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Introduction

The Granada Basin is located in the central part of
the Betic Cordillera, southern Spain. The intermoun-
tain basin is filled in with Upper Miocene marine
and continental deposits and Pliocene, Pleistocene
and Holocene continental deposits. Many faults at

the basin boundary and inside the basin affect the
young deposits including the Pleistocene and Ho-
locene strata. Thirty five faults longer than 5 km are
considered as active or probably active (Sanz de
Galdeano et al., 2003). The faults are normal and
oblique. Most of the faults in the basin and some at
the mountain front strike NW-SE (fig. 1) reflecting

Afhambra French
4~ Channel fault

Fig. 1. Active faults in Granada basin (modified from Sanz de Galdeano,

Lopez-Garrido, 2000)
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a general NE-SW extension (Galindo-Zaldivar et al.,
1999). NNE-SSW striking faults also show evidence
for recent activity. Faults of E-W direction are con-
sidered to be the oldest faults activated in early and
middle Miocene. Long-term slip rate of the active
faults varies between 0.03 mm/yr and 0.5 mm/yr for
the last 5 Ma (Sanz de Galdeano et al., 2003). Very
limited data about historical strong earthquakes do
not allow recognizing of any individual surface-rup-
turing event except the December 25, 1884 M 6.7
event on Ventas de Zaffarraya Fault (Reicherter,
2001). The existing paleoseismological data in the
Granada basin are very scarce, and recurrence in-
tervals of the surface rupturing events and displace-
ment are unknown (Pelaez Montilla et al., 2003; Sanz
de Galdeano et al., 2003). Deterministic seismic haz-
ard assessment requires paleoseismological data for
the active faults in this intensively populated region.
In this study we present evidence for young fault
activity and data for recent coseismic displacement
on some of the active faults in the Granada basin.

Paleoseismic records
Granada Fault, Bomberos splay

The Granada Fault runs through the Granada city
(fig. 1). The Bomberos splay is not really the main
fault line here but it is one of the few lines parallel
to the main scarp in this area. The length of the
main fault segment calculated from the fault trace
on the surface is 16.8 km. The fault affects Pleis-
tocene deposits. The slip rate for the last 0.8 Ma is
0.38 mm/yr (Sanz de Galdeano et al., 2003). A single
normal fault in an outcrop in Bomberos, Granada,
displaces a Pleistocene sequence of alluvial sediments
and paleosols (fig. 2). The offset of 0.7 m presents a
single faulting event near the surface. Unfortunate-
ly, the top sediments have been eroded and any de-
posits younger than the event have not been observed
in the cross-section. Observed offset of 0.7 m is the
only known single offset along the Granada Fault
and we do not know if it is the maximum offset or
not. Following empirical relationship between mo-
ment magnitude and displacement proposed by Wells
and Coppersmith (1994), we calculate M between
6.5 and 6.8 for that event, which is a little bit more
than expected M 6.3—6.6 proposed by Sanz de
Galdeano et al. (2003) based on fault segment length.
Average recurrence interval of seismic events is equal
to long term slip rate divided into slip per event (Wal-
lace, 1970). Using observed displacement of 0.7 m
and slip rate of 0.38 (Sanz de Galdeano et al., 2003),
recurrence interval should be 1842 yr. Calculated
recurrence interval should be tentative because it is
based on a single offset and the long term slip rate is
not accurate enough.

The absence of repeated fault activity on the ob-
served Bomberos splay leads to a conclusion that
the individual surface faulting events along the Gran-
ada Fault likely occurred on different fault splays.
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Fig. 2. Oblique view to the Bomberos splay of the
Granada fault showing 0.70 m offset of alluvium (dot
pattern) and paleosols (black)

Alhambra French Channel Fault

The Alhambra French Channel Fault is one of the
normal faults in Pliocene — Pleistocene alluvium
striking NW-SE through the Alhambra hill (Azanon
at al., 2004) northward of Granada (fig. 1). A dis-
continuous scarp less than 0.5 m traces the fault on
the surface. We studied in details deformed sedi-
ments and fault zone in a cross section along a road
construction in order to prove or disprove young fault
activity. A fault zone about 1 m wide is almost en-
tirely filled in with infiltrated carbonates (fig. 3). The
fault zone separates gray alluvial conglomerate in
the footwall from reddish alluvial deposits in hang-
ing wall. Three couplets of a lower pebbly layer and
an upper silty layer build up the hanging wall allu-
vium. Primary sub-horizontal layers in hanging wall
have progressively been tilted toward the fault zone.
Tilt starts 8§ meters away from the fault and reaches
maximum value of 1.0—1.2 m at the fault where the
layers are warped. Subsidence of hanging wall causes
tilting and warping of the layers. The tilting indi-
cates the minimum cumulative displacement along
the fault after deposition. Topsoil developed in both
fault walls has not been affected by the fault. The
fault was active during Pleistocene and no faulting
event occurred since the modern soil formation.

Padul Fault

The Padul Fault is a normal fault at the boundary
of Sierra Nevada and the Pliocene — Holocene ba-



Fig. 3. Log of the Alhambra French Channel Fault. Alluvial layers in the hanging wall are tilted toward the fault

zone. The fault does not affect the topsoil.

sin (fig. 1). A young fault scarp runs across the Qua-
ternary alluvial fans parallel to a fault on the con-
tact between Triassic carbonates from the mountain
and the Neogene basin (Alfaro et al., 2001). The scarp
face is vertical and fresh along several hundred
meters. The mean height of the scarp face along this
section is 0.7 m. Most probably the scarp was formed
in a very recent surface faulting event because scarp
degradation is at primary stage. The morphology of
the Ventas de Zafarraya scarp originated in 1884
event is analogue to the Padul scarp. Assuming that
the Padul Fault height resulted in one event and tak-
ing the long term slip rate of 0.35 mm/yr for the last
1 Ma (Sanz de Galdeano et al., 2003), the mean re-
currence interval should be about 2000 years.
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KBaTepHepHo pa3jiomaBaHe B I panajackus 0aceiin,

IO:xna Ucnanus

Aaexcandsp Paodyaos, Kapaoc Cauc de I'madeano, Mapaena Suneea, Xoce Muzea Acanon,

Xecyc I'aaouano Candueap, Cmeghan Illlanos

Pesrome. ['pananckusT OaceitH ce HaMupa B IIEHT-
panHaTa yacT Ha berckute kopawiuepy, 1oxHa Uc-
na"usi. MHOX€ECTBO pa3jIOMU IO TPAHUIIUTE MY U B
HCTOBUTE NpEaACIn 3aciarat mjaaau CCAUMCHTH,
BKJIFOUUTEIHO TUICHCTOICHCKUTE M XOJIOIICHCKUTE
XOpU30HTHU. JBIDKUHUTE U TBITOCPOYHUTE CKOPO-
CTU HAa ABUXXCHUEC HA AKTUBHUTEC U ITIOTCHIIUAJTHO aK-
TUBHUTE PA3JIOMH ca 100pe u3ydeHu, HO HeOOXOIH-
MHUTE 3a JETCPMUHUCTHYHA OIICHKA HA CCU3MUYHA-
Ta OMACHOCT MAJIEOCEN3MOJIOXKH JAHHU Ca OCKBJI-
HU. B HacTOsIIETO MPOyYBaHEe OMUCBaME HajIeoce-
HU3MOJIOXKHU CJIEAU B TPU OT CYUTAHUTE 3a AKTUBHU
pasiomu.

Pazkmonenmnero bombepoc na ['panamckus pasz-
JIOM € MPETHPISIIO €IHO PA3JIOMSBAIIO CHOUTHE C
pa3MecTBaHe Ha eqHOBB3pacTHM IiacTtose oT 0,70
m. AHaJ'[I/IS"bT Ha pa3JIOMHHUA OTKOC Ha HaZ[yJ'ICKI/ISIT
pas3jIoM MOKa3Ba, Y€ TOH € MPETHPIISLI €THO CPaB-
HUTEITHO CKOPOIITHO CHOUTHE C pa3sMeCTBaHE OKOJIO
0,70 m. Criope1 eMIIUPUYHUATE 3aBUCUMOCTH MEX-
Iy mpeMecTBaHe M MOMeHTeH marautyn (Wells,
Coppersmith, 1994), cuirata Ha gBeTe 3eMeTpece-
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HUS € aHAJIOTWYHA U Bapupa mexny 6,5 u 6,8. IIpu-
OJIM3UTETHUAT MEPUOJ HA BB3BPBIIAEMOCT Ha Ce-
n3MUYHATE ChOUTHS Ha ['paHamckus pas3iom u
IManynckus pasjioM € M3YUCJIEH MO JaHHU 3a
I'BJITOCPOYHATA CKOPOCT Ha pasjomuTe (Sanz de
Galdeano et al., 2003) 1 ycTaHOBEHUTE KOCEU3MHY-
HU IpEMECTBAHHA. CpCZ[HI/IHT ne€puoa Ha BBb3Bpa-
maeMocT Ha I pananckus pasiiom e 1842 ronunuy, a
Ha [Tamynckus pasinom e 2000 romuan. [Tosyuenure
CTOMHOCTU Ca OPUEHTUPOBBUYHH, MOPAAU HENO-
CTaThYHATA TOYHOCT HA M3YUCIICHHE HA IBJITOCPOY-
HaTa ckopocT (Sanz de Galdeano et al., 2003) u oc-
KbIHUTEC JaHHU 3a KOCCU3MHUYHHU NIPEMCCTBAHUA.

Pasnomsr ,,AnmxamOpa GpeHCcKU KaHaI acoIu-
upa ChC CPABHUTEJIHO 3aa3eH Pa3jOMeH OTKOC, KO-
€TO MpeANoJiara HeroBaTa CPaBHUTETHO MJTaia aK-
TUBHOCT. JIeTalJIHOTO OmMcaHWEe Ha pa3jioMHaTa
30HA B Pa3KPUTHUETO MMOKA3Ba, Y€ Pa3jIOMET € aKTH-
BEH Ipe3 IUIEHCTOLEHAa C MUHUMAJIHO KyMYJIaTUB-
HO pasmectBane 1,0—1,2 m. CeBpeMeHHATa TOYBA
HE € 3acerHaTa OT pa3jOMsBaHe.



