparent.ly d i v e r s i f i e d  r a p i d l y  again i n  t h e  
*Jar 1 1 est 6t1tibr .i ai-) t i m e .  
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Seminal papers d i d  no t  appear u n t i l  1965. The f o s s i l  r eco rd  of  t h e  
f i r s t  I34 percent o f  E a r t h  h i s t o r y  15 ~ u ! s t  beqinning t o  b e c o m e  
under-stood and has nut come close .to r-eachinq i t s  f u l l  p o t e n t i a l .  
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