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Crete, the fifth largest island in the Mediterramega has been subject to numerous speleologichhenlogical and
geological expeditions over the years. Nearly 5Rthe island is covered by limestones in the fafrhigh rocky

mountains. Lefka Ori massif is located to the wade (Chania district), it is the second highestQrete (Pahnes,
2454m) but the largest in surface. The massifahasique shape which is formulated by its 54 peat@unting only

those higher than 2000m altitude) and hosts sontkeofleepest caves in Greece including the deapésthe second
deepest (both deeper than -1000m). Expeditionrtegdoom local or international teams targetingstl@imazing
mountain are dating back in the early seventieshane revealed some unique caves and big shaftsusuthe well

know Mavro Skiadi (shaft, -342m), Drakolaki cavel{bm), (Katavothra tou) Tzani (-280m), Gourgoutlsaka

1208m), Lion cave (-1110m) and others. The majaoit these reports - especially those publishedreethe year
2003- are having limited information on the exasbgraphical location of the caves explored and/oated. With the
world "exact" the author means coordinates of egaecorded with a GPS (Global Positioning Systdevjce which

can be then re-used by other GPS or GIS (Geogrdpfocmation Systems) software. This fact (lackewftrance

coordinates) influenced a new era of speleologicajects in the area initiated by SELAS speleolabaub of Athens
(in 2003) and a number of local and foreign comnitigos (clubs or individuals). Thanks to excelleoibperation

developed between local and international teame ¢bntributors),1255 cave entrance coordinates have been
recorded and consolidated in one single datab@ke. effort lasted 9 years so far and the authortdpan taking part

in many of the above field trips, has been alsopbleson collecting and consolidating the datasets fthe teams
involved. If we take into account the known worfkother teams that concern datasets which arealbe shared with
the author, the number of validated cave entrangethe massif are (todaynore than 1400. The geocoded
information provides new perspectives and oppotigsiin better understanding and exploiting spelgichl GIS

datasets of the Lefka Ori massif. The subjecthidf paper is mainly presenting this dataset, theritutors and the
effort and method used. Announcing the outcomehdd project to the global speleological commurigyalso

interesting as a benchmark and to share experiavitesther similar works carried out around therldo

1. Introduction database of cave entrance coordinates accompanied b
some basic cave data collected between 2003 arii®301
1.1 General 17 expeditions and at least 8 trips in the ardaefifa Ori,

Lefka Ori is an amazing massif in an amazing islan@n Crete. With the termtrip” we define the short
Crete. When you are in the middle of this mountain expeditions usually lasting a weekend or long wadk@&-
Pavlia Halara area, there no roads, no trees (in high days) while proper expeditions usually last langey.
altitude) and no water. Based on the cave survewsre than a week. Both trips and expeditions diet
recorded over the years, one may notice that thentamm the fundamental field work which was a key elemeit
has a high number of big vertical puits, especialhen this effort. In parallel, there was a need in ediing,
compared to mountain Idi (Psiloritis 2456m), to #st. consolidating, clearing the datasets collected frioetd
The longest cave on the massifimu Tzani o Spilios with  work which was also important. Part of this jobsvabbne
current length being more than 2.8km. There ase aln the field (Lefka Ori) during the expeditions aadother
some unique shafts (-342 is the deepest) and soper spart of it, was done afterwards at expedition lemeht a
deep caves (more than -1000m) which attractingytedacross expedition level (consolidation). Both theldf
local and foreign cavers to organize expeditionghis Work (expeditions) and th&nomework (consolidation of
mountain. information) were fundamental for the subject ofsth

With GPS technology being available to the pubtic paper which we calithe project”. The author apart from

early 90s (and becoming reliable, for the publittera Participating or leading in the many of the field
2000) it is clear that all previous works in theameed €XPeditions or trips, took the role of the cenpalnt of
revisiting in order to record cave locations wittoer Contact for the above mentioned consolidation.

entrance coordinates. By having accurate coorenat There was no written agreement between clubs /geam
cave entrances, these can be used for GIS purpoggslived in this effort nor any central guidanceformal
enabling the correlation of caves entrances to raéveeadership on this project. It all came out of gledrom
geographical or geological information. Its existe is many countries working nicely together for a common
also helpful to resolve issues occurring when gyto  goal, willing to share with each other. It is alsorth

count caves in a specific area. mentioning that the project is not over yet asetarleast
_ 2 expeditions that are due to share their resditis thie
1.2 The project project and of course there will be more futureesitions

_ . . _ ~in the mountain. For now, this paper is just alsharing
Having said the above, this paper is about a singie outcome and some findings of this project with



public, as a first milestone (1000+ caves) washedc
1.2.1 Thefield work

The above mentioned7 expeditions contributed 928
cave entrance coordinates to the project. Asc@beve,
several trips took place, some were preparatonysster

09 for 2009) followed by a 3 digit number non contl
usually segregating teams (under the same expexdiio
avoid assigning the same code in 2 different stbjec
while on expedition (e.g. 09100 to 09199 was amsigto
team / GPS 1, 09200 to 09299 was assigned to t&Ps/

2, etc). Both SELAS and FOS recorded existing rogdi
expeditions to follow in an area while others wireal when they were finding caves marked already byiptesy
cavers activity for months or years in the sama.ar€he expedition e.g. GSO21 marked by GSO expedition in
trips contributed327 cave entrances, leading to the totdl992 was recorded in GPS with the same code.

number of caves now available in the database 25 This code (number or other) was then used to I t

coordinates in GPS to any drawing or relevant imfaion
about the subject in notes taken by expedition nezmb

A similar approach was used by the second most
significant contributor, SUSS. The SUSS codingegup

to be based on the teams, with 2 first digits beattgrs,
indicating the team leader / GPS, followed by nursbe
indicating the subject (cave). Coordinates anemotave

Table 1. Total caves in Lefka Ori, Crete between years
2003 and 2012.

Total
Caves

Total cavesin Lafka Ori
Explorations 2003-2012

Validated and added in database 1255

Not added yet to the datab 185 information were consolidated in a more clever XML
format (one file for coordinates and basic inforima}
Total 1440
Some teams of SPOK club (Mavrokosta, Gkiouzelis and
Estimated total 1400+

Gigourtsis) contributed to the project mainly ire tform

of MS Word® documents containing the coordinates and
It is also know that 2 expeditions that operatethinarea some basic cave info. Some others (Valantis Viaciral

are due to share their results. These expeditiepsrted Augoustinos Economou) contributed with .KML (Google
that they located88 caves, not included in the databas@arth file) containing both coordinates and soméesio
By adding the above the total number of caves datdid about each subject (on the comment field). Thebdsed
with coordinates) in the area of Lefka Ori shoutddbove RRCPC (Red Rose Caving and Potholing Club) also
1400 caves. This is lower number that the sum of th@ntributed with MS Word reports while the French G

above numbers as we anticipate there will be somatamaran in some cases with a .pdf official refmrthe

overlapping of caves between the datasets.

The approximate time spent in the field va@8 days (10
months) by approx.308 cavers. One may say thdtor
every day in Lefka Ori, more than 4 new caves were
added to the database. There were mainly 3 countr
involved (Greece, Great Britain and France) véitbdubs
taking the lead in organizing expeditions or fidtibs
during these years. In addition cavers fronRomania,
Italy, New Zealand and lIsrael very actively and
enthusiastically contributed by participating thbowe
activities. More specifically, the table 2 indieatthe
clubs involved and their activities.

Several devices were used in the field for coltertlata.
The oldest type of GPS used (that came to ourtaitgrit
was a GARMIN GPS12XL The most frequently use
devices were GARMINs e-trex family. Some minor GP
accuracy problems were detected but they are ysu
fewer when a modern device is used and when the (
operating the device is more experienced. Usiffgrént
devices means slightly different accuracy and saweh
different information being recorded when in theldie.g
date is added on the remarks in some devices Wiidas
not in case in some others.

In addition several methods were used in the fiefen
collecting data. If we see the main contributofstie
project we may notice that SELAS and FOS were usi
mainly in the field excel spreadsheets or papem$oor
handheld PDAs. Every subject (a cave) was assigiithd
a code number (initially a continual number or anber

with a prefix indicating the area). Later after 2009

SELAS introduced different coding for its one uBest 2
digits indicating the year when the cave was fo(md.

expedition, in other cases (e.g. 2010 expeditiaith

GPS files.
Table 2. Activity and contributions by club.

Club name and origin con(t:rai\é)ﬁed Dﬁ)ésdin Members
SUSS (Sheffield, UK) 435 56 40
SELAS (Athens, Greec 348 95 123
FOS (Athens, Greece) 220 32 57
SPOK (Heraklion Crete 102 37 27
Greece)

GS CATAMARAN / 94 56 27
DOUBS (Doubs, France

OSCA (Heraklion Crete 38 3 4
Greece)

RRCPC (UK) 18 29 30
Total 1255 308 308

Collecting data from the field can be challengingd a
requires proper organization and certain provisibys
each expedition. If not organized well might leaxd
REfors and that will require more effort to collagain.

1.2.2 The homework

The above mention€thabet of different approaches used
in the field created a challenge in the consolaaphase

(between datasets from different expeditions). sThi
challenge was undertaken by the author startindh wit



SELAS waypoints (as the author is a member of SELARat year.

club). Waypoints were first loaded in OziExplorf® \vith 268 caves being contributed to the project, 2008 was
software by several GPS devices and a centrafdilall definitely a very fruitful year. The result was imig
SELAS expeditions was formed. OziExplorer softwargriven by SUSS ‘Crete 2008~ expedition (124 caves,
has the ability to select waypointsot on mapand this Mavri Laki area). FOS also returned to Kako Kasieta
was one of the first filters used to efficientlynreve for the 2008 expedition and collected 103 new caves
waypoints not relevant to the project work. GPSBaixe Finally SELAS joined GS CATAMARAN (from France)
software was then used to remove duplicates basedi®“Lion” expedition and they contributed with another 41
name/code and ‘eadiusg range of 5 meters. This helped gaves (Atzinolakas area, north side). Apart thesees,

lot to reduce the number of subjects to validdtnally, this expedition resulted in the exploration of Licawve (-

by browsing notes taken by the expeditions andibyal 1110m), till today the second deepest cave in Greec
analysis (on screen) the waypoint file was consideo During the same year, the Hellenic Speleologicali&y
have unique cave entries only. When that wa$ Crete (HSS Crete) organised an expedition toriPsa
accomplished for SELAS then SUSS data were addied.peak area (North) and found 125 caves which are not
was necessary to create a custom converter from ¥MLshared with the project yet (pending publicatiorif.we

.wpt for Ozi Explorer to be able to read the datdd HSS Crete findings, the caves found during 2008
contributed by SUSS. But when this was done the fivere 393.

nearly doubled. More entries followed in the yetos
come as the expeditions were developing. In somses
e.g. data from SPOK club were manually added wh
other data e.g. in .KML format were easily added
using the append function in OziExplorer softwarkhis
is mainly how the final file was created with 12&5tries
of cave objects. The file is kept in the form efpt
(OziExplorer waypoint file) and .kml file (GoogleaEh
waypoints). In addition cave information is kept &
basic .csv (Comma Seperated Values) format.

2. Theevolution of the project.

Inspired by former expeditions and the mountaislftsa
few SELAS members which were already familiar wit .
the area (since 1997) organized their first atterapt - .
explore the central massif in 2003. In a few d#ysy Figure 1. Dark dolomites of Mavri Lakki (bottom) and
found 36 caves and this is how the project start@tle Kako Kasteli (top) appear to have significantly higher

club continued in 2004 with two short trips andael®d number of caves entrances when compared to e.g. Kastro

78 caves more. By the end of 2005 the club hadICfOLpeak (middle) which is covered by pure limestones

more than 200 caves. The areas where SELAS focused

were firstly Pavlia Halara and then Ammoutsera ancite 2008 early 2009 was realized the first attetapt
Sternes. At that time only RRCPC (Red Rose Casimyj consolidate the above datasets in one unique daaba
Potholing Club) from UK and SPOK from Crete werghe number of caves consolidated in the first gitem
sharing some info about their trips in Lefka Oridanwere slightly above 500 and it is the time when the
contributed with a datasets of waypoints indicatd@ye aspiration to reach 1000 cave entrances was fotetlla
entrances. During the UIS 14CS in Kalamos Athens The outcome is announced over the web together avith
Rob Eavis and Robbie Shone members of Sheffiedll for other teams - that worked in the area - to
University Speleological Society (SUSS), UK gotanch contribute. The field work continued of course, igo
with SELAS, became aware of the project and dectded2009 we witnessed 3 expeditions: one by SUSS which
organized the return of SUSS to the mountain. Aesalt returned to COLOSUSS (together with a few SELAS and
SUSS organized 2 trips in 2006, a preparatory ékpad SPOK members, Mavri Laki area). This expedition ha
(March) and a proper expedition at summer (Jungrdulno significant contribution in terms of new cavesirid
Both trips targetedMavri Lakki area. As a results, theput was focused in exploring COLOSUSS, a very
SUSS team contributed 174 waypoints that year. eSajportant cave - which found to stop in a bouldenak at
year, a joint expedition between SELAS and FOS club53m. A few weeks later SELAS returns to Steraes
members operated in Ammoutsera, Sternes and Pagiad Sternes -463m cave) after a while (togethtr ROS
Halara area. and SPOK members) and contributed with 44 new cave

In 2007 it is again a mixed team between FOS affirances in the areas of Sternes and Thodorist Hia
SELAS members returning to the mountain. This tinfit Iea}st, FOS club returned to Kako Kasteli aneaflast
FOS is taking the lead and operated in Kako Kasteia tMe Since then and found 34 new caves. The saae y
(North East side of the massif). During the FOSbcl (2009) Valantis Vlachos (SPOK member) contributéd 5
preparatory trigh0 caves were recorded in 1 single day Caves and some notes for caves found around Kaala p
(by 3 people). In total, by the end of 2007, another gébetwegn Kako Kasteli and Atzmolakas_, north sifi¢he
caves were added, 83 by FOS and 15 by SPOK Cmguntaln). These caves were found in several wekke

which was operating short trips to the mountainirdur trips by small teams of 410 6 pe(_)ple in a periethkeen
2007 and 2009. Finally, concerning, HSS Crete atper




one more expedition to the mountain in 2009 anddou/ length of the cave and the rock type at the lenfel
60 caves, with one being deeper than -400m (PS7) entrance. For now, experience says that the deepess

, . in the area have been all found close to the jancti
The following year (2010) two expeditions took mate between the two types of rock (white limestones gmuyj
same period (nearly identical dates) and they canopéy dolomites)
400 meters away from each other. These were th&ASE '

expedition Sernes 2010 and the GS Catamaran / G%.h - : . . N
o e expeditions included in the project were opegain

Doubs (F.R) expedition in the area. Therg was @enc - gitferent sides of the mountain. The area covéredhe

cooperation between the two expeditions, besides

: eams is aroundB0 square kilometers and represents
'rlpheenl[\j\/e()rsexeergit\i,;erl”s l:/\r/]gr\gnugirr:gb(t)rtlz 2':;56 ]:?(: d%r?;;‘zleanearly 10% of the total surface of the mountainhisT
for marking caves but the work in different areabhe segment of its surface has been searched by ﬂwlmm .
French team was working in Rousies area while SElSA‘Smembers but that doesmean that all caves existing in _
working in the area between Sternes and Mesa Sof§S€ areas have been found. In order to make this
SELAS was working in parallel Sternes cave (-46) geographical Q|str|but|on of expe;htmns V|S|ble”_tbe
performing enlargements on some passages. SELAS Jgader the main area of the massif has been dividéd
joined that year by a team of fellow Romanian cave@'€as which are coded with a 2 letter code accgrtbn
The outcome of the year was: 53 caves found by #9&al name of the area / peak. In example KK stefd
French team and 32 caves found by the SELAS (GR, RERKO Kasteli area. This coding is then linked tecdor
team. Same year (2010) tBJSS Crete 2010 expedition and a club which was operating expeditions in that

took place in Mavri Lakki with significant findinggl39 Particular area. Table 3 is the link between clabsl
caves found) areas. On the same table you may find the surfatieeo

area covered by each club (in square km) and thabau
The following year (2011) there was only SELASf caves found in this part of Lefka Ori (so faFhe area
returning in Sternes area, this time followed bgrfeh, coding is presented in Figure 2
Romanian, Italian cavers and a New Zealander. éem
caves were added (and the majority explored) awld
team was officially celebrating the achievementtlod
1000+ caves benchmark which was set as an aspiratio
2009. Finally, SELAS returned again in Sterne@0i2
with a small team but only 12 new caves are adddtd
database. Inch by inch, day by day the file redd250+
entries and may reach more and the more in theefts ...
the potential of the place seems to be great.

Table 3. Clubs by area, by surface covered and caves
found by area (excluding Psari area).

Codeon caves/ | Figure2: Target area by expedition as shown on table 7
Club Sg km Caves
map km”3
The following figures are based on Google Earth® an
SELAS AM 103 348 33.8 represent some realistic views of the above cotmfed
SUSS ML 6.8 435 64.0 | areas.

FOS KK 3 220 73.3
SPOK ZR 4.2 65 15.5
SPOK KR 2 55 27.5
CATAMARAN RS 2.6 53 20.4
CATAMARAN AT 2.6 41 15.8
Total 315 1217 38.6

3. Geology and Geography of the project

T

The mountain and more specifically the areas ipsare i, Y
mainly covered by limestone’'s (white) and dolomites . Sl
(dark gray). When browsing the data one may nadiceFigure 3: Satellite image with the caves plotted on it AM
correlation between the caves entrances and tiketype: area (SELAS)

grey dolomites appear to have more cave entramzes t

the white limestones (see Figure 1). It worth®etating

more in this aspect in a future paper as well as

understanding if there is any correlation betwédendepth
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Figure 4: S_atelllte image (Google Earth) with the caves Figure 7: Satellite image (Google Earth) with the caves
plotted on it. Areas shown are AM (SELAS) and ML plotted on it, ZR and SV areas are shown on the lower
(U9 right and the high left corner of the image (SPOK, SV and
ZR areas). Upper right corner is showing RS
(CATAMARAN) and AM areas (SELAS).

T4 .

In addition out of these 1255 caves around 740 haen
explored (or at least partly explored). The mayooif the
caves are between 4 (minimum) and 20 m depth &s it
shown on the histogram presented below. Sevaralasi
studies can be made on the dataset that may reveal
patterns, correlations or other learning pointst tvil

allow us to better understand the cave environnoént
Lefka Ori but these are out of scope of this paper.
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Figure 5: Satellite image (Google Earth) with the caves explored
plotted onit, ML area (SUSS) 400
297
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Figure 8: Histogram by depth of a dataset of 614 cavesin
Lefka Ori

5. Conclusions

2004 Reaching and exceeding the 1000 caves milestomieeof
. - project revealed and confirmed the potential of dnea
Figure 6: Satellite image (Google Earth) with the caves and calls for more expeditions in the future. Plogential

plotted on it, Kako Kasteli area (KK), FOSclub of the area is significant and autisothesis is that the final

number will be a multiple of the current numbern |
4. Results addition, only 60% of the caves found have beeroszd

. e and many out of these explored might reveal newdéa
It is very safe to say that the dataset contaifagrimation the future. It is worthy to continue with the exsiary

about more than 1001 caves. ~The dataset can hgggperation that the above mentioned teams hadrshow

numerous uses and several studies can be madé ibut % wi o . - .
; . : . t will also be worthwhile in exchanging views witither
For example it can be used in correlation withghegace similar projects around the world to see if thisqess of

rock type and with the application of statisticahiniques . . :
to make a forecast to calculate the potential ef éhtire g?flilfigtr']?g these datasets can be more effective

mountain.
It is definitely important to preserve Lefka Orirfthe



future generations. The wild environment of thessifais
unique in Greece and in Europe, well known by peopl
who walk it through as the "high desert’. We weteo References
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