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Modern cnolog~"f~~f e"g'i';ot Late Cretaceous batholiths of western North America appear to be present 
only in the volcanic fields of the continental margins about the Pacific basin, end porticulorly in the central 
Andes. This paper proposes on enology between volcanic Andes end Mesozoic batholiths, end then infers the 
paleotectonic selling of the IJotholiths from the modern setting of the Andes. 

Andean volcanism occurs in a belt 200 to 400 km inland from the axis of the Peru-Chile trench, above 
the Benioff seismic zone dipping under the continent from the tren ch . Th e central Andean volcanic field, 100-
200 km wide and 2000 km long, faces and is a pproximately coextensive with the deepest port of the trench, the 
region of greatest seismicity, end the fcstest~preoding sector of the East Pacific Rise. This volcanic field con­
sis ts of a brood ignimbrite plateau of upper fvl,iocene end younger rhyodacite end rhyolite, from the central port 
of which rise high stratovolcanoes of andesite and dacite. A huge late Cenozoic b9t!Jolith has presumably formed 
beneo~h the volcanic fiel d. 

Th e major late Mesozoic batholiths of western North America are dimensionally similar to the Andean 
volcanic field. Andean end batholithic rocks are compositionally similar calc-alkcline assemblages. The Ande a n 
roc ks are i n bulk more silicic than the Mesozoic batholiths , in accord with the demo nst ration eb·ewhere that ig ­
nimbri~es are frequ ently more sil icic than the magmas that remained lower in the chambers from which they come. 

The o riginal positions of the North American Mesozoic batholiths have been much altered by C enozoi c 
rifting, st rike-slip faulting, and the volcanic g rowth of new crust_ Reversal of the deformation leeds to the in­
terpretation that the batholiths formed a t a uniform 150-200 km from the conti nentol margin , and hence in the 
some position as the modern vo_lcanic Andes. 

Late Cretaceous North America wos analogous tectonically to modern South America_ Following a latest 
Jurassic and Early Getac eous period of relative stability and the continental -rise, abyssal-plain, and abyssal -
hill sedimentation of the Franciscan Formation, there was a period of rapi d mantle motion in Late Cretaceous time_ 
Pccific mantle moved eastward at a velocity of perhaps 100 km per million years, turned downward at a trench at 
the con tinental margin, end flowed along an inclined Be. nioff seismic zone. Melting in !he Benioff zone yie lded 
voluminous magma in a belt centered 250-300 km inland from the trench axis. The magmas produced g reat elon­
gate fields of ignimbrites, beneath which crystallized shallow batholiths. The Franc~scan Formation was scraped 
off the moving mantle against the continental margin. 

In troduction 

Deductions in the literature regarding the origin and tectonic setting of ancient batholiths have b'=e n 
mode primarily from the geologic relationships of the granitic complexes . A bathol ith represents one 
vertical zone of exposures in o feature which obviously must give wa y both upward and dovmword to 
quite different complexes, so broad in terpretations based on the exposed geology of these zones alone 
are necessarily incomplete. (The parable of the blind men end the elephant c omes to mind.) Further , 
interpretations become so interwoven with assump ti ons regarding such problems as the na ture of eugeo­
synclines and the origin of magmas that the conclusions are often mere restatements of the oss•Jmptions. 
An understanding of batholiths has been further retarded by the assumption that th er e er e no modern 
analogues for th em- - that batholiths re present mysterious processes active at post times deep in the earth, 
.unrelated to volcanism or other activity of sorts now visib!e at the surface. This paper pursues the op­
posi te course by a~sumi ng that there ore indeed batholiths now fermi ng. 

Harr.i I ton and Myers (1967) considered va rious Paleozoic, Mesozoic, and Cenozoic assemblages 

*Publication a uthorized by the Di rector, U.S. G eological Survey . 
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Figure 1. Some volcanic and tectonic elements of the cen tr al Andes. 
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Adapted from Zeil and Pichler (1967, fig. 1) a nd Lamego (1964). 

of metamorphic , granitic, and volcanic rocks in th e Uni ted States to represent different eros io n levels in 
similar complexes . The exposed features of the various assemblages when thus ordered led us to conclude 
that bathol iths ore thin, and form from magm as which typically ri se completely through the crust and 
spread out la terally beneatha cover a few kilometers thick of their own vol canic e jecta . The reader i-s 
referred to our paper for docu mentati on for these concepts, from whi ch the present paper proceeds. 

A corollary is that any v ery young batholith will be roofed by a brood f ield of in termediate and 
silicic calc-alkal ine rocks. The problem of finding a n active analogue fo r an a nc ient batholith then 
begins with the search fo r a volcanic field of appropriate composition and dimensions, and proceeds with 
an analysis of other fea tures of the vo lc a ni c end granitic complexe~ consi dered to see if they are indeed 
analogous i~ other ways. Th is procedure is followed here to show that an analogy between the late Meso ­
zoic batho liths of western North America a nd th e modern volcanic terrc.ne of the central Andes of South 
America is reasona b le, a nd that much con be learned regarding the Mesozoic tectonics of North Amer ica 
from the modern tectonics of South Amer ica. 

Calc-al kali ne volcanic rocks a re erupted above all of the inc lined Benioff sei smic, zones of inter­
mediate and deep earthquakes of the island arcs and continen tal margins a bout the Pacific O cean. The 
magmas are erupted mostly about 150 to 400 km from the a xes of the submarine trenches. Island-arc vol ­
canism produces predominantly andesite, d aci te, a nd high-alu mino basalt, wh ereas contin ental-margin 
volcanism al so produces a greater abundan ce of more silicic rocks. 

The only modern volcanic fields co mparable in dimensions and compos iti ons to major anc ient 
batholi th s ore those. associated with Benioff zones of the continental margins. If batho liths are now form ­
ing a nywhere , they sh;;luld be mostly benea th these zones, as in Sumatra, New Zealand, and South Amer ­
ica . Th e largest of these fields of late Cenozoi c volcanic rocks , that of the central Andes, provides 
the bes t a nalogue for a modern batholith c omparable in d imensions and other parameters to the great late 
Mesozoic batholiths of western North America. 
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The Volcani c Andes 

The Andes face the Peru -Chile trench and lie above the Benioff zone dipping unde r South Amer ­
ica from that trench. Calc-al kal ine late Cenozo ic volc a nic rocks hove been erupted along most of th e 
Andes in a belt 200 to 400 km inland from the trench axis. The most extensive late Cenozoic Andean 
volcanic field, that of the central port of th e chain, maintains a width of 100 to 200 km for a length of 
2000 km, and is mostly include d within the area of figure 1. The volcanic terranes north and south of 
this field are discontinuous and narrower. 

The Peru -Chile volcanic field consists of late Miocene to Ho locene andesite, dacite , rhyodacite, 
and rhyolite. The silicic rocks fo rm a broad ignimbrite plateau, from th e central port of which rise high 
stratovolcanoes of a r.desite and dacite (fi g. 1; Bearth, 1938; Hausen, 1938; Jenks and Gold ich, 1956; 
Kotsui and Gonzalez -F ., 1968; Petersen -B., 1958; Zeil, 1964; Zeil and Pichler, 1967) . The axis of 
the volcanic belt is 150 to 200 km inland from the uppe r edge of the continental slope. Historic erup­
tions in Peru a nd northe1 n Chile have bee n only of intermediate magmas; rhyolite and rhyodoci te have 
been e rupted in addition to more basic rocks in hi stor ic tim e in southern Chile (Casertono , 1963; Parodi-!., 
1966). As eruptions of rhyo li te ore i n general for less frequent and for more voluminous than ore eruptions 
of inte rmediate magma, the cen tr al Andean silicic terrane may be active but have o histo ric record too 
short far its activity to hove been yet observed. 

During ports of late Mesozoic and Cenozoic time, the Andean region has been the site of inter­
mittent magmatism of the same type as that now active. Calc-alkaline volcanic and g ranitic rocks, most­
ly of C re taceous(?) and Tertiary ages but includi ng pre -Cretaceous comp lexes (Levi and others, 196 3), 
ore exposed at the sides of the Andean volcanic belt (fig. 1). La te Te rtiary granitic rocks, 7 to 20 
million years old, also ore exposed (Giletti and Day, 1968), bu t ore not seporoted from the older ig neous 
complexes on the figure. 

The pre -Cretac eous rocks oceanward of the ig neous terrane ore mostly eugeosynclinol materials 
that may represent ensimati c ocean-floor and island-arc rocks (as Burgi, 1967, a rgued for Colombian 

· examp les), added tectonically to the continent during Mesozoic and Cenozoic time. 

Plate Tectonics and the Benioff Zone 

An explosion in tectonic concepts has occurred in the past several years, sparked by interpreta­
tion of geoph ysical da te from the ocean basins. Parti cularly important papers developing the new tec ­
tonics include those by Heirtzler and others (1968),1socks and others (1968) , Le Pichon (1968L and 

. Mo rgan (1968). They a nd o thers have demonstrated th at the e arth 's crust and upper ma ntle consist, in 
a broad way, of o number of Iorge plates, of which the continents ore parts , moving .irregular ly toward , 
past, and away from one another. So many features (including paleomagnetism and the classical geolog ­
ic evi dence for continental drift, as well as the oceanic geophysical informa tion) ore accounted for by 
these concepts that they already appear establish ed as on exp lanation for the broader motions of the earth's 
eu ler shell. 

A requirementofthedato and concepts of plate tectonics is that eastern Pacific crust and upper 
mantle, spreading relatively eastward from the East Pacific Rise, turns down beneath the west edge of 
South America·, as that continent in turn moves relatively westward as port of the plate moving away from 
the Mid-Atlantic Ridge. The Benioff seismic zone of intermediate and deep earthquakes, di pping east ­
ward benea th South America, represents the contact betwee n South America and eastern Pacific plates. 
The central Andean volcanic terrane is opposite that part of the East Pacifi c Rise which has the most rapid 
present spreading rote (1 2 cm/ yr across the rise, or 6 cm/ yr for each I i mb) yet de l e rmined by the Vine 
and Matthews magnetic method for any part of the midoceon ridge system (Hei rtz ler and others, 1968, 
fig. 1 0). 

The Peru-Chi l·e trench is a topographic expression of the Benioff-zone contact between Pacific 
and South American plates. The modern c entral Andean volcanic field faces and is broadly coextensive 
with that port of the irenc h which is deeper than 6 km , and is coextensive with that port of the Andean 
Benioff seismic zone in which intermediate and deep earthquakes ore most p10nounced (compare geo logic 
map of Lomego, 1964, bathymetric map of Udintsev, 1964, and seism ic map of Gu tenberg and Richter, 

.... 1954, fig. 11). 
Direct evidence that Pacific crust is indeed moving rapidly toward South America and disappear­

ing beneath the continental margin is provided by the conti nuous seismic profiles across the trenc h by 
Scholl, von Huene , and Ridlon (1968). They found that the thin pelagic corbonotic oozes of the open 
oc ean turn downward with the oceanic crus t at the west side of the trench , ond lie beneath the terrige­
nous muds and turbidites ac ross th e floor of the trench. Th e te rrige nous trench clastics are so thin--and 
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Figure 2. Late Mesozoic compl exes of west-central North America, showing inferred motion 
relative to the continental interior du ring Cenozoic time. 

ore loc king entirely in some sectors--that they a re likely to be wholly of Q uaternary age, and c-ertainly 
cannot an tedate the very late Te.;·tiary. Th e oceanic crust upon which these thin sediments ore riding has 
been adiacent to South Ameri.co for only a short time: the oceanic conveyor belt carries the pelagic sed­
iments to the continental margin, where they are covered by terrigenous clastic sediments before the en ­
tire complex di sappears beneath the continent. The profiles of Scholl and others show no compressive 
deformat ion of the trench -Floor sedimen ts, so the actual zone of motion between oceanic and contin en tal 
plates must be either at the juncture betw een trench floor and continental slope (where the seismic records 
o re a mbig uous), or on the landward wall of the trench. 

The Benioff seismic zone of -intermediate and deep earthquakes dipping eastward from the Peru­
Chile trench is poorly defined by published data , being known primarily from the approximate locations 
tabu la ted by Gu tenberg a nd Richter (1954). Th e G utenberg and Richte r data for earthquakes assigned 
depths of 300 km or less suggest that the Be nioff zone may dip only 20 or 25 deg rees eastward to this depth 
(see plots byHarrington , 1963, figs . 3 a nd 4). 
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Figure 3. Silica-variation diagrams of chemical analyses of late Cenozoic vol~-anic rocks of the central 
Andes of Sou th America, and of la te Mesozoic granitic rocks of the east-central Sierra Ne­
vada batholith of California. Analyses from Bateman and others (1963, table 3), Bearth 
{1938, tables 16 and 17), Jenks and Goldich (1956, tab le 3), Katsui and Golzal ez-F. (1968, 
table 4), a nd Zeil and Pich ler (1967 , fig. 8). 

Comparisons of Volcanic Andes and Mesozoic Bath ol iths 

The major late Mesozoic batholiths of western North Ame rica are comparable in dimensions to 
the Ande an volcanic fields. The Coast batholith is· l 00-200 km wide and about 1000 km long. The Baja 
Cali forni a, Sierra Nevada, and Idaho batholiths ore each 100-150 km wide and hundreds of km long 
(fig. 2), and these batholiths probably were connected before Cenozoic rifting and str ike-slip faulting in 
a much longer batholith. The late Cenozoic ignimbrite field of the central Andes is mostly wider than 
the Mesozoic North Ame rican batholiths because the volcanic rocks lap across older compl exes and ex ­
tend beyond the underlying batholith. 

The volcanic Andes repre~en t only 10 or 15 million yea rs of magmatism, whereas the North Amer­
ican batholi ths ore composites o f plutons formed over a much longer period but , a t least in the case of the 
Sierra Nevada, mostly in ports of Late Jurassi c a nd Late Cretaceous tirr.e (Bateman and Woh rh oftig, 1966, 
p. 117). And~ an Cretaceous_, early Cenozoic, and late Cenozoic grani tic complex es tog e ther provide 
o more complete analogue for the total North American batholiths. So many North American age deter­
minations indicate Lake Cre taceous plutonism, however, that this culminat ing episode can be compared 
directl y with the late Cenozoi c Andes. 

The silicic volcanic rocks of the central Andean late Cenozo ic field ore guite similar in c ompo­
sition to the la te Mesozoic g rani t ic rocks of the eastern Sierra Nevada. Silica-variation diag rams (fig.3) 
define almost iden tical curves for both provinces, although the Andean rocks are in general more silicic . 

Probably most ignimbr ites are more silicic than the granitic magmas which remained below in the 
magma chambers. Ce nozoic ignimbrites of southern Nevada (Li pman and others, 1966) , southwestern 
Colorado (Ratte a nd Steven, 1967, p . 54), northwestern New Mexi co (Smi th and Bailey, 1966) , and 
Japan {Lipman, 1968) were erupted from chambers which were graded downward from highly silidc to 
less silicic magmas. Th e experimental data of Cur rie (1968) accord with these observations. Thus we 
con expect the Andean ignimbrites to be more silicic than the granitic batholiths beneath them . 

It is suggested that a g re at late Cenozoic batho lith, comparab le in si ze and composition to the 
la te Mesozoic batholiths of western North America , has formed beneath the young volcanic pi le of the 
central Andes . If the conce pts of Hamilton and Myers (1967) ore basically correct , this batho lith lies 
benea th only o few kilomete1s of cover of the volcani c rocks, which were erupted mostl y from plutons 
that rose completely through the earth's crus ! a nd spread out between basement and volcanic scum. 
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Figure 4: Paleogeographic map of the conti nen tal-margin complexes of west-central North America 
in Lc ;-·e Cretaceous time. Inferred Cenozoic e xtension has been reversed to derive this mop 
from th at (fig. 2) of present g eography . The pal eo latitudes correspond to a pole at 70° N., 
175° E., as sugge.sted by paleomagnetic orientations (Hanna, 1967; Hel s ley, 1967). 

Original Position of Mesozo ic Batholiths 

Many Mesozoic tectonic elements of western North America match Cenozoic ones of western 
Sou th Ameri ca: but the present geometry of the North America n elements is quite d ifferent from that of 
th ei r South American analogues . For example , the midlines of the late Mesozoi c batholiths of western 
North Amer ica now li e 250 to 750 km inland from th~ Pacific coast (fig. 2) . A detoi led analogy be ­
tween the two continents ca nnot be mode in terms of the present tee ton ic geometry. 

It is however probable that th e Cre taceous geometry of western North Amer ica was far more like 
the present geometry of South America, for North Amer;ca has been affected by much internal defo rma ­
tion during middle and late Cenozoic time. The concep t that the Cenozoic has been a period of tension ­
al frag mentation and sundering of the continent;JI crus! of the western United States has been developed 
by various people, and presented in the most detail by Hamilton ond Myers (1966); the reader is referred 
to our paper for documentation . The effect of the motion we inferred on th e la te Mesozoic com;:>lexes of 
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western N or th Amer ica is summa rized by figure 2. 
Distances of the midlines of the w estern bath o lith s from the conti ne ntal sl o pe in Creta c eous ti me 

probably were much more uniform than their present errolic di st ances, the scatter hav i ng bee n produc ed 
by Cenozoic disruption . The Idaho batholith is far inland owi ng to the Cenozoic ·volca nic growth of 
northwestern Oregon and southwestern Washington upon crust that was oceanic in Mesozoic time. The 
northern part of the Baja Cali fornia botholi th is farther inland than the southern part owing to the ten ­
sional fragmentation and extension of the submerged continental borderland in the north. The Sierra 
Nevada batholith owes its inland position to the northward drift of coastal Californi a in front of it,olong 
the Son Andreas fault system. The eugeosynclinal belts which comprise the Klamath Mountains are off­
set from the correlative belts of the northwestern Sierra Nevada, and have pulled far away from the bath ­
a~ith of northwestern Nevada and from the eugeosynclinal terrane of northeastern Oregon, which has it­
self swung away from the Idaho batholith. 

Figure 4 illustrates the Late Cretaceous paleogeography of west-central North America, as deter -
mined by reversal of the inferred Cenozoic defo rmation summarized by the preceding paragraph. The 
distance from the edge of the continent to the midlines of the batholiths is seen to be a uniform 150-200 
km in this reconstruction. It should be emphasized that this recons truction is based primarily on an anal­
ysis of Cenozoic deformation , and not on a~sumptions regarding past simplic ity of the continental margin. 
The fact that the analysi·s leads to a tectonic paleogeometry v1hich has a modern analogue in South Amer­
ica adds confidence to the interpretations. 

The major Mesozoic batholiths of the western United States l.ie approximate ly along the boundary 
between c rust which was continental before Mesozoic time and that wh.ich was oc eanic. Rocks west of 
the main batholiths are eugeosyncli nal , and in a paper being submitted elsewhere for publication are in ­
terpreted to belong to four major types of assemblages: (1), nearly unfossi.liferous s late-graywacke - chert 
a ssociations , which represent con tinental rise, abyssal plain, and abyssal hill sedimentation , and their 
abys~a l-tholeii te oceanic crust; (2), belts domi noted by andesite a nd keratophyre, form ed in ensimatic 
island a rcs; (3), ul tramafic rocks, from the lower oceanic crust or upper mant le, kneaded tectonically 
into the upper crust and injected along underthrust foul ts as ocean-floor and island-arc suites were swep t 
and thickened agai nst the edge of th e ancient continent; and (4), intermediate and silicic volcanic rocks, 
erupted across these amalgamated assemblages from the surfacing ba lholithic magmas. 

After Jurassic time, only the uppermost Jurassic and Cretaceous Franciscan terrane was added to 
the continental margin of _California and southwestern O regon. This terrane is nat incorporated in the 
Cre taceous reconstruction of figure 4 because it was only being welded to the continent during Late Cre­
tac eous time. The Franciscan consists of ocean-floor slate , siltstone, graywacke, chert, and abyssal tho­
leiite, overridden by correlative continental-shelf and contin e ntal-slope strata and by continental c rys­
talline rocks along a system of great overthrust faults follow~d discontinuously by serpentine sheets (Bailey 
and o thers, 1964; Brown, 1964; Hamilton and Myers, 1966; Irwin, 1964, 1966; Page, 1966) . Rocks of 
Franciscan type and age occur also in northwestern Washington, where they have been similarly overthrust 
by continental crystalline rocks, but tectonic patterns there or.e poorly understood; and rocks of Franciscan 
type but unknown age e nd structural relations occur also along the Pacific margin of central Baja California. 

It fuerefore appears that the great Mesozoic bathol iths of western Nor th America formed at the 
same distance inland from the margin of the continent OS h"ave the late Cenozoic volcanic rocks of the 
Andes. Th~s re inforces the conclusion that the modern volcanic Andes and the Mesozoic batholiths rep­
resen t the same phenomenon . 

C r etaceous Tec t onic Setting of North America 

If the analogy drawn between the modern volcanic Andes and the Cretaceous batholiths of west­
ern North America is valid, and if the Cenozoic deformation of North America has been interpr eted cor­
rectly in figu res 2 and 4, then the Cretaceous tectonic setting of North America con be deduced . 

..During the Late Cretaceous episode of intensive granitic magmatism recorded by the great batho ­
liths of western Nor fu America, the conti ne nt was bou nded on th e w est by a deep trench (figs. 4 , 5). A 
Benioff zone of intermedia te e nd deep e a rth q uake s d ipj-' ?d e astward under the continent from the trench, 
and marked the discontinuity along which Pacific crust a nd mantle slid be neath the continental mantle: 
Dehydmtion reactions in the Benioff zone perhaps weakened the dow nflowing crustal rocks to permiteorth ­
quokes (Raleigh, 1967) . Magmas were generated in or directly above the Benioff zone (Coats, 1962; 
Dic kinso n ond Hatheri on, 1967) bec a use th e li berated wa ter c aused me lti ng of intermed ia te mag mas 
(G reen a nd Ri ngwo od , 1966). The magmas underwent profound mod i fic a tion by reac tions with th e mant le 
a nd c rust through w hi c h th ey rose (Hami lton a nd Myers, 1967, p. 21). Such a model fits strontium and 
lead isotopic data (Armstrong, 1968). The melting occurred mostly in a belt 100 to 250 km inland from 
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Figure 5. Cross sec-tion illus tra ting possibl~ relationships between moving oceanic mantle, Benioff 
seismic zone, and the formation of a batholith and its capping volcanic field. This 
interpretation is made for the modern Andes, and for the Late Cretaceous batholiths of 
western North Ameri co. 

the top of the continental slope. 
The general eastward increase of th·e ratio of potassium to silicon in the granitic rocks of the bath­

olithic belt of California (Bateman and others, 1963, fig. 20; Dickinson , this symposium; More, 1959) 
accords wi th the concept that the belt formed above an east-dipping Beni off zone. The potassium-silicon 
ratio of volcanic rocks now forming about the Pacific basin increases sys tematically with the depth to the 
Benioff zones beneath them (Dickinson, 1968; Dickinson and Hotherton , 1967; Kuno, 1966; Sugi mura, 
1967). 

The batholiths formed during Late Cretaceous time, as Pacific crust and mantle spread continent­
word from a mid-ocean ridge at a velocity of perhaps 100 or more km per mi I! ion years. The rapid-mot ion 
episode followed a latest Jurassic and Early Cretaceous period of relative stability, during which the Fran­
ci scan sediments accumula ted to fo rm a cont inental rise and abyssal plain. Duri ng the episode o f mot ion, 
the oceanic sed iments were carried eastward, depressed into the newly formed cont inen t-margin trench, 

and covered by tr~nch sedi ments before being incorporated in the chaos at the edge of the continent. 
The analogy between Cretaceous North America and modern South America apparently extends to 

structures far inland. The broad Cretaceous basin that in North America separates the Cordilleran fold­
bel t from the Paleozoic platform and Precambr ian shield of th e eastern hal f of ~he c ontinent has about 
the same di mensions and rela ti ve position as the modern lowlands, with their late Cenozoi c fi ll, be tween 
the Andes and the Brazilian and Guiana Shields. The east-directed Laramide folding and imbricate thrust­
ing in the western par t of the North American Cretaceous basin has as its analogue the continuing late 
Cenozoic east-direc h :d and eastward-plunging folding a nd imbrication of the w·estern margin of the mod­
ern South American ba sin. 

Older Mesozoic episodes of rapid eastward motion of Pacific crus t a nd mantle beneath the margin 
of North America can be inferred, on the basis of less comple te evidence, to have occu rr ed in Early or 
Middle Triassic time and in the Middle and Late Ju rassic. Plutonism (less widespread than that of the 
Late Cretaceous) and conti nental accretion of eugeosynclinal assemblages apparently occurred at these 
times, and in terms of the model deve loped here should record ocean-floor spreading episodes of ~ower 
velaci ties than the Cretaceous event. 

Overview 

Andesites and batholiths are most!)' p roduc ts of the same motion sys tems, and form where one 
great plate of crustal and mantle materials tu rns downw a rd beneath the margin of another. The same mo­
tion systems carry oceanic c rust and sediments ond island arcs to the turndowns, where th ey ore scraped 
off against the margi n of the upper plate. By studying ancient andesi tes and bath oli ths , we should be 
able to learn much about past mot ions of tecton ic pla tes, both awund the margins of-continents and in 
o rogeni c belts where continen tal plates have collided. 
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