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Aims of the study:

The study aimed at charactering crustal properties beneath the

Afar Depression by measuring the following parameters:

e Crustal thickness (H).

e The composition of the crust by measuring the crustal mean of

V,/V (®), which is related to Poisson’s ratio (o), where:

o = 0.5 [1-1/(®~2-1)].

e The sharpness of Moho by measuring R, where R is the

amplitude of the converted phases from the Moho.
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Importance of the Afar Depression:

e The unique geological history and tectonic setting.

o It represents the only emerged R-R-R triple junction in the
world, beside Iceland.

Characteristics of the crust beneath Afar have been a subject of
controversy among scientists.

Afar is an example of a transitional stage from continental
rifting to seafloor spreading.

High teleseismic data sets that are available from 18 broadband
seismic station that we deployed.



Receiver function analysis:

- Receiver function analysis is a well-established technique to

estimate crustal and upper mantle structure using three-

component seismic data.

- The analysis detects the crustal boundary by identifying the
P-to-S converted waves (PmS) and their multiples (PPmS and

PSmS) [Ammon, 1991; Langston, 1977].
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Data:

- 18 Gilralp CMG-3T broad-band seismometers we
deployed along a profile of 250 km long with a station
spacing of 10 km.

- The instruments recorded data at 100 samples per
second for 12-months period (December 2009 until
December 2010).

- The stations have been visited and services twice in
June 2010 and December 2010.



The equipments used for the
installation: Yo
- Sensor " +° S
- Q330

- Baler

- Clie

- Battery

- Power box

- Solar panel
- GPS
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Results:

- The results were
organized into two
categories (A and B)
based on the quality
of the H-® plots.

- Category A stations
display a clear
defined single peak
in the H-® plots (H
and ® can be
determined)

- Category B stations
show clear PmS but
not PPmMS or PSmS
(H and ® can not be
determined)

Category A Category B
ADO1
ADO2
ADO3 ADO6
AD04 ADO7
ADO5 ADO9
ADOS8 AD10
AD13 AD11
AD15 AD14
AD16 AD19
AD17
AD18
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Locations of the three divisions
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The resulted H, ®, and o for the three divisions
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Summary of the results:

e The average crustal thickness is 28.56 km, & values ranging
from 1.84 to 2.07 with an average of 1.94 and Poisson’s ratio

ranging from 0.29 to 0.34.

e The resulted Poisson’s ratio obtained in this study is consistent
with the estimation of Ruegg (1975) of 0.28 to 0.33, Zandt and
Ammon (1995) of 0.29 and Dugda and Nyblade (2006) of 0.30.

e The gravity minimum occurs over the area of high elevation

(negative), while the values increase towards the TG.

e The gravity modeling results are consistent with the distribution
of the crustal thickness and the observations of Vp/Vs using

receiver function analysis.



Implications of the observed results:

e The study indicates that the crust layer beneath the study area in the
Afar Depression is composed mainly of more mafic material and

contains a small amount of partial melt.

e The @ distribution is remarkably large throughout the area and seem
to have a clear relationship with the crustal thickness (i.e. smaller H
corresponds to large Vp/Vs and vice versa). The more mafic

component occur in the crust, the thinner the crust will be.

e The mean values of Vp/Vs for the stations located SW of TG and in the
TG are considerably larger than those in the DG. It is likely that

magma source exist in the crust that led to rise the values of o.
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The TG has thinner crust comparing with those SW of TG and DG.

The distribution of crustal thickness go together with reasonable

rational with high elevation areas.

The AD has smaller-than-normal stacking amplitude of the P-to-S

converted phases beneath most stations.

The study assume that diking is more likely the cause that rise the

observed high values of Vp/Vs.



Conclusions:

The average crustal thickness beneath the Afar Depression is
about 28.56%0.28 km.

The crust is characterized by large Vp/Vs of 1.93+0.017.
Smaller-than-normal overall stacking amplitude of the P-to-S
converted phases beneath most stations.

The crust beneath the entire study area is significantly thinned
and extensively intruded by mafic dikes, representing a

transitional stage between continental and ocean crust.



The Tendaho Graben has the thinnest and most mafic crust.
The crust beneath the center of the Tendaho Graben is likely to
be oceanic-type, and becomes progressively more continental

away from the center.

Active magmatic areas (i.e. Tendaho Graben) are characterized
by higher gravity anomalies while the thicker crusts have small

and negative anomalies.

The observed ® values in this study seem to have a clear
relationship with the crustal thickness (i.e. smaller H

corresponds to large Vp/Vs).

The study assumes that diking is more likely the source which

causes the elevation of ® values.



Thank you ...



