Abstract

The subduction zone in southern Peru is imaged using converted phases from teleseismic

P, PP, and PKP waves and P wave tomography using local and teleseismic events. The data
comes from three linear arrays which have a total of almost 100 broadband seismic stations.
The first array (Line 1) spans 300 km from the coast (Mollendo) to near Lake Titicaca (Ju-
liaca) and is located in the normal dipping subduction regime. The second array (Line 2)
runs from Juliaca to Cusco parallel to the oceanic trench and samples the transition from
normal to flat subduction regimes. The third array (Line 3) is parallel to the first and runs
from Nazca to Cusco in the shallow subduction region. The Moho is observed at a depth

of up to 75 km beneath the Altiplano. At the mid-crustal level of 40 km, there is a continu-
ous structure with a positive impedance contrast, which we suggest is the western extent of
the Brazilian Craton as it under-thrusts to the west. Vp/Vs ratios estimated from receiver
function stacks show an average value of about 1.75 for this region with some higher val-
ues near the volcanic arc, and some regions north of the line exhibit strong lateral variation
in Vp/Vs. The results support a model of crustal thickening in which the margin crust is
under-thrust by the Brazilian shield rather than delamination of lower crust through eclog-
itization. Results from the three arrays will allow for a comparison of the normal and flat
subduction regimes, details of the transition between the two regimes, and the impact of the
subducting Nazca Ridge on the subduction zone.
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Receiver function images from Line 1 show a crustal thickness varying
from around 20 km near the coast to about 75 km thickness beneath the
Altiplano. Also visable is the subducting slab dipping at an angle of about
30 degrees (consistent with expectations from seismicity) and a positive
impedance signal at around 40 km depth which is proposed to result from
underthrusting of the Brazilian shield. Negative impedance signals ob-
served at a depth of around 20 km could be indicative of magmatism.

1. Receiver function stacks for events coming from the NW azimuth to
Peru. See description above for the major interfaces observed.

2. Receiver function image formed from backprojecting rays from the
station in the direction from which the energy arrived. The signals for the
mid-crustal structure, Moho, and slab are highlighted as well as a multiple
arrival of the mid-crustal structure. This image includes only data from the

~ NW azimuth.

3. Same image as 2 with the picks for the Moho based on stacking and grid
search algorithm overlaid.

4. Vp/Vs ratio has an average of about 1.75. Higher values around the
volcanic arc could indicate some degree of partial melting.

5. Upper 120 km based on data from all azimuths.

6. Image based on PKP phase using events from the Indonesian region.

The slab can be seen clearly with the negative pulse corresponding to the
top of the oceanic crust of the descending slab closely followed by a posi-
tive pulse at the transition to oceanic mantle. Because of the almost vertical
arrival of these phases, a conversion is not expected at horizontal interfaces
but the PKP arrivals can be useful for detecting dipping interfaces such as
the slab.
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Receiver function results from Line 3 running from the city of Nazca near the coast to Cusco and sampling the

flat subduction zone. The seismic array is perpendicular to the oceanic trench and is located near the subduct-

ing Nazca Ridge. The Nazca Ridge is proposed as a possible cause for flat slab subduction and results from this
study may provide insight into the effects of the ridge on the subduction zone.
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Top left: Receiver function image from events located at NW azimuth to Peru. The slab can be clearly seen
flattening out at around 100 km depth. The Moho is located directly above the slab at a depth of around 70km.

Top right: Receiver functions from common conversion point (CCP) stack of available data.

Lower left: Estimates from receiver function stacking and grid search. Plotted are station elevation, Moho esti-
mates, and Vp/Vs ratio estimates
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v}

24

LEFT
A
&' [=1 om 1“ E
?—?EES-ELY"" et fe
i, b Mﬁrn"hn'*“"q'"h
g ' <4
£ .
% 4 ) e ;'4;1“-{‘
I P"d F i
= ] il
B

Time (see)
ak

b
- —

oL

T
L

Eﬂuhiﬂr

15 0 ] 3:1:- a5 4I€I 48 51 85 =
R L ; Left: Velocity model and
»B - PR . y. .
3::%4‘-- 4 synthetic receiver functions
T T LT il i d . . .
e obtained from finite differ-
e T .
» e IO ence modeling. (A) Model
BB HBENRR AR P ARl with a homogenous crust
o T T (B) Model which includes a
— e mid-crustal velocity jump
Y s ' which produces synthetics
I ANl most consistent with obser-
R uuASuiu AN a8 .
T vations.
181 - -:
_-—-L\.-ul-a_uu_-_“lrl'—l-r"!—---“- .
R " Right: Local waveform
101 P finite difference modeling
MRy of local event near end of
= neaEPNFARS : 'vur Line 1 (A) Map showing
4 event locations provided
d by NEIC and IGP (Peru).

(B) Model used in the finite
difference modeling. (C)

il Data from a magnitude 6
event occurring on July 12,
- 2009 aligned by the P wave
] arrival. (D) Synthetics. (E)
i P wave arrival.
— —— |  Arrivals are numbered: 1.
o JITRET . T P wave, 2. S wave, 3. Moho
(TTPArTT . YT signal, 4. mid-crustal inter-
TRl j e L L] face.
15 e e :
e :
e :..-lll\.._ i us F A
T N n » ]
s — - -'—'—'—v-_._ = -
xxnm N |
o [111] ] | .
15 a0 in 30 a5 40 45 50 55 B

-50
-100 f
150 =
-200

-250

50

100

150

200

250

300

350

P wave tomography results beneath Line 1 as estimated by Paul Da-
vis and researchers at UCLA. Deviations from the IASPEI model
are in % slowness. The white lines represent receiver function es-
timates for the Moho and slab which are in agreement with tomog-
raphy which shows a steeply dipping slab and a thick crust (around
75km thickness beneath the Altiplano). The low velocity to the right
may be due to serpentinization of the mantle wedge, where eroded
mantle lithosphere has been replaced by hydrated asthenosphere. Ap-
parent slab thickening to the right and left of the model are artifacts
from low resolution at the edges.

Back projection with smoathing

-50

£ -100
-150
=200
-50 ] 50 100 150 200 250 300
Diztance from PFO1 krny
ST NI 1 I I T 77 T 7N AN T 17 ¢ &
v)o/\ o W o/ b 2\8 ela(\ g/ o/ ol o bl e S(d o /o 2oy
HEEIECEZC R R Bﬁ\ﬂ{ﬁ 2% 9 & DN E/E flE
N VAL N\ IS
o =
3 - ry) ‘ L2 2
3
. e
N - N
% I -5

Receiver function results from Line 2 running from Juliaca/Lake Titicaca
to Cusco and sampling the transition from normal subduction dip to shal-
low dip in the north. Results show a clear mid-crustal structure at around
40 km depth, a Moho at a depth of around 70 km depth, and a signal from
the slab. Note that in some cases a clear slab double pulse signal is seen
down to a depth of around 80-100km which may be related to the transport
of hydrous minerals in oceanic crust into the subduction zone. This can be
observed for Lines 1 and 3 but is less apparent for the deeper slab expected
for Line 2.

Top: Receiver function image from common conversion point stack of all
available data. Black lines delineate respectively from top to bottom the
mid-crustal structure, Moho, and slab. Pink line shows the approximate
location expected for the positive first multiple arrival of the mid-crustal
structure and the blue line shows the expected location for the second (neg-
ative) multiple arrival.

Lower left: Receiver function from a signal Mw 7.3 event occuring on
8/10/2010 near Vanuatu.

Lower right: Estimates from receiver function stacking and grid search.
Plotted are station elevation, Moho estimates fitted to a polynomial regres-
sion curve, and Vp/Vs estimates
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