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Overview

« Saudi Arabia lies in active tectonic area
« Potential geothermal in Saudi Arabia
- Along Red Sea coast (e.g. Jizan)
- Volcanic areas inland (harrats)
- High heat generating granites in north
(EGS potential?)
« Government favors growth of
renewables

Roobol (2007)
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Harrat Rahat

« Recent eruptions

* Near city of Medina
- Population ~ 1.3
million
- Recent lava flows
into city:.

* Northward progression

of eruptions.
« Earliest about 500,000
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Medina and surrounding area
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A motivating example

Las Tres Virgines Geothermal Field, MX
« Volcanics on transforms faults

* Related to Gulf of California spreading
o ¢ Permeability associated with faults

rf « Reservoir about 275° C
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Data and strategy

= Limited data; limited budget
— Passive seismic data
— Geological mapping
— May be useful for volcanic hazard as well
— Test new tools: automated seismic interferometry and detection
algorithms (fast and cheap)
— passive seismic data is widely available in many regions

= Objective
— Use continuous seismic data to image low velocities and possibly relate
to geothermal gradient
« is all of Harrat Rahat potentially productive or only part?

— Look for small earthquakes and basement faults
» can we define areas with possible high permeability?

= Combination of geologic mapping and seismic analysis
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Geologic mapping

NON-ERODED LAVA FLOWS, VENTS, FAULTS, AND
RADIOMETRIC AGES ON NORTHERN HARRAT RAHAT

Qm7 - The Madinah historic flow that erupted in 1256 A.D.; a possible historic
eruption at 641 A.D. is also present as a line of four scoria cones SW
of Al Madinah al Munawwarah city

- Qm6 - “Post-Neolithic” flows and scoria cones that contain surface dust ponds up
to 3 m in diameter, but lack Neolithic monuments on their surface

Qmb5 - Holocene, non-eroded basalt flows, slightly eroded scoria cones, and
| trachytic domes with strongly eroded pyre i its; surface
e include dust ponds up to 50 m in diameter, and abundant “Neolithic”
S tumuli and monuments on their surface

Qma4 - Late Pleistocene, non-eroded basaitic to benmoreiite flows, slightly eroded

scoria cones, and trachytic domes with strongly eroded pyroclastic
- ———
B

deposits; surface features include dust ponds up to 100 m in diameter

=% Scoria cone; blue - younger Qm4-Qm?7 cones
Scora cone with open crater ; blue - younger Qm4-Qm7 cones
Benmoreiite to trachyte dome; blue - younger Qm4-Qm7 dome
Asymmetric shield volcano

linear vent system on Harrat Rahat

e
L1
\ Cenozoic normal fault related to
\
\

Pr ian and subordi ian
\ (i.e., Najd) fault reactivated in the Cenozoic

K-Ar age (in Ma): Pellaton (1981, Coleman et al. (1983), Camp
and Roobol (1991); Asterisk = Ar-Ar age: Moufti et al., 2012.

/— Concentration of epicenters associated with the 1999
earthquake swarm beneath northern Harrat Rahat.

/ Outline of young Qm4-Qm7 cones in central vent system;
focus area for geothermal exploration
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Seismic interferometry

Volcanic paths
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Inversion

Red — average volcanic
Black — average shield

: : Green — refraction line on shield
« Volcanic areas consistently

lower velocities at shallow (1 5 7
km depth)

 Values consistent with 4 ]
previous refraction work on
the shield [Mooney et al.,
1985]

« Technique appears to be
effective [e.g. Tibuleac et al.,
2015]

« Depth resolution limited by
frequency response

« May be guide to geothermal
gradient 0

Depth (km)
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Velocities and volcanic region

Red — average velocity slower
(below median)
Black — average velocity faster
(above median)

Average of upper 3 km

» Raypaths with more than
50% in harrat are slower.

« Shield paths are faster

« Ambient noise tomography
capable of mapping areas of
anomalous velocity
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Seismic network and earthquakes
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Local earthquake

7/1/2013 Local Event 2-10 Hz

Time (s)
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Signal processing
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» Applies ‘subspace’ detectors
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Results of detection

* One year of data

(7/13 — 7/14)

» 16 catalog events

* Detection added
additional 36 events

e Some events
associated with
guarries

 Three new events
near Harrat Rahat

Probable earthquake sequence associated with detector 673576
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Faulting

Faulting
A) NW to NE fault in A
central Harrat

A) NE related basement
faults, possibly re-
activated

A) East-west faults of
unknown origin

A) NE basement faults,
also possibly re-
activated
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Faulting and earthquakes

« Seismicity roughly
aligned with set B (as
do recent cones)

« Area near intersection
of B and D may show
higher permeability.
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Results and conclusions

Harrat Rahat is a potential geothermal resource
— High heat flow

— Near to populated area

— Permeability is unclear

Seismological tools
— Signal processing yielded more events but insufficient for improved maps
— Interferometry capable of mapping low velocities associated with volcanism

Basement faults
— Appear to influence volcanism and seismicity
— Current mapping indicates correlation with NE trending faults

Permeability?
— Based on analogous field, look for intersection of fault trends
— Basement fault trends B and D may be the best place for future investigation
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Backup slide: 1999 swarm

Significant swarm

Poor control on depth
Tomography indicates low
velocities under volcanic
area

From Abdelwahed et al., 2016
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