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Abstract
Kalavryta and Kerpini Fault Block: Investigation into correlation and nature of sub-
horizontal layers; Corinth Graben, Greece.
Eivind Marius Stuvland
University of Stavanger

Supervisor: Chris Townsend

The Gulf of Corinth is located in West-Central Greece and is the result of a Pliocene-
Recent, asymmetric extensional rift system. The region offers an excellent opportunity to study
rotated fault blocks and the various syn-depositional sedimentary environments that form within
them. The focus area for this study are the two fault blocks: Kerpini and Kalavryta. These two
fault blocks were studied in order to map a series of sub-horizontal sedimentary layers found in
the two fault blocks, ascertain their nature, determine the relationship with each other and the
relationship with surrounding sediment (which usually has a moderate to steep southward dip).
Previous studies in the area have neglected to address the sub-horizontal sedimentary layers, and
have classified them as basal conglomerate (Ford et al., 2013). In order to fully understand the
sub-horizontal layers (assumed to be younger), the underlying sediment had to be mapped.
Geological maps were created of the study area, mapping both structural and stratigraphic
features. Maps were digitized and the data was later analysed with the aid of numerous images

recorded in the field.

A total of 8 separate outcrops of sub-horizontal sediments have been identified; 2 of these
were later dismissed as ‘dipping’ sediment during analysis. This was based on dip angle/dip
direction and flow direction within these two units. The remaining 6 units have been correlated
based on location, flow direction and texture. The lower-lying (older) sediment was determined
to be part of a massive alluvial fan that originated from the Kalavryta Fault, flowing N/NNE,
covering the area. This study places the lower-lying sediment to pre-Kerpini Fault. The sub-
horizontal layers (late-syn / post Kerpini Fault) have a more fluvial character and show an E/NE
flow direction, entering the fault blocks from the SW and are assumed to flow towards the
Dhoumena Fault Block, but not continuing east towards the Vouraikos River. This study has
provided a new model on the sedimentation of the Kerpini Fault Block by addressing a problem
that was not previously answered. Additionally, it contradicts some pervious ideas about the

development of the Kerpini Fault Block.
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Unit C and D. Note that on either side of the scar the dip angle changes from 4°N to 14°N.

Figure 4-25: Image showing the scar/gulley. It separates the sub-horizontal sediment from the
north dipping. A thick (60-70cm) sandstone layer can be traced across the gulley. The dip

difference between the two OULCIOPS 1S 10°. ....viiiiiiiiieic e 46

Figure 4-26: This is an image taken from Google Earth to show the proximity of Unit D and E
(red shaded), the blue is basement. It also shows the location of Figure 4-28 and Figure
4-29. As the image shows, D and E are separated by ~100m of recent soil and vegetation. 47

Figure 4-27: Image taken looking east at Unit D. The western side, as shown in the image, shows
layering. The red outline shows Figure 4-28. The scale is applicable to base of Sub-

horizontal CONQGIOMETALE. ..........ciuieieciece et e e e e enes 49

Figure 4-28: This image is a close up of the highlighted area in Figure 4-27. It reveals some of
the layering that is visible in the unit on the western edge. The log on the left is general
representation of the outcrop. Many of the areas are inaccessible and few good vantage

points are available. The log is stopped at 21m, however the unit does continue for another
X
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~45m. The upper part of the outcrop is covered with vegetation and there are very few

exposed beds, but it is assumed that the conglomerate continues throughout. ..................... 50

Figure 4-29: Looking west across the gorge at the western part of Unit E. This part of the unit
shows a 2° dip towards the south. Some sandstone layers/lenses are visible, however many

are heavily weathered or covered with l0ose sediment. ............cccoe i 52

Figure 4-30: Image taken from the south looking north into the gorge that separates Unit E into a
western and eastern section. The different dip angle is shown on the interpretation. The

yellow circle indicates the location at which Figure 4-29 was taken. ..........c.ccoccovviiiinnnnn. 53

Figure 4-31: Log showing the exposed outcrop of the western part of Unit E. The lower half was

extrapolated by observing horizontally as the lower section is heavily covered with scree. 54

Figure 4-32: An image taken from Google Earth showing the location of Unit F relative to Unit
E. Note that Unit F sits isolated on basement. The two locations of the photographs are

shown. The area marked with “Slump?”, is the same area as shown in Figure 4-3. ............ 55

Figure 4-33: Image taken ~800m away to get a good angle. It shows the unit sits on basement,
and on the northern side is onlaps basement. From the image it is visible that the eastern
side of the outcrop is covered with recent soil. The red box on the interpretation is a

possible contact SNOWN 1IN FIGUIE 4-34.........cccoiiiiiiiiecees s 57

Figure 4-34: This is a close up of the red square shown in Figure 4-33. In the right hand corner is
an enlargement of the photo. It shows the more angular clasts as they sit very close to the

underlying basement. The actual contact between sediment and basement is not exposed. 58

Figure 4-35: An overview taken from Google Earth showing the location of Unit G in relation to
Unit H and basement. Unit G clearly onlaps the basement along the northern edge. On the
remaining sides only recent soil is found. Further south of Unit G one finds south-dipping
conglomerate. Unit H sits on the northern edge of the massive conglomerate Roghi

Mountain and appears to onlap DaSEMENL. .........ccovveiieiiiiece e 59

Figure 4-36: Image of Unit G looking northwards. The unit clearly onlaps basement along the
northern side, however this contact is covered with recent soil and vegetation. On the

southern side, the second basement contact is also covered. Off image bottom right, there is

Xi



a transition to dipping conglomerate this contact too is covered. Following the beds

eastward, the angles of the beds appear to change to a more eastern dip angle. .................. 61

Figure 4-37: This is an image of the red square shown in Figure 4-36. From this angle the beds
appear to be dipping slightly to the east. The appearance of the outcrop is more reminiscing
of the south dipping conglomerate that is the main lithology in the Kerpini Fault Block, than

the sub-horizontal sediment found in UnitS D, E and F.........vvvueeieieeie e 62

Figure 4-38: An even closer view of the red square shown in Figure 4-37. The black crescent is
an attempt to follow a layer around this small knoll. When viewing the layer that the black
crescent is showing, the layer appears to show a more south/south-east dip rather than a
TR (=] 10 ] o T OSSP POPRP 63

Figure 4-39 : Image looking east towards Unit H (centre of image) and Unit G (left on image).
What to note here is the sharp change in dip angles from Unit H south into the thick coarse
grained, south-dipping conglomerate of Roghi. However within Unit H there are also
anomalous dip angles that trend more towards the south than being sub-horizontal. The

elevation point showed on the interpreted image is correlated further east to Figure 4-40.. 66

Figure 4-40: Image taken looking west from above the Monastery towards Unit H. Due to
vegetation it is difficult to distinguish dipping beds from non-dipping beds, therefore the
placement of the southern contact between dipping and sub-horizontal is diffuse. The
inferred fault that is placed in Figure 4-39 is also hard to project through the mountain due
to vegetation. The imbrication measuring point (yellow) shown here is the same location as
the upper measuring point on Figure 4-39. More importantly the sub-horizontal beds are
visible from this view point as Well. ... 67

Figure 4-41: Image taken at the upper imbrication point shown in Figure 4-39 & Figure 4-40.
The black lines show the trending beds. This location allowed the beds to be viewed in 3D.

The red square shows the position Of FIQUIe 4-42..........cccoeiieieeie i 68

Figure 4-42: Image (a) is an enlargement from Figure 4-41, with a view towards the west. This
indicates a flow in a northern direction. Image (b) is taken from the same location looking

east, this side also shows a possible flow towards the north. The red dashes have been
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placed on a few tabular clasts are show imbrication. The horizontal part of the yard stick

MEASUIES 40 CM TOF SCAIR. oottt e e e e e e e e eeeaeeeeaaa 68

Figure 4-43: This image is taken on the western side of Unit H, at approximately the lower right
yellow cross on Figure 4-39. The horizontal section of the yardstick is oriented north-south.
The important thing to note is the orientation of the tabular clasts that indicate a flow
direction towards the north; also this image is taken in a section of Unit H that shows a

00T T70] 01 | I |1 o SRS S TR 69

Figure 4-44: Map showing the distribution of main depositional units and faults. Also has the
location where flow direction was determined by looking at the imbrication within the

sedimentary layers. This gave an overall trend of N/NNE. ..........cccooiiiiiiniinine e 70

Figure 4-45: Map of the area showing the faults in conjunction with the lithology. Lines A-D

represent profiles made Of the @rea. ........cccoccvv e 71

Figure 4-46: This is an image taken by Stine Finnesand in conjunction with her MSc Thesis. It
shows a view from the Kerpini Fault looking south towards the town of Kalavryta. The
interpretation made by Finnesand underneath depicts the Kalavryta Fault as it steps.
Furthermore it shows how the Kalavryta Fault has been eroded moving westward. Behind
the Kalavryta Fault, the Chelmos Fault is displayed. Chelmos Fault is considered the oldest
in the region. (FINNESANd, 2013) ......c.oiiiuiiiiiiieieiee e 73

Figure 4-47: A view from north looking south into the Kerpini Fault Block. This image shows
the Kerpini uplifted footwall (1), note the thick layer of coarse conglomerate that overlays
the Pindos carbonate basement. This sediment (1) dips ~21° southward. This image also
shows to more features of interest (2 and 3). These two features have previously been
thought to be fans (Syahrul, 2014). #2 has its apex close to the Kerpini Fault, and is
believed to have a flow direction to the east. #3 has its apex close to the Dhoumena fault

and is believed to have a flow direction of SOUth-8St. ........cccvveeeeeee e 75

Figure 4-48: Image of the first step in the Kerpini Fault. The sediment north of the fault is
dipping into the fault, and in the south dipping away from the fault. In the area of the red

square is where the main Kerpini Fault is interpreted to end. .........cccoccveviiiiie i 76
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Figure 4-49: Image to show the exposed basement and proposed stepping of the fault in the
western region of Kerpini Fault Block. It shows the exposed basement and the surrounding

dipping sediment. The yellow circle indicates the location that Figure 4-48 was taken. ..... 77

Figure 4-50: Image of the exposed basement. The basement is ~90% covered with recent soil, so
is the contact between sediment and basement. Scale is applicable to the large tree in
{0210 (o] o AT TSRS OPUPOPRSO 78

Figure 4-51: Panorama looking southwest into the Dhoumena Fault Block. The yellow shows a
fan mapped by Anita Kolbeinsen (Kolbeinsen, 2013). The purple shaded is the Troulos
Mound/Ridge that Ford et al. (2013) interpreted as a growth syncline. The fault as depicted

passes behind the yellow shaded fan, in the west it continues towards the Kerinitis Valley.

Figure 4-52: Profile A is taken from the western region of the Kerpini Fault Block (Figure 4-45).
Moving from south to north, the south dipping sediment is overlying the basement. The
first fault is the first step in the Kerpini Fault; it is depicted with a dashed line as it is
uncertain how far it extends and in that area there is only basement. The next fault is the
second step in the Kerpini Fault. At this location one finds sediment dipping into the
proposed fault. The third fault is the named Western Kerpini Fault, which is proposed to
extend from south of Kerpini Village and westward (Figure 4-45). North of the Western
Kerpini Fault, following the dipping sediment, one reaches the sub-horizontal unit, Unit D.
In this profile the contact with south dipping sediment is depicted, however in the field it is
virtually impossible to distinguish due to recent soil and vegetation. The question mark
under Unit D is to signify that Unit D may overlay the south dipping sediment, however it is
NOt 0DSErved IN the TIEld. ..o s 83

Figure 4-53: Profile B runs south-north through the central part of the Kerpini Fault Block,
immediately east of Kerpini Village. Looking at the profile, in the south one can observe the
dipping conglomerate in the Kalavryta Fault Block that sits directly on basement. Following
this there is an area of exposed basement that is the Kerpini Fault footwall, before reaching
the first fault, the Kerpini Fault. Moving northward there is another large section of south
dipping conglomerate before a small section of exposed basement is revealed (~1500m).
Immediately north of this section one finds the north dipping conglomerate, and the

Xiv
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proposed Western Kerpini Fault. North of the Western Kerpini Fault is a large section of
south dipping conglomerate. The two small inferred faults (~2800-3100m), are placed to
show the approximate location of these, it is uncertain if they extend this far. Finally Unit F
is displayed, sitting high up towards the Dhoumena Fault. ............cccooooieiiiiiiniiee e 84

Figure 4-54: Profile C runs along the western section of Roghi Mountain. On the southern part of
the profile the dipping conglomerate in the Kalavryta Fault Block is shown. Similar to
Profile B, a section of basement is exposed before the Kerpini Fault is displayed. Following
the Kerpini Fault one enters the massive conglomerate of Roghi Mountain that reveals a dip
angle and directions into the Kerpini Fault. Within the Roghi Mountain a single inferred
fault is displayed, this fault is the possible Intra Roghi Mountain Faults. In the northern
section of Roghi Mountain is where Unit H is located, displayed here with the observed

varying bed dip angles. Finally one reaches the Dhoumena Fault. ............c.ccccoevieiieinennnn 85

Figure 4-55: The final profile is Profile D. This profile stretches from the Vouraikos Valley in
the east to the Kerinitis Valley in the west. This profile is the one with the most questions
attached to it. Moving from west to east; firstly the proposed Kerinitis Fault that runs along
the Kerinitis Valley is displayed. East of the Kerinitis Fault one enters the Kerpini Fault
Block and the first section of dipping conglomerate is found, overlying this dipping
conglomerate is Unit D. Unit D is here shown overlying the dipping conglomerate, however
the actual contact was not able to be observed in the field as it is covered with recent soil
and vegetation. Moving east from Unit D lies the first anomaly, there is no conglomerate,
dipping or otherwise, to link it across the section of basement. Figure 4-3 has this displayed
as a possible slump. Following the basement section Unit F is located. At ~5500m one
reaches Unit G, followed by Unit H. This is the second question, which is the angle at

which the unconformity dips to the east towards the Vouraikos Valley. ..........c.cccccceenennn. 86

Figure 5-1: This sketch shows the proposed alluvial fan as it has prograded from the south,
assuming the eroded Kalavryta fault is the source. This fan provides the most likely
scenario to fit with the alluvial conglomerate found in the two fault blocks. The two
guestion marks indicate that the true extent of this fan has not been mapped out in this

study. The shaded area in the left of the image is Skepasto Mountain. No sediment has been
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seen on this mountain, and it is believed that it has caused the fan to avoid it creating the
(00 [0 JES] = o OSSPSR 90

Figure 5-2: An expanded image from Google Earth to show the possible connection between the
three units C, D and E. The green circles are areas that were difficult to obtain good
measurements. However due to their location in regards to the sub-horizontal, it is feasible

that these are part of the sub-horizontal UNItS. ..........cccooiv i 93

Figure 5-3: Profile from Unit E in the west to Unit F in the east. Note the basement “tongue” that
IS separating these two units, also the exposed strip of basement that is found west of
Kerpini Village. This image shows dipping sediment on the eastern side of Unit E; however
it is possible that this sediment is part of the unit. The sediment found beneath, is believed

LCo TN o130 [T o] o 1o o SR TR 94

Figure 5-4: Profile following possible flow path between Groups 1 and 2. This is based on the
current topography, and shows a likely flow path for sediment. This figure has indicated
Group 2 as a single unit as per Sec. 5.2.2.2. The profile has a vertical exaggeration of 3x. 99

Figure 5-5: This series of diagrams show a possible explanation for the smaller exposed
basement found lying between the north and south dipping sediment. Box (a) shows the
initial status; in (b) the fluvial system coming from the northwest is then flowing south-east
and interacts with the exposed footwall; (c) the footwall becomes e