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The importance of listric normal fault s in the fo rmation of sedimentary basins i5 becoming 
increasingly more obvio llS. Based on rdlcelÎon se ismic sect io ns and surface observat io ns. the 
foltowiog genelic types ma)' be differentiated : 
- listrie normal faults in volving the basement that a re associated with some c rusta l 
attenuution . $ uch fauh s occ ur during the forma tion of rifts thll ! orten precede the formation of 
passive conti nen tal margins (e.g., GuI( of Biscay, Galici;1 Bank) ; 
- superf icial soft-sediment listric normal faulting relaled to deltaic systems and/or to drif tiny 
sequences associated wilh the subs idence of passive continental ma rgins (e.g .. Gulf of 
Mexico) ; 
- lis trie normal faulting associated with the genes is of accretionary wedges of ac ti ve 
continental margins (c .g .. Colombia) ; 
- syn- a nd post-orogenic r~lUlt ins associated with the s tretchi ng ;Ind shearing of orogenic 
systems and parts of their foreland (e .g. , Grea t Basin). 
The role of normal faulting in the evolution of "geosyndines " a nd fo lded bells (e .g .. the Alps) 
is better underSlood in the liShl of observlltions o n continental margins and la tc o roge nie 
basins. 

OctaflOl . A c /a , 1981. Proceedin)l:s 26'" International Geologicul Congress . Geology of 
continental margins sympos ium . Paris. Jul y 7-17, 1980. ~7- 1()1. 

Les fuilles normales listriques 

L'import'lIlce des faille s normales lis triques dans la fo rmation des b:\ssins séd imentaires est de 
plus en plus recon nue . A partir des coupes de réflec tion s ismique et des observatio ns de 
terra in , il est possible de dis tinguer les types génétiques suivants; 

- les fai lles normales lis triques affec tant le substratum associées a vec un ce rlllin amincisse­
me nt de la c roû te. De telles failles apparaissent lors de la fo rmation des r ift s. qui précède 
souvent celle des mllTges conti nentliles pll s~ i vc s (clIO, : Golfe de Gascogne , Bancs de Galice) ; 

_ les fai lle s normales lis triques dans les sédiment s mous des systèmes deltaïq ues etlou Jes 
séquen ces nlohiles assoc iées à la subsidence Jes marges continentales p;lssi ves (ex , : Golfc de 
Mexico) : 

_ les fa illes normales lis triques assoc iées à la genèse des prismes J 'accrétion des marge~ 

continenwles :Icti ves (ellO, : Colombie) ; 

_ les fll illes sy n- et post-orogéniques associées à l'ét irement e t au cisaillement des systèmes 
o rogéniques c t J 'une partie de leur llvllnt-pays (ellO. : Great B' I!> in). 

Grâce au ;ol observations sur les marj,;es continenta les et les bassins post-orogéniques. il est 
poss ible de mieux comprendre le rôle des fa illes normales IÎstriques dllllS l'évolution des 
~ géosyncl in,lu llO .. Ct dcs chai nes plissées (ex, : les Alpes). 

0 ('('(111 01. A('/(l . 1981. Actes 26· Congrès International de Géolo.ll ie. colloque géologie des 
marges continentales. Paris. 7-17 ju il. 19!5O. !S7- lOl , 
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INTRODUCTION 

Eduard Suess. in his "Face of the Earth" (1904·1924. 
Vol. IV. p. 536. 542 and 5H2), introduced the concept of 
lis tric faults. He describcd upward concave eurved fault 
surfaces from Ihe coal diSlricts of Nonhern France. Bel· 
gium and Germany. and noted that in a c ross-section suc h 
f!lults appcar shovel-like (Greek listron. sllovel). For many 
yeaTS the term was adopted by German geologists wOTking 
in cool mining districts. bUI otherwise gained lillie accep­
tance outside Central Europe. Note that Suess was specifi· 
cally dealing with lislric thrusi f:lUlt s. sorne of which were in 
fact rdolded by later ddormation. However.listric normal 
faults have also been iIIul>Iraled - although nol:oo named ­
from the coal districts of Central France (PruvoSI. 
1%0-1963), as wcll as from Northern France (Bouro .. , 
Stieve nanl . 1958). Cloos (1936) also prcfcrred 10 limil his 
illu~tralions of Ihe lerm 10 Ihrus! faul lS. although in his clay 
expcrimenls he showed lis tric normal fault systems with 
considerable detai!' Kirchmayer and Mohr (1963) gave a 
detailed review of the terminology of curvilinear and 
eurviplanar s tructural elemenh and listed a number of 
examples of listric faulls from co:lI-bcaring sequences. from 
non·coal-bearing rocks and rock dcformation from experi· 
ments. These aUlhors alsa ~uggcstcd Ihat surface gcologic 
s tudies do nOi easily reve~11 Ihe liSlric nalure of f,lUltS, 
beeausc outcrop conditions often pre vent adequate geome· 
Iric control of fault planes. A number of rccent publication.~, 

however, illustra te listric normal growlh faullS from out­
crops [e.g., from Spitzbcrgen. Edwards (1976): from Ire­
land . Rider (1978); Crans t'I (,1. (1980); and from Wale:o, 
Woodland and Evans (1964)1. Sec. also. Figure 1 from Ihe 
Pennine Alps and Figure 2 from Haiti. 

Quite independently from ail Ihe previously menlioned 
work, pctrolcum geologislli of the Gulf Coasi of the USA 
during Ihe laie 1930'5 recoanized growth (aults. Ihat is. 
faults that di5play stratigraphie thickening on their down· 
thrown side and have increased throw with depth. Typi­
cally. such faults ftauen wilh deplh and. therefore. lire 
listrie normal growlh faul ts (Ocamb. 1961 : Hruce . 1973 ; 
Busch. 1975). Experimenl,11 work by H. Clous (1936) did 
illustrale lis tric normal faull s in conneetion with the simultl­
tion of graben-like structures , and E. Cloos (1968) mtlde 
:oimiJar expcrimcn!~ 10 il!ustrate li ~ lriC' growlh faulb of the 
Gul f Coast type. 

A number of potential fault surfaceli sugges led by the 
Iheoretical studies of Hubbert (1951) and Hafner (1951) arc 
in faet curved or listric surfaces. A theory of growth faulling 
in a deltaic environment is offered by Crans et al. (1980). 
Thus, il is surpris ing 10 find th,lI most textbooks in 
Sl ruclUnll geology pay liule or no :tttenl Îon to the eurved 
nature and the downward ftallening tendency of fault 
surfaces. ln receol ye"rs. the more widespread use "nd 
publication of rdleelion seism ic lines sugges ts 10 us thal a 
dominant pcrceOlage of ail (aullS arc listrie or thatthey werc 
at leaS! inilialed as liMric faull s. 
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Figure 1 
Triassic martl/ts from Ka/lo"usser Pass. ros/ 01 Simp/un Pau. 
Ita/iun-S..,iss Alps. Nolt that d%mi/ic b/ocks ho,·t bu" rufalrd in 
domino·like fashifJn . ..,ilh tuttl /rally plu"ur faulu stpara/in8 thtm. 
Tht duc/ilily con/ruSI is such /ha/ lis/ric faul/s art n/JI /ormtd ; 
insttad. /ht mon ductUt calcartaas ma/trial UTVtS as cashi,," und 
/ills Iht spact he/M'un Ihe ro/uud dalumi/ic bloch by duc/ilt fla .... 
Extension may be upnutd tlS a fun c/ion af l he dip of /ht ro/llItd 
btds. 

The seismic documentaI ion of li~tric thrusi faults is mlher 
weil known from décollement·controlled fold bchs (e.g .• 
Bally et al .. 1966 ; Beek, Lehner, 1974 ; 1975 : Gordy tU//" 
1975 ; Royse et ClI .• 1975 ; Hamillon. 1977; 1979) and is. 
therefore, not the subject of this paper. 

Instead . in Ibis essay we will try 10 highlight the nalure of 
the eV ldenee favori ng listrie normal faulting in widcly 
differing sellings. This is uscful in the conlexi of a discu~ ­

sion of passive continenlHI margins. bcc"use the documen· 
tHtion of the lislric geomelry of normal faults is c rilical to an 
under:o tanding of the form:ltion of still intact pa~s i vc mar· 
gins , as weil as of older passive margins that ean now be 
observed as deformed remnants in ancient folded beh:r.. A~ 
McKenzie (1978). Roydcn el al. (1980). Christie and Sclaler 
(1980), and Le Pichon a nd Sibuel (1980 manuscripl) have ail 
poinled oUI. lithospheric stretching may weil be responsible 
for the initiation of passive m"rgins. and at leas t the 
s tretching in the brillie e ruSI mOly be accompli:ohed by li~tric 
norm;t) f"ulling. 

Much Iike listr ic thrust faul ls. the sh"pe "nd cùmplexily of 
lis tric normal faults is con trolled by duetility conl raSIS 
wit hin the rock sequence that is interseCled by them , ln thi~ 
context . it is important to differentiate synsedÎment:jfy sort 

Figure 2 
Lü/rie flfJrmallcwl/J in ('tl/carel/us sofl stdiments f' om HI,;/i 
(lait MiQC'tlif. NN II. JU fmtl rf/ad). 



sediment listrie normal faulting and other listrie faults in 
consolidated rocks that rise to the surface from listrie 
normal fault s truc tures that involve the underl ying base­
ment. Only in the latter case may altenuation of the c rust bc 
suggested. 

The term listrie fault is purely descriptive, We like to 
dirferentiate listric thrusl fault s from lis trie normal faults, 
and among them we separate tis tric growth (aults from those 
that do nOI show any mcasurable growth through time . 
Finally , we note that many faults have been refolded , and 
thus it may be usefulto determine whether the listric nature 
of a faul t is primary, or due to secondary refolding. 

LlSTRIC NORMAL FAULTS INVO LVING THE BAS E· 
MENT OF PASSIVE MARQl NS 

Passive margîns typically display a lowcr section of rifted 
s tructures that orten - but by no means a lways - is 
separated by a " brc" kup" unconformity (Falvey, 1974) 
fro m ovcrlying less disturbcd sequences that subsided 
during spreading and eooling of the adjacent ocea n. These 
laller, "drifting" sequences are often characteri:.:ed by 
sofl-sed iment gravily type lectonic s that do not involve the 
underlying basement. LeI us firs t discuss basement fauIting 
associated wilh the rifting phase . 

Lowell and Geni k (1972) and Lowell et al . (1975) postulated 
c rustal a ttenuation for the Southern Red Sea by listrie 
normal faulting affeeting the whole thickness of the crus t. 
These authors correctly point out that in matehing conjugate 
passive margins across oceans. il is important to allow for 
the amount of extens ion in the underlying faulted basement . 
Unforlunately. however, the seismic sections provided by 
Lowell et al. (1975) were nOI adequ~ te 10 document thc 
listrie nature of the Red Sea faults. 

ln the nearby Afar triangle , Morton and Black (1974) set up 
a model Ihat rccognizes the liltcd fault blocks in the area , 
but avoids cur ved fau lts. Instead , rigid bloçks a re slipping 
a long inclined straight faults into a ductile substratum, and 
progressive thinning lakes place as new sets of inclined 
normal fault s offset the earlier fault blocks. The aUlhors 
relate the tilting of the bcds to the amou", of s trctching of 
the crust. As thc paper presents only a mode!. no documen· 
tation of the shape of the fault plane is provided . 

Figure J 
NOrlh~m Gulf of Hiscoy, stct;on 
ucross lPOO Hol~ 400. The ucol/l·tic 
baum~nt (8) consists of layer~d 
u dimentory rocks of probablr Juras· 
sic and ~arly Muowic age. These 
fonnerl y continuous foyers wue 
faul,~cJ and fill~cJ during Ih~ t urly 
CUIUC~oUs rifting phase. V~rlicol 
.fcClle in :uconds, IWo ,wuy Iru,'~1 

lim~. Un;/. I· A : Qualernary ta /tllr 
Pfioctltr ; 1·8 : Plioctne la ~arly 
Miocrn~, 2 : MiQCrn~ 10 late 
Paleocrnr ; 1 ; Maaslrich/ialt­
CampClnia,,; 4 : laie Albiu", lal~ 

Ap/ian . Afur Montaderl el al.. 
1979a. 
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USTRIC NORMAL FAULTS 

The reeen! studies by de Charpal et al. (1978) and montadert 
et al. (1979 a and b) provide the first direct evidence for 
listric normal faulling Ihat involves the basement of a 
passive margin. The basement of the Norlhern Bay of 
Biscay is of Variscan age and in part overlain by early 
Mesozoic basinal sequences that were initiated during an 
earlier tensional event (Triassic). Major rift ing and exten­
sion in a marine regime occurred during early Cretaceous 
limcs and ceased by Aptian lime . Blocks were rotated 
during the rifting phase by about 20 to 30" along Iis trie 
normal faults. These fault s can he mapped seismical1y in the 
Northern Bay of Biscay (Fig. 3 and 4), and Figure 5 shows a 
subhori zontal refIec tion (after correc tion for ve10city 
pull·ups) which appears to he the sole of the listric normal 
fault system. To show tha t t.his situation is notlimited to the 
Gulf of Biscay, simifar feature s are shown on a line west of 
Galicia Bank (Fig. 6). 

Refraction velaci ties (Avedik. Howard, 1979) indicated on 
Figure 4 suggeS! that the sole fault separates an upper 
faulted brittle erust from a lower crust with velocities 
exceeding 6.3 km/sec. In other words, as emphasized by 
Montadert el al. (1979 a), the base of the sole fault is a 
mechanical discontinuity within the crust , which. during the 
rifting period , was about 6-8 km below sea level. The same 
aut hors cautioned in an alternate Interpretation that the 
basal fIai rerJector shown on Figures 5 and 6 may also 
represent the Moho ilSelf, in which case the Moho would be 
the main decoupling level for the tilted fault blacks. 

MontadeTt et al . used a recons truction based on mÎgrated 
seismic profiles. T hey de termined for their preferred inter­
pretation that the upper continental crus t was reduced by 
about 30% from an unusually thin c rust of about 6-8 km to a 
new Ihiekness of llbout4-5 km ; th us, the upper brillie crust 
was . accon/ing 10 the authors. allenuated by lis tric normal 
faulting , while it is presumed that the lower crus! of about 
3 km thickness was attenuated by creep. Le Pichon and 
Sibuet (1980) tes ted the slretching model of McKenzie 
(1978) on the data of the Gulf of Biscay and conc1ude Ihat 
"the amount of brittle s tretching in the upper 8 km of 
contincntal crus t reaches a maximum val ue of about 3 and is 
equallo the stretching requircd to thin the continental crust 
and prcsumabl y the li thosphere· '. 

We eonc1ude that listrie nOTmlli raults involving the base· 
ment o f passive margins can be mapped by reflect ion 
seismic surveys. 50 far the correhllion and identifi cation of 

sor 



A. W. BAllY, D. BERNOULLI, G. A. DAVIS, l. MDNTADERT 

5 N 
___________________________________ ""CO"~O"L"ECë4~O"O~A'_ __________________ _ , -

" 

U.II ... 
••• 
' .' 

••• .. 

TRE VELYAN 

.~ .. ., ' -

~ , ' , , / \ 
10 KM 

reftections bctwecn the lilted blocks has been elusive and. 
con~equentl y. estimatcs of the amounts of stretchi ng remo:.in 
crude. It is hopcd Ihat in comins years morc attempts will be 
made to regionlilly map faulh within the bascmcnt of 
Plissive margins and to tie such work with fefrat-tion and 
wide angle refleclion studics and calibration weil,;. Listric 
normal faules provide an elcglInt way for extension of the 
upper britt[e crust. but the proce~s which Icad~ to the 
,Ittenuation of the more ductile underlying lower crust and 
upper mantte will bc more difficull to charaeterize and to 
document. 

LlSTR IC NORMAL FAULTS UM IT ED 1'0 DEFORMA­
T ION OF SEDIMENTS 01- PA SSIVE MARGINS 

Thick ~edimcnlary ~equences o\"erlic the rifteù portions of 
many mature pa~sive maTj~in~. These sequem.:e~ loub,ided 
white the passive rnargin ··drifted·· away from the 
mid-ocean ridge. Structural dcformation in these scd illlcn­
tary sequences i~ often dominatcd by deformation along 
lis tric normal falllt ~ anù by as~oci~,ted diapiric phenomcna . 
Such ddorrnalion i ~ ,pellacularly dram<lli"ed in Me", of 
rapid dellaic deposition such a~ the Niger Del ta (Delteil el 
al .. 1976; Weber. Daukoru. 1976: Lchner. de Ruiter.1977) 
or the Gu!f of Mexico, whcre mobile Slill play~ an add itionaJ 
role in thc gene~il> of growth f;lu1t~. In this paper we will 
limit our .. elve~ tu e",ample:. from the Gulf of Me"ico. 

"" w , '" 

Figure 5 
No"lrem Hu)" of Hi.rel'), $lismic profile S()Mh of Gobull SPII, 
$h" .. ·ing lilted bll,,·k.1 .1"//11 lis/ ric flwllS . Nort Ilrt 1!(J,iUllllal rtfltrfOr 
btlQ'" Ilrt Iilud blucks. II is ob~t"·ed 011 IIIt df!tpe~/ IIIIfI of Ille 
mar~;n . 0., T,el,tl)"OIr, /1 correspunds /0 the boulldary btr .. ·till a 
4.9 /.:m/~el·. Iuy~, /J/rd U 6.3 km Ile. laye, Iml ... J km Ihit·/.: . Tire MO/1I1 
is obaUl 12.5 km btlu"' se/l Il!I·eI. Profile CM 16 IIrVCf$lrd. Aflrr 
Morrlnderl el al.. 1979a. 
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- Fijllre 4 
NOrlhtm Gulf of Biscay. lillt dra ­
l4'illg of Iht steliOIl uf Figurt 3 
cOnl'e"ed to deplh alld migraud. 
HorÎto1l/ai a"d ,'e"kal scale, Iht 
salllt. 1I01t lislrie lIomrul fallit bUII­
"dillg tht tilttd bloch. IItClr Ih~ boSt 
of Iht lislric f(lults i$ a htlri:olltal 
rtfltctar eorrtspondillg to 11r .. illter­
fact bell,·un 4.9 km/su:. alld 
6.3 km/l·ee. layers. as dtfined by 
stismic refructiu/l (A,·edik . Hu.wrrcl. 
1979). Mollo discolltinuit)· i$ {j/ 

12 km. After MOllwderl et al .. 
1979a. 

The Gulf Coast Tertiary may be viewed as a thick deltaic 
clastic wedgc progrilding on a ~ub~tratum of high pore 
pressure ~h!tlel> that in IUrn is underlain by a Mesozoic 
carbonate sequence deposited on an un stable basal evapori· 
tic sequence. The crust of the Gulf of Mexico thins rapidl y 
under thc Gulf Coast: wherc drilled on land - in areas of 
normal continental çrustal thid:ness - a Paleozoic base· 
ment i .. ohserved. with evidençe of superposed Pennsylva­
nian and Triassic rifting events. Overlying this basement. a 
lower ~et of Ibtric normal fault s and ·· roller' · structures is 
as"ociated with the basal evaporitic sequence. within which 
the listric faults appear to loole out. Such faults and 
structures arc iIIustr.Hed on Figures 7 and 8. 

Another set of listric fault s is assodated with the Tcrtiary 
weJge. The~e :.re the weil known Tertiary growth faults 
which ha ve been illustrated by a number of authors from the 
Gulf Coast lc.g .. Bruce. 1973 ; Busch. 1975 : Roux. 1977 ; 
Bully, 1980). A net of morc or less slope-parallel HnaStornos­
ing grow,h rHult sYlo tems affect .. (tl1 Cenm:.oic deposits of the 
Gulf. The s tmpe of mOSI master fault ~ i~ lis tric. a nd they and 
their associated fault systems ··sole out·· or flullen wilhin 
Ihe overprcssured shalc section of the Gulf Coa~t. Hilrd in 
.md Hardin (1961), Busch (1975), Curtis (1970 ; 19110). Curti, 
and Picou (1978) among others ha ve delocribed the inter .. e­
tion of sed imentation Ilnd growth faultin g. T he listric normal 
growlh faults of the Gulf of Mexico ohen intcract wilh 
diapiric Strocture~ that in sorne Cllses invol\"e sH1 1 and in 
olherlo. overpre~~ured ~hale, . Clearly. gravit y tec'onies 
dominale the ~cene . 

• [ SIIT 

Figure 6 
Se/smic profile immtdi(July weSI (Jf Gulidu Hallk. sh" .... ;IIJl Iil/tll 
blucks (Jnd listrie faulls Imd (J huriWIII/J1 rtfleef/If bel() ..... U.I· mr 
FIgllre;4 Stismlc forma/lUlU 1·4 art/ht .Jame (JS defi"ed ill 1I0rl/rem 
BI)t"IJY. Pm/Ut /FP-CNEXO-CEPM. l'm("eHed. Afler AiolI/uderr et 
al. . 1979(1 . 
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Figure 7 
Offs!rore Tu as, rt f/eelion se;slIIic stel;on. Note exul1si!'e USlrie 
nO'lIIal 1:wl<'r!r fOI/lu in Mioctnt Sl't' I;o n , M ;"dirUles M;oeelle 
IIlUrkl'f beds . Affl'r Hal/y. /'ISO. 

Soft ·sediment growt h fault s a re widespread on many pas· 
s ive margins. Unfortunlilely, published documentation is 
less commonl y available. While the growth fault systems 
associa lcd with deltaic sequences always arc speetaeular . 
lesser but ne",ertheless ob",ious lis lric growt h fault s also 
oecur in areas with smaller mtes of sedimentôllion and areas 
that arc not underlain by salt or thick shale sequences. Our 
undoeumented suspicion is th:1I in almos t ail c,lses one i ~ 
looking al gravit y tee tonîcs in a shelf·slope setting with 
overpressured shales. In summary. il ma y be s tated that 
soft· sediment listric normal growth fault:. arc due to gra",ity 
lec lonÎC5 o n passive margins. They appenr 10 he limited to 
the sedimentary section and do not involve the underlying 
b;lse ment . Such tistric normal fml1 ls a re oft en also associat­
ed with salt or clf1 y diapir!>. 

P OOT quality seismie dala com monly do not permil tracing 
fault systems at depth . and th us the question whether a 
lis tr ic growlh fault intercepts,dhe basement or whcther thc 
fault i5 re ~lricted to sediments cannot be answered until 
high qU;llity rdleetion data are obtained . Ir Ihe e ritical 
evidence is lac king, il may be tempting to infe r b;.lsement 
controlled faul ting (often with limited or no mappable 
growth) ror the earl y rifling phase of a nlMgÎn. On the other 
h,md. !>oft ·sediment lis tric growth fauliing appears to be 
prdentbl y ,I!>soc iated with the subs idence a nd s lope prognl' 
dntion of the subsid ing "drif ting·· l>equence. 

The reader il> reminded th"t li!>1ric normat growth fauhi og 
that al!>o dnes nOI in volve the baseillent occurs within the 
accretionary wedges associated with lo uhduct iun zo ne~ (see 
eXlImple from Colombia by Beek and Lehner, 1975). 

LATE S YNOROGEN IC AN DfO k l'OSTOROGEN IC LIS· 
TR IC NORMAL FAU LTS ASSOCIATED WITH 
FOU)ED BEL T S 

Extensional fa ulling linked by strike-s lip fault systems o fte n 
fragmenl folded helts late. duri ng. or SMn arter their 
teclogenesis. COlllplex intr"montane sedimentary basins 
for m in this manner (i.e" the Vienna b:ts in . Grm el (1/ .. 
19(~ : KrOC II , Wiesender. 1972: Kroe ll . Wessely. 1973 : alld 
Mahel. 1974 : the l'annonian basin. Horvat h. Stegena . 
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"W OFFSHOf/E TeXAS • 

Figure 8 
O/fshort TtXilS. re/ltClion stism ir:: Ilro[iI,. sllO"'ing th, inleruction (Jf 
R,o",th fill/ iu alld diopiric srfl/ewru . M·9;s ( j Mioc'/J' JIJ(J,ke, bed. 
A/lU Bally, /980. 

1977 : and Sclater el al .. 1980 a a nd b: and the wider 
Cenozoic Basin and Range province of the Wes tern Cordil­
lem of North AmeriCII). 

Lis tric normal faulting assoc iatcd with the stre tçhing und 
coJlapse of folded bel ts may weil represent the rif li ng event 
that initÎHtes continenta l separation and the forma tion of 
two opposing conjugale passive nmrgins. Thus, sorne of the 
Inte Paleozoic basins and the widespread Triassic graben 
sySlems on both s ides of the Central Atlantic appear related 
to po~t-collisiona l extension of the backhone of the late 
Paleozoic folded belts. Contras t them 10 the more isolated 
graben sySlems of the Red Sell or the Africa n-South 
America n eonjugate pll s!> i",e margins. where a propagllting 
c rack causes the format ion of rift systems thal arc 
superposed on a much older and stabilized Precambrian 
c ra lo n. 

Hcre wc will only discuss seleelcd aspec ts of lis trie 110rm,,1 
faultin g in the Western Cordillera of North America. 
bccause Ihere . al though far (rom being S'lIisfaclOry. the 
complex phenomenology of listrie normal faulting appears 
to be somewhat be ller doeumented than in ot her folded 
behs. 

Mid- and young Cenozoic extensional fault and strike·slip 
f[tull !>y~ t ems extend from Centml Urilish Columbia in to the 
Basin :md Range province of the US and Northern Mexico. 
Hamil to n and Mycrs (1%6) h;lve provided an earl y and 
unu!> ualJ y fars ighled syn t he~is of the Ce nozoic tectonics of 
the US portion of the Cordillera . Davis a nd Uurc hfiel (1973) 
and Liggett and Ehrenspeck (1974 ). among o lhers. h. , ,,,,; 
shown th,lt normal fault ·eontrolJed hors t and gra ben !>ys· 
te ms mfly be linked by s trike-slip or transform faull zones 
(Fig. 9). 

Extens i",e summaries o f the geology and geophysics of the 
Ra!> in and Range are gi "'en by Thompson and Burke (1974). 
Newman and Gnode (1979). Smith and Eaton (1978). ,md 
Armentrout, Cole and Terbest (1979) : more concise o",er· 
views are provided by Ealon (1979 : 1980). Stewart (1978). 
S tewart and Carlson (1978). and Dav i~ (1980). 

ln the wes tern United S tflle s normal fau lts were rirs t 
desc ribcd by G. K. Gilbert (1875) as dominating the Ce no· 
zoic structure of the GreaI Bas in area . Il was nOI until 
70 years tllter. howe ",er. Ihal systematic chtlnges in the dips 
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Figure 9 
Ske'ch j/Ius/roling s/ri~-slip fauWng. lis/ri., no""ul faul/inJl and 
crus/al a/tenua/ian, Inadified u.f/er Liggl'll and Ehrens~d , 1974. 

o f sorne basin and range normal fau hs with deplh were 
recognized. Chester Longwell (1945) reported thal normal 
fa ults in Ihe Desert Range llntl Grllnd Wash c m fs areas of 
soulhern Nevada had much lower dips (10 to 30") Ihan ffiighl 
bc expecled from Iheir occurre nce in Ihe Basin and Range 
province . Furlhermore. Longwell slated (1945. p. 111) Ihat 
he could pcrceive an ··upward·concavity of ail rauh l>urf:,­
ces Ihal a re exposed exten:.ively enough for accurate 
appraisal of their rorm'·. Cauliously extrapolal;ng from his 
obseryat;oo<; in Southern Nevada. Longwell predÎcled 
(p. 117) Ihal it would not bc surprising 10 him if it was la ter 
found that many o f Ihe basin and mnSe faullS typieally 
" rcpre:.entcd in published seelion~ all plane surfaces, arc 
aclUally curved in çro~~-seclion·'. Little immediate atten­
tio n wall pa id 10 Longwell's paper. but Moore (1960), 
Hamilton and Myers (1966), and ArmstrOllg (1972) were 
among those who la le r s lre:.:.ed the probable imporlance 10 
G reai Bas in geology of bolh low·angle and listric norm;11 
fault s. 

Confirmation of Longwell':. predictÎon has been slow 10 
çome from conventional field sludies in the Great Basin, 
primarily because of the geologisl's inabililY to "sec" to 
depth along Ihe major range.fronl faullS of Ihe region , 
covered or masked as they are by basinal sed imentary fills. 
,",owever , recent improvements in scismic refleelion lech­
nology and inercased seismie exploration by Ihc petroleum 
indus try of Ihe Great Busin urea have helped 10 docume nt 
LongwelJ's insigh t into the geomet ry of basin and range 
faulting . 

Surface geologic evidence for the exislcnce of listric normal 
faul ls in the westcrn Uniled Slaies h!ls come from severill 
kind:. of observations, as amplified below - among them : 
1) direct observations in non-basin areas. e.g .. Longwell 
(1933: 1945): 2) the geometric interrelalions belween lihet! 
or rotulcd hanging-wall :. trata and normal fault s ; 3) lioub:.ur· 
face geologie data (rom wells. boreholes. etc. c. g., Proffe" 
(1977) ; and 4) intcrpretalion of a curviplanar faul t geomctry 
at depth based o n the arcU<lte geoffielry of many range·front 
f<lult s a:. :.een in plan vÎew (Moore, 1960). 

Hamblin (1965) measured a downward decrease in d ip along 
normal (aults al the western edge of the Colorado Plateau . 
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where topogr:tphic relief is Great. He nOled thal fault s such 
as the Hurricane fault of Utah and Arizona were e~senliarry 
ven ical or dipped very steeply at the IOp of the plateau. but 
had !lyerilge weslward d ips of 60" !llong the Colorado River 
in the Grand Canyon. Proffett (1977) ci tes rates of flatten ing 
at deplh for Ihe Hurricane hwl l of Hlimblin (1965). the 
faults described by Longwell (1945). and faultS studied by 
him in thc YcrÎnglon arCH. Nevada, of 1.3-2QnOOm, 
0. 7-1.3·/100 m. and 0.3-0.7"/100 m , respectively. He conclu­
des from Ihe diverse geologic seuings of the:.e three 
examples that Ihe rate decrea:.es with increasing deplh in 
the crus!. 

T hc reverse drag of hanging-w!lll :.tmta inlO the Colorado 
Pla teau border faull s was explained by Hamblin (1965) ~I:' ~I 

geometric consequence of the downwllrd decrea:.e in dip of 
thcse fa ults. The til ting o f hanging-wall strala inlO dip 
o rie nta t ions opposite 10 Ihat o f bounding normal faults has 
somelimes been cons idered as evidenee for <1 lislric geome· 
Iry of fa ulting. but Thompson (1971) has eorreclly nOled 
Ihat sueh ro tation C'IO abo occur during simultancous block 
fault ing and t ilting on multipleand sub-parallel planar faul lS. 
However , hÎs mechanism obviously does nOI apply if 
footwall Slrata below Ihe faults in queslion do nOI exhibit 
rolation . l'erhaps the mosl convÎneing eyidence for 1i:'lric 
normal raull ing. using the geomelry of hanging-wall Sirala, 
cornes from tholle instances of growlh fault ing where such 
strata d Îsplay a progressive deerease in dip upwards through 
Ihc slratigraphic section. Rehil Îons of this type have bee n 
described by Wallllce (1979) in the Wesl Humboldl Range 
and by Proffelt (1977) in the Yeringlon a rea. bolh in 
Nevada, and by FrOSI (1979) in the Whipple Mounlains, 
soutbe<1slern CalifornÎa, !lnd Ihe adjacenl Aubrey Hills. 
Arizona. These authors ail interpret dip relalionships al> 
ind icating continued or Întermittent sedimenlation durÎn~ 
rotational ui:.plat:emcnt vf uuwnlhrown blocb along IÎMrÎc 
normal faults. 

Proffelt (1977) describe~ in det'liI and inlerprels a complex 
system of lislric growth faul ls in whÎch ellrlier. relal Îvely 
sleep listric normal fault plane:. arc interseçted by subse· 
quent gcneration:. of IÎst rie normal fa ults thal ro t3te the 
cli rl ier faul ts into fiat positiogs of much shallower clip. Th Îs 
process lead~ to an east·wesl extension of more thtlll 
100 percent. with a çrustal thinning of Ihe :.ame order 
supporlcd by seismic refraclion data. DÎps of lerliary 
hanging-wall fanglomenlle in Ihe West Humboldt Range are 
liS high as 30 10 35" 10 the east. Overlying basait caps e rodcd 
ranglomerate and dips 8·10~ caslward ; still higher basltltk 
lerrace gravels dip only 1 or 2" (Wallllce. 1979). Southwes­
tward-dipping stmla in Ihe Aubrey Hills, on the east bank of 
Lake Havasu belween California and Arizona. arc truncal­
cd at depth by Ihe rn>rlheast-dipping Havasu Springs rault . 
E. Frost (pers. comm .• 1979) reporls that Oligo.Miocene 
ha nging-wall Slrala dip a:. s teeply as 85". whereas Mio-l'lio­
cene beds at Ihe top of Ihe progressively shallowing section 
dip only 15Q

• 

Anderson (l'TIl). Wright and Troxel (1973), and D;lvis el al., 
(1979) have mapped Ihe downward flattening of closely 
:.paced normal fault:. in separale areas of the soulhern 
Cordillera (Greai Bas in . elt:.tern Mohave Desert , Fig . 9). bUI 
thcir faults flatten into struCluralty shaltow and subhoril.on· 
tal dClachmenl surfaces (or have been infcrrcd 10 do so)and 
should nol be confused with the m:.jor cruslal breaks Ihal 
outllne Ihe mountain range:. of Ihe Great Ba~În . In (lIct,the 
relalÎon of Ihese shallow delachmenl surfaces 10 major 
range-front faulls is one of the remaining enigmas of basin 
and range tcçtonics. 



In rece"t years growing attention has been focuscd on such 
low-angle detachment fau lting. particula rl y of the type 
associated with the metamorphic core complexes of the 
wes tern Unitcd States (see G . H. Davis. Coney . 1979 ; and 
G. A. Davis . 1980). Metamorphic core complexes are des­
c ribcd as domal uplifts of metamorphie rocks that arc 
separated from overlying rocks by d éC(llltmtnl zones of 
Tertiary age " marking s trikingly sharp thermal and strain 
gradients" (G. H. Davis , Coney , 1979). The detachment 
zones appear to be formed in an cxtens ional regime . and 
they are part o f the geneml phenomenon of "younger over 
o lder Ihrus t faull s". o r "denudat ional (aults", that have 
been deseribed for many years (rom Nevada (e .g. , Misch , 
1960 ; 1971). Arms trong (1972) has delermined for the Snake 
Range of Nevada Ihal these Tertiary extens ional fa ults 
res ult from thinning of supracrustal rocks by listric normal 
faul ting (denudational tectonics). An example of this type of 
faulting from the Whipple Mounrains of southeastern Cal i­
fornia is diagrammatically s hown in Figure 10. 

The interpretation of the delachmenl tault complexes of the 
Cord illeni is highl y debatcd a tthe present time. G . H. Davis 
and Coney (1979) vicw them in the context of the ductile 
stretchi ng of the basement (megaboudinage). with the 
layered cover f10wing passively during me tamorphism and , 
a t higher struc tural levels, exhibiti ng brittle detae hments 
and associated normal faulting. G. A. Davis et al . (1979) 
from studies in the lower Colorado Ri ver area. rule out the 
possibility there that detachme nt faulti ng occurred synchro· 
nously with metamorphic and mylonitic f10w in uooerlying 
basement rocks . This conclusio n is based on geochronologic 
and geologic e vide nce that s hows that reg ional mylonization 
of lower-ptate rocks significa nt ly predated the Miocene 
detachment faults , and that the major detachment s urfa ce 
tliscordllOtly overlies underlying til!ed . fo lded and britt ley 
deformed mylonitic gneisses. In fact. these gneisses were 
locally eroded prio r to the Oligocene (?J and Miocene 
deposition of TCTliary sediments la ter affected by normal 
and low-angle faulting . ClaSls of what a re now lower-plate 
myloniti c rocks occur throughout the allochlhonous Oligo­
cene (?)-Miocene fanglomerate s of the area. Profound 
North-Eas t direc ted extension withi n upper-plate roc ks was 
unaccompanied in the Whipple Mountains region by coe val 
extension in lower-plate roc ks. This re lation r;tises the 
possibility tha t the Whipple allochthon is an upper crustal 
la nds lide s heet moved no rtheastward under the infl uence of 
gravit y, or, alternatively, lhat lower-plllte extension 
commensuntte with that obsc rved in the aUochtho n occurr­
ed by unknown mechllOisms in areas northeast of those 
stud ied to date . 

1t foll ows from the prc vious descr iptions that s urface 
gcologic observat io ns at hes t provide only indirect informa­
tion on the geometry of the normal faults o f the Basin and 
Range province and their possible relation to oute ropping 
· ·younger over older" décol/emenl zones. Proffe H (1977) 
projec ted s urface informai ion into the subsurfacc using 
s hallow boreholes. Ultimalel )', however. only reflection 
seismic stud ies may help to document the faul t configura­
tions controll ing the Terliary b'is ins o f the Western Cordil­
lera . The first re fl ect ion seis mic e vidence for poslorogenic 
lis tric normal fault ing in thc Western CordiJlera was given 
by Bally el ai. (1966). The Flathead normal fault of 
southeastern Britis h COl umbia appears to o ffsc t the Lewis 
overthrust by more than 6 km (down to the Wes t). Reflec­
lion data do 001 permit mapping the fault itsclf ; however, a 
continuous rdlec tion from the Mes07.oic at shallow depths 
prccl udes a s tce p over-a ll a ltitude of the tault and demands 
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Diagrommo/ic croS$-,Jf'c/ion ocrass /h~ Whipp/~ Mountains. 
saulh~asl~m California. illustroling Middlt Mi(JC~n t lI~olollical 
r~lolions prior ta damaI uplif/ and .... arping of /h~ Whipp/t Moun­
tains basal dt fuchmt n/ sur/Oct (WM BDS). The crou-Stction il/us­
Irtllts ''''0 phasu of rotu/ional normal foull disploamt nl a/onll /ht 
basal dt tochmt nl sl4r/ac~. T, : oldu Tt rriory stdimt ntary and 
Ilo/canic rocks ; Tl: younRe' Ttf/iCl ry stdimt nlOry and Ilo/canic 
rocks dtposiud acron Ih t dt/achmen/ SUr/Clef priar la Ihei, 
in~'ollltnltnt in rtn t .. ·td fouIt disp/octmt n/ ; MF is 0 "m y/oni/ic 
fron t " . Ih~ Clbrupt non-fouIt con/oct bt/ .. ·ttn undifftrtntiattd lo ... ,r 
plo/t melamorphic and in/rusi"t rocks (:t/n) and Ihtir larllt/y 
m)'/onitic t quiralt n/s (m:t/n ); br : brtcCÎos dt~tloptd be/m.' /ht 
bCl.fol dt /achmt n/ sur/act. From 1)(1\'i5 CI ~l .. 1979. 

an interpretation as a listric normal fatllt that probably 
mcrges in - and causes "backslippage " of - the older 
Lewis o ve rthrus t. 8ased o n much poorer reflection se ismic 
data , Bally el al. (1966) also postula ted thal Ihe so uthcrn 
Rocky Mountain trench was part of a s ys tem of listric 
normal f .. ults Iha l scp<tr(l led eastward tilted blocks in 
Precambrian-Beltian sediments. Simila r lis tric normal fault 
s ystems may also bc res ponsibte for the Tertiary bas ins of 
northern Monlana. Note thal in a il examples from southeas­
tern Britis h Columbia , the listric normal fault s are inferred 
to merge with pre-ellisting thrus t faults and inlo a major 
soldault s ys tem tha l presumably overlies the c rys tall ine 
basement (see a lso Myers, Ham ilton , 19(4). 

More examples o f rerlection lines s ugges ting listric normal 
fault s mcrging into and controJ1cd by pre-exisli ng Ihrust 
fau lts are offered by Royse et al .. (1975) from the Wyoming 
fold bel!. An unusual set o f lines (Fig. 11) From Ihe Se vier 
Dese rt o f Cent ral Utah WllS publishcd by MacDonald (1976). 
Wilh the e llception of one weil. these sect io ns are not 
calibrated . and the author oHers onl y a limiled inlerprela­
tion of the data . Ne vertheless , Ihe sections convincingly 
s how li reflection trom a detachme nt zone , into which the 
overlying normal faul ts flatten . Whether the fiat décolle­
ment zone represents a n earlier overthrus t _ as the author 
s ugges ts - that was uscd by the late lis tric tault s ys tem, o r 
whethcr the whole sys tem is only postorogenic in origin 
cannol be de termined from the data. 

Effi moff and Pinezkh (1980) publis hed rerlec lion seismic 
sec tions from northeas tern Nevada (e.g .. F ig. 12 a. band 13 
a, b). Thcir scctions display hal f-grabens tilted toward the 
cast and bounded on the eas t by a major lislTic normal fault 
s ys tem . The rIa l sole o f the listr ic f .. ult is on!y rarcly 
displayed by a reflection . bUl the lis tric nature o f the raul t is 
s upported by the rotalion of h:tnging-wall Tertiary beds into 
the fault plane . 
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Figure 11 
IJra .... ing u/ sei.fmic lilti! br Pan 
Ca/ladia/1 Pelro/e/"" autlH rire Sel'ier 
DI/ifrr il, Ulah. mod,jied airer m! iuter. 
/lfela/ivn publi.l lred by Mad)o/1uIJ. 
1976. 

D,·" ...... , .. • .. " ..... 'IU"K. - "', ........ , .. , ' ''''0 
~ , .. " , .... , n'''K' ''' _ .......... --.-- ............. ,,_ .. _, .. 

Typically. the lower ponions of the scctions appcar 10 bc 
more intensdy faulted . suggesting an carly phase of inten. 
s ive fllulting followed by la ter tilting into the main fault 
system. In the mounlains adjacent to the scismic Hnes 
shown by Effimoff and l'inezich , major low angle déculle­
ment wnes (JenudatÎon:1I faults ) OCCUT that separale chaot i­
cally disturbed Palcozoiç Sirata from underlying less 
dis turbcd l'aleozoic or l'recambria/1 bed s. The seismic Iines 
of Effimoff and Pinezich suggesl that the oUlcropping 

Figure 12 
Sl'ismit- (m;gruteJ) /lrofile a",uss 
Rai/roud Val/l')'. NI'I·ada . a; 
illlerpreteJ tilll' : b; ra ... dafll of 
lire sallie Iillt!. EI/illlal/ altll Piut!­
ziclr. /980. 
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shallow décollemem systems of the mounlilins may merge 
in to the liSlric normal f:wl t systems Ihat undertie the 
adjacent basins. The relat ion muy bc rar from s imple. 
because Ihe shallow surface décv/lemelll oflen appears to he 
offset by the stcepeT lis tric boundary fault of the valley. 
Thus, the surface tlécollemenl zone s may weil be the 
outcropping soles of earlier, originall y decpcr. listrie normal 
fault sys tems thal were uplifled and Iliter modified by 
lands lide-like gravit y tcctonic s. 
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Pinezich. 1980. 

The estimates for exte nsion in the Bas in and Range made by 
dir rerent aUlhors range from 10 \0 100% (for a review, see 
Davis. 1980) a nd arc based mai ni)' o n judgmems dcrived 
from surfllce geology. AJthough the cstimatcs are probably 
in the fight order , better eSlimatc~ cQuld be obtained from 
regional reflec tion seismic sun 'eys. According to diffe renl 
authors. the depth of normlll fauhing or their "soling ouI" 
occurs in Ihe range of 5-17 km . A prcferred Interpretation is 
that extens ion in thc britt le upper crust in taken up by 
ductilc s lretching in the lower crust (Thompson, 1959 ; 
1966 ; Hamilton, Myers . 1966 ; Stewart. 1971 ; 1978; Prof­
fCII. 1977). The Irans ition bClween brillJc and ductile crust 
may weil be represented by .1 crustal low veloeily zone 
which in the eastern Great Ba.~ in occurs bclween 5 ilnd 
IS km depth (Smith. 1978; a nd Eaton, 1980). 

We conclude that large arcas within the Cordi lleru of North 
America. from British Columbia to Mexico. ha ve been 
extended by evolving sys tems of lislric normal faults. linked 
to each o ther by strike-slip-transfor m faul ts or diffuse zones 
of Iranscurrent strain. Thcse fault systems are responsible 
for the formation of bas ins initiated in late Paleogene ti me 
which, however. ceased 10 be active at different times in 
different segments of the Cordillera. The amount of stretch­
iug sugges lcd by the norm:11 rllults is probably accompanied 
by corresponding ductile extension in the lower c rust. 
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Most authors have emphasizcd the s trc tchinjo: aspects of the 
Basin and Range provi nce. Geomorphological evidence. as 
weil as the upli ft of deep-i>Cated met:lmorphic rocks during 
the Tertiary, sugges l lhlll the crust of the we .~ lern Cordillera 
may a l ~o have been arched betwccn the Interior Plains and 
the S ierra Nevada. In o ther words, it has become important 
to differentîate the effec ts of super-regîonal - possibly 
thermal - a rching from the Struclur;'ll and thermal conse­
quences of s imple lithospheric strelching. 

LISTR IC NORMA L FAULTS IN 
ANCIENT PASSIVE MARGI NS 
DEFORMED FOLO BELTS 

REMNANTS 
OCCURR ING 

OF 
IN 

Miogeosynclinlll sequences in folded belts are today gene­
rally rccognized as remnants of former p;'lssive margins 
caught in the collis ional drama of mountain building. Wit hin 
th is context, it is partic ularly important 10 develop c ri teria 
tha t alJow differentiation of the follow ing: 

- listric normal faultin jo: re lnted to the r ifting phase preccd­
ing the opcning of an ocelHI. Such normal fa ults may he 
postorogenic faullS of an earlier cycle. or cise d irec tly 
related to thermal events that nffectcd much oldcr crus t ; 
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- soft·sediment lis tric normal faulting often related tO the 
drilling phase preceding orogenic deformation ; this is 
sugsested by evidence from Atlantic· type passive margins. 
but has not yet been described from ancient folded behs : 

- la[e orogenic 10 postorosenic lislric normal faultin!!, 
imposed on [he deformed passive margin sequences after 
the y were deformed and incorponlted into the folded beh 
(i.e., the basin and range faul[ing previously described). 

To ill ustrate some of the problems. wc review examples 
from the Alps. That the preorogenic Mesozoic evoJution of 
the Alpine "geo~yncline" was dominated by tensionaJ 
block.raul ling m ther than by "embryonic" (Argand, 1916) 
compressional movements became clear in the la[e fifties 
and early sixt ics (e.s. , Trümpy, 1960; 1975: Schindler . 
1959). Particularly. the importance of normal fauitins in the 
forma tion of early Jurassic basins was established by a 
wealth of sedimentological and paleotectonic observations 
(Wiedenmayer , 1963: Bernoulli , 1964) and has s ince been 
demonstrated in various regions of the Alpine. 
Medilerranean bel t. The inte rpretation of ophioli tes as 
remnants of Mesoloic oceanic li thosphere and an under· 
standing o f their s ignificance for palinspastic restorations 
led to the recognition of former continental margins (Laubs· 
cher, 1969), and the early Jurassic period of normal faulting 
was ide nt ified with a phase of rift ing preceding spreading in 
the Te thyan ocean (Bernoulli. Jenkyns. 1974). 

The occurrence of early faulting in the Alpine bel! is ofte n 
inferred from circumstantial evidence . Where the existence 
of pre.Alpine faults is firmly established. their original 
geometry is usually more or less d islurbed by la lerorogenic 
movements. l n most cases the fa ults were reactivated 
during Alpine orogeny and dicol/eme'" planes of sedimen· 
tary <lnd shallow basement nappes may also have followcd 
pre-exis ting listric surfaces. Parlicularly, the mos t distal 
areas of contlnenlal margins and thcir passagc Lunc lU 
oeeanic crust have been the s ite of decoupling and mos t 
intense deformalion. and documentation of the early h i ~tory 
is most rragmentary in these areas. 

Lîstrk faulling as a mechanism for erustal thinning is 
inferred , usually in an in tuiti ve manner. in many palinspas­
tic reconstructions of Tethyan continental margins (e.g .. 
Bosell ini , 1973 : Sturani. 1973). Helwig (1976). us ing 
Lowell"s and Genik 's (1972) evolll!ionary mü<!è1 of the Red 
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Sea as a geolectonie model for the Triassîc·Jurassîc Alpine 
Tethys. has al50 postulated the occurrence of listric faulting 
to accounl for preorogenic crustal thinning required to 
maintain material balance during crustal shortening without 
subduction of continental crust. Whelher or not we admit 
lithospheric subduction of sometimes already attenuated 
continental cru!. t (Bally. Snelson, 1980). a mechanism is 
required to account for the isostatic subsidence of contine n· 
tal margins that formed before their tectogeniç involvemcnt 
in mountain building. 

The paleotectonic evolution of man)' Telhyan margins 
closely p'lrallels that of the undeformed rifted margins of 
the Bay of Biscay (de Charpal et al .. 1978 : Montaderl et (l /., 

1979 a and h ) and of lberia (Groupe Galice. 1979: Gm­
ciansky el al., 1979). In contras t to ma ny rift systems thm 
developcd on iln ancient subaerÎll1 surface (e.g .. Basin and 
Range) rifting occurred in both areas in a pre·existing 
marine MesozoÎC basin - in the case of the central and 
eastern Telhys discordantly across thick carbonate sequen· 
ces Ihat were marginal to the earlier. Triassic. PaleOle[hys 
ocean (Laubscher. Bernoulli . 1977). As a conseq uence, 
there are hard ly any sil icidastic sediments associated wi[h 
the early J urassic phase of r if ting, and evaporÎte deposits of 
J urassic age are conspicuously lac king along the rift zone. 
Tr<lce:. of volcanic act ivity are also eXlremely scarce along 
the Jumssic passive margins of the Tethys. 

Inside the Alpine belt of the Mediterranean area. the 
southern Alps of northern Italy probably preserve the most 
comple[e and undisturbed record of a Jurassic 10 early 
Cretaceous passi ve continental margin of the Tethyan 
ocean. The Me5Oloic sequences of the area are deformed 
by fOld ing and some minor thrusts: however, there a re no 
large-scale nappe struc tures hampering paleotectonic res to­
rations (Fia. 14 a). Particularl y, the signature o f north· 
50uth·trcnding Jurau ic fault scarp.'l i5 dcarly rccognizubtc 
across the eas l.west-striki ng Alpine structural grain. 

Riftina in the Sout h Alpine margin begiln. after precursory 
movernents in the Triassic, durins the early Jumssic. The 
synsedimentary na lure of normal faults is clcarly es ta· 
bl ished by rapid changes of fades and formational thickness 
of [he syn·rift sediments across the fa ult zones and by the 
ex i~[ence of pronounced ra ult scarps thal were the source 
area~ for gntvity flow depos ils and carbonate turbidite .. in 
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the adjacent basins (Bernoulli. 1964 : Castellarin , 1972). 
Subsidence ra tes were highesi during Ihis carly phase of 
disintegrat io n of the margin and varied widely belween Ihe 
different faull blocks. Sorne of the blocks that were 
submerged o nly in the course of the la te Liassic to carly 
Middle Jurass ic became submarine highs and plateaus (e.g., 
Trento pla teau), where only limited amounlS of pelagie 
sediments accumulated . With the onset of spreading and the 
formation of oce3nÎC crust in the Ligurian-Piemontese 
ocea n in the late early to middle Jurassic, subsidence rates 
decreased a nd were more evenly distributed over the 
margin . 

Thus, through time the submerged distal continental margin 
(Lombardian zone) became increasingly s tarved , and onl y 
pelagie sediments were s lowly deposited, their fa cies being 
determined mainly by prolonged subsidence, inCTe,lsing 
water depth and basin-wide palcoenviro nmental changes 
(Bernoulli et al., 1979 a : Bossellîni, 1980). 

A fru itful analogy is offered by the examples o f the Gulf of 
Biscay (Fig. 14 b). 

Evidence for listric fa ult ing duri ng the early brea kdown of 
the margin can only be inferred and cornes mainly from the 
sedimentary evolution of the margin . In the Lombardian 
basin, the syn-rift sediments are essentially composed of 
well-bedded, current-deposited spongoli thÎC chert y limesto­
nes and associated gravit y flow deposils (Lombardian 
siliceous limestones, Medolo group) deposited in fauh­
bounded troughs. Tilt ing of fa ult bloc ks as a consequence of 
lislrÎC faulling is suggested by the asymmetry of certain 
Iroughs refle cted by the pattern of form,ltÎonal thick nesses. 
Deposition !"'dles match approximately the rates of diffe re n­
tml subsidence and results in approximately horizontal 
layering at the end of the rifting phase (compare Fig. 14 a 
from Bernoulli et al .. 1979 b. with Fig. 14 b from Mo ntadert 
t l al. , 1979 a). There is no unconformity at the base of the 
basinal syn-rift seque nces, but lensing OUI of packages of 
stra ta and local unconformit ies are ubiquitous wilh in the 
seque nce. Locall y, in outcrops , s tacks of strala are observ­
ed thal ha ve been rolatcd along synscdimcntary listric 
growt h fa ults (Fig. 15). The formulion of lihed fault blocks 
during sedimentation is also suggeMcd by troughs and 
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haU-grabe ns bounded along o ne s ide by steep faul! scarps. 
doc umented by coarsc proximal resedimenls, and by li 

much smOOlher topography along the other side (e.g .. the 
middle to late Liassic Monte Nudo basin , Fig. 14 a. and 
Kalin , Trümpy. 1977). 

On top of the t illed blocks, parlicular facies of shatlower 
water are observed in the lower Jurassic (e.g., Brocca tello 
formation of the Lugano swell). These shallow-water areas 
were res tric ted in s ize and characterized by early subaerial 
a nd later submarine crosion . atld by local angular unconfor­
mities (Wiedenmayer , 1963 : Casati , Gae tani , 1968). PaTli­
culaTl y speClacular outcrops of unconformities that may 
iIlustrate til ling associated wilh the rilling phase of the 
southern Tethys have bee n exqui~i le ly ill ustrated by 
H. Eugsler (Fig. 16, and Cad isch el al., 1(68) from the 
Engadine dolomites of Swil zerland . 

The depositionaJ geometry of the syn-rif l sediments of the 
southern Alps compares weil with that of the corresponding 
formatio ns of the lberian (Format.ion 4 , Groupe Galice , 
1979) and of the Armorican margin (Montadert et al .. 1979 a 
and b). ln the southern Alps. Ihe early Jurassic bas ins 
measured sorne 25 10 40 km across : this is in accordance 
wilh the observations along the lberian and Armorican 
margins, where fau lt blocks from a few to 30 km across are 
observed. Likewise , the throw of some ind ividual fault 
zones is on the same order with a maximum of 3 to 4 km : 
this corresponds 10 the throw reconstructed for the early 
Jurassic Lugano rault (Berno ull i . 1964, Fig. 18, our 14 a). ln 
the lberian and Armorican margins, a polarit y of the lîSlric 
faults towards the ax is of the rift zone is obse rved. In the 
southern Alps. il appears Ihat r ifting s tarted in the central 
zone of the Lombardian basin with the slep-wise foundering 
of new fault-blocks to the east and west during the Middle to 
Late Liassic (Fig . 14 a). In the Laie Liassic 10 Middle 
Jurassic, Ihe axis of rifting was finall y shifted somewhat, 
and break-up a nd spreading occ urred a hundred kilometers 
to Ihe north a nd west. 

ln contrasi to undeformed passive margins, the geometry of 
the presumabl y lis tr ie faul ts can not be deciphered in the 
southern Alps. Howe ver, the s ize and aerial extension of 
the larger fa ult blocks suggeSIS IhM the major fault zones 

Figure lj 
Synstdime,. /ary gro .... ,h foull in I)·n·rill sedime,.ts. Gtntro.fV 
Irougll. Lonrbordian basi,. . Lombard/on silictous IimtSlOnes. 
lo,,·er Uassic, rmld from Cuntggio /V Bruulla. sou/hem 
S .. ·U:trland. From Bt rnoulli. 1964. 
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sole within the pre-Triassic ba1>ement. In the case of the 
Lugano faul! (Fig. 14 a). ils present day geometry could 
indicate a flattening of the f:lUl! zone with depth. This 
north-south-trending Caul! zone ca nnot be followed directly 
into the underiying crysl.alline basement. but merges with 8n 
easl-wesHrending fault zone that CU I~ obliquely through 
Triassic and 1>hallow crystall ine base ment rocks (see Spi. 
cher. 1980). 
From middle Liassic to middle Jurassic limes. the topogea­
phy crea ted by rifting in the Lombardian basin was nearly 
levelled by basinal. hemipelagic and gravity-flow deposits. 
Only along the platform margin of the Friuli shelf and along 
the escarpment bounding the Trento platform (0 the west 
did important submarine sc(\rp1> pcrsist throughout the 
JUr.tssic and the Crel<lceous. In the Lombardian b'lsin. 
however. local stra tigraphie gaps. condensed facies and 
res trieted areas of shallower pelagie facies su"est the 
pers is tence of a subdued morphology during post-rift regio­
nal subsidence. 

The posl-rift t. is tory of Ihe Tethyan continental m:ugins is 
eharaeterized by prolonged subsidence probably consistent 
wilh exponenlial thermal decay (Bernoulli et lIl .. 1979" ; 
Winterer. Bosellini. 1980) a~ observed in undeformed conti­
nent:!1 margin s (MontadeT! el al .• 1979 aand b). Water depth 
ut Ihe end of rifting in the Lombardian zone was in the order 
of 1.000 m or more and about 2.500 m at the end of Ihe 
lurassic (Winterer. Bosellini. 1980). During the carly Creta· 
ceous the distal continental margin sank to a few kilomelers 
water depth. as shown by the encroachment of decp oceanic 
facies onto the most oceanward parts of the conlinent~ 1 
margin. The occurrence of the e.ltly Cretaceou!. black 1> hale 
formations, believed to he deposi ted beJow calcite compen­
salion deplh . in lectonic units derived from the most distal 
parIS of the continental margin <Scisti di Levone, Can:lvese 
Zone : l'alombini in lowermost Austroalpine nappes: 
Trümpy, 1975) suggesl waler deplh in the order of 4 km . 
Isostatic sinking of the starved distal continental margin to 
this depth slrong!y suggesls trustai thinning and cooling ; 
there are, however. so far only limited petroloi:ic dam to 
support this . Perh.lps the occurrence of pota~sium-argon 
ages of biotite of 170 to 180 Ma in the lower crus t of the 
southern Alp~ (McDowell. Schmid. 1%8) could suggest a 
pha~e of crustal th inni ng a nd cooling during an cluly 
Jurassic phase of rifting. Also. the postulated pre·A lpine 
high position of the ultramafic rocks of the Ivrea zone and 
the extreme thinness of sorne Alpine basemenl nappes (e.g .. 
Carungas nappe, lower Austroalpine) courd possibly be 
explained in terms of Mesozoic cru~tal thinning , conttolled 
by listrÎe normal fnults. 

The paleolectonic evolution outlincd for the southern Alp~ 
i~ in no Wlly unique for conlinental margins of the Tethyan 
ocean. Although the geological documentation is in most 
cases very fragmentary. the sedimentary evolulion sugge1>ts 
(\ history of rifting and subsidence (e.g .. Hernoulli l'lai .. 
1979 a : Graciansky el al. : 1979). 

CONCLUSIONS 

We have reviewed selected examples of listric normal tault!> 
to emphasize the importance of this fault type in the 
formation of pas1>ive margin~ llnd orogenie systems. 

The documentation of listric normal faulis is oflen el us ive. 
Only reflection ~e ism ic data permit either mapping direc tl y 
or else inferring more or re~" convincingly the f!lu1t~ 

themselve~ . On the olher hand . ~urrace data - a nd in ,orne 
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cases subsurface dala based on wells or else from mines­
provide a much more detailed perspective of the interaction 
of sedimenta tion wilh the formation of lislric normal fault 
systems. Much work needs tO be donc to reconcile surface 
data with reflection seismic data and to come up wilh 
satisfa clory documentation. li is particularly important to 
obtain beller data on the fiat soles of listrie normal faull s. 
Only rarely (as in the Bay be Biscay and the Galicia banks) 
are Ihese displayed on seismic lines. The inferencc thatthe 
décQllelllenl zones of the metamorphic core complexe1> of 
the North American Cordillera may in sorne way represent 
the soles of listdc normal fault systems that were uplifted to 
surface is still debaled, but is dearly valid in some ranges 
within the orogen. The problem in the Cordillem b further 
complieated by the possible reactivation of older thrust fauit 
sole systems by luter listric normal faults (' ·bad:s lippage"). 

Lis tric normal fauit systems are probably caused by stre t­
ching of the upper brittle crust, and Ihey appear to be linked 
by strike-slip or transform-typc faults . The s ug~es lion is 
that listric normal fault 1>ystems tend 10 bottom out in the 
middle of an atlenuated conlinental crust (say. 10 km), in a 
position Ihal may weil coincide with some of the low 
velocity layers that have been reported by seismologis ls 
(Mueller.1977) . 

The amounl of strelching of the upper brinle crust associat­
ed with listrie normal faultins probably cannO! be deduced 
with any accuracy from extension observed a t or near the 
surface unless rcgional seismic reflection data andlor drill 
holes permit linking the surface obsen'ation with the deeper 
subsurface. Rough estimates made in areas suc h as the Bay 
of Biscay or Ihe B(\s in and Range sugges t that the ~tre tch ing 

of the upper brittle crust had 10 be accompanied by ductile 
stretching of the underlying basemenl to expia in the cruslal 
atte nuation actually observed on limiled refract ion data. 
While it is Iheoretically appealing to postuhue such Siret· 
Ching (or cise possible creep) in the lower c rU1>1. it i .. much 
more difficultto document ilS occurrence. Such documenta­
tion would have to be in the form of geophy~ical measure­
menlS that unambiguously dcscribc the rock properlies of 
the lower crust (a nd m:lybe the upper mllntle) in 1111 

environment th~lt is loday under extension. An entirely 
dirferent type of documentation could come from OUtcrop 
studie~ of the now allochthonou~ crust originall y underlying 
passive margins Ihat loday are involved in folded bc:lts. 
Such studies would need to dlile basement fabrics that were 
generated during the rifting-slretching phase of the fo rmer 
passive mnrgins. Prime candidates for such studies arc the 
Eastern Alpine thrust ~hcets and the large cryslallinc thru~t 
sheelS of the Himalayas. 

ln ail cases future st udies foeusing on crustal allenuation 
arn.l li~tric normal fauiting will have to be based on Ihe 
integration of geophysical observations with surf lice and 
subsurface geological data . 
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