
Problems of Pre-Mesozoic 
Continental Evolution 

2-------
LEON T. SILVER 

California Institute of Technology 

INTRODUCTION 

By virtue of its remarlcable ability to explain currently 
observed dynamic processes of ocean basins and conti
nental margins, and to account for much of the geological 
record of the last 200 million years (m.y.), the plate
tectonics model is a rational starting point in interpreting 
the earlier evolutionary history of the earth. The model's 
numerous predictions facilitate continued testing and up
gmding of its own validity. Since early Mesozoic time, 
modem continental margins have developed with distinc
tive physical and chemical characteristics that can serve 
as bases for comparative studies of older margins, which 
have been incorporated within the continents in the past. 
The recent progress of geological studies in North Amer
ica and the diversity of its geological endowments make 
the United States a particularly appropriate region for 
many of these essential investigations. 

There is, however, some risk in directing these research 
programs solely to the paradigms of plate tectonics. Our 
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current knowledge of the earth's evolutionary history in· 
eludes evidence for many unidirectional changes in earth 
properties and suggests the need for a cautious approach 
to the extrapolation of modem geodynamics to earlier geo
logical eras. 

Earth energies, forces, processes, material distribu
tions, temperatures, gradients, rates, and other factors all 
combine to constrain earth dynamics, and all have 
changed with time. Ifwe are to understand the past fully, 
other versions of the plate-tectonics model and other 
models also must be considered. It is vital not to be 
seduced into allowing modem plate tectonics to assume 
premature dominance of interpretations of earth history, 
and therefore the analysis of the early geological and geo
chemical evolution of the continents deserves a signifi
cant &action of our continental research efforts. 

The immense bibliography required to document all 
the assertions, suggestions, questions, and other provoca
tions contained in this brief chapter would outstrip it in 
length. I omit them here (with one deferential exception) 
but suggest that the reader will find most of them con
tained in the references in the other papers contained in 
this volume, especially the papers by Hanson (Chapter 
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13), Muehlberger (Chapter 15), and Kay and Kay 
(Chapter 12). 

TIME CALIBRATION OF THE 
TECTONIC RECORD 

It is the essential dimension of time, recorded in the 
pa]eontological time scale, in the various radiometric 
systems, and in the compelling paleomagnetic record, 
that revealed for plate tectonics its true complex dynamic 
character. Extension and testing of plate-tectonic con• 
cepts to the earlier geological record wilJ continue to 
require time calibration. For the earlier Phanerozoic, fos• 
sil zonation is still the most precise time-resolving tool 
available. Its intercalibration with radiometric techniques 
is required for establishment of dimensions of physical 
time and for extension to unfossiliferous segments of the 
geological column. Continuing efforts in this direction 
deserve high priority. The paleomagnetic pole-reversal 
sequences and the apparent pole-migration paths have 
not yet been integrated into a continuous record that can 
be used for precise age assignments, but significant prog
ress is being made in this direction. The establishment of 
a comprehensive magnetostratigraphic record in the sedi
mentary and igneous columns of the Phanerozoic de
serves high priority. 

For the fint 4 billion years (b.y.) of earth history, various 
radiogenic isotope systems in rocks and minerals, increas
ingly supplemented by biological, chemical, and rema
nent magnetic information, will be the principal tools for 
both general time assignments and precise time resolu
tion. The characterization of long-term evolutionary addi
tions of radiogenic 17Sr, 10efb, 1117Pb, •Pb, and 143Nd to the 
major crust and mantle reservoin provides important ge
netic and temporal information on the nature and history 
of the source regions of continental rocks. 

Current research in the precise measurement of iso
topic systems promises time resolution on the order of 
%0.1 percent in the oldest crustal rocks, under favorable 
conditions and with suitable lithologies. It is essential, 
however, that integrated petrological and geochemical re• 
sean:h into the methods for interpreting the geochronol• 
ogy of high-temperature, high-pressure metamorphisms 
be continued. Among the most challenging problems in 
tectonics are the time constraints for orogenic evolution at 
depth in the lower crust and upper mantle leading to 
granulite and eclogite facies metamorphism. 

CONTINENTAL TECTONICS FROM THE 
PRE-ARCHEAN THROUGH THE 
PALEOZOIC 

THE INTERPLANETARY CONNECTION 

The stunning revelations of20 years of space exploration 
in our 4.5-b.y.-old solar system, capped by direct lunar 
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sampling and field studies and by sophisticated orbital 
probing of Mars, Mercury, Venus, and the Jovian systems, 
have focused scientific attention on the flnt 500-800 m.y. 
of history in the terrestrial planets. The phenomenology 
of initial planetary aggregation and differentiation has 
been developed with extraordinary results for the earth's 
moon. 

Internal lunar differentiation must have been com
pleted in the fint 100 or 200 m.y. Catastrophic surflcial 
modifications from external bombardments are inferred in 
the interval from the moon's formation to about 3.9 b.y. 
ago. Comparative studies of the surfaces of the other ter
restrial planets also reveal profound effects of early im
pact histories. 

On the earth, the oldest rodes, peculiarly enough, are 
identified at close to 3.8 b.y. old and represent early dif
ferentiated granitic crust. Is this timing simply fortuitous? 
Are there still older rocks to be found in the continents? 
Or is this a most significant time convergence implying a 
critical shared episode in the genesis of the earth-moon 
system? ls this a time of common cessation of plane
tesimal infalls? Planetary fission? Planetary near-colli
sion? Some other phenomenon? 

In these, the earth's oldest rocks, the record commonly 
appean to be a montage of multiple episodes of igneous 
and metamorphic activities. No direct evidence for impact 
features has been reported; but impact involvement can
not be precluded. Can various constructional elements of 
the montage be stripped away to unveil cataclysmic im• 
pact products? What is certain is that crustal dynamics was 
well established more than 3.5 b.y. ago but in forms and 
with rates that are still obscure. Was this rigid-plate tec
tonics as it is modeled today? 

THE ARCHEAN NEED NOT BE ARCANE 

The earliest geological era for which there exists a signifi
cant record is the Archean, extending from 3.8 to 2.5 b.y. 
ago. It is no longer quite so cryptic or mysterious as it was 
when first tentatively identified. In North America, 
Greenland, Eurasia, Africa, and Australia, the earliest 
continental records have been extended back to 3.3-3.8 
b.y. Although the rocks approaching 3.8 b.y. of age invari
ably are strongly metamorphosed and complex, they es
tablish a minimum age for planetary differentiation and 
for the production of continent-forming crustal materials. 
Such rocks are found in west Greenland and in Minne
sota. 

In the Buberton Mountains of South Africa and in the 
Pilbara region of western Australia, there exist essentially 
unmetamorphosed sedimentary and volcanic strata that 
are clearly 3.2 to more than 3.4 b.y. old. In their existence 
is the earliest record of the initiation of the very-long-term 
crustal stability, which is the unique distinction of conti• 
nental structures. In the rocks of the Barberton Moun• 
tains, there is evidence for primitive life forms. Clearly, 
these regions contain the best surviving records of the 
early surface environments of the earth. At these sites the 
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crust, the atmosphere, and the hydrosphere interacted to 
produce at their interfaces the premonitory biological, 
chemical, and physical environments in which biochem
ical assemblages have evolved into the life forms and the 
life environments that we know. 

Widely recognized features of Arohean shields are the 
numerous great linear arrangements of mafic volcanic 
rocks called greenstone belts, commonly more than 1000 
km in length and hundreds of kilometers in width. Be
cause immensely valuable massive sulfides and other 
types of ore deposits are associated with them, the details 
of their local structure and sbatigraphy, petrology, and 
mineralogy have received considerable attention. How
ever, their broad spatial distributions, their isolation in 
"seas" of ancient granitic gneisses, their spatial and tem
poral relations to granite crust development are still in
completely understood. Among a number of features that 
distinguish Arohean greenstone belts are abundant Mg
rich, Si-poor basaltic lavas, which are unlike most recent 
basalts. These ancient rocks, called komatiites, require 
much higher melting temperatures, probably reflecting 
the much steeper temperature gradients that prevailed in 
the crust and upper mantle of the Archean earth. The 
relationship of these rocks to ancient crust is not under
stood. Were they part of ancient global oceanic floors sub
sequently deformed into linearity? Are they part of 
ancient island arcs produced at convergent plate bound
aries? Do their geometry, age ranges, and chemistry com
pare directly with Phanerozoic systems? 

Although Archean continental crustal rocks are present 
in large areas of the northern United States, their com
plete distribution and range in ages are still not estab
lished. Their lateral boundaries with younger rocks are 
invariably concealed or complicated by igneous intrusion 
or intense shearing. Their vertical distribution and litho
spheric roots (extension to or below the base of the crust) 
are unknown. Their relationship to ancient ocean basins 
is not clear. Were there once supercontinents, subse
quently fragmented and disaggregated prior to the Pro
terozoic? Whether "rigid" crustal plates, as we know them, 
existed in the Archean has not been established. This is a 
central question for understanding early continental tec
tonics. 

PROTEROZOIC PERIMETERS IN 
SPACE AND TIME 

It is in the Proterozoic era, extending from 2500 to about 
600 m.y. ago, that the opportunities for comparison of 
pre-Phanerozoic tectonics to plate tectonics are most 
favorable. Tlie boundary in time between the Arohean 
and Proterozoic eras is commonly set arbitrarily at about 
2500 m.y. ago. The boundaries in space between Arohean 
and Proterozoic rocks in North America are far more 
diverse and potentially offet critical information on tec
tonic processes. 

The last major magmatic culmination in the Archean 
appears to be recorded on all continents in the interval 
2500-2.650 m.y. ago. In the following half aeon, 2000-2500 
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m.y. ago, well-documented evidence for significant oro
genic and magmatic arc development is surprisingly 
sparse. Cratonic sedimentary sequences with plateau ba
salts (diabases) and felsic volcanic rocks are the dominant 
lithologies of this period and are well preserved on all the 
continents. There is, therefore, a significant possibility 
that at approximately 2500 m.y. ago a global bansforma
tion in the earth's dynamic systems occurred and was 
followed by 500 m.y. of comparative continental stability. 
This possibility is still incompletely seen, much less 
documented. The search for a more complete orogenic 
record of this seemingly quiet period needs new mo
mentum on all continents. 

A distinctive aspect of the sedimentary record found in 
the cratonic and circumcratonic basins of the early Pro
terozoic is the abundance and diversity of sedimentary ore 
deposits. The banded iron formations, which are the prin
cipal world source of iron ores, reached maximum devel
opment between 2500 and 1800 m.y. ago. The great 
uranium-rich conglomerates of the Canadian Huronian 
formations and the South African gold-uranium con• 
glomerates (e.g., Witwatersrand) were formed in the same 
interval. In each case, the sources of the metals and their 
localization mechanisms are in need of better definition. 
In the United States, iron, uranium, and gold ores are 
major targets for exploration; research into the early Pro
terozoic history of the continent conceivably may provide a 
substantial contribution in these important areas of re
source development. 

Broadly viewed, widespread Proterozoic orogenies in 
North America appear only in two significant time in
tervals, 2000-1600 m.y. before the present (a.P.) and 
1300--900 m.y. B.P. In Canada, these are recognized as the 
Hudsonian and Grenvillian orogenies, respectively. Most 
of the United States and Mexico appears to be underlain 
by crustal materials that seem to have been initiated in 
these two great episodes (see Chapter 15 for geographic 
distributions). Although their total distribution is incom• 
pletely known, especially under the Phanerozoic cover of 
modem continental margins, it commonly has been in
ferred that the major Proterozoic orogenic belts are 
sutured against the Archean crustal remnants. Suggested 
examples are along the Grenville front in Ontario and 
Quebec, the Nash Fork-Mullen Creek shear zone in 
Wyoming, and in portions of Minnesota and Michigan. 
The geological style of each of these "sutured" perimeters 
appears to be sufficiently distinctive, however, to make all 
such boundaries worthy of specific study. As the proposed 
loci of continent-continent collisions, or transforms, they 
constitute a major class of targets for the study of Precam
brian crustal dynamics. 

Are there unique elements of the Proterozoic tectonic 
record that differ &om more ancient or more recent tec
tonic products? Perhaps I At least two possibilities may be 
considered. 

The midcontinent gravity high of the United States (see 
Chapter 11) is an anomalous geophysical feature with no 
precise analog recognized anywhere else on earth. It is 
the consequence of a late Proterozoic continental rifting 
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event in which older Proterozoic and Archean granitic 
crust was invaded in an arcuate belt by great masses of 
basaJtic magma over a distance of about 2000 bn, widths of 
~150 km, and probably to depths of20-30 Ian (base of 
granitic crust). The timing of this catastrophic rifting 
event is remarkable in that most of it occurred about 
1100-1100 m.y. ago, essentially synchronous with a major 
plutonic magmatic arc culmination recorded throughout 
the not too distant Grenville province. If the Grenville 
province was developing at a convergent plate boundary, 
or was introduced by continent-continent collision at this 
time, the Keweenawan basaltic rift has no clear equiva• 
lent in comparable plate-tectonic settings developed in 
the last 200 m.y. Does this reflect a fundamental change 
in crustal or lithospheric strength and rigidity &om the 
Proterozoic to the Mesozoic? 

Extensive geochronological studies have suggested a 
second remarkable Proterozoic phenomenon in North 
America. In the interval &om 1400-1500 m.y. ago, in 
newly developed mid-Proterozoic crust, a magmatic 
event of enormous magnitude and with distinctive lithol
ogies occurred without identifiable relation to synchro
nous orogeny or sedimentation. From Labrador to Cali• 
fomia (and beyond?) hundreds, perhaps thousands, of 
anorthosite-syenite and rapakivi granite plutons with sur
face diameters up to 100 km perforated the continental 
crust in a belt at least 6000 Ian long and 1000 bn wide. 
Within that belt these plutons became the most important 
volumetric constituent in the upper crust. The volume of 
magma is staggering for an anorogenic setting; the ma
terial and energy sources are a first-order problem in 
crust-mantle evolution; the state of crustal stress that ac
companied the emplacement is still speculative. Has this 
type and magnitude of event been recorded in the Pha
nerozoic or in the Archean? If so, the record has not yet 
been read. 

In summing up some of the problems of Proterozoic 
dynamics in such cursory fashion, it is perhaps best to 
return to a first-order question. Can the nearly 2 b .y. of 
Proterozoic time essentially be represented by two great 
orogenic intervals, each approximately 300-400 m.y. long 
and separated &om each other and the preceding Archean 
and succeeding Phanerozoic orogenic culminations by a 
quiet interval of comparative durations. In the detailed 
record, we know of some regionally significant orogenic 
events in the so-called quiet intervals, but the promi• 
nence of these two great orogenic periods, corresponding 
to the Hudsonian and Grenvillian, is clearly seen not only 
in North America but on several other continents. What 
does this indicate for episodicity, even periodicity, in 
slobaJ dynamics during this time interval? Is there possi
bly an extension of periodicity as well as episodicity 
btyond the Proterozoic? Were these orogenies shared 
events on the margins of supercontinents that subse• 
quently were fragmented and redistributed? Such propo
sitions represent some of the outstanding questions for 
those who would extend post-Paleozoic plate tectonics 
into the Precambrian. 

ARE PALEOZOIC PLATES MORE 
PALATABLE THAN PRECAMBRIAN? 
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In a summary discourse of this nature, casual provocation 
is easier than thoughtful analysis. Current views of plate 
tectonics may not be adequate to explain even the Paleo
zoic orogenies. With the extraordinary body of Paleozoic 
faunal data on provinciality, ecology, and climatology, 
with increasingly detailed stratigraphic and paleomag
netic records, with over 100 years of intense geological 
study of Paleozoic orogenic provinces on both sides of the 
Atlantic Ocean, plus an essentially straightforward recon
struction of Pangaea at the end of the Paleozoic, a critical 
analysis of the effectiveness of the plate-tectonics model 
in the Paleozoic seems possible. Indeed, an impressive 
number of rational interpretations of various early Paleo
zoic plate-tectonic features have been made. They range 
from old marginal geosynclines and island arcs (northeast 
North America, Great Britain) to ocean floor (Bay of 
Islands) to dosing oceans (Iapetus) to continental colli
sions (Appalachian and Caledonide orogenies) to a co
herent supercontinent (Pangaea). Given the immense 
complexity yet coherency of most of the diverse data in
puts, it would be difficult not to accept what J. Tuzo Wil
son (1966) suggested were the consequences of the rifting, 
spreading, and closing of an ancient ocean in the early to 
mid-Paleozoic (the Wilson cycle). 

The Devonian to Permian history of the same region, 
however, involved a widespread, perplexing orogenic 
episode (the Hercynian), which is found superimposed on 
the earlier orogenies, without the obvious plate-tectonic 
features that characterized the earlier events. Intense fold
ing, high-grade metamorphism, and granitic mobilization 
of a different chemistry are some of the consequences of 
the Hercynian (Allegheny) orogenic interval. 

A large number of studies attempt to relate the Her
cynian episode to hypothetical subduction and conver
gence, but almost always without broad acceptance. Many 
thoughtful students of plate tectonics recognize in this 
case that there are additional dimensions to the phenom
ena of continental dynamics that have not yet been elabo
rated in the existing models. 

One of the most exciting rewards of the study of pre
Mesozoic continental evolution will be, obviously, the ex• 
tension and improvement of current tectonics models. It is 
those workers who exercise admiration for, and careful 
restraint in, the use of these models from whom we can 
expect the next generation of state-of-the-art tectonics con
cepts. The greatest rewards, perhaps, may be found in our 
increased ability to approach the continental dynamics 
record as the key to the global dynamics record and, in 
tum, utilize terrestrial tectonic evolution as a key to the 
comparative tectonic history of the inner planets of our 
solar system. 
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