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During Leg 66 eight sites were driJJed 10 form a tntnseCI across the Middle America Trench off 
southweSlern Mexico. Cores from these si tes show tha! accretion beg:III'lpproximately 10 MY 
ago and has continued to the present. Accretion began wilh offscraping folJ owed by a 2- to 
4- MY episode of folding and faulting wilh uplirt rates o f 400-500 rn/MY: uplif' then s lowed to 
100-200 rn/MY, and seismicall y resolved deformatio n ceased as the wedl!e <lppeared to rise 
evenly. Approximalely 33 % of the sediment flux input into the subduction zone. mainly 
trem; h sand and slump deposÎts, is scraped off and incorponl1ed into the toc of the lower 
slope : an addilional 33 % is inilially subducted but then peeled off 10 underplale the 
accre tio nary wedge : the remaining 33 % is subducted landwllrd beneath the overhangi ng Hp of 
continental c rust. Although we find no direc t evidence o f Icc lonic erosion. the la rge amount of 
sediment s ubducted makes tectonic e rosion fea s ible. 

Pla te reorganization and the onse! of s inis tml s!rike·slip raul ting roughly 23 MY ago are 
thoul!h l to be respons ible for the truncaled appeam nce of geologic basement features o nshore . 
Arter strike-sl ip (llulting, the ocean transgressed the margin 22 MY ago , and the edge of the 
conti nental crust subsided rapidly, reaching a depth al or slighl ly I! reater than the carbonate 
compensation depth 19 MY ago. Thereafter, the c rust hns risen s lowly al a rate of about 
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RÉSUMÉ 

INT RODUCTI ON 

90 mlMY. T he onset of accre tion 10 MY ago probabty marked the end of str ike-slip faulting 
and the beginning of the oblique convergence observed today. 

Oce(mol. ACIfl. 1981. Proceedings 26th International Geological Congre~!>. Geology of 
continental margins symposium. Paris. Jul y 7-17, 1980. 213-224. 

Accrétion , plongement de plaques, subduction et évo lution (eclOnique de la 
tosse d ' Amérique Centra le, Mexique méridional: rés ulta ts du Leg 66 DSD P. 

Les huit puits foré s [ors du Leg 66 sont si tués sur une tnmsversa[e de la fosse d'Amérique 
Centrale au large du sud-ouest du Mexique méridional. Les carottes récupérées montrent que 
["accrétion a débuté il ya 10 mA environ et a continué jusqu'à l'Actuel. L'accrétion a débuté 
plU un ripage en avant. suivi pendant 2 à 4 mA d'une phase de plissement et de faillage avec 
des taux de !;oulèvement de 400-500 mimA; la vitesse de soulèvement s'est ensuite ralentie 
jusqu'à 100-200 mA, et la déformation responsable des séismes fi cessé lorsque le prisme s'est 
aussi soulevé. 33 % environ de rapport séd imentaire dans la zone de subduction, sous forme 
de grès et de dépôts glissés. sont arrachés et incorporés â l'extrémité de la pente inférieure; 
33 % o nt subi un début de subduction, mais o nt été décollés et coincés sur le prisme 
d 'accrétion: les 33 % rest,lnt étant subductés sous le rebord de la croüte continentale. Bien 
qu'il n'y a it pas d'évidence d'érosion tectonique, la grande quanti té de sédiment subd ucté rend 
ce phénomène envisflgeable. 

La réorganisation des plaques et l'instauration (l'un système décrochant senestre il ya 23 mA 
sont probablement responsables de la troncature apparente des traits géologiques du socle 
émergé. Après le décrochement. l'océan a transgressé la marge. il ya 22 mA. c t la bordure de 
la croûte continentale a subsidé rapidement. atteignant une profondeur au moins égale à la 
CCD il ya 19 mA. Par la suite. la croüte s'est soulevée lentement â un taux de 90 mimA. Le 
début de l'accrétion il ya 10 mA a probablement marqué la fin d u Jécrochement et le début de 
la convergence oblique observable actuellement. 

Ocemwl. Ac/a. 1981. Actes 26' Congrès International de Géologie, col loque Géologie des 
marges continentales, Paris. 7-17 juil. 1980, 213-224. 

Objectives of the Leg 66 drilling off southwestern ,\ilexico 
were investigations of : 

relatcd deformation of trench !>ed iments could explain the 
abrupt disappearancc of seismic reflec tors observed at the 
foot of the slope in seismic traverses across turbidite filled 
trenches ,md inner trench wlilis. Dickinson (971) suggested 
that although oceanic basement is carried down with the 
descending lithosphere, lighter sediments probably arc scra­
peu off against the overriding plate. These sediments 
combine with ophiolitic sc raps to form mellmges. Dickinson 
further observed that the tectonic thickness of a melange 
zone depend~ on the amount of turbidite sediment fed into 
Ihe subduction zone. 

1) the accretionary mechani~m induding " test of the 
imbricate th rust model of Seely e/ al. (1974) ; 

2) sediment subduction and tectonic e rosion of the ovcrri­
ding plate during the subduction process : and 

3) the geologic his tory of the margin with particular empha­
sis on the periods immediately before. during, and immedia­
tely after the onse! of subduction. 

This parer foc uses on the processes of mas~ addition. We 
u~e " accretionary prism" or wedge 10 refer to ait material 
that is tectoniC<lJly transferred from the lower to the upper 
plate durins cru!> t<ll convergence. "Offscraping" describes 
lIcCretioll (princi pn!ly of trem:h sed iments) at the base of the 
trench stope. "Underplalins" designates a process of mass 
addition at depth beneath the rind of off ~craped deposits. 1 n 
our usage. the term accretion refers to mass addition in 
general. whereas ofhcraping and underplalins indicate a 
particular tectonic setting for the accretionary process. 

Accretion 

The concept of accrction evolved during the la te 1960'~ and 
early 1970'5. Seyfert (1%9) fir!>t pointed out that acerel ion 
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Von Huene (1972), with improved seismic-refJection data. 
observed oceanic erust and overl ying unddormcd pelagie 
sediments extending a~ much as 12 km landward of the 
AleUl ian Trench beneath deformed slope sed iments. 
Although thrust faull~ were nOI clearly evident in the slope 
seismic data, von Huene' s intcrpretation induded;l master 
thrust fault deep in the second oceanic layer. Beck'~ (1972) 
multifold seismic ~ection across the 1 .. va Treneh near Bali 
showed undeformed oceanic crust gently dipping beneath 
the inner wall for a distance of about 40 km land ward of the 
trench. Seismic fealUres in the region above oceanic crust. 
though s trongl y hypcrbolated with diffrac tions. suggested 
land ward dipping reflect ions. 

Dickinson (1973) strengthened the argument for accretion 
with the observation that, with few exception~. widths of 
arc-trench gaps are proportional to ages of the re!>pectÎve 
island are-trench !>yslems. This correspondence resulted. he 



RESULTS FROM DSDP LEG 66 ON THE MIDDLE AMERICA TRENCH 

Figur~ 1 
Indtx mop IJ/ DSDP L,S 66 Ir(JIIS«1 l'ho • ..illg 
sites. blJlhymtlry, ulld Il/CUliOIl of stinnir. dala 
(dushtd Ii"'ts) ustd 10 tflimalt flux Qf Irtnc:h 
IUrbidiltS alld octanic ptlagltes atld htmiptlagi· 
te.r bting acatltd und/or subduc:/td. Cmrlmlr 
inltr\'(11 ;$ 100 m : J()(}(J-", COlllours ruughl)' 
oullint II/ rb/diu pOllds ln Ili t Irtl/ch. 

" 
t 

thoughl. from s te<ldy accretion of crustal materials by the 
inner wall. 

DSOP Leg 31 drilled Ihe toc of the slope landward of the 
Japan Trench oCt the is land of Shikoku in mid-1973. Cores 
recovered showed Ihat Pleis tocene Irench sediments had 
been compressed to about half their original volume and 
given a d is tinct cleavage wilhin 6 km of the trench. Eleva­
lion of these sedimenls to 300 m above the trenc h rloor 
(Karig tt al. , 1975), provided furl her evidence of accretion. 

Seely t t al. (1974) inlegrated the foregoing observations in 
their interprelation of mullifold, common-depth-point seis­
mie-reflection data collected off Guatemala and Oregon. 
inferring thal Ihe inner wall comprised : 

1) li surficial apron of undeformed sediments overlying: 

2) il zone of ddormation contllining landward dipping 
refleetoTS (LO Rs) lIlI overlyi ng : 

3) re lat ive/y undcformed , gently landward-dipping ocellnic 
crus!. 

Seely et al. suggesled rOlation of LORs during accretÎon 
with the result thllt dip increased with increasing elevlltion 
within the seclion. They inlerpreted thi s mechanism 10 

mean that older upper melange sli ees rotated upward as 
younger slices were progrcssively emplaeed by unJerthrus­
ling (Fig. 2). 

Sedimtnt subduction 

The previously mentioned in veSligaiions, ahhough provi­
ding llbundant eviJence of accretion. did not precluJe 
subduction of ft significant frac tion of the pelagie­
hemipelagic-Iurbidite fl ux. Von Hue ne et 01. (1980 b) nOled 
that calculations SUgges t subduction of 80 % of the sedimen­
tury input inlO the Japan Treneh. ~I nd Karig and Sharrnan 
(1975). in their rcvicw of the aceretionary mechanism, 
suggeslcd Ih:1I sorne of the sedime ntary coyer rnay reach 
considerable dept hs before shearing off. Results of Leg 67 
in (he Middle America Trench off Gualemala s trongly 
suggesl sediment subd uctio n (von Hue ne et a/ .. 1980 (J). 
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Subduction croslon 

Not ail o ld trench systems have wide arc-trench gaps , and 
sorne appear 10 have anomalously small accret ionary wed­
ges for their inferred ages. Did these systems e ve r have 
larger wedges ,., If so , where are they now ,., And if Ihey did 
nOI have wedges, why not ,., Tectonic erosion has been 
suggesled as the answer. 

Hussong et 01. (1976) eXllmined perhaps the beSI example in 
the Peru-C hile trench belween 8Q-12~S lll ti lude. Here, volca­
nic Sludies on land show evidence o f subduction as old as 
mid-Mesozoic. Muhifold seismic-reflection lmd detailed 
seismic-refract ion sludies. however, suggest a narrow 
(l O-km) lIccrelionary wedge comprisÎn& low-velocity mate­
rial (2.0-3.5 km/sec.) that is currently bci ng uplifted. Immc­
d ialely Jandward, Ihe lower s lope consis ts of a low-velocity 
apron of undeformed sediments underlain by rocks with 
veloci ties of 5 km/sec., ve lOCÎ ties more consislent with 
those of continental meta-igncous rocks than wi th deformed 
trench turbidites. Hussong et (lI. lliso round evidence of 
normal faulting within the 5 kmfsec . zone. They intcrprct 
Ihese data alii indicaling nOI only that are sediments bcing 

Figure 2 
The imhricalt ul/der/hruSI accrelltmar)' model of Sul)' el al. (1'.174). 
Sedimtll/$ ({Ial ./yil/Il seRmtnt /0 lefl) art progressr.'e!y scrafJed uff 
Ihe underlying uceanle Cri/SI und ;ncorpurated Into l/at accreliQlI(lry 
... edgt /Q tlle righl. / ,Ut r/;OIr of each ne ...... tdge ililhe hul/UIII of Ihe 
Sltlck tlto'altS w rd fu/tlles uo'trlying ... edges ... iO, Ore resull Ilrol 
major bOlllrdllries II/Id III/unoi Stra/illroplr)' (possibl)' LDRs) 
/Jfl/Krusil·,tly Mupen in difJ r4/lsllltJf . 
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subducted bUi also tha! the subduction process is eroding 
the leading edge and underside of the continental cruSI and 
sub<!uctÎng continental crus!. a process called subduction 
erosion by Scholl el al. (1980). 

The ~texican margin in the Leg 66 area resernbles the 
Peru-Chile rnargin in sorne respects. L:md Sfudie s suggest 
that lower Tertiary and Cretaceou;; volca ni c arcs lay much 
doser to the trench than does the present volcanic axis. As 
in the Peru-Chile Trench. seismic-reflectÎon d<lta suggest an 
anomalously small accretionary wedge considering the pro­
bable age of the subduction . Seismic evidence of subduction 
erosion. however. is less extens:ve in the Leg 66 region than 
in the Peru-Chile Trendl. 

Geologie his tory 

In vestigations of trenehes and subduction zones generally 
provide very liule information about the onse! of subduc­
tion because material involved in sedimentary and teetonic 
events occurring at this time is rapidly buried to depths 
inaccessible to sh<lllow coring investig<ltions, while simulta­
neous deformation renders s tructures seismically indeciphe­
mble. By the t ime a melange is uplifted and exposed by 
erosion, multiple tectonic overprinting makes identificalion 
of early history difficuh, if nol impossible. 

A knowledge of the carly his tory would be useful in the 
understandi ng of the subduction mechanism. For example. 
if subd uction is a convective process, why is reJatively 
young. lower density oceanic crus t subducted in the eastern 
Pacifie while much older, denser crUSI appears stable along 
Nort h Atlantic margins '! Knowledge of the early history 
may shed light on (he upper slope break as weil. Karis and 
Sharman (1975) observed Ihal the upper slope topographie 
bre<lk usually separates a zone of uplift, including Ihe ac tive 
pari of the: a<.;",n::t;on/iry wcd~e:. from a zone: of 5ub~ i de:",;:c 
encompassing a forearc basin. SeeJy (1979) suggesled that 
the upper s lope break represents the topographie expression 
of Ihe initial rupture in the oceanic crus t al the lime 
subduction begins. 

Pre-drill ing stud ies in the Leg 66 area (Shi pie y el (lI .. 1980) 
suggested that the present episode of subduct ion and 
accretion in the Leg 66 area is relalively young and thal 
drilling might be able 10 reach rocks of facies and s tructures 
inaccessible in other afeas. Thus a major objective of the 
Les 66 drilling program was the samplins of sediments 
closeSllO the continental crust boundary , sedime nts thought 
to have been deposited during the earlies i s tages of subduc­
lion in the area. 

GEOLOGIe SETTI NG 

The Leg 66 area of the Middle America Trench lies within a 
segmcnt bounded by the T ehuantepec Ridge 10 the sou­
Ihe<ls t and the Rivera Fracture Zone to the northwest. Thi s 
trench segment has characteri~lics OItypical of mosi other 
active trench sys tems. The trench is relatively shallow, the 
d istance from aJl trench axis to the shoreline is narrow. 
continental s lrUClUres of PreC'lmbrian to Mesozoic age 
appear truncated (Karig. 1974 ; Karig el (II .. 1978), and there 
is no fo rearc basin. Earthquake hypocentral depths do nOI 
exceed 200 km and define a diffuse . shallowl y dipping 
Benioff zone (Mol nar . Sykes, 1969). T he present-da y volea­
nic arc occurs 200-]00 km inland along an <lx is markedly 
divergent from the trench-3xis trend . Present-dav conver­
gence is about 7 cm/yr at the driJling locality (Mi nstcr. 
Jordan. 1978). 
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Onshore , the Guerrero-Oaxaca massif underlies post-Paleo­
zoic rocks (Alvarez. 1949 : Guzman, 1950: de Cserna, 
1965). This massif. comprising rocks of Precambrian 10 
Paleozoic age, appears 10 have undergone se veral period s of 
metamorphism. A few narrow. northwesterly trending belts 
contain calcareous miogeosynclinal and eugeosynclinal 
rocks of Triassic age. Jurassic seaways Iransgressed across 
the massif after uplift and fraclUrin g in the Triassic . 

Southern Mexieo experienced major orogcny in Llle e reta­
ceous and Eocene times including emplacement of volcanic 
sequençes and intrusion of batholiths. The orogeny c ulmi­
nated in folding of the massif and the overlying sedimcn­
tary-volcanic sequence. Volcanie activity along the mlugin 
continued through the lower Tertiary but appears to ha ve 
been concentrated along the trans-Mexiean volcanic belt in 
post-Oligocene time. 

Offshore the upper s lope dips gently ()O) for an average 
distance of roughly ]5 km . Here , al a depth of about 
2.000 m, the dip increases and the lower slope fall s away <II 

~ relalively steep dip of slightly more than 8Q
• Maximum 

depths of 5.0-5.3 km occ ur in Ihe trench axis at a dis tance of 
50-60 km from the shoreJine . 

Seismic-reflection data. seismic-ref raction data. and dredge 
hauls obtained during site surveyÎng for Leg 66 (S hÎpley 
et ai., 1980) suggest that continental crust exte nds seaward 
from the shore for a dis lance of 25-30 km (Fig. ]), or al most 

Figure 3 
Seismic. /illl'$ Il,,ou8lr 1,1'866 sires (rmmigrated lim/' l·ecIiO/rs). 

••• ... 
, .. 

TRENCH ­, 

CONTINENTAL 

..... 

al U TMS I li" e OM7N Ihrough si/t's 487. 486. 490. 489 (urd 493 
sho"'ilrll major /eawres (a/ur Slriple)' et al. . 1980); 

.. 

b l UTMSl lille fl,IX16 tlrrouglr lilt'l 488. 491. l.md 492 slro k'illll 
m/lh{)r seismic Slrucrrrres (a/lU Slriplty el al.. 198{J). 
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out JO the mid.s lope break. Seismic velocities calcula ted 
from sonobuoy refraction s tudies show that the inferred 
conti nental basement rocks gencrally have velocities of 
4.0 km/sec. or greater. Local near-surfaee veloci ties of 
3.3 km/sec. probably indieate weathering or fraeluring. 
Landward dipping reflectors (LORs) similar 10 those repor· 
led by Seely et al, (1974) oceur within the upper part of the 
lower slope. 

Seismic velocilies in the wedge are as greal as 3.5 km/sec. 
Veloeities of sediments in the trench axis and oceanic 
pelagic·hemipelagic sediments on the oçeanic c rus t seaward 
of the trençh slope are 2.0 km/sec. or less . Seismic­
refleç tion data near the toc of the slope and in the trench 
suggest thrus t faulting . A hemipelagiç apron, wi th typical 
velocities of 1.7-1.9 km/sec.. extends from shore 
downslope . In par ts of the aTea, the apron extends almos! to 
the base of the s lope; in other a reas. it is seis mically 
resolved only on the upper slope and uppermost lower 
s lope . 

Trench turbidite ponds oçcur diseontinuously ulong the 
treneh (Fig. 1 and 3). T urbidite thickness ranges fOTm 
seismically unresolved « 50 m) to 625 m and averages 
270 m . The pelagic-hemipelagic section immediately ubove 
the oceanic crUS! and beneath the trench turbidites ranges in 
thickness from seismically unresolved to 225 m when mea· 
sured along the trench IIXis ; ils thiekness averages 110 m 
along a seismiç line 50 km seaward of. and parallel to. the 
trench . 

....... 

.. --............. 

0 .. .-< .. ' 

( ..... j ---- EJ .... " 
UD....,--- _ ....... 

.. ......... , 

A seaward dipping rcflec tor. subparallel ro the seafloor and 
increas ing in deplh beneath the seafloor as the seafloor 
deepens. occurs beneath much of the lower slope . This 
rdleetor appears 10 c ross-cuI LORs. Orill ing resul ts indi­
cale that this reflector represents the base of a gas hydrate 
zone (Moore el al.. 1979 a : Shipley el al .• 1979). 

ORILLI NG RESULTS 

Wc drilled eight sites along Il transec t perpendicular to the 
Mexican margin in the vicinity of lSoN, 99"W. Figure 1 
shows locations of dr ill s ites and location of essential 
seismic control superimposed on generalized bathymetry. 
Figure 4 shows generalize s tratigraphie columns, and 
Figure 5 shows a composite c ross sec tion inferred from 
seismic·refteçtion data and dr illing data. 

The drill si tes fall into three groups according. to drilling 
object ives: 

1) oceanic and trench reference sites dritred to sample 
ocea nic pelagÏte-hemipelagite and trench turbid ite sect ions . 
respectively ; 

2) lower and mid·slope si tes drilled to sample the acerel io· 
nary prism ; and 

3) upper slope s ites drilled to de termine the nature and 
extent of the continental crust and to document the sedi· 
mentary and vertical tectonic hislory of the tegion . 

-

• 

-

Figure 4 
Stratigraphie co/ums sho..-iug 
rn llllS 01 Leg 66 drilling (alur 
Moore et al. . 19793) . 

Figure 5 
Campasile structure cross sectil)n baud 
(In drilling rnullS and migra led depth 
sectians al UTMSI seismic Un es OM7N 
and MX16 (Maure et al.. /979a). 
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Siles 487 and 486 comprise the ocean;c-trench reference 
group. Site 487 penetrated 11 5 m of Pleis tocene to late 
Pliocene hemipelagic mud overl ying 55 m of Pliocene 10 late 
Miocene brown clay before bouoming in b •• sal t. The hemi· 
pelagic mud evÎdently deri ves (rom the Mexican mainland 
from whence it ;5 tra nsponed down into the trench and 
thence seaward probably by density current s. The transport 
mechanism is surpr isingly long ranging. Plaie reconstruction 
suggest that the o ldes! hemipelagic mud may have been 
deposiled as far as 100 km (rom the treneh axis and a t an 
e levat ion 1 km above the trench fl oor. 

Site 486 provided a 38-m section of predominantly fine to 
very coarse sand. The unconsolidnted sand flowi ng inlo the 
drÎII hole Ihreatened to seÎze the bit, thereby precluding 
deeper drilling. Densily underflows probably carricd the 
sand from the Mexican margin inl o the trench via 11 

prominent submarine canyon immediately east of the tran­
sec t. Pis ton coring during the s ile survey recovered coa rse 
sand from the mouth of this canyon and gravel from the axis 
in the middle slope . 

The Irench sediment can be contras ted with hemipelagic 
slope sediments and hemipelagic mud and rare fine sand and 
sHI from the lower s lope basin . No site survey piston cores 
taken from the slope recovered coarse sa nd . Trench sand 
al so dirfers from ~helf s,lIld in Ihat shelf sand conta ins a 
substantial çarbonate compone nt (McMi1Jen. Haines. 1981). 
The unique c harac ter of the Irench sand indiea les Ihal the 
s,lnd was derived directly from sources o nshore <l nd bypas­
sed the shelf and s lope en route to depos ilion in the Irench. 

Holes at siles 488 , 491 , Hnd 492 penetrated in the mud slope 
apron and sampled the upper part of the accretio rmry 
wedge . Each s ite boUomed in s!l nd which Moore et al , 
(1979 b) interpreted as Irench sand on the b!lsis of seismic 
and lithologie s imUari ty 10 conlemporary Irench sand . Trace 
fossU assemblages a nd carbo nate dissol ution da ta suggesl 
that the sa nd has deposited in lower slope o r trench water 
depths, thereby s trenglhening the evidenee thal the sand is 
a n uplifted trench deposi\. 

T he çoincidence of sa nd and LORs at si les 4811, 4';11, and 492 
suggests tha l the Impedance contra si belween sa nd and 
surrounding s ilt and mud is respo ns ible for the seÎsmiç 
reflec tions. The reflections dip landward . but the d ips do 
nOI inc rease up~ lope a~ ~ugge ~led by Scely el ,,1. (1 97~ ) . 

The ages of s!l nd-bcar ing uni ts increase upslope from 
Pleistocene at s ite 488, the lowermost slope site. 10 Pliocene 
at s ite 491. and then 10 late Miocene nt s ite 492. the 
lowcrmOSI s lope sÎle. The observed age sequence is as 
predicled by Seely el ai. (1974) and constitutes slrong 
e vidence of offseraping during Pliestocene to Late Miocene 
time interval. If L ORs !Ire bedding planes. as inferred in the 
preced ing paragraph. then Ihe age relations represent an 
appare nt stratigraphie invers ion, probably due to under­
thrusting parallel or subparallel to bedding. 

Lower sections of cores reço vered at these si tes exhibit 
substantial deformation ehurac terized by steep dips. local 
folding and scaly clay (Fig. 4). At each si te. deformation 
inc reases in intensity downhole. beginning at shal low depths 
but in sediments of greater age at successive upslope holes. 
The age threshold of significant deformalion b 0.6, J,O. and 
5.8 MY (Moore ellli .. 1979 b). respectively, at s ites 488, 
491. a nd 492. Deformat ion Îs generally restrieted to sedi­
mentS deposited in the trench and on the lowermost slope 
and thus occur~ carly in the accrel ionary process . 

Uplift history paralleh ddormational history in that maxi­
mum upl ih rates occur carly, then give way 10 a period of 

2'8 

slower uplif\. Site 491 appears to have been uplifted <If a ratc 
of aboUl 400 MY for roughly 2 MY . • Ind uplift thereafter 
slowed to aboui 100 m/MY. Site 492 lippears 10 have been 
initial y uplifted at a rate of 500 m/ MY and the reafter al a 
rate of 200 rn/M Y. 

Sites 490. 489. and 493 were drilled on the upper slope to 
in vestigate the vert ical teç tonic history of the Mexican 
margin und the transi tion from continental crUSt 10 accrelio­
nary prism. Sites 489 and 493 bottomed in igneous and 
melamorphÎc continental c rus t after penetrating sediments 
ra nging in age from Pleis tocene 10 early Miocene . Both 
holes contain sha llow-water sand overlying subaeria l1 y 
e roded basemen\. The sand and overlyÎng hemipelagie 
sediments document a marine transgression, beginning 
approximalely 22 MY ago. foll owed by rapid subsidence 10 
depths of 3,000 m or more before the onsel of slow uplift 
beginning roughly 19 MY ago. 

Site 490 sediments a re anomalous wi th respect to lower a nd 
middlc slope sedime nts of s ites 488 , 491 , and 492 , on one 
ha nd, and with sedime nts of upper s lope sites 489 and 493. 
on the other. Although drilling al site 490 penetruled deeper 
than any lower o r middle slope holes the cores showed no 
deformatÎon typical of lower parIS of holes 488, 491, and 492 
(Fig. 5). At s ite 490. IUt ing and f racturing appear to have 
resulted from faulting normal to Ihe trench axis. Pre-upper 
Pliocene sediments deposited below the carbonate compen­
sa tion dcpth al s ite 490 have been subsequenll y uplirted at a 
rate of ,Ibout 90 m/MY , which is somewhal slower than 
uplift of sites 488 . 491 and 492. We infer that site 490 
sed iments were probably deposited in a relati vely stable 
trans itio n zone about 10 km wide between the edge of 
continental basement to the north-northeas t and the accre­
tiollliry wedge to the south-southwest. 

Overall, the tectoll ic picture is one of rapid subsidence of 
the ÇQntinen tal crus t during the period 19-22 MY ago, 
fo l1owed by slow uplif t thcreafter. Accret ion began a t least 
10 MY ago and has continued to Ihe present (Fig. 6). The 
tectonic pic lure between 10 lilld 19 MY is enigmatic. 

DI SCUSS ION 

Accretion 

Uplifted Irench sands in the Leg 66 area support the 
imbrica le underlhrus t mechan ism of Seely el ai . (1974) a l 
Jeast in the Jower slopc. The sllnds appear to have been 

MX .6 

Figure 6 
tille dra .. ing 01 w e of slope from UTMSI mig'lIred st'islI1 ir line 
.\1XI6 sho ... in j.t LDRs a'lIl inltrred rlmm laulu . Clwor!r :o"e 
probabl)" Co nsÎ)-rs of slump dtposiu (f'lIm Shiplt )" el al. . 11J80). 
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upl ifted at rela ti vely rapid rates during offscraping atthe toc 
of the slope. then uplifted at slower rates once they were 
incorporated within the slope. The increase in age of sands 
ups lope is one of the strongest argume nts for the offsera­
ping mode!. 

Wedid not penetrate thrust fault s that we could biostratigra­
phically document although seismic data suggest penetra­
tion of a Pleistocene thrust fault in lower slope sed iments a t 
site 4S8. ThruSI faults are evident elsewhere in the seismic 
data (Fig. 6). Failure to penetrate a demonstrable thrust 
fault is not surprisi ng in light of our discovery that LORs are 
sand bodies and the fact tha t wc did not penetrate far below 
the slope sediment apron. The high sedimentation mtes in 
the area require large fa ul1 offsets in order to bios tratigra­
phically 10 verify e.~istence of a fault. 

Although our data indieate offscraping in the Leg 66 area, 
sorne doubt Tcmains regarding the uni versal applicability of 
the mode!. Shipley el al. (1980). in their an!llysis of 
approximately 2000 km of mullifold seismic-reflection data 
in the Leg 66 area. observed tha t internai refleclions are 
more common in the west half of the Leg 66 area. They 
further infer that refteclors occurring in discrete zones are 
uplifted turbidites, and that their occurrence in the west half 
of the area is assoCÎated with the presence of submarine 
canyons and turbidite ponds there. Shiple y et al. (in press) 
examined data from the Middle Ameriça Trench off 
Mex ico. Guatemala and Costa Rica. areas of intensive 
investigation and eXlensive data collection by the Univer­
s ity of Tuas Marine Science Ins lÎtute . Data from these 
a reas support the idea tha! sandy turbidites greatly enhance 
offscraping. Mueh. if not lall, ocean-floor pelagic and 
hemipelagiç sed iments seem to be subducted . 

Von Huene el al. (1980 a ) drilled into the lower slope off 
Guatemala during Leg 67 and produced results strikingly 
differen! from those off southwest Mexico. In a hole 3 km 
land ward of the trench , Le.!! 67 penetrated a Cre taceous to 
Pleistocene claystone and hemipelagic sequence before 
bottoming in mafie and intermediate igneous rock atypical 
of oceanie basalts. Seismiç data suggest several hundreds of 
meters of sedimenlary rock between the bollon of the hole 
and oceanic crust. Ladd et al. (1978) and Ibrah im et al. 
(1979) showed that seismic refract ion and reflection inte rval 
velocities within the main body of the Guatemaht accretio­
nary wedge range from 4.1 to 6.5 km/sec, Coring in the 
Leg 67 area produced relatively fresh mafic rock fragments. 
T hese data suggested 10 J. W. Ladd (pers. comm . . 1978) the 
possibil il Y of ophiolite slivers within the Guatemala s lope. 

Dickinson's (1973) observation Ihat the widths of arc- tre nch 
gaps (and. by inference. the volumes of accretionary 
wedges) are for the most p:tTI proportional to the ages of the 
respec tive subduction zones suggests that (lccretion may 
also proceed by a mechanism other than offscra ping of 
sandy turbidites such as observed at the LeS 66 si te . One 
other such mechanism is the accret ion of slices of oce,mic 
crust, sea mounts, or o ther crustal topographic irregulari­
tics. These Iwo model s may be end members of a sequence 
with mature accretionary prisms and mel,lOges including 
examples of both . 

Consumption 

The quest ion of consumption of sediments was rccognized 
carly by von Huene (1972) who est imated li deficiency of the 
vol ume of sediment accreted in the Aleutian subduction 
zone. Dir;:kinson's (1973) observation of increasi ng 
arc-trench gaps and. by implication, of increas ing s ize of 

219 

accretionary wedges with age pointed at the problem . Karis 
a nd Sharman (1975) indicated the possibilÎIY of consump­
tion. Moore et al. (1979 a; b ) and Shipley el al. (1980 ) 
suggested sediment consumption in the Leg 66 region, and 
von Huene el al. (1980 al indicale Ihe necessity o f consump­
tion in the Leg 67 area. 

The Leg 66 data offers li good opportunity for calcullltion of 
the amount of sediment bcing consumed. The current 
accretionary event began about 10 MY ago. The relative 
youth of Ihis system in comparison with may other subduc­
tion systems minimizes errors arising from changes in 
converge nce rate and direction . Data from the East Pacific 
show that the latest ridge jump and possible plate reorgani­
zation occurred abom l0-15 MY ago, before the onset of Ihe 
current accretionary event (Handschumacher, 1976 ; Van 
Andel et al. (1976). The plate system appears to have been 
stable thereafter. 

Seismic veloci ties ind icate that virtually the entire accretio­
nary wedge in the Leg 66 a rea cons ists of sediments. The 
velocities are sufficiently well defined to permit good 
estimates of the porosity and hence estimates of degree of 
partitioning of subducted fluid s and rock. 

Oensity of seismic da ta, both reflection (Shipley el al .. 
1980 : Helsley et al., 1975; and Mooney et al .. 1975), are 
suffi cienl to define mainly the geometry of the accretionary 
wedge and of the trench turbidi te wedge and the thickness 
o f the pelagic-hemipelagîc ocean crus t componen\. 

Our procedure for calculating sediment consumption was as 
follows : 

1) Estimate thîckness of sedimentary units 
a ) pelagic-hemipelagic compone nt. 
b) turbidite wedge component ; 

2) calculate porosity from drill core (L . Shepherd. pers. 
comm.) and seismie velocities (sec Eaton, Watkins. 1970) ; 

3) calculale equivalent amount of non-porous rock : 

4) assume present-day convergence ra te of 7 cmlyr (M ins­
ter, Jordan. 1978) appl icable to last la MY ; 

5) calculatc sediment input for 10 MY. 

A ccretiollary wedge l'olume 

1) Construct s tructure c ross section from data of Shi pie y el 
al. (1 980); Moore et al. (1979 a: b). Hels lcy et al. (1975). 
Mooney el al. (1975) and Keller et (li . (1979) (Fig. 7) ; 
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... 

". 
Hypollwlit'ul modet used /Q eSlimalt J'o/ume of lire IIccreliol1l1t)' 
weulle. Base of crUSI nea f sire 49) IIIrd Iht Irendl is calrstrained by 
seismic refracrÎ<JII data (He/sley et al., 1975 : Muaney el al., 1975): 
lop af Ihe oceanic crUSI bene(l/h Iht Irel1ch and seo ward pari of Ille 
... edge is CO llSlfll;ned by seismic ref/tc/iOII dllla (Shipleyet ,Il., 1980). 
RemainiRY featurel' are inferred frum Cl C/Jmbinati/Jn /Jf Ley 66 
drillins dala and stismi,· re{lecf!ol1 data (Slripley el al .. 1980). 1. 11 
flnd 111 represenl miRima/. probable, ///Id maximum IORd"'/lfu 
fIIle", s of Ihe uccrtfionury wed!;e. 
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T:able 1 

Ca(ctIlaled /hickness 

Thick ness 
Est. Equiv. 

Min. Max.. Avg. Velo Por. · Roç k 
Unit (m) (m) (m) (kml~ec ) (% ) (m) 

Pela,pç-hemipelagîc ............. .. ........ .. ... ............... . .. .. .. ... .. .. . . .' 200 - li. 1.' 751 30 
Trench Turbidites .. .. ...... .... .......... .. .... .. .. . ..... . ... .. . ........ ..... . .' 625 H ' -. 1.' <Il' 160 
Accrct ionary Wcdgc . .... .. .. .... .. ............ .. .. .......... .. .. ....... .. ... . J.' , .. 

Below limit of seismic resolu tion of about 25-50 m. 
From c:ure measuremenb. site 487. 

Estim:a ted from core recol/ered, site 486. 
Enimaled from seismic velocities. 

2) measure area of accrelionary wedge ; 

3) ca1culate equi vale nt volume of non-porous rock 
perlkilometer of trench as in input flux. steps 2 and 3. 
Com/Jar~ r~Sldts 
Thicknesses of pelagic-hem ipclagic and turbidite sand units 
vary locally. Thicknesses were averaged from dala from 
se ven seismic dip lines for Irench turbidites and a long a 
100 km seismic line 50 km seaward of. and parallel to , the 
trench for the pclagic- hemipelagic component (see Fig. 2). 
Results are summarized in Table 1. 

Clearly, t rench lurbidites (antl associated downslope tran­
sported deposits) accounl for mo~ t of the sediment flu x. Il 
appears Ihat a column equivalent to approximately 190 m of 
non-porous rock has been fcd inlo the subduction zone at li 

ratc of 7 cm/yr or 70 km/MY for the past 10 MY . This 
vol ume aggregates 135 km' /MY . 

Il is now necessary la eslimale the volume o f the accretio· 
oary wedge. The principal uncertainly in the calcula lion is 
the sil.e and shape of the landward parI o f the aceretionury 
wcdge triangle. overha nging continental c rus! both obscures 
reflec tÎons from depth and introduces serious errors in 
refraclion calculations. Thus, we projecl the Moho both 
landward a nd seaward us ing refraclion data from Hels ley el 
al. (975) and projec t oceanic crus t landward us ing refte!;· 
tion data from Shipley el al. (1980) (Fig. 8). The undelermi· 

Fi~ure 8 
fI)'polhelical recons/ruClion 01 acertlion·undetploling seqlltnce lor 
u g 66 "tJnS«I. 
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" a) O .. str 01 aCcrttiOIl , IQ III Y . .. Trmultion ~one .. mo y consis l 01 
stdilllen/s deposiled beluT' Ollstl olacCTe/ioll Or t arU,SI an:rtud 
sedimellls. Data ITOm sitt 49(} 1(H'or Ihe prt-occrtlion mod" : 
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ned upper l::.ndward surface of the accretionary wedge we 
di vide inlO three cases , 1. II. Ill. (Fig. 7). representÎng our 
estimate of minimum , probubJe, und muxÎmum volumes of 
the accretionary wedlote . Our .. probable .. ca<;e, Il . results 
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from projection land ward of the landwardmosl strong LOR , 
which we interpret as at o r nea r the top o f the aecretiomlry 
wedge. Case I V includes the trans it ion zone within the 
accretionary wedge. We conside r this case improbable . 
Table 2 summarizcs the case estimates. 

Table 2 

ESlima/eli "o/ume /Jf a~'crelio"ary ,,·t'lige 

Equivalent 
Volume oj volume: of 

IIccre:t ionary non·porous Amounl 
wedge ,~k subductcd 

Case: (km'/km) (km') (km' ) (%) 

( 97 17 " 43 

" 111 89 ., " III m 108 17 20 
(V 161 129 6 • 

Table 2 gives a range of values deri ved from varying 
assumptions regarding the shape of the accret io nary wedge. 
The value we consider most likely , on the basis of our 
interpretation of the available da ta, is 34 %. Percentages of 
subduçted sediments in cases 1. Il , III , whichrange from 20 
10 43 %, exceed thé pe lagic-he mipelagic input and require 
subduct ion of a s ignificant frac l ion of trench depasits. This 
resull supports Shipley et al .'s (1980) inlerpret;-t tion th<lt 
most pelagie and hemipelagic sediments entering the Middle 
America Trench a re being subducted. our result is also 
consistent with Leg 67 data requiring subd uc tion of a major 
part of Ihe pelagic-hemipelagic flux there (von Huene el fl l., 
1980 a ). 

From a mechanieal point of view. it is probably s igniricanl 
that the input sediment fluX contains water volumes roughly 
eq ual to the vol ume of non-parous rock. Sorne water, 
espedall y in trench turbidites. is probably squeezed out 
durîng init ial deformation , but seismic evidence of undefor­
med pclagic-hemipelagic layers extending 10 dcpths of 
several kilomete rs suggests tha! <1 cons iderable vol ume of 
wa ter remains trapped within the sediments. The combÎned 
high clay content and high water content of these sediments 
probably result in overpressuring and a low coeffi c ient of 
fric tion. These fac tors provide a good decollement surface. 

Pelagic-hemipelagic input thus appears to be preferentially 
subducted while overlying sediment may or may not be 
sçraped off and acçreted . Sc holl and Marlow (1974) obser­
ved that pelagie sediments a re ra re wi thin melanges. and the 
absence of these sediments in any of the three holes on the 
lower slope and the one on Ihe trans ition zone of Leg 66 
supports their preferential subd uc tion . 

Underpla ling 

Wc have prevÎous ly mentioned that fo ldins, dewatering, 
fracruring, and thrus ting in the Leg 66 a rea occur early in 
the accretionary process. After this initial period of defor­
mation the accre tionary wedge rises slowly al roughly the 
same rate as the upper slope. T he vertical distance between 
the acçreted turbidites and the downgoing oceanic c rust 
widens with time. The mechanism of Seely ef al. (1974) 
proposed uplift by ro tation of imbricate wedges. Because 
this mechanism appears inoperative in the Leg 66 Mea 
exccpt near the foo t of the s lope, sorne other must be 
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responsible for upl ift of the middle and upper slopc. We 
belîeve underplating to be that mechanism (Fig. 8). 

If the underplating model is correc t. then the upper crust of 
the accret ionary wedge cons is ts of trench turbidites and 
associated slope sediments. Judging from the thic kness of 
the zone of ac ti ve offscraping in the toc of the accrelionary 
wedge (e.g .. F ig. 6), we estimate that the thickness of this 
crust is about 2 km a nd that its volume is about 
60-65 km)/treneh-km. Velocities of 3 km/sec .. appropria te 
to thi s upper zone , suggest an average porosity of 30 % and 
an equivalent volume of no n-porous rock of 45 kml/km , or 
33 % of the 1Q-MY input fl ux. th is val ue. together with 
previous caJculat ions, suggest that about one-th ird of the 
input sediment flux is subducted beyond the zone defined 
by the accretionary prism in Figure 7. Thus, about 33 % of 
the total is being ~craped off to fo rm a r igid .. crus t . . of the 
accret ionary prism ; another 33 % is initially subducted, 
then progressively "ski mmed off" and underplated on the 
accretionary prism ; and the remaining 33 % is carried to 
greater deplhs. Because there is no reason 10 d iffe re ntia le 
between underplating of the accretionary prism and under­
pla ting of the cont inental c rUSI. it is simpler to di vide our 
margÎn into 1) an acçreted rigid c rust ; 2) an underlying zo ne 
of underplating ; and 3) a lowermos t subduc ting zone of 
pelagiles and hemipelagites (Fig . 8 cl. The boundary 
between 2) and 3) will progressively deepen in the sec tion as 
pe lagites and hemipelagites are skimmed off at depth . 

Tectonic erosion 

Leg 66 d ri lling provided no direct e vidence o f tec tonie 
erosion. Abundant evidence of consumption of sed iment s. 
howe ver.suggets that tec tonic erosion of the margin is 
mechanically plaus ible. Margin subsidence recorded at si tes 
489 a nd 493 suggests thinning of the crust, and a period of 
tectonic e rosion might have preceded the onse t of accre tion. 

Forearc basin.~ 

T he Leg 66 a rea is anomalous in several respec ts, including 
the absenfe of a fo rearc basin. Sorne evidence suggests. 
however, that an incipient fo reare basin ma y be forming in 
the vicinit y of site 490. Pa leobathymetric recons truction 
(Fig. 9) indicates that the region of s ites 490-492 is ris ing 
faster than that of si tes 489-490. Furthe rmore, seismic 
reflec tions in the slope apTon near site 490 are til led 

Figure 9 
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cf/ntinutli. /ead ffl lite fOn/tOliolt of a forearc basin. 
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landward similar 10 those of the Iquique Basin (Seely. 1979). 
If the different rates of uplifl observed in the region of 
~ites 489-490-492 persisl. a foreare basin will develop. 

The rueehanism responsible for this pattern of uplift may be 
the higher raIe of underplating closer to the treneh. This 
meehanism would eHuse the zone of maximum uplift to 
move seaward with time. Tectonie. thermal . and isostatic 
subs idence dominate in the landward part (Karig. Sharman. 
1975). Seaward migration of the trench-slope break as 
observed in Iquique Basin (Seely . 1979) would be an 
expected consequence of underplatinll. and fo rearc basins 
would widen with time. as proposed by Karig (1974). 

"brgin history 

The history of the margin in the Leg 66 area is interwoven 
wilh the history of the Pacifie plate , the Cocos plate, and 
perhaps the Rivera and Caribbean plates as weI!, Evidence 
of the motions of these plats is confusing and sometimes 
contradic tory. Consequently. the history o f the Leg 66 s ite 
is not clear . cspccia][y during the period from 25-10 MY. 

Data from Leg 66 si tes 493 and 489 suggcst the fo][owing 
his tory for the continental crust part of the transecl. 

22 MY Subsidence and marine transgression. 
19 MY Subsidence below CC D. 

< GraduaI, uniform uplift to prese nt posit ion. 

Data from s ites 488. 491 and 492 on the lower slope indie!lte 
the folJowing history fo r the accretionary wedge part of the 
transeet. 

10 MY Earliest observed accretion. 
< 10 MY progress ive aeeretion and seaward expansion of 
accretionary wedge. 

Inclusion of sediment from the transit ion zone in the 
ac cretionary wedge would push the onset of accret ion back 
tO 12-13 MY. However. the absence of LOR s in the 
transition ..:one ,md the atypiciil evolution evidenced by 
transition-zone sediments suggest that this zone was never 
part of the accrelionary wedge. 

The data suggest that truncation and rifling , probnbly s trike 
slip (Karig et al .. 1978: Malfait. Dînkleman. 1972). away of 
the former cOntinenl;i1 margin (including a preexisting 
accretion!lry wedge !lnd perhaps a forearc basin) occurred 
during a major plate reorganization placed by Handschuma­
cher (1976) between 26 and 29 MY ago. Subsidence and 
marine transgression in the Leg 66 area suggest that this 
event occurred no later than 22 MY. CeSS!ltion of subduc­
lion 23 MY ago. indicated by the end of volcanic activity in 
the Sierra Madre Occidental (Clabaugh. McDowel1. 1976). 
coincides weil with the marine trans ition. 

Il is Ilot clear whether the ancient s lope and shclf sl ipped 
dextrally nor thwest as part of the San Andreas developmenl 
(A twater . 1970). as suggested by several other investig,ltors 
(e.g. Malfai t . Dinkleman. 1972). The best evidence regar­
ding this diehotomy may be that reconstruc tion of slippage 
on the Cayman Fracture Zone of 2 to 4 cm/yr (MacDon(lld. 
Holcomb. 1978) places the Guatem!lla-Honduras corner of 
the Caribbean plate near the Leg 66 area 12.5-25 MY ago. or 
during Ihe lime of plate reorganization suggested by Pacific 
magne tic anomalies and in the gap between the end of 
subsidence and onset of aceretion . Also, Central Ameriean 
rocks south of the Motagua- Polochi fault. which separates 
the C!lribbean and North American pl!lles. contain grano­
d iorite intrusive bodies of Cretaceous and Tertillry age 
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(Seely. 1979. Fig. 8). We have. however. no information 
indieating close lithologie affinities of these and Leg 66 
intrusive rocks. The evidence, a!though not compelling. 
favors sinistral strike-slip motion. 

The absence of evidence for accretion doring the interval 
from 22 to 10 MY ago may indiCll te th!lt molion was large1y 
strike-slip during that lime. Handsehumaeher (1976) place~ 
the breakup of the EPR south of the Baja Cal ifornia a l 
10 mY . Magnetic anomalies. however. arc indistinct and 
interpretation ambigous. 

T he transition zone at s ite 490 may contain at depth 
sediments shed during the 22- tp 10-MY inlerva!. A deep 
penetration hole here should be reward ing in re vealing the 
history of the Mexican margin and the recons truction of 
Pacifie plaIe motion. 

SU MMARY AND CONCLUSIONS 

We drilled dght s ite ~ a[ong a transect of the Middle 
America Trench off southweSiern Mexico to investigale 
accretion and cons umption of sediments and rock during the 
subduction process and to inves tigate the history of a young 
subduction zone. The eight s ites included Iwo reference 
si tes on oceanic crust and in the treneh. respeclively . to 
document lithologies being subducted andlo r accreted . three 
si tes on the lower s[ope to sample accreted sediments, and 
three sites on the upper s[ope to document the his tory of the 
continental crust. 

Samples collecled indicate that aceretion has been oceurrillg 
in the a rea for 10 MY or perhaps slightly longer. We 
reeovered trench sa nd ranging in age from Pleistocene to 
Mlocene a nd uplifted as much as 2-) km abave the present­
day trench floor. and we obsefved Ihat the age of trench 
sand decreases downslope. Ils the aceret ionary model pre­
dicts. Landward dipping refleetors thought in other areas to 
represent Ihrust faull s were found here 10 result from 
bedding in uplifted trenc.h turbidite sequences. 

Uplifted sediments record an early period of deformalÎon 
and uplift. In this period. which lasted 2-4 .\1Y for our 
samples. rUles of uplifz were 600-800 m/MY. After this 
Îniti!ll episode. most deformation ceased and uplift rates fell 
to 100-200 MY. 

Of sediment entering the subduction zone. 33 % (mainly 
treneh turbidites) is offscraped at the toc of the slope . 33 % 
is initially subducted but then underplates the previously 
ofrscraped sediments. ca using them to continue to rise with 
time . and 33 % (probably induding a il the pelagite­
hemipelagite oceanic componen!) is subdueted landward 
be neath the continental crust. Trench turbidites and s lumps 
accoum for 85 % of the equi 'lalent flux of non-porous rock 
and the oceanic compone nt accounts fo r 15 91:. Porosites of 
75 % ensure that large quanlities of water <Ire bcing subduc­
ted along with Ihe pelagite-hemipelagite com ponen!. The 
w;Her probably causes overpressuring and pla ys a major 
role in the [ubrication of the suture. The average fate of 
accretion is 8 kml/km_MY of equivalent dewatered. 
non-porous rock. 

Wc find no d irect evidence of tectonie erosion bUI condude 
Ihat tectonic erosion is mec ha nicall y feasible in vicw of the 
large quantities of sediment being subd ucted . 

The ab~ence of !l forearc basin in the a rea of investig3tion is 
probably due 10 the youth of the subduction regime. S ite 492 
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is currently rising fasler than site 49Q ; if this panern of 
re lative uplifl continues a forearc basin could form. 

The hîslory of Ihe region documenled by sediment cores 
ond interpreted in lîght of the his tory of the neighboring 
plates is as fo llows. 

23 MY Reorganizalion of the Pacifie plate ; cessalion of 
volcanism in the Sierra Madre Occidental; subsequent 
eastward shi!t of volcanic axis; sinistral strike-sl ip rirting 
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