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Abstract The Triffa plain is located in the north-eastern
part of Morocco. It’s considered as sedimentary basin of a
Quaternary age containing a wide variety of breccias that
we consider as impactites. Thereby, we have found
monomict breccia and polygenic breccia. The presence of
glassy clasts allows us to determine the suevite that contains
many indices of shock metamorphism. The effect of the
shock is observed in quartz grains that show fractures and
planar deformation, the mosaicism texture and ballen-quartz.
The pebble breccia shows deformations of shock such as
spallation fractures and striation. However, we suggest that
the sediments in the Triffa depression are mainly impact
breccias.
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1. Introduction
Erosion, deformation or burial frequently prevent from the
recognition of large impact craters on Earth. Recently
identified impact structures on the Earth’s surface are first
marked by a circular or near-circular form, such as a
topographic surface or a circular geophysical anomaly [1].
These features may help to detect a new impact crater. The
mountain chains surrounding the Triffa plain show no
circular structure that may be attributable to the impact crater.
Our main aim is to provide an evidence of effect of shock in
the Triffa area. We base this study both on the existence of
the PDFs deformation in suevite quartz and on the presence
of glass as spherule and cinder in this region. In this work we
will focus on the breccias in the Triffa plain which are
interpreted in literature as a depression filled with the
Quaternary sediment deposits. And we report observations
and descriptions of the breccias which contain indications of
shock that prove that the Triffa basin may have been formed
by the shock of meteorite impact.

Figure 1. Geological map of the area of the Triffa plain. (Carlier, [2] modified)
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2. Geologic and Tectonic Overview
The study area (Triffa Plain), located in the north-eastern
part of Morocco, has a surface of about 750 km2. It is limited
by the Ouled Mansour hills in the north, the Beni-Snassen
Mountains in the south, the Kiss River in the east and the
Kebdana and Moulouya River in the west (Figure 1). The
Triffa Plain constitutes a wide synclinal depression formed
by the Neogene and Quaternary geological deposits in which
the sedimentary sequence overlays a Pliocene marly
substratum of Mio-Pliocene age. Red and clayey silt, covers
the surface of Triffa basin, which is filled by a series of
gravel carbonate levels, sometimes crosscutted by
consolidated conglomeratic bars. In the center of the plain,
the sediment thickness varies from 50 to 100m and decreases
brutally at the flexure of ride HassiSmia (Figure 1). This
series is based on Neogene conglomerate and marl
considered as substrate [3]. The Mesozoic formations crop
out to the south within the Beni-Snassen chain. They have a
monoclinal structure dipping 25° to the north. The Lower
Jurassic (the Lias) is mainly composed by limestone and
dolomite [4].

3. Breccia
Breccias constitute a prominent feature of impact
structures. Polygenetic breccia and several breccia
generations (breccias-within-breccias) are very common
[5,6]. At present, there is no specific feature in the breccias
generated by impact [7]. In the Triffa plain some breccias
indicate a deformation like shocked quartz, and spallation.
The outcrops in Lake Awlout area and in Cheraa River show
different litho logical facies: sandstones, chalky gravel
stones, conglomerates and calcareous sandstone with large
blocks (>2m). Monomict as well as polygenetic (polymict)
breccias are found in this area

seen in the outcrops around the lake Awlout, and Cherraa
River. These impactites are polymict and they have rounded
clasts which are usually of limestone nature. There is a wide
range in clast size: from a few millimeters to >3 m (Figure
2), the latter ones have been termed megablocks [9]. The
Cheraa conglomerate shows a mixed red and white matrix
with flow texture. This plastically deformation couldn't be
the result of the fluvial deposit (Figure 4E).
3.3. Suevite
Suevite is a polymictic clastic matrix breccia containing
glass fragments, rock and mineral clasts exhibiting various
degrees of shock metamorphism. At the Triffa basin, we
observed breccias that match the suevite definition. Only few
suevite have been found. This may be the result of erosion,
suevite being less resistant to erosion. Two groups are
distinguished: a) the first is a compact suevite with clasts of
the black quartz (Figure 4C) and are frequently found as
scree in the entire Triffa region, or as clasts breccias (Figure
4A and 4F), b) the second suevite group, located in Cheraa
River near the road Aklim-Madarh, corresponds to
superficial formation overlaying the conglomerate(Figure 3).
Like the other suevite types (Ries), the Triffa suevite
corresponds to a wide variety of rock fragments, ranging in
size from less than a centimeter to about 50 cm. In thin
section, the unaltered glass fragments appears as a brown or
yellow clasts and take sometimes a droplet shapes, which
testifies the aerodynamic effects before the melt
solidification. [10,11]. In one sample, the glass shows a fine
crystallization of plagioclase (Figure 8B).Quartz fragments
and quartz in rock clasts exhibit up to four sets of planar
deformation features. The suevite matrix is made of very
fine-grained mineral and glass fragments, commonly too fine
for light-microscopic identification (Figure 4D).

3.1. Monomict Breccia
The monomict breccias often show an intense mortar
texture (Figure 4B) identical to those observed at other
impact structures. Many clasts are intensely brecciated,
showing angular as well as well-rounded fragments. Intense
brecciation of single rocks, comparable to those found in
Germany and discussed in detail by Hiuttner1969 [8] for the
Ries impact structure, can be observed within the limestone
fragments emerging in the ground from the center of Triffa
basin.

Figure 2.
(>2m)

Impact breccias from the Berkane city, containing large blocks

3.2. Polymict Breccias
Large-scale and small-scale polymict breccias
(conglomerate) are also present. On the basis of the drilling
in the plain, Laaouina [3] notes a wide variation of
conglomerate deposits (polymict breccia) covered with red
limon (Figure 1). Based on this work, all this conglomerates
will be considered as impact products. This breccia can be

Figure 3. Layering of the suevite on the conglomerate in Cheraa valley
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facilitate their detection under the microscope. The
decorations have resulted from post-shock annealing and
aqueous alteration of non-decorated PDFs [14]. Both
decorated and non-decorated PDFs have been found in the
Triffa quartz.

Figure 4. Sawed and polished surface of a breccia with dominant
limestone components. (A) Polymict breccia from Awlout with
suevite’sclast in lowerleft corner. (B) Monomict breccia with mortar
texture. (C) Compact suevite with black clasts of quartz. (D) Note flow
texture and plastically deformed component in thin section of Suevite. (E)
A flow texture of the pink and white matrix of Cheraa'ssuevite. (F) Slivers
of compact suevite in the superficial crust of the pink suevite.

4. Shocked Quartz

Figure 5. Microphotographs of thin sections showing typical deformation
patterns in clasts of suevite resulting from shock metamorphism. All images
were taken with crossed nicols(A,B,C) Shock metamorphism effect in
quartz grains exhibiting several sets of partly decorated with tiny fluid
inclusions.(D) Mosaicism habit of quartz, (E) PDFs and PFs in plagioclase
of Cheraasuevite(F) Fractured quartz in sandstone clast. All suevites are
from Lake Awlout except E

The quartz grains commonly display some shock-induced
micro-deformations, like planar fractures (PFs), planar
deformation features (PDFs), grain mosaicism and more
rarely ballen texture (Figure 6).
4.1. PDFs
It is generally accepted that shock metamorphism in rocks
must be considered as a proof of meteorite impact [12].
According to their intensity, shock waves leave different
traces in a mineral. Planar deformation features (PDFs)
belong to the most important ones such as the case shown in
quartz. These peculiar structures are closely spaced parallel
(5 to 10µm), optically lamellae following crystallographic
planes in the quartz grains. According to current knowledge
[13], multiple sets of these closely spaced isotropic lamellae
can only originate from extreme shock pressures. Planar
features, identical in form to those described from other
impact sites were recognized in quartz-bearing suevite
collected from Triffa plain (Figure 5). The PDFs are
generally decorated with tiny fluid inclusions which greatly

Figure 6. Microphotographs of ballen quartz in suevite from Awlout

Planar fractures (PFs) in quartz grains occur as thin open
fissures generally spaced greater than 20µm. They were
observed in quartz and feldspar (Figures 5E and 5F).
4.2. Mosaicism
Under the microscope, shock-inducted mosaicism appears
as a highly irregular mottled extinction pattern in quartz with
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or without planar microstructures. This mosaicism is
commonly observed in different quartz grains with PDFs in
the Triffa suevites (Figure 5D) and in the conglomerate
matrix from Aghbal. Mosaicism is recognized by a mottled
extinction pattern. Unlike undulatory extinction (observed in
tectonically deformed quartz), mosaic extinction does not
sweep through a grain but occurs at discrete positions as the
microscope stage is rotated [15].
4.3. Ballen-Bearing Quartz
Ballen-bearing quartz was identified in fragments of
suevite from Awlout area. The outlines of the ballen loops
are usually oval or rounded shaped.

6. Glass
Cinder rocks constitute the impactites on the field around
the Lake Awlout and they reflect a volatile-rich melt (Figure
9).
The glassy spherules are solidified from melt or
condensed from vapor. Larger (>1 cm) melt droplets cool
rapidly and form rocks composed entirely of glass, called
tektites [20]. The spherules are generally <1 mm across and
are called either microtektites (if they consist of glass
without primary microlites) or microkrystites (if they contain
primary microlites [21]. Most microtektites are spherical, but
rotational forms such as teardrops, also exist (Figure 8). The
rotational shapes are produced by rapid rotation of the
droplets while still molten.

5. Spallation
The shocked cobbles from the Miocene conglomerates in
Aghbal outcrops have surfaces marked by Mini-Craters (1
to 5cm of diameter) and are deeply fractured. The widely
open fractures in the coherent cobbles with a smooth
surface couldn’t be of tectonic origin [16].
These so called spallation features are the typical result of
dynamic shock deformation well known from observed
conglomerates near large impact structures [17,18].
Other impact deformations are observed in heavily striated
and polished cobbles found in the Triffa plain (Figure 7).
Striated and polished clasts are well-known from other
impact places like the Ries impact structure [19], the
Azuara-Rubielos.

Figure 7. Striation and mirror polish on limestone clast from Lake
Awlout. (B,C,D) Strongly deformed cobbles in Miocene outcrop (Aghbal)
showing subparallel fracturing and cratering.

Figure 8. Micro-photomicrograph of droplet melt in thin section of suevite, (B)plagioclase crystallization in yellow glass of the suevite
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Figure 9. Lava flow features cinder rock with elongated vacuoles (lower
part of the sample) indicates the flow melt

7. Conclusions and Discussions
Based on petrographic characterization, two distinct
breccia types were identified in the breccia deposits: bunt
breccia and suevite. The breccia contains angular clasts of
older sedimentary material and of granitic to metamorphic
basement rocks. A large variety of micro-deformation
features was found in individual mineral clasts: mosaicism
structure, ballen-quartz; planar fractures (PFs) and planar
deformation features (PDFs) are commonly found in quartz.
The presence of planar micro-deformation features in the
suevite of the Triffa plain is an evidence that these rocks was
formed as a result of asteroid or comet impact. The shock
deformation features in components of the breccias
encountered in this region and the presence of
glass(spherical or cinder) strongly also suggest that the
breccias were formed by impact processes.
The fractured cobble and the shocked quartz in Miocene
conglomerate allow us to propose that the impact occurred in
the early Miocene and this conglomerate is an impactite
breccia. Though no meteoritic fragments has been found so
far in these areas, the origin is proven by the evidence of
impacts on magmatic and sedimentary rocks and the
existence of aerodynamic ejecta.
The Triffa fields deserve further detailed studies and
discussion on its origin. These objectives will be
accomplished in forthcoming ﬁeld work investigations.
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