
gcncticist at thc Univcrsity of Minnesota, 
noticed that a patient who had this eye 
tumor also had a deletion on chromosomc 
13. Yunis and other geneticists werc in-
trigucd by this canccr bccausc it is heredi-
tary, it strikes young children bctwccn birth 
and agc four, and thosc childrcn who get 
rctinoblastoma are hundreds of times more 
likcly than normal to develop osteosarcoma, 
a bone cancer, when they are tcenagers. 
(Thc cxact frcqucncy of ostcosarcoma 111 
rctinoblastoma paticnts is not known.) The 
paticnt with thc dclction in chromosome 13 
provided the first hint of whcrc thc rctino-
blastoma gcnc might be located. 

By 1974, geneticists had identified eight 
additional paticnts with a chromosomc 13 
dclction. But it was a discouraging search. 
Their techniqucs wcrc far from scnsitivc and 
thcy could only spot thc largcst deletions. 
Bctwccn 1976 and 1980, they examined the 
chromosomes of 1200 retinoblastoma pa-
ticnts. Only 24 had noticeable deletions in 
chromosome 13. 

Then Brenda Gallie and her colleagues at 
the University of Toronto noticed that the 
enzyme esterasc D is coded for by a gene in 
thc rcgion of thc putativc rctinoblastoma 
gcnc. This mcant that rcscarcherscould look 
for rctinoblastoma mutations by looking for 
normal variations in the nearby esterase 
gene. This tcchnique cnablcd geneticists to 
idcntify chromosomc 13 mutations in as 
many as one-third of all retinoblastoma pa-
tients who were studied. 

Finally, Dryja and Webster Cavenee of 
thc Univcrsity of Cincinnati School of 
Medicine showed that nearly all retinoblas-
toma paticnts havc mutations in thc q14 
band of chromosomc 13. Then Dryja used 
chromosomc walking tcchniqucs to isolatc 
and map a 30-kilobase region of DNA in the 
q14 rcgion. Hc found a fragmcnt that is 
consenled in mousc and humans, suggesting 
that it constitutcs a coding rcgion. Finally, 
Friend and Wcinbcrg lookcd for RNA tran-
scripts in rctinoblastoma cclls from four 
patients and in normal retinal cells that 

hybridizc to this conserved region. They 
rcport that a 4.7-kilobasc RNA transcript 
from the normal rctinal cells hybridizcs to 
the DNA segment and that this transcript is 
missing in thc rctinoblastoma cells, indicat-
ing that the transcript may bc thc normal 
counterpart of thc gcnc that is deleted or 
missing in retinoblastoma. Thcy cxtcnded 
their analysis by making a cDNA copy of 
this RNA transcript and using it to screen 
four retinal cell lincs, four rctinoblastoma 
ccll lincs, and one osteosarcoma ccll line. 
The cDNA probc hybridizes to a transcript 
in thc rctinal cells but not thc rctinoblas-
toma cells nor the ostcosarcoma cells. 

Now that they apparently havc located 
the retinoblastoma gcne, the researchcrs 
plan to add good copics of it to cells that 
havc only mutant genes to see if thc good 
copics rcstorc normal growth. And thcy 
hopc to learn what sort of protcin the genc 
normally codcs for. Now, says Fricnd, "we 
can do thc cxpcrimcnts we always wantcd to 
do." GINAKOLATA 

Plate Tectonics Is the 
Key to the Distant Past 
Field geolo~zstst a k i n ~a closer look at 3-billion-year-old rock 
are decidin~that drzftting platesfomzed them after all 

GEOI,OGIST Grcgory Harpcr was in-
trigucd. Hcrc hc was in the middle 
of Wyoming, sitting on rocks morc 

than two and a half billion ycars old, more 
than half as old as the earth itsclf. Yct thcre 
was something familiar about these rocks of 
thc Archcan con that reminded him of thc 
rocks hc had studied in northern California, 
a jumble of crust asscmblcd only a few 
hundred million ycars ago. 

According to conventional thinking, gco-
logic proccsscs quitc unknown during thc 
past billion years formcd thcsc cxotic Arche-
an crustal rocks in Wyoming's Wind Rivcr 
Mountains. Thc drifting and colliding of thc 
continents evidcnt in toda$s plate tectonics 

2 . 

supposedly had nothing to do with this sort 
of rock, which constitutes thc most ancient 
cores of thc continents. But Harper eventu-
ally convinced himself otherwisc. Thc famil-
iar Archcan rocks Icd him to propose that a 
ncarly complete slice of occan crust sits in 
the middle of Wyoming, ocean crust of thc 
sort shoved up on thc continents by drifting 
platcs throughout the past billion ycars. 

A growing numbcr of geologists, appar-
cntly now a solid majority, have through 
one avcnuc or another arrivcd at the same 
conclusion as Harpcr-thc present is thc kcy 
to the past, no mattcr how distant that past. 
With only cosmetic difl'crcnccs in the cnd 
rcsult, the samc basic mechanics of crustal 
generation and dcstn~ctionhavc shaped the 
surfacc of thc carth from its carly days until 
now. Thc division of gcologic time, as well 
as gcologic specialties, into epochs of uniquc 
behavior of thc carth would appcar to be 
unfoundcd. 

Harper's claim of a beached slicc of Ar-
chcan ocean crust, callcd an ophiolitc, is onc 
of thrce being prcscntcd as evidcncc of 
modcrn-style plate tectonics in the Archcan. 
Like thc othcr two Archean ophiolitc pro-
ponents, Harpcr was not trained as a spccial-
ist in thc study of Archcan rocks. He knew 
ophiolitcs from younger tcrrancs, but he 
was not looking for thcm in Wyoming. Hc 
was only therc to tcach undergraduatcs at 
the Univcrsity of Utah's annual summer 
ficld camp. What first caught his eyc was a 

spot on a geologic map indicating a patch of 
rock a fcw hundrcd meters in diameter. It 
was labeled dtramafic, thc typc of dark rock 
found at thc basc of the oceanic cnlst and 
thc uppermost mantlc. "That's how you 
smell an ophiolite," says Harpcr, now at the 
State Univcrsity of Ncw York at Albany. 
"That's what got mc going." 

On closc inspection, Harper found what 
he believes to be all but onc of the compo-
nents of a typical ophiolite of the past billion 
years-thc moundcd lava that flowcd out 
onto thc sca floor, the conduits or dykcs of 
uniquc structurc that carried magma to thc 
sca floor where new crust was forming, and 
the ultramafic mincral crystals that fcll to thc 
floor of the underlying magma chamber. 
Missing was a picce of the uppcrmost man-
tlc. That would be understandable, says 
Harper, if the highcr tcrnperatures of the 
Archean carth, tcmperatures that had been 
presumcd to radically transform thc behav-
ior of the crust, mercly raiscd the point at 
which the ophiolitc was sliced of from the 
uppcr mantle to the lowcr crust. 

The other two rcported Archcan ophio-
lites are relatcd in a nongeologic way. For 
several years Maartcn de Wit of thc Univer-
sity of the Witwatcrsrand, Johanncsburg, 
has bccn building a casc for a 3.6-billion-
year-old Archcan ophiolitc on thc far north-
castcrn bordcr of South Africa. Aftcr show-
ing it offto Henvart Hclmstaedt of Quccn's 
Univcrsity, Kingston, Canada, during a 
week-long ficld trip, de Wit visited Hclm-
stacdt's field site on thc northern shorcs of 
Great Slavc Lake in north-ccntral Canada. 
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After being reassured by de Wit that his 
Archean rocks looked more like an ophiolite 
than those of many accepted ophiolites, 
Helmstaedt wrote up his fieldwork in sup- 
port of the site being ocean crust. 

All three of these claims will be controver- 
sial. Inevitably, rocks this old have been 
altered by being baked at high temperature 
and pressure and have often been sliced up, 
stretched out, and generally beaten up. And 
no one of the three clearly includes all four 
typical ophiolite components. This does not 
bother Helmstaedt, for one, who notes that 
there are many atypical ophiolites from the 
Phanerozoic, the most recent 590 million 
years of geologic time. Another frequent 
complaint is that the proponents ofien offer 
less than convincing examples of sheeted 
dykes, the uniquely patterned veins formed 
when magma repeatedly injects itself into 
vertical fissures where two ocean crustal 
plates are forming and pulling away from 
each other. Harper notes that, judging from 
the effects of high temperature and pressure 
on ophiolites in northern California, the 
unique patterning of Archean sheeted dykes 
will have been obscured in most cases, leav- 
ing nothing obvious but mounded lava 
flows, something ubiquitous in many Ar- 
chean rocks. 

All three geologists claiming discovery of 
Archean oceanic crust agree that there is a 
major problem of semantics involved in the 
ophiolite debate. There are rocks of Archean 
age, older than 2500 million years, that 
Archean geologists would call greenstone 
belts, after the greenish mineral chlorite 
typical of the belts. But, say the three Pha- 
nerozoic geologists, there are rocks just like 
these in character, structure, and origin that 
are of Phanerozoic age that include ophio- 
lites. It is their experience with younger, 
indisputable ophiolites, they say, that lets 
them recognize the less complete, more al- 
tered ancient examples. Obviously, more 
reciprocal field visits between the two camps 
might help resolve the disputes. 

While the debate over possible slivers of 
ocean crust caught in greenstone belts con- 
tinues, new fieldwork is transforming views 
of the greenstone belts themselves. A plate 
tectonic origin for them is gaining the upper 
hand. No longer do they seem to be 20- 
kilometer-thick piles of lava that welled up 
onto continents through stretched and 
thinned crust, only to sink later under their 
own weight. Instead, geologists are increas- 
ingly viewing a greenstone belt as a jumble 
of volcanic lavas, sediments, and injected 
magma. That is exactly what remains when 
continents collide and squeeze a volcanic arc 
like the Aleutian Islands or Japan between 
them. Scraps of ocean crust containing evi- 
dence of sea-floor spreading would thus be 

just one bit of the evidence that horizontal 
motion of plates, rather than simple ups and 
downs of the crust, dominated the Archean 
as it does the present. 

There have been proponents of Archean 
plate tectonics since most geologists accept- 
ed Phanerozoic plate tectonics around 1969, 
but the shift from vertical to horizontal 
motion has not been easy for everyone. 
"Frankly, we were dubious," says David 
Mogk, an Archean geologist at Montana 
State University. W e  resisted Phanerozoic 
plate tectonics for quite a while." What 
brought Mogk and his co-workers around 
was a variety of evidence from their own 
field sites in the Beartooth Mountains of 
southwest Montana, the northern extremity 
of the Archean terrane of the Wyoming 
Province. 

For one thing, there is just too much 
volcanic rock in the Beartooths of the kind 
making up arcs like the Aleutians and the 
Andes. The only practical way to make that 
rock in those quantities, says Mogk, would 
be to have an oceanic plate dive or subduct 
into the mantle and generate magma that 
rose to the surface to form a volcanic arc, as 
happens today in subduction zones marked 
by deep-sea trenches and chains of volca- 
noes. Some rocks in the Beartooths had also 
been quickly buried 20 to 25 kilometers 
down. That is too deep for the rocks to have 
been buried in any way except by compres- 

sion and the shoving of crustal slivers on top 
of one another, as happens today when 
volcanic arcs collide with continents. Mogk 
and his colleagues found abundant evidence 
of such compression in folded rock strata 
that were stretched and finally broken by the 
thrusting of one slab over another. 

John Ludden and Claude Hubert of the 
University of Montreal have proposed a 
similar reinterpretation of the Abitibi green- 
stone belt just to the northeast of the Great 
Lakes. By conventional thinking, the Abitibi 
belt would be a 20-kilometer-deep sag in the 
crust filled with volcanic rock and sediment. 
But Ludden and Hubert see the three dis- 
tinct types of Abitibi volcanic rock and the 
faults slicing through the belt as evidence 
that processes familiar from the Phanerozoic 
rocks of Japan and Sumatra created the belt. 
In their model, rifts where ocean crust 
formed dissected continental crust created 
by Andean-style, subduction-related volca- 
nism. "That's what a greenstone belt looks 
like. You just close it up when it's all done," 
says Ludden, a petrologist who studied 
modem ocean crust until he teamed up with 
Hubert, a structural geologist who initially 
worked on the Phanerozoic Appalachian 
Mountains. 

Central to much of the work used to 
reinterpret greenstone belts is the technique 
of uranium-lead dating of zircon crystals. In 
an exhaustive winnowing process, a 50- 

A walk on 2.7-billion-yearmold sea floor. ThesegeologrjtS are standing on lavas that 
j h e d  onto the sea* during the late Archean eon much as they do toahy at mid-ocean rrdges. 
Quickly chiUed on the outside @ seawater, the lava fbrmr mounded "m." Other rockr in the 
area of Yelloraknife, Canada, suagst that then as now prUow lavas fbmt the upper part of new 
man crust. 
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Some of Archean geologists' favorite places. These are some of the ancient 
tewanes that make up the oldest pavts 6thcontinents. These contain'penstone belts, which 
are now thought to  mark the closi~qof ocean basins, that were described at a recent worhshop 
Three tewanes of'pavtieular interest to  Noah American Lqeologistsare Sla17ePmvinee (1). 
Superior Province (Z), and the Wind Kiver Mountains of' Wyoming (3). 

kilogram rock sample yields 0.1-millimeter suggesting subduction there while new 
zircon crystals containing 0.5 nanogram of ocean crust formed in mid-basin that sub-
lead. The lead was not there when the zircon ducted to the south. 
crystallized, only uranium that decays radio- The basin was sizable, not just a narrow 
actively to lead -at a known rate. Mass spec-
trometric analyses of the lead yield ages with 
an error of t2 million years for rocks that 
are 3000 million years old. 

Donald Davis, Fernando Corfu, and 
Thomas Krough of the Royal Ontario MLI-
scum in Toronto have been accumulating 
uranium-lead zircon dates to decipher the 
style of tectonics of the Archean Superior 
Province that lies north and west of the 
Great Lakes. Their model has taken a sud-

crack l~kethe Red Sea, because the zircons 
reveal no trace of contamination as magmas 
rose from the mantle, as happensif they 
havc to pass through a narrow continental 
rift. Also, sediment zircons eroded from 
older crust only appeared near the time of 
the collision. Davis says that they also see 
signs in the north of a stacking of rock layers 
of different ages indicative of a collision that 
shoved one layer across another. Gary Beak-
house. who recentlv received his doctorate 

den turn toward plate tcctonics. In an ab- in Archean geology and is now at the Ontar-
stract written for a meeting last January 011 io Geological Survey, and Robcrt McNutt, 
grcenstone belts, the group wrote that "the his advisor at McMaster University, pro-
bulk of the evidence presently available ar- posed a similar model for the north side of 
gues for a model in which greenstone belts the basin morc than a year ago 011 the basis 
were initiated by rifting of older silaic [con- of the geochemistry of the rocks and early 
tinenral] crust and the formation of narrow zircon dating by the Royal Ontario Museurn 
ocean basins. . . . Evidence h r  subduction 
in late Archcan tectonic processes is miss-
ing." With commendable prudence, they 
added that their view was tentative a ~ l dwas 
"subject to the constraints of a constantly 
expanding data set." 

The expansion of the Royal Ontario Mu-
seum's data set now points to a complete 
plate tectonic cycle consisting of rifting, 
ocean basin formation, closure of the basin, 

group. 
Schemes explaining Archean subpro-

vinccs in terms of plate tectonics have prolif-
erated to the extent that geologists are treat-
ing whole provinces, the most ancient cores 
of the continents, as products of horizontal 
plate motion. Paul Hofman of the Geologi-
cal Survey of Canada in Ottawa compares 
the Slave Province of northern Canada with 
southwest Japan, where subduction has 

and a collision, says Davis. In the northern plastered one volcanic island arc after anoth-
Wabigoon subprovince, they fi~ld3-billion- er. Those additions of new crust havc ex-
year-old crust and evidence of 2.7-billion- tended the coastline and its associated sub-
year-old volcanic activity, but no activity duction seaward. That in turn moved the 
during the intervening 300 million years. inland, subduction-related volcanism analo-
That would suggest, says Davis, that there gous to that at Mount St. Helcns and 
was no subduction on that side of the basin, the Cascades outward, reprocessing the ac-
only volcanic activity at the final collision. creted island arcs as it went. That, plus the 
To the south, there was continu~usactivity, sediments deposited in a deep-sea trench, is 

what Hoffnlan sees in the Slave Province. 
Kenneth Card, also of the Geological 

Survey of Canada, paints a similar picture of 
the Superior Province, albeit a more compli-
cated one. Card compares thc Superior 
Province of the Archean to Japan and the 
Kamchatka Peninsula of the present north-
west Pacific. The diversity of rocks within 
the province reflects the diversity of land-
forms in the North Pacific that could even-
tually accrete to its margins--not only 
young and old volcanic arcs, but also inter-
arc basins, trenches, seamounts, submarine 
rises, and microcontinents. On the north-
west Pacific's road to becoming thick, stable 
contincntal crust like that of the Superior 
Province, thcre will be still morc injections 
of magma, plate colljsions, uplifts, and cro-
sion, Card says. 

All in all, Archean geologists are sounding 
quite like thcir Plianerc>zoiccolleagues who 
for more than 5 years havc been dissecting 
the west coast of North America into scraps 
of crust accrered within the past few hun-
dred million years. Thus, it would appear 
that from thcir very beginnings continents 
have been built up from the bits and pieces 
of plate tectonics. 

Despite the continuity of plate tectonics 
over perhaps the past 3.8 billion years of the 
earth's 4.5-billiorl-year history, there do ap-
pear to be distinct differences in the prod-
ucts of plate tcctonics over time. Some 
ditferences in the Archcan would not be 
si~rprisinggiven the higher temperature of 
the earth then, which resulted in a heat flow 
three times that of today. The prevalence in 
the Archean of the high-magnesium lava 
called komatiite and its near absence in 
modern rocks must certainly reflect higher 
temperatures where mantle rock partially 
melted to form the komatiitc. Rut the signif-
icance of other apparent differences will no 
doubt be debated. The difficulty of identify-
ing Archean ophiolitcs or sediments on sta-
ble continental margins, for example, may 
reflect thcir absence or simply the poor 
preservation and limited volume of Archean 
rocks. Extension of the modern geologic 
techniques applicd to the Archean in recent 
years, plus increased interaction between 
those geologists studying relatively young 
rocks and ancient rocks, may soon resolve 
many of the questions about the earth's early 
days. RICHARDA. KERR 
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