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1. EXECUTIVE SUMMARY
The Shefa Yamim Precious Stones Project is held by Shefa Yamim (A.T.M.) Ltd., a company established in
Israel for prospecting and mining precious stones. The focus in particular is on natural moissanite,
sapphire, ruby and diamonds in the Kishon River catchment area at Haifa, Israel, some 85km north of Tel
Aviv. Over the past few years, and as a direct result of Shefa Yamim's extensive exploration, northern
Israel has become known for its high-quality rubies and sapphires, large natural moissanite crystals as
well as diamonds. The precious stones occur in primary deposits within the Cretaceous volcanic host
rocks on Mount Carmel in volcanic host rocks bordering the Yizre'el Valley and as secondary deposits in
valley-fill sediments in the Kishon River valley flanking Mt. Carmel along its north-eastern side.
Therefore, the principal exploration targets of Shefa Yamim are primary sources on Mt. Carmel
(Mesozoic mafic and ultra-mafic volcanic rocks) and secondary sources of valley-fill sediment deposits
throughout the Kishon River catchment (sourced in Cenozoic mafic volcanic rocks). Following 18 years of
exploration Shefa Yamim has reached a stage whereby it delineated a 4.5km long exploration target of
some 1Mt of gem stone bearing gravel.
Shefa Yamim has established its Target Mineral Assemblage (TMA), which constitutes two significant
mineral suites:
 The DMCH suite: Diamond (D), natural moissanite (M) and the corundum gem varieties (C)
of sapphire, "Carmel Sapphire", ruby and Hibonite (H).
 The HIM suite: Heavy (H) industrial (I) minerals (M) of zircon, corundum, rutile, ilmenite and
garnet.
The rare presence of diamonds, along with an abundance of the two other highpressure minerals,
natural moissanite and corundum (including sapphire, Carmel Sapphire, ruby and hibonite), in several
primary Mesozoic sources on Mt. Carmel and in the Cenozoic Kishon Valley secondary deposits, points to
an unusual, off-craton geological history that warrants special attention. Likewise, the presence of
corundum in both Mesozoic mafic and ultra-mafic volcanics and younger Cenozoic mafic volcanics
supports the potential for sapphire-dominant (and to a lesser extent, ruby) placers to have been
developed along the Kishon Valley, especially in the Mid Reach zone between the Yizre’el and Zevulun
Valleys.
Incorporating the available geological mapping, a robust, and dynamic geological model has been
developed to guide placer exploration in the Kishon catchment. This model is consistently updated "on
the move" with work progress. It also serves to highlight opportunities for further investigation into the
primary sources within this catchment and in the adjacent areas of Mt. Carmel, Ramot Menashe and
Migdal Ha-Emeq.
The Shefa Yamim precious stone deposits at Mt. Carmel and immediate vicinity are located on the
Arabian Plate on the flank of a recently active rift-zone. Mt. Carmel is noted for its complex stratigraphy
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and structure. Rocks building Mt. Carmel are predominantly of Cretaceous age and consist of various
calcareous rocks including dolomite, limestone, chalk and marl, with volcanic intercalations. These
stratigraphic units show marked facies changes, attributed to the fact that during the Cretaceous the
area was situated close to the edge of a large carbonate platform. Equilibrium tectonic and depositional
conditions prevailed across large stretches of the platform and can be seen in the blanket of calcareous
deposits, which characterises the central and northern parts of Israel. Due to the structurally-induced
elevation of Mt. Carmel, the Senonian calcareous rocks are well exposed along its south-eastern
boundaries and in the adjacent syncline (Menashe syncline). Volcanic bodies occur at various levels and
localities within the Cenomanian to Senonian calcareous sequences. These volcanic bodies are lenticular,
and their distal and thin continuations overlap in some cases.
Most of the Phanerozoic volcanic activity in Israel and the Middle East was restricted to a few, welldefined phases during the Jurassic, Early Cretaceous and Neogene to Recent ages. The Late Cretaceous is
generally known for its volcanic quiescence. The only exception to this is the occurrence of Upper
Cretaceous volcanic rocks in the Mt. Carmel vicinity. A well-preserved record of these volcanic eruptions
is found in the greater Mt. Carmel area where thirteen volcanic bodies occur within Shefa Yamim’s
permit areas. The most exciting discovery to date is the mineral assemblages of the volcanic rocks. Shefa
Yamim has demonstrated that some of these volcanic bodies have mineral assemblages that are
compatible with kimberlitic sources. In addition, gem stone variety corundum such as sapphires and
rubies, as well as natural moissanite, have been recovered from these volcanic bodies. A recently
discovered titanium-rich corundum gem variety called Carmel Sapphire appears to be unique to the Mt.
Carmel and immediate alluvial surroundings.
Petrographic studies on the Mt. Carmel volcanic rocks showed it to be more akin to being kimberlitic in
nature than the alkali-basalt or basanite as it was described before. Petrographically, the samples were
classified as re-sedimented and primary, pyroclastic, crater-facies kimberlitic rocks. Some samples exhibit
an oxidized, granular, matrix-supported, poorly to moderately sorted, finely-bedded, carbonate-rich resedimented volcaniclastic kimberlite. Altered, massive, matrix-supported, moderately sorted,
volcaniclastic kimberlite and clast-supported, poorly-sorted welded, and lapilli tuff kimberlite were also
described.
Shefa Yamim launched a comprehensive mapping campaign of the magmatic bodies on Mt. Carmel
supported by high resolution geophysical and geochemical surveys. Petrographic studies on the
magmatic rocks of Mt. Carmel showed that these rocks not only are diamond-bearing, but also host
sapphire, Carmel Sapphire, hibonite and ruby, the gem varieties of corundum, as well as natural
moissanite. At this stage, the Mesozoic Rakefet Magmatic (volcanic) Complex (RMC) is the only primary
source in the Kishon catchment to have yielded the full mineral assemblage comprising the DiamondMoissanite-Corundum suite, as well as the complete range of Kimberlitic Indicator Minerals (KIMs) and
the HIM mineral suite. However, Shefa Yamim continues to prospect 6 more volcanic bodies on the
central and western areas of Mt. Carmel and explores another 3 bodies (i.e. Muhraka, Har Alon and Beit
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Oren) that are also within the Kishon River drainage basin and a potential provenance of precious stones
found in the Mid- and Distal Reaches of the Kishon River.
Shefa Yamim collaborates with international academic institutions to gain a better insight into the
volcanic history of the Mt. Carmel area, which will assist in target prioritization. Of these, the Macquarie
University in Australia research team is engaged in the study of mineral assemblages found within Shefa
Yamim’s exploration permit areas. The research team led by Professor Bill Griffin, an expert in Earth's
mantle geology, is currently examining moissanite, sapphires and rubies sampled from the Mt. Carmel
volcanic bodies and the alluvial sediments within the Kishon valley. The aim of the research is to
investigate the link between mantle conditions and the crystallization of corundum and moissanite at
such depths. These minerals hold the key to understanding their formation in a geological setting that is
unconventional for northern Israel.
A considerable part of the Kishon River catchment area drains Mt. Carmel. Here, well-developed alluvial
fans along the northern slopes of Mt. Carmel feed large quantities of sediment into the present-day
Kishon River valley. This supply of sediment was probably more substantial during the humid Late
Cenozoic period when much higher discharge was channelled via the Kishon Drainage System. A large
heavy mineral population including the gem stones arrive with the sediment eroded from Mt. Carmel
into the Kishon River valley where it gets concentrated in favourable locations in placer deposits.
Neogene volcanism occurring at the margins of the proximal reach of the Kishon River (upstream, from
the Yizreel Valley drainage) has also contributed to the sediment supply. The Kishon graben, located
along the Distal Reach of the Kishon River, immediately north of Mt. Carmel, represents an asymmetric
graben with a steep south-western boundary and a gentle slope to the northeast. It is bordered by the
uplifted area of the Shefar’am Tiv’on syncline in the southeast. The basin is bordered by the Carmel Fault
in the southwest and the Ramat Yohanan Fault in the northeast. The Late Cenozoic valley-fill sediments
provide an uninterrupted depositional record of the area and in particular the development of the Kishon
River. In the Kishon graben, Cenozoic Kishon fluvial sediments are interbedded with fossiliferous marine
sediments in a palaeo-marine embayment.

The Kishon drainage has been subdivided into three

geomorphic reaches along its length that cover the Exploration Permit and Prospecting Permits held by
Shefa Yamim, namely: The Proximal Reach, Mid Reach and Distal Reach. Each reach has varying degrees
of placer potential. The placer assemblage includes diamond, moissanite and corundum (represented by
sapphire, Carmel Sapphire and ruby) of the DMCH suite. Some 76 small diamonds (largest 0.88 carats)
were recovered from the Kishon Valley sediments, which gave rise to collaboration with De Beers Africa
Exploration division since 2003. Apart from one near surface diamond recovery from Cenozoic fluvial
sediments in the Mid Reach of the Kishon River (4.5 meter below surface, borehole SY-18), the bulk of
the alluvial diamonds were recovered at depths between 20–300m in the Kishon graben.
The sediment record in the valley shows convincing evidence of high-energy torrential flows during the
Late Miocene and Pliocene, making way for progressively dryer conditions during the Pleistocene till the
present-day semi-arid conditions experienced since the Holocene. Today the Kishon River is the principal
12

drainage of the Galilean valleys and hills and of Mt. Carmel before it enters the Mediterranean Sea just
north of Haifa.
Shefa Yamim's exploration programme in both the Exploration and Prospecting Permits focuses
predominantly on the Kishon River catchment area. The primary target is a multi-commodity TMA
alluvial placer deposit in the 4.5km long Kishon Mid Reach placer between Tel Kashish and Jalame
Junction. This virgin area has been mapped in the past 18 years, partly drilled and partly bulk sampled.
Ongoing activities provide the basis for a better geological understanding of the Mid Reach of the Kishon
River with the aim of defining a mineral resource in this placer deposit. To date, the company has
delineated tree main areas within the Mid Reach: Zones 1, Zone 2 and 3. The sedimentary succession has
been studied by means of a comprehensive drilling campaign and a recently-launched bulk sampling
programme aimed specifically at Zones 1 and 2. Some 186 boreholes have been drilled by Shefa Yamim
in the Kishon catchment of which a total of 146 boreholes were drilled specifically in the Mid Reach to
study the sediments and in particular the gem stone bearing gravels in the valley. These drilling results
that form part of an on-going drilling programme have been geologically modelled in 3D. This modelling
delineated 1.1Mt of precious stone bearing gravels with a stripping ratio of 1:1.3 overburden to gravel
over an area of some 505,000m².
At present, Shefa Yamim has excavated a total of 46 mini-bulk and bulk samples (pits and trenches)
ranging from 10t to 600t, each within the Kishon River floodplain and in particular in the Mid Reach.
Some 20 trenches were excavated during 2011-2012 to sample the gravels. The smaller pit samples
exhibited considerable variation in precious stone yield that can be attributed to relative small sample
sizes with a consequently large variation in grade figures. Based on the results of the pit samples and the
drilling information, a bulk sampling programme was initiated in areas where prospective gravel deposits
were encountered. Bulk sampling with gravel volumes up to 600t per sample are being extracted since
July 2015 according to this new plan. A total of 4,127.7t of heavy mineral and gemstone bearing samples
have been analysed by the Shefa Yamim in-house processing facility and laboratories for total heavy
mineral and gem mineral content (bottom cut-off size is 1mm). All the samples treated yielded
Kimberlite Indicator Minerals (KIM) and a considerable proportion of the Shefa Yamim’s TMA, in
particular moissanite and gem varieties of corundum.
Three of the larger bulk samples extracted and processed (SY-1124, SY-982 of 400t each and SY-1174 of
500t) are still probably too small to be considered statistically meaningful, but some useful results were
recorded. The first two samples yielded world record moissanite crystals of 4.1mm and 4.14mm in length
respectively. Sample 1124, yielded 1431.59 carats of TMA minerals (excluding diamonds) from 400 ton
of basal gravels to give an overall grade of 358 carats per hundred tonnes (cpht). Here the DiamondMoissanite-Corundum suite was dominated by Carmel Sapphire (248cpht; maximum size = 33.3 carats);
sapphire (6cpht; maximum stone size = 3.33 carats), followed by moissanite (0.9cpht; maximum length =
4.14mm) and ruby (0.2cpht). In Sample SY-1124, most the heavy minerals recovered (85%) fell within the
0.01 to 1.19 carat range, with 9% in the 1.20 to 2.49 carat range and 6% larger than 2.5 carat stones.
13

The outstanding features of the gemstone assemblage in the target area are the unusual large variety of
precious stones present, the high quality of the stones, exceptionally large rare natural moissanite
crystals and unique Carmel sapphire. The recently discovered very rare hibonite gemstones are present
in both the primary source rocks of Mt. Carmel and in the secondary alluvial deposits in the Kishon River
Valley. This discovery adds notably in rendering this deposit a true multi-gemstone deposit. Significantly,
the high Carmel Sapphire grades, supported by good grades of the other gemstones, in the Kishon Mid
Reach alluvial deposits designate them as attractive from a gemstone yield perspective. This, together
with the favourable stripping ratio, renders the Kishon Mid Reach alluvial deposit very prospective as a
potential gemstone resource with reasonable prospects of eventual economic extraction.
Creo believes that the drilling, pitting and bulk sampling done in the Mid Reach of the Kishon valley is
currently sufficient for delineating good placer deposits in this area. Exploration to date has revealed the
presence of just more than 1Mt of TMA-bearing gravels covered by a relatively thin overburden cover.
Drilling data and 3D-modelling undertaken indicate that mineralisation may extend in an up-valley and
down-valley direction and substantial scope exists to extend the resource further along the valley. Infill
and extensional drilling will improve the geological, as well as the resource, confidence in the areas
currently identified in two promising target zones, namely: Zones 1 and 2. More and larger bulk samples
are needed to define a Mineral Resource in the Kishon River Mid Reach Multi-Commodity Placer. Here
the focus should be on work that will demonstrate geological and grade continuity.
2. INTRODUCTION AND TERMS OF REFERENCE
Shefa Yamim (A.T.M.) Ltd (Shefa Yamim) is engaged in the exploration for precious stones deposits and in
particular diamonds, moissanite, sapphire, and ruby in the Kishon River catchment area, Haifa, Israel,
some 85km north of Tel Aviv. The company maintains offices and staff in Netanya (Head office) and Akko
(operational Centre and Laboratories), Northern Israel. The directors of Shefa Yamim engaged Creo
Design (Pty) Ltd (Creo) in October 2015 to prepare an Independent Technical Report in conformity with
standards and in compliance with the SAMREC Code issued under the auspices of the South African Institute of
Mining and Metallurgy (“SAIMM”). Since Creo’s first engagement as CP the report has been updated in a

number ofversions. The most recent CPR being dated 5 October 2017. The guidelines as set out in the
SAMREC Code are considered by Shefa Yamim to be a concise recognition of the best practice reporting
methods for this type of mineral development, and accord with the principles of open and transparent
disclosure that are embodied in internationally accepted Codes for Corporate Governance.
This report describes the exploration developments and results of a first phase mineral resource
estimation based on drilling and bulk sampling as part of an extensive exploration campaign.
The currency used in this report is expressed in US dollars and, unless specified, all measurements in this
report use the metric system except where specified otherwise. Coordinates used within this report are
Israeli Transverse Mercator (ITM), and are reported in the ITM zone, GRS 80 datum.
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The sections on Mining Operations, Process Mineral Recoveries, Markets, Contracts, Environmental
Considerations, Other Relevant Data and Information, Taxes, Capital and Operating Cost Estimates,
Economic Analysis, Payback, and Mine Life, are not applicable to this report. All Illustrations are
embedded within the body of the report.
3. COMPLIANCE
This report has been prepared in accordance with the 2016 South African Code for Reporting of
Exploration Results, Mineral Resources and Ore known as the SAMREC Code (“SAMREC”) produced and
published by the SAMCODES Standards Committee (SSC) under the auspices of the South African
Institute of Mining and Metallurgy (“SAIMM”).
In accordance with the Listings Requirements and the contents of the SAMREC Code, this CPR has been
prepared under the direction of the Competent Person (CP) who assumes overall professional
responsibility for the document. The CPR however is issued by Creo, the commissioned entity, and
accordingly Creo assumes responsibility for the views expressed herein.
3.1 Competent Person
Johan Hattingh, employed by Creo as a geologist with more than 28 years of experience, is

the

principle author responsible for the preparation of this report. Lourens Erasmus is the co-author and
also a geologist with more than 29 years of experience. Johan Hattingh is Competent Persons (CP’s),
as defined by the SAMREC Code. The Competent Person considers the SAMREC Code to be the most
appropriate standard for the Public Reporting of Exploration Results, Mineral Resources and Ore
Reserves. The SAMREC Code sets out minimum standards, recommendations, and guidelines for
Public Reporting.
3.2 Site Visit and Data Validation
Johan Hattingh, in his capacity as CP, conducted an inspection visit during early November 2015 when
the exploration sites, processing facilities and laboratory were visited. During this visit, discussions
were held with key on-site and head office personnel. The technical information used in this CPR was
provided by Shefa Yamim and used in good faith by Creo. Where possible, Creo have satisfied itself
that such information is both appropriate and valid to ensure SAMREC compliance in terms of the
level of disclosure.
3.3 Reliance on other Experts
The CP’s of this Technical Report states that Dr. J. Hattingh is a competent person for the areas as
identified in the appropriate “Certificate of Competent Person” attached to this report.
Johan Hattingh and Lourens Erasmus have followed standard professional procedures in preparing the
content of this report. Data used in this report has been verified where possible, and this report is
based on information believed to be accurate at the time of its completion. The authors have relied to
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a large extent on reports provided by Shefa Yamim and the work done by external experts appointed
by Shefa Yamim. The technical information from the external experts and supplied to Creo are
considered both valid and accurate for compiling this CPR. In terms of all legal aspects relating to the
Shefa Yamim properties, Creo has placed reliance on the management of Shefa Yamim that the permit
validity, status of permit registration, fees payable, and agreements with landowners are correct.
There is no legal uncertainty on the ownership of the Shefa Yamim Project and the legal ownership
and all mineral and surface rights have been verified. The legal statements referred to the above are
based on information provided by the management of Shefa Yamim and are true and correct to the
best knowledge of Creo.
3.4 Declarations
Creo is independent of the company, its directors, senior management and its other advisers; has no
economic or beneficial interest (present or contingent) in the company or in any of the mineral assets
being evaluated and is not remunerated by way of a fee that is linked to the admission or value of the
issuer.
4. VERIFICATION

4.1 Mineral Tenure
Creo’s authors have reviewed the mineral tenure related to the Shefa Yamim Permits and has
independently verified the legal status and ownership of the Shefa Yamim Permits including
underlying property agreements.
4.2 Permitting
Regarding the status of the current permits, Creo’s CP’s has independently verified the information,
opinions and data supplied by Shefa Yamim representatives and by independent experts retained by
Shefa Yamim as far as possible.
4.3 General
The information mentioned in the above sections was sourced from scans and photocopies of official
documents, which has been supplied by Shefa Yamim. The author is not responsible for the accuracy
of any mineral tenure or related data, and do not make any claim or state any opinion as to the
validity of the property disposition described herein.
For the preparation of this report, the author has relied on maps, documents, and electronic files
generated by the Shefa Yamim management and in-house geologists and exploration teams,
contributing consultants, and service providers working under their supervision. To the extent
possible under the mandate of a SAMREC review, the data has been verified regarding the material
facts relating to the prospectiveness of the property reviewed in this report.
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5. PROPERTY DESCRIPTION AND LOCATION
The Shefa Yamim property is located across the Kishon catchment in northern Israel. It includes the
Zevulun and Yizre'el Valleys, as well as the adjacent elevated terrains of Mt. Carmel (including ten
volcanic complexes), Nazareth range, Ramot Menashe and Tiv'on hills (Figure 1). Ownership of surface
rights for land covered by Shefa Yamim’s Exploration and Prospecting Permits is predominantly held by
the state of Israel. Small pockets of land in the north-eastern extreme of the prospecting permit are held
by private landowners. Mineral rights belong to the State of Israel and since February 1999, Shefa Yamim
has been granted authorities. The Inspector of Mines at the Ministry of National Infrastructure, Energy
and Water Resources issues these permits for a maximum period of 24 months. Tables 1 and 2 list the
permits issued to date (Figure 2).
Table 1: List of Exploration permits
Permit #

Exploration permit No.

Issue date

Expiry date

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Exploration permit No. 24
Exploration permit No. 39
Exploration permit No. 35
Exploration permit No. 40
Exploration permit No. 47
Exploration permit No. 74
Exploration permit No. 98
Exploration permit No. 134
Exploration permit No. 169
Exploration permit No. 206
Exploration permit No 869B4
Exploration permit No. 869B5
Exploration permit No. 869B6
Exploration permit No. 869B7

15/04/1999
01/08/1999
15/04/2000
15/04/2001
16/07/2002
01/01/2004
01/01/2006
01/08/2007
01/04/2009
15/05/2011
20/10/2013
30/12/2014
06/04/2016
06/04/2017

14/04/2000
04/04/2000
14/04/2001
14/07/2002
31/12/2003
31/08/2005
31/05/2007
31/03/2009
31/03/2011
14/05/2013
19/10/2014
29/12/2015
05/04/2017
05/06/2018

*1 dunam = 0.1ha = 0.001km²

17

Surface area
(Dunam)*
10,740
69,000
69,000
112,000
112,000
112,000
145,740
173,887.5
173,887.5
173,887.5
173,887.5
173,888
173,888
173,888

Table 2: List of Prospecting Permits

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Prospecting permit No

Issue date

Expiry date

Surface Area
(Dunam)

Prospecting Permit No. 23
Prospecting permit No. 48
Prospecting permit No. 54
Prospecting permit No. 57
Prospecting permit No. 58
Prospecting permit No. 81
Prospecting permit No. 111
Prospecting permit No. 139
Prospecting permit No. 140
Prospecting permit No. 182
Prospecting permit No. 183
Prospecting permit No. 221
Prospecting permit No. 222
Prospecting permit No. 837A8
Prospecting permit No. 899A3
Prospecting permit No. 837A9
Prospecting permit No. 899A4
Prospecting permit No. 837A10
Prospecting permit No. 899A5

15/02/1999
1/08/2002
01/01/2003
01/06/2006
01/01/2004
01/01/2005
01/12/2006
01/01/2008
01/01/2009
01/01/2010
01/01/2010
01/04/2012
01/04/2012
15/07/2014
15/07/2014
21/12/2015
21/12/2015
21/12/2016
21/12/2016

17/04/1999
31/12/2002
20/07/2003
31/12/2003
31/08/2004
31/08/2005
30/11/2007
31/12/2008
31/12/2009
31/12/2011
31/12/2011
31/03/2014
31/03/2014
14/07/2015
14/07/2015
20/12/2016
20/12/2016
20/12/2017
20/12/2017

10,740
1,046,552
1,046,552
822,280
844,575
1,085,000
455,000
598,962
598,962.5
327,551.1
158,012
327,551.1
158,012
327,551
112,904
327,551
112,904
327,551
112,904
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Figure 1:
Locality map. RMC-Rakefet Magmatic (volcanic) Complex; MH-Muhraka; BO-Beit Oren; HA-Har Alon.
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Figure 2: Location map showing the current permits of Shefa Yamim, covering an area of 614km2.Shefa Yamim

currently holds the rights for exclusive exploration and prospecting permits covering a total area of some
614,000 dunam (614km2).
This area is divided into three permits (Figure 2) namely:
 Exploration permit 869B7
Placer targets: Kishon River & Zevulun and Yizreel valleys.
Volcanic targets: Rakefet, Muhraka, Har Alan and Breit Oren on Mt. Carmel.
Permit area: 137,888 dunam (137.888km2)
 Prospecting permit 837A10
Volcanic targets: Makura, Tavassim, Ofer, Shefeya, Bat Shelomo, Kerem Maharal, Migdal HaEmeq (valleys margins)
Permit area: 327,551 dunams (327.551km2)
 Prospecting permit 899A5
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Volcanic targets: Ramot Menashe area
Permit area: 112,904 dunams (112.904km2)
6. GENERAL INFORMATION AND LOGISTICS
The Shefa Yamim properties cover a large part of the Kishon River catchment area in northern Israel
where it includes the Zevulun and Yizre'el Valleys, as well as the adjacent elevated terrains of Mt. Carmel
(including ten volcanic complexes), Nazareth range, Ramot Menashe and Tiv'on hills (Fig. 1).
6.1 Accessibility
The prospecting area has a well-developed transportation network, which includes ports, highways,
good roads, and a modern railway system. Haifa Port and a fishing port are located about 10km to the
northwest of the permit area. The ports are connected with the central and northern parts of Israel
through the Haifa – Tel Aviv and Haifa-Yoqne’am highways. District roads connect numerous small
settlements and most of them are paved.
Construction on the Valley-Railway (Rakevet Ha-Emeq) is well underway to link Tiberias-Beit Shean in
the Jordan Valley and the Haifa Port by 2017. Shefa Yamim's operational facility is located
approximately 15km north of the Haifa port.
6.2 Topography
The permit areas include a variation of landscape types, which are briefly described below. Mt. Carmel
occurs in the southern part of the permit area with a general northwest-southeast trend between
Nahal Yoqne’am (Nahal is a stream or ephemeral stream valley) and the Mediterranean Sea. The
highest points along Mt. Carmel are some 500m above mean sea level (amsl), with a maximum of
546m at Rom Ha-Carmel. The Mt. Carmel ridge is asymmetric with slopes descending steeply to the
northwest and northeast and gently toward the southwest and southeast (Figs. 1 and 3).
Southeast of Mt. Carmel is Ramat Menashe (Menashe Hills), which covers the area between Nahal
Yiron to the southeast and Nahal Yoqne’am to the northwest. The average elevation of Ramat
Menashe is 250m amsl, with two peaks reaching some 400m. Here the landscape is characterised by
gentle, rounded hills. To the northeast, Ramat Menashe rises steeply above the Yizre’el Valley as a
result of a recently active geological fault, whereas to the southwest, the slopes are gentle.
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Figure 3: Topographic model of Mt. Carmel summit and north-eastern slopes as well as Tel Kashish and the Kishon River
Mid and Distal Reach.

Southeast of Ramat Menashe, in the southwest part of the license area, is the Um-el-Fahem range
which lies between the Dotan Valley to the southeast, and the Yiron Valley to the northwest. These
mountains reach a topographic high of 527m at Mt. Alexander above the village of Um-el-Fahem.
Northeast of Mt. Carmel is a flat area called Emeq Zevulun, which is adjacent to the Lower Galilee
Mountains to the east and the Mediterranean Sea to the west. The Zippori River drains the Nazareth
range into the distal reach of the Kishon River.
6.3 Drainage
The permit area is drained by the Kishon River, and its floodplain represents an important part of the
exploration area. The Kishon River, 77km long, flows through the Yizre’el Valley into the Zevulun
Valley where it enters the Mediterranean Sea in the Bay of Haifa. Some 40km lies within the permit
area. The river drains an area of some 1,122km2 in total. Its headwater reach is in the north-western
part of Mt. Gilboa east of the permit area, and it flows in a west-north-westerly direction through the
Yizre’el Valley, emptying into the Haifa Bay in the Mediterranean Sea.
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6.4 Climate and Vegetation
The climate of the area is generally of the Mediterranean subtropical type, with rainfall restricted
mainly to the winter months. In January temperatures average 14°C. In July the average temperature
is 27°C. Rainfall is about 1,015mm annually (Galilee). Very well-developed vegetation in the area is
represented by bush and small trees.
6.5 General Infrastructure
The Shefa Yamim permit area is near the Haifa industrial area where a full-service community exists
that can easily provide essential services 12 months a year. Haifa has a qualified work force and
equipment can be readily provided. Among many of the businesses and support services, Haifa also
has excellent medical care facilities, road networks, electricity supply, seaports and an airport.
7. HISTORICAL BACKGROUND
Apart from some oil, industrial mineral and base metal exploration in Israel, the country has not been
receiving much attention as an exploration and mining target for mineral commodities, let alone precious
stones. However, this was to change with the first diamond discovery in the region in northern Israel in
1999. Diamonds have also been reported from the Dreikeesh area in Syria in 2002. These occurrences are
related to the Cretaceous volcanic activity.
In 1999 Shefa Yamim began to explore the Mt. Carmel volcanic rocks and sedimentary deposits of their
erosional products in the Kishon River Valley. During the period 1999 to 2000, drilling of 10 deep
boreholes took place over an 8km distance along the down-valley profile of the lower reaches of the
Kishon River Valley, located immediately north of Mt. Carmel. This drilling by Shefa Yamim was done
using a 63mm diameter rotary drill. The core was analysed in terms of its heavy mineral content and
lithology. Detailed mineralogical analyses of the heavy mineral fraction obtained from the Kishon River
valley core revealed abundant KIMs. A total of 64 diamonds (63 micro-diamonds of 0.12ct in total and
one 0.88ct stone) were also recovered. Moissanite – recovery of above 3,000 natural rare crystals to
date and the biggest size in the world at 4.14mm.
Synthetic silicon carbide (SiC) (Appendix I) is well known in the gem and jewellery market as synthetic
moissanite. Natural SiC is very rare and has been found as tiny crystals (usually less than 1.5mm) in only a
few deposits worldwide (Bauer et al., 1965; Shiryaev et al., 2011 and references therein). However,
Gemmological Institute of America Inc (GIA) report of Fritz et al. (2015) states that: Over the past 18
years, more than 3,000 crystals of natural moissanite have been discovered by Shefa Yamim. The crystals
come from primary and alluvial deposits. In 2000, the company unearthed moissanite crystals ranging
from 0.1 to 1mm in size; two years later, 2.2mm crystals were found. In 2009, a 3.5mm moissanite
discovery set a "World Record" (Roup et al., 2009), only to be surpassed in August 2012 by a crystal
measuring 4.1mm. During 2015 an even larger crystal of 4.14mm was recovered - the largest crystal to
date (Appendix I).
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A few facts about moissanite (SiC) - a globally rare mineral:
 Named after Henry Moissan, a French-Jewish Nobel prize-winning chemist in 1906. Moissan
discovered the mineral in a meteorite rock within the Diablo Canyon, Arizona, in 1893.
 It is a very rare and scarce mineral (in size and in quantity) and found at only a few sites around the
world. Its size in all other discoveries is smaller than 2.2mm.
 Composition: SiC – silicon carbide.
 Hardness: 9.25 – 9.5 Mohs scale (diamond being 10).
 Specific gravity (g/cm3): 3.1 – 3.2 (diamond being 3.52).
 Refractive index (brilliance): 2.64, higher than that of a diamond (2.42). Therefore, moissanite is
brighter and more brilliant than diamond.
 Moissanite temperature stability field: 1,100 – 1,400 °C. Similar to the temperatures within the
diamond stability field (or even higher).
 Research shows that natural moissanite occurs as inclusions in diamond crystal lattices, xenoliths and
ultra-mafic rocks (kimberlite and lamproite).
During the years 1999 - 2000 the company initiated a surface sampling programme. Surface samples
collected on the flood plain of the Kishon River during 2003 to 2004 indicated the presence of two
populations of heavy minerals (Levin and Kalmanovich, 2006). The Corundum – Moissanite population
was found to be prevalent along the northern part of the flood plain and northern valley flanks indicating
a source to the north of the Kishon River Valley. The predominantly Pyrope – Spinel population
occupying the southern flanks of the Kishon River valley suggests Mt. Carmel as the provenance. From
here on the research was focused on the samples that produced the highest number and biggest pyrope
garnets. Plots of this data indicated tributaries draining Mt. Carmel as the conduit of garnet supply.
In early 2003 Shefa Yamim started to collaborate with De Beers, South Africa. The collaboration included
field work, laboratory processing and analysis of petrographic and micro-probe data. To date several rock
and soil samples were collected for analysis in the De Beers laboratories during each of the four field
visits by De Beers’s geologists. De Beers Exploration (Africa) division followed-up with Shefa Yamim on its
diamond recoveries from the drilling programme in the lower Kishon Valley. Based on infrared
characteristics and surface texture analyses, De Beers concluded that the diamonds recovered from the
Cenozoic fluvial sediments were natural diamonds and not contaminated by synthetic diamonds from
drill bits (Viljoen, 2003). In addition, the De Beers Exploration (Africa) team recognised the abundance of
typical KIMs, which they reported as garnet (predominantly eclogitic type), ilmenite (including
picroilmenite), clinopyroxene and spinel (chromite), from both rock and soil samples collected by its
geologists (Apter and Burgers, 2004; Burgers, 2004).
Significantly, the De Beers team also used conventional follow-up methods (based on the largest garnet
grain recovered by Shefa Yamim by 2003) to identify the Mesozoic Rakefet volcanic body as a primary
source of typical KIMs (Apter and Burgers, 2004; Burgers, 2004). Rakefet also produced one microdiamond from a ca. 200kg rock sample collected by De Beers’s geologist (Hodgkinson and Tainton, 2004).
During the same investigation, Kerem Maharal was identified as a primary source of moissanite and the
Rakefet pyroclastic – volcaniclastic rocks were reported as having sufficient kimberlitic affinities to be
called a kimberlite rather than a para-kimberlite (Burgers, 2004). The De Beers team also dated detrital
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zircons collected from the Kishon Valley sediments, returning a range of ages from 2 490 million years
(Ma), 2200Ma, 650Ma, 166Ma, 71Ma to 11Ma. The De Beers Africa Exploration findings were presented
to the Israel Geological Society in a public lecture in March 2005.
In response to the consistent reporting of KIM’s by Shefa Yamim to the Inspector of Mines in its statutory
reports up to 2004, that authority requested Magma Ltd to collect and analyse three 25kg samples –
from the Kishon River, Kishon terrace and Rakefet – for their mineral compositions, but not diamond
content. This work corroborated the KIM’s results reported by Shefa Yamim (Kalmanovich and Roup,
2007), thereby satisfying the authorities that its results were indeed indisputable (Gore, 2005).
Field investigations by Shefa Yamim led to the discovery of distinctly volcanic and pyroclastic rocks
interbedded with the ubiquitous limestone country rock. While it was known that Upper Cretaceous
‘alkali-basalts’ occurred in the Mt. Carmel area, these had not been specifically targeted or sampled.
Independently back in South Africa, De Beers also studied the samples they collected at Mt. Carmel.
In February 2004 a De Beers report was produced supporting the Shefa Yamim mineralogical findings
from the Kishon River valley. The garnets were all found to be eclogitic, possibly high-pressure varieties.
Garnets from the boreholes in the alluvium of the Kishon River valley are similar to those from the
volcanic and pyroclastic rocks. The borehole-derived garnets were described by De Beers as “low Cr
eclogitic, not megacrysts as the CaO content was marginally too high, being similar to Kaapvaal Group-1
and diamond–bearing eclogite in terms of analysed CaO, FeO, MgO, and unlike lower crustal eclogite and
granulite garnets.” The spinels (chromite) and clinopyroxenes complement each other to imply a
derivation from a shallow spinel-peridotite ‘mantle’ and not from the diamond stability field (Apter and
Burgers, 2004).
The ilmenites present two separate chemical populations. A larger kimberlitic population suggests a
shallow mantle origin and complements the spinel and clinopyroxenes with respect to mantle origin. The
other minor ilmenite population is more typically kimberlitic (although Cr 203 values are low), possibly
complements the eclogitic garnets, and compositionally may be derived from a deeper mantle or higherpressure regime.
Based on the indicator mineral chemistry of the minerals analysed, the source rock appears to have two
separate mantle regimes. A shallow, non-diamond stability field of a peridotitic source and a higher
pressure (deeper) eclogitic source which, based on the garnet compositions, is ‘possibly diamondiferous’.
This indicator mineral chemistry provides an indication of the diamond potential of the source rock, but
the confidence with which this technique may be applied is more typically applicable to cratonic or shield
settings (i.e. thick lithosphere). The setting of the Mt. Carmel source on the flank of a recently active riftzone is uncommon considering a possibly diamondiferous source. It is therefore crucial to note that the
final word on the Mt. Carmel source rock being diamond-bearing depends on whether it can positively
demonstrate that diamonds can be derived from this rock.
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The four samples collected for petrographic analyses were described by De Beers as more akin to being
“kimberlitic” in nature while an alkali-basalt or basanite source is excluded (Apter and Burgers, 2004).
Petrographically the samples were classified as re-sedimented and primary pyroclastic, crater facies,
kimberlitic rocks. Some samples exhibit an oxidised, granular, matrix-supported, poor- to moderatelysorted, finely-bedded, carbonate-rich re-sedimented volcaniclastic kimberlite. Altered, massive, matrixsupported, moderately-sorted, volcaniclastic kimberlite and clast-supported, poorly sorted, welded,
lapilli tuff kimberlite was also described. Geochemically the major and trace elements from the four
samples from Mt. Carmel are kimberlitic with variable dilution by crustal material. The trace element
ratios clearly indicate a kimberlitic nature with a possible metasomatic influence or enriched source
similar to kimberlites from West Africa.
A report by De Beers in June 2004 documents the recovery of one diamond from the samples collected
at Mt. Carmel (Burgers, 2004). The sample size was 252.08kg and handled according to standard QA/QC
procedures and dispatched to De Beers, South Africa for analyses. The size of the stone recovered was
0.000003ct. These findings led Shefa Yamim to include the following four Mt. Carmel volcanic bodies
(previously part of the Prospecting Permit): Rakefet Magmatic Complex (RMC), Muhraka, Har Alon and
Beit in all future Exploration Permit applications. In addition, a sampling programme running in parallel
with the alluvial exploration was designed for the Upper Cretaceous volcanic outcrops in the Mt. Carmel
area. In the report, De Beers's geologists conclude: "… Geochemically the major and trace elements
from the four samples from Mount Carmel are kimberlitic with variable dilution by crustal material.
The trace element ratios indicate clearly a kimberlitic nature with a possible metasomatic influence or
enriched source similar to kimberlites from West Africa" (Burgers, 2004) as mentioned above.
During November to December 2004, three large diameter (1m) auger holes were drilled in the Distal
Reach of the Kishon River valley that produced most favourable results during the 1st drilling phase.
Further mineralogical studies yielded 11 more diamonds from the three boreholes.
The impetus provided by the De Beers Exploration (Africa) collaboration led Shefa Yamim to investigate
the potential of the primary sources on Mt. Carmel more thoroughly between the years 2006 – 2014
(Kalmanovitch, et al., 2008; Toledo, et al., 2010). Simultaneously the large Galed geophysical anomaly
identified earlier in the Ramot Menashe area was followed-up with ground surveys (Roup and Fedikow,
2011) and sampling continued in the Kishon River catchment on the secondary deposits.
At the end of 2009 to early 2010, Shefa Yamim set up a comprehensive GIS database to handle the large
volume of sample information and spatial data available for its campaign. In addition, Shefa Yamim
moved to larger premises in Akko (5,000m²) where its treatment facility capacity was increased to handle
small bulk samples generated from both primary source rock and secondary alluvial target deposits.
Shefa Yamim identified a multi-commodity assemblage that included the mineral assemblage the
company earmarked as its priority exploration objective. This multi-commodity selection is called the
TMA comprising two mineral suites: the HIM (Heavy Industrial Mineral Suite - garnet, rutile, ilmenite,
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zircon, corundum) and DMCH (Diamond, Moissanite, Corundum - sapphire, ruby, Carmel Sapphire,
Hibonite) suites.
On Mt. Carmel, Shefa Yamim explored thirteen of the prominent Mesozoic volcanic bodies/complexes
(an additional Mesozoic volcanic body is Um El-Fahm) for their TMA (DMCH suite: diamond, moissanite,
corundum-sapphire, ruby) and KIM’s content (Fig. 4). One of the most significant discoveries in this phase
was the recovery of abundant moissanite from both primary sources as well as derived secondary
deposits, as this mineral is rare in its natural state globally (Roup, et al., 2009; Gnos, 2010; Fritz, 2013). To
date, Shefa Yamim has also found the world’s largest two recorded moissanite crystals: 4.1mm (bulk
sample 982; August, 2012) (Fritz, 2013; GIA, 2015) and 4.14mm (bulk sample 1124, November, 2015) in
length respectively.
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Figure 4: Location of 14 Mesozoic volcanic (magmatic) bodies on Mt. Carmel by Sass (1980). Ten of these volcanic bodies are
currently being prospected and explored by Shefa Yamim.

To confirm Shefa Yamim’s reports of the recovery of KIM’s from primary sources on Mt. Carmel (Israel)
during this phase of its exploration campaign in 2011, the Inspector of Mines sent two rock samples from
the Bat Shelomo and Rakefet volcanic complex to the SGS Canada Inc. laboratory for processing and
recovering KIM’s. This laboratory reported the presence of abundant KIM’s, but noted that these grains
needed to be electron micro-probed (geochemically analysed) before any further conclusions could be
drawn regarding any diamond potential (SGS, 2011). However, this additional analysis was not required
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by the Inspector of Mines, but rather a confirmation that at least two of Mt. Carmel's primary volcanic
complexes hosted KIM’s as had been reported by Shefa Yamim. It must be noted that the use of the term
“KIM’s” does not have any connotation to the diamond potential – this can only be assessed after the
KIM’s have been geochemically analysed (mostly using an electron microprobe-type tool). At this stage
the Mesozoic Rakefet magmatic (volcanic) complex is the only primary source in the Kishon catchment to
have yielded the full TMA (DMCH) suite, as well as the complete range of KIM’s (Toledo, et al., 2010).
At Ramot Menashe 149 stream samples were collected to-date that yielded KIM’s, corundum, moissanite
including eclogitic and peridotitic garnets that have been analysed for their mineral chemistry (396
garnet grains). A further 92 soil samples were processed as part of a geochemical survey (Roup and
Fedikow, 2011) and several ground magnetic surveys were run over the Galed anomaly (Rybakov, 2009;
Fritz, 2013; GRS, 2014).
In the Kishon River catchment, Shefa Yamim focused largely on the secondary deposits in the search for
alluvial placers that potentially host the complete, or part of, the DMCH suite. To date, more than 700
alluvial samples were taken throughout the catchment, 39 trenches and pits were excavated as mini bulk
samples, 158 boreholes were drilled to a maximum depth of 300m, state-of-the-art geochemical soil
sampling surveys were done, and some 407 grains were analysed for mineral chemistry.
The Kishon River drains considerable parts of Mt. Carmel and the Yizre'el Valley with its Mesozoic mafic
and ultra-mafic volcanic rocks, and Cenozoic mafic volcanic rock substrates rendering the Kishon River
valley, with its secondary Late Cenozoic valley-fill sediment deposits, a high priority target. Intensive
drilling was done by Shefa Yamim in the Kishon Valley, in particular the Mid Reach section, as shown in
Figure 8.
Surface and subsurface samples collected from the Mid and Distal Reaches of the Kishon Valley have
yielded significant quantities of the complete TMA (DMCH suite). The recovery of moissanite and
corundum, including the gem varieties of sapphire (blue, up to 5.72 carats in weight) Carmel Sapphire
9up to 33.3 carats in weight), ruby (pink, red up to 1.706 carats in weight) and Hibonite up to 2.83 carat
in weight) from the secondary deposits indicate primary sources within the Kishon catchment. Sampling
by Shefa Yamim has demonstrated that the Rakefet Magmatic (Volcanic) Complex and the tributary
stream that cuts through the body are major contributors of both sapphires and rubies to the Kishon
River valley sediments.
Moreover, the exploration results further show that the Mesozoic Muhraka basalts on Mt. Carmel and
the younger Cenozoic (Neogene) Lower Basalts and Cover Basalts host corundum, including sapphire and
ruby (Wald and Toledo, 2016). Therefore, it is noteworthy that corundum, a relatively common mineral,
is linked to alkali basalt terrains globally and that its gem varieties of sapphire and ruby are associated
with placers derived from such terrains (Guo, et al., 1996a; 1996b). The high pressure upper mantle
origin of corundum is also shown by kimberlite-borne, corundum-bearing, eclogite xenoliths and
corundum as unusual inclusions in diamonds (Viljoen et al., 1999).
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The narrowing of the Kishon Valley between the Yizre’el and Zevulun Valleys should facilitate placer
formation in the basal gravel beds of the Kishon River in this Mid Reach zone between Tel Kashish and
the Jalame Junction/Turkish Bridge area (Fig. 5). Trapping of heavy minerals in these basal gravels
deposited under an increased fluvial energy regime is further promoted by the introduction of oversize
clasts (Jacob, et al., 2006) from the short-reach, steep streams draining Mt. Carmel along the left bank of
the Kishon Valley Mid Reach.
The heavy minerals are most likely to be preferentially concentrated within the basal 2-4m of the Kishon
River gravels. As the Kishon River is a comparatively small-scale hydrological system, with an overburden
to basal gravel stripping ratio around 2.5:1, this fluvial placer is readily accessible in contrast to the
deeper (>20 m deep), interbedded marine placers farther downstream in the Distal Reach that also host
the DMCH suite (Fig. 6).
Therefore, the Mid Reach of the Kishon Valley, a transient fluvial placer hosted palaeo-Kishon basal
gravels preserved in low terraces, flanking the modern course between Tel Kashish and Jalame Junction
(Toledo et al., 2015; Toledo et al., 2016), is the most attractive, accessible secondary deposit target
available to Shefa Yamim in this exploration campaign. This 4.5km long multi-commodity placer contains
the TMA of DMCH of sapphire and ruby and Carmel Sapphire (the DMCH suite), as well as the heavy
industrial minerals (the HIM suite) of zircon, rutile, ilmenite and garnet (Toledo et al., 2015).
During the mapping and drilling campaigns in the Kishon Mid Reach (146 holes (125 holes in Zone 1 and
21 holes in Zone 2); 1,370.55m drilled in total (1135m in Zone 1 and 235.55 in Zone 2)); a total length of
313m intersected the gravel) two high-interest zones have been modelled volumetrically using ArcGIS®,
Voxler®, Strater® and Surfer® software, namely Zone 1 and Zone 2 (Toledo et al., 2016).
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Figure 5: Shefa Yamim borehole locations along the Kishon Mid and Distal reaches from Tel Kashish via the Zevulun valley
to the Mediterranean outlet. Orange circles - Large diameter (Vidia) Shefa Yamim boreholes, down to 80m
depth; Yellow circles - 1999-2000 drilling campaign (Vidia) small diameter, including core samplings, down to
300m depth.

31

Figure 6: The Kishon River divided into Proximal, Mid Reach and Distal sections.

External Scientific Collaboration
The unique challenges faced by Shefa Yamim in its exploration campaign are emphasized by the unusual
occurrence of high temperature and pressure minerals, notably, diamonds, moissanite and corundum in
an off-craton platform setting has been highlighted by Coopersmith and Toledo (2013). To unravel the
problem posed by these geological challenges Shefa Yamim actively strives to get the global geological
fraternity involved in its exploration.
Shefa Yamim is collaborating with geological and exploration consultants that specialise in a wide
spectrum of Earth Science fields e.g. geochemistry, exploration of alluvial deposits, and geophysics. On
the primary source investigations, Shefa Yamim is collaborating with Prof. Bill Griffin and his research
team from Macquarie University, Australia since January 2014. Mr. Dave (David) Apter, ex-De Beers
Africa geochemist and currently an independent geological consultant to Shefa Yamim, collaborates with
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the company since 2004. The scientists focus on the presence of mantle-derived minerals, including
garnet (peridotitic and eclogite), clinopyroxene, ilmenite, moissanite and diamond as well as corundum,
in the off-craton, rift-related geological setting of northern Israel.
To date Apter (2014, 2015) analysed the mineral chemistry of all the KIM grains that have been SEMQ
electron micro-probed from Shefa Yamim’s exploration campaign, of which 392 grains were done by De
Beers Geoscience Centre, Johannesburg, and 2,039 grains by Mineral Services (Pty) Ltd, Cape Town,
South Africa. Apter also confirmed the presence of the classic kimberlite indicator mineral suite (KIM)
comprising unique chemical varieties of garnet, clinopyroxene, ilmenite, and spinel/chromite in the size
range 0.30 - 0.425 - 0.71 - 1.00mm.
The main analyses have been published in an Extended Abstract and Poster presented at the Kimberley
Diamond Symposium & Trade Show, Geological Society of South Africa, Professional Programme
meeting, 11 - 13 September 2014.
Apter (2014) and Apter et al. (2015) determined the major element oxide weight percentages in a variety
of scatter plots commonly used for kimberlite and diamond exploration and his principal conclusions
were:


The CPX xenocrysts from the Mt. Carmel volcanics show a geothermal profile for lherzolitic mantle
stretching from ~Moho depths (<50km) (Fig. 7a) to well over 100km: see Temp * Depth/Pressure
plots in Fig. 7b.



Re-fertilisation/depletion - bottom-left to top-right gives increasing depletion along a relatively
constant pressure. The points are shaded by pressure (8 colours for 0-80/10 Kb).



The data illustrates a complex relationship between temperature/composition with pressure/depth.
An increase in heat flow with decreasing pressure/depth is observed using Hasterok and Chapman
(2011) geothermal models.



The improved data resolution reveals a small, but relatively high-pressure population of significant
interest. This relatively small deeper/cooler population from RMC is more like 'kimberlitic' CPX (see
blue dots in Garnet Peridotite field in Na*Cr + Al plot). With a depth >100km this population is more
typical of thick cratonic 'kimberlite' borne CPX xenocrysts. This limited, but deepest, Mt. Carmel CPX
population is represented by a 'range' in composition with deepest grains more refertilised by the
underlying
asthenospheric
mantle
(fluids/magma).
However,
such
asthenospheric
'alteration/refertilisation' has influenced the entire mantle column. Fluid interaction across the
column may be responsible for multiple mantle magma sources (Figs. 7c and 7d).



A mantle derived population that reflects high T at shallower levels due to high heat flow: the
potential source for shallow xenoliths as reported by Mittlefehldt (1986) and Kaminchilk (2014).



Improved insights from the Na*Cr + Al diagram show this compositional relationship is consistent
with pressure. This observation enhances the value of this diagram in diamond exploration where
ultra-high pressure and low refertilisation CPX indicate best potential for GP-hosted diamonds. That
is where CPX data points show highest pressures with least refertilisation (i.e. diagram top-right;
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increasing pressure (isobars) from bottom-right to top-left; re-fertilisation from top-right to bottomleft along isobars).
From these results, Apter (2014) and Apter et al. (2015); (Figs. 7a to 7d) concurred with Mittlefehldt
(1986) that the Mesozoic mafic and ultra-mafic bodies on Mt. Carmel had sampled xenoliths / xenocrysts
in the upper mantle and lower crust between depths of 60 – 110km. In a recent study, however,
Kaminchilk (2014) obtained results from a limited suite of xenoliths that pointed to even shallower
depths of around 45km.

Figure 7a: Temperature*Pressure/Depth plot for the lherzolite cpx thermobarometry showing predominant
derivation from 75 – 110km depth (Apter, 2014, following Nimis & Taylor, 2000, but enhanced by
integration with Nimis & Grutter, 2010). A model geotherm of ~45mW/m2 was estimated. The Mt.
Carmel cpx results point to a shallower and cooler origin than those from the off-craton, Gibeon
kimberlite cluster in Namibia, although both localities are above the diamond stability field line.
However, the cpx results from a South African diamond clearly illustrate the cratonic kimberlite
model with the bulk of the results lying well within the diamond stability field on a ~40mW/m 2
model geotherm that is typical for the southern African Kaapvaal craton (Apter, 2014).

Shefa Yamim collaborates with Prof. Bill Griffin, an expert in Earth's mantle geology and his research team
on corundum crystallisation processes and their relationship with the natural, rare mineral moissanite
occurrences. Samples for this research have been drawn from several primary sources on Mt. Carmel and
from alluvial deposits within the Kishon Catchment. The results of this continuing research may assist in
addressing key questions regarding "Deep Earth" geology. A poster and abstract focusing on this topic
were presented at the Israeli Geological Society Conference, March 2015 and January 2016 (Griffin et al.,
2015; Griffin et al., 2016, (Appendix II).
Carmel Sapphire
Prof. Griffin contacted Shefa Yamim in January 2014 in search for moissanite crystals to be included in a
survey of Si and C isotopes in this mineral, mainly using material from kimberlites. Shefa Yamim kindly
provided the material needed. Apart from moissanite crystals, Shefa Yamim shipped samples of sapphire,
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ruby and corundum as well. An ongoing exciting and productive collaboration is carried out ever since. At
the beginning, the target was to better define the corundum-moissanite findings provenance – or rather
is there a genetic connection between the two minerals occurrences? The ongoing research provides
some great scientific results including unique large corundums (till 33.3ct) whose polished specimen
revealed that they in fact have unique qualities and considerable potential as gemstones. The polished
specimen is termed "Carmel Sapphire".
"… Therefore, we have suggested that the titanium-rich corundum should rather be designated
Carmel Sapphire, since it is unlike gem-corundum known from elsewhere in the world". Prof.
Griffin, January 21, 2016.
As the Carmel Sapphire makes up a large portion of the material recovered from the samples, this finding
implies a significant increase in the value of the resource. According to the research findings, the
corundum evolves from oxygen depleted zones within the upper mantle (Griffin, 2016). Prof Griffin and
his team’s ongoing research on the samples from the Kishon River valley, RMC and Migdal Ha-Emeq led
to the discovery of yet another gemstone, the very rare gem hibonite as reported in October 2016
(Appendix III).
Abundant moissanite in Cretaceous pyroclastic rocks in northern Israel is accompanied by xenoliths and
xenocrysts of skeletal and hopper-structured corundum crystals, which have trapped pockets of the melts
from which they grew. The melts contain highly reduced mineral assemblages, including native elements
such as Ti and V; these imply fO2 (fugacity values) as low as IW-12. Detailed study of this material
suggests it crystallised due to interaction (reduction and desilication) between mafic-ultramafic magmas
and highly reducing fluids. Such fluids can be derived from the deep Earth, since C-O-H fluids at the fO2
of the IW buffer are completely dominated by CH4+H2.
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Figure 7b: Temp * Depth/Pressure plot showing ~Moho depths
(<50km) to well over 100km;

Figure 7c: Na * Cr + Al diagram of cpx chemistry
(Na, Al, Cr) and the geothermal profile. T * P/D
using the Nimis & Taylor 2000 thermobarometer. Increasing pressure: from bottomright to top-left.

The rare presence of diamonds, along with an abundance of the two other high-pressure minerals,
moissanite and corundum (including sapphire and ruby), in several Mesozoic primary sources on Mt.
Carmel and in the Cenozoic Kishon Valley secondary deposits, points to an unusual, off-craton geological
history that warrants further exploration and scientific explanation.
Likewise, the presence of corundum in both Mesozoic mafic and ultra-mafic volcanics and younger
Cenozoic mafic volcanics supports the potential for sapphire dominant (and to a lesser extent, ruby)
placers to have been developed along the Kishon Valley, especially corundum in volcanic sources (Guo et
al., 1996) in the Mid Reach zone between the Yizre’el and Zevulun Valleys (Fig. 9).
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Figure 7d: Upper left Na*Cr+Al diagram shows cpx derive predominantly from spinel-lherzolite (SP field) and
garnet-spinel-lherzolite (i.e. intermediate between GP and SP fields). However, a small population is
derived from (just within) the garnet-lherzolite field; this population is more typical of deep cratonic
'kimberlite' borne cpx xenocrysts.

Consequently, and incorporating the available geological mapping (Sneh et al., 1998; Segev and Sass,
2009a, 2009b), a robust “source to sink” geological model (Fig. 8) has been developed to guide placer
exploration in the Kishon catchment. This model also serves to highlight opportunities for further
investigation into the primary sources within this catchment and in the adjacent areas of Mt. Carmel,
Ramot Menashe and Migdal Ha-Emeq (Toledo, et al., 2014; Fig. 8). The Kishon drainage has been
subdivided into three geomorphic reaches along its length that covers the Exploration Permit and
Prospecting Permits held by Shefa Yamim, namely: Proximal Reach, Mid Reach and Distal Reach (Figs. 6 &
8). Each reach has varying degrees of placer potential that represents the potential for both Cenozoic
placer formation and for primary source inputs from the Mesozoic and Cenozoic volcanic rock types
within the Kishon catchment.
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Proximal Reach: Upstream from Tel Kashish where the Kishon and its tributaries are relatively
unconfined, tributaries and alluvial fans are small and therefore placer development is limited.
Mid Reach: Between Tel Kashish and the Jalame Junction (Turkish Bridge) where the Kishon Valley is most
confined and narrow conditions for placer development is optimal and further assisted by the input of
oversize clasts from steep tributaries draining Mt. Carmel.
Distal Reach: From Jalame Junction (Turkish Bridge) down to the Mediterranean Sea in the Bay of Haifa.
This section incorporates the Kishon graben that hosts interbedded marine units of the palaeo-Haifa Bay.
Best placer development due to upgrading through marine reworking, but inaccessible due to deep burial
in the Kishon graben.

Figure 8: Schematic diagram showing the “Source to Sink” geological model guides to locate deposits of Gemstones. View
approximately south and not to scale (from Toledo, et al., 2014). To be read in conjunction with Figure 7 above.

•

Gemstones from primary sources discovered in some volcanic bodies within the Kishon
catchment, notably Diamond (D), Sapphire (C), Carmel Sapphire (C), Ruby (C), Moissanite (M)
and Hibonite (H)

•

Gemstones are transported via the Kishon River from sources to a sink in the Mediterranean
Sea

•

The placer deposits in the sink are deeply buried and difficult to access

•

The most accessible natural trap for the gemstones is in the Mid-Reach area of the Kishon
Valley where the river is confined through the “Kishon Gap” to form a transient placer

•

The Kishon Mid-Reach deposit has good concentrations of Carmel Sapphire, Sapphire, Ruby
and Moissanite with reasonable prospects of eventual economic extraction (SAMREC, 2016)
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8. GEOLOGICAL SETTING
8.1

Regional Geological Setting

Israel is situated on the Arabian Plate and not in a region underlain by Archaean Craton. Instead, it
flanks a recently active rift-zone rendering this area atypical as a potential high-pressure mineral
producing area. During the Jurassic and Cretaceous periods, the area was situated close to the edge of
a large carbonate platform. Equilibrium tectonic and depositional conditions prevailed across large
stretches of the platform and can be seen in the blanket of calcareous deposits which characterises
the central and northern parts of Israel. The stratigraphic column reflects a continental shelf, the
Levant margin, which separated from the Gondwana Supercontinent during the Jurassic-Triassic
period that eventually became submerged in the Tethys Ocean.
Cenozoic tectonics, during the middle Miocene resulted in the establishment of the Dead Sea
transform, a 1,000km long suture into the deep lithosphere that possibly provided the pathway for
mantle plumes derivatives via volcanic vents throughout the Galilean region (northern Israel). Volcanic
rocks that intruded into, and interbedded with, calcareous deposits in the region suggest that some of
the Phanerozoic volcanic activity in Israel and the Middle East occurred during a few, well-defined
phases during the Jurassic, Early Cretaceous, and Neogene to Recent periods. The Late Cretaceous is
generally known for its volcanic quiescence. The only exception to this is the occurrence of Upper
Cretaceous volcanic rocks in northern Israel. Mt. Carmel, in particular, is noted for its complex
stratigraphy, structure and inter-relationships between predominantly Cretaceous dolomites,
limestones, chalks and marls, with volcanic intercalations. These stratigraphic units show marked
facies changes over short distances (Fig. 9).
Mt. Carmel is a tectonic and topographically elevated, triangular-shaped area, bordered by a fault line
scarp in the northeast, a syncline on the southeast and a wave-cut cliff on the west adjacent to the
coastal plain. Mt. Carmel rocks are part of the Albian - Turonian marine carbonate sequence of
dolomites and limestones with intermediate marly units, covered by the Senonian sequence of marls
and chalks with some cherty lenses and beds. The intermittently interbedded volcanic rocks in this
carbonate sequence predominantly comprise pyroclastics and minor lava flows.
From the Cenomanian to the Eocene, Mt. Carmel and its surrounding area were part of a shallow sea
on the edge of a large continental platform which was partially closed off from the open sea by barrier
reefs. Lateral facies changes are common in this stratigraphic sequence. These are mainly due to its
location near the coast line which had not changed dramatically since the Cretaceous. The edge of the
Cretaceous carbonate shelf was situated approximately 5km east (inland) of the current coastline. This
prominent part of the then platform edge is now elevated to approximately 200m amsl and is being
cut by tributaries (e.g. Nahal Me'arot). During periods when the connection to the open sea was
restricted, dolomite and limestone successions were deposited. Chalk and marls were deposited at
times of good connection to the open sea (deeper sea, less light penetration).

39

Figure 9: Geological map of the Mt. Carmel area and legend with the main litho-stratigraphic units.

Studies by Sass, 1968, 1980; Sass & Bein, 1982; Segev, 2005; and Weinstein, 2000, have concluded
that the geological setting at the time of deposition was comparable to atoll-like environments where
volcanoes erupted in a marine setting with approximate water depths of 60m. The carbonate-rich
rocks represent typical barrier reef and shallow open-ocean settings, whilst the volcanic rocks are
from highly explosive volcanoes that spewed out pyroclastic material such as ash, volcanic bombs and
carbonate rock fragments. A modern-day example of this type of environment can be found in the
Pacific Ocean where volcanoes are located around the Pacific Ring of Fire.
Throughout the Cretaceous period and well into the Neogene, plate tectonics in the Eastern
Mediterranean caused a complex interplay of dynamic continental rifting followed by collision of
continents. These mechanisms were the driving forces in the early evolution of Israel’s landscape
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development with the greater Mt. Carmel being shaped as local tectonics dissected the landscape,
causing parts of it to be thrust upward, fall dramatically or shift laterally.
Plumes of hot magma rising from the mantle during this tectonically-active period resulted in
extensive volcanic activity. Whilst this model of mantle plumes is favoured by many scientists for the
Cretaceous volcanoes, alternative mechanisms are also being investigated by Shefa Yamim. A possible
model of subduction of tectonic plates is under consideration. Eruptions along such subduction zones
were violent, as is the case of the Pacific Ring of Fire. Apart from the tectonic and volcanic activity,
sea levels also changed – here it either rose to drown large landmasses or fell to expose vast parts of
the ocean floor.
The Kishon Valley (distal reach of the Kishon River also referred to as Zevulun Valley/graben), located
immediately north of Mt. Carmel, represents an asymmetric graben with a steep south-western
boundary and a gentle slope to the northeast. It is bordered by the uplifted area of the Shefar’am
Tiv’on syncline in the southeast. The basin is bordered by the Carmel Fault in the southwest and the
Ramat Yohanan Fault in the northeast. The Late Cenozoic valley-fill sediments provide an
uninterrupted depositional record of the area and in particular the development of the Kishon River.
The Kishon River is the principal drainage of the Galilee plateau and mountains and enters the
Mediterranean Sea just north of Haifa.
The Kishon Graben extends westwards and offshore into the Haifa Bay and functions as depositional
basin for sediments eroded from Mt. Carmel, Lower Galilee, the Yizre'el Valley, Ramot Menashe (in
part) and the northern Samaria hills east of the Mediterranean Sea. This graben is bordered by the
Carmel fault on its south and the Ramat Yohanan Fault to the north.
In the Mid-Miocene, regional Red Sea rifting tectonics between the Arabian plate and Sinai sub-plate
resulted in the Kishon-Sirhan failed rifting. In addition, the establishment of the Dead Sea fault is also
connected to this rotational tectonic regime. The Galilean basins extend over the largest splay off the
Dead Sea transform within Israel (Wald, 2015). The Kishon graben represented the extreme western
graben of this system. Vertical movements and tectonics have deformed the relatively tectonic
quiescence regime of the Cretaceous-Eocene Levant carbonate platform and continental margins. This
tectonic activity resulted in significant relief in the plates. The Carmel Fault (the southern boundary of
graben) experienced vertical offset and so exposed the buried Lower to Mid Cretaceous rocks and
formed the Kishon River distal base level upon which the headwater part of the Kishon drainage basin
was established. Cretaceous-Eocene rocks outcrop on the eastern parts of the graben while the
western part subsided and the graben started to fill with younger sediments.
The lower Galilee region is composed of a series of valleys (80km long) divided by hills of which the
highest peak is 600m amsl. The following valleys (structural basins) extend from NW to SE: Zevulun,
Yizre'el, Harod, Bet Shean, and cross-cut Israel's mountainous backbone, from the Mediterranean to
the Jordan Valley. Two subsidiary basins from north to south respectively, are Ta'anach and Kesulot
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that are part of the Yizre'el Valley. From the south it is topographically and structurally bordered by
Mt. Carmel, Ramot Menashe, Umm El-Fahm and Mt. Gilboa. These folds trend to the north-northeast
unlike Mt. Carmel which strikes to west-northwest (Fig. 10). The Lower Galilee basins truncated and
sheared this fold belt during the Cenozoic as a continuation of the Late Cretaceous Syrian Arc
compressional regime. The current geomorphology, therefore, is a product of continuous tectonic
subsidence since the Neogene and is still active. Most of the subsidence predates the Pliocene period.
The palaeogeography of the Galilee region during the Mesozoic was largely influenced by a major Late
Cretaceous folding event. The Cretaceous relief was submerged and Eocene sediments accumulations
concealed the relief. Oligocene regional uplift and erosion left pockets of sediment in the deepest
basins. This peneplain surface serves as a datum for later Neogene tectonics (Wald, 2015).
A well-established floodplain formed by the Kishon River’s Middle and Lower Reaches have developed
immediately north of Mt. Carmel. Due to the structurally-induced elevation of Mt. Carmel, the
Senonian calcareous rocks are well-exposed along its south-eastern boundaries and in the adjacent
syncline. Volcanic bodies occur at various levels and localities within the Cenomanian to Senonian
calcareous sequences. They are lenticular and their distal and thin continuations overlap in some
cases.
At the end of the Pliocene-Early Pleistocene, uplift of the mountainous backbone of Israel occurred in
response to deepening of the Dead Sea rift due to rapid sediment accumulations here and also on the
continental shelf along the coast of Israel in response to sediment-loading from the Nile.
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Figure 10: Structural basins in the lower Galilee region

Due to the uplift, and the displacement along the Dead Sea rift, that influenced the branching of the
Gilboa-Carmel fault system, the region underwent faulting, tilting and uplifting, combined with
volcanic activity in the drainage basin of the Kishon. The increasing uplift accelerated erosion of the
western Galilee region and Carmel and therefore sediment supply into the deposition basin.
During the Pleistocene and Holocene cycles of transgressions and regressions prevailed on the
Mediterranean east coast, including the Haifa Bay area (the marine extension of the terrestrial Kishon
graben). These sea level fluctuations were partly caused by global changes in sea levels and partly due
to local climate changes. At the last glacial maxima (LGM), global sea levels dropped by approximately
120m, and thus the coastline of the Mediterranean Sea in Haifa Bay area retreated a few dozen
kilometres to the west. Gradual rise of the sea level after the LGM caused the migration of the
shoreline to the east. At the beginning of the Holocene gradual rise of the sea level caused the Nilotic
sand, previously trapped south of the Carmel headland by a barrier, to bypass this obstacle and be
transported north into the Haifa Bay. On-going sea level rise caused the migration of the shoreline 2 3km east of the present coastline, and also 4km further east in the Kishon channel. This sea level rise,
with the transgression of the coast to the east, deposited marine sediments in the Kishon River
Estuary that partially blocked the water flow to cause large parts of the terrestrial area to be flooded
43

or become a swamp. Along with the sea level rise and after it stabilised, the Zevulun graben was filled
with marine and coastal sediments that caused the shoreline to retreat again westward to its present
location (Kafri and Ecker, 1964). The farthest inland (farthest transgression) marine sediment of late
Miocene age is found at Tel Kashish, the border between the Proximal and Mid Reaches of the Kishon
River.
8.2 Cretaceous to Cenozoic Rocks
The basement substrate within Shefa Yamim’s permit areas are exposed in the elevated terrain
represented by Mt. Carmel and the lower lying northern hilly terrain flanking the Zevulun and Yizreel
valleys. This substrate comprises mainly carbonate rocks (dolomite, limestone, chalk and marl)
intruded by volcanic rocks. The stratigraphic column indicates a continental shelf setting, the Levant
margin, which rifted apart from the "Gondwana" super-continent during the Jurassic-Triassic and later
was covered by the Tethys Ocean.
During the Cretaceous, marine carbonate deposits covered the shallow continental shelf. In the
Carmel area, volcanic eruptions occur as several events within the carbonate column formation. These
rocks spatially appear as patches across the Carmel structure and are correlatable within various
geological rock units in terms of the age of their eruptions. These volcanic eruptions occurred on the
continental shelf submerged under the shallow sea and were soon thereafter truncated by waves
(marine abrasion) (Sass, 1980).
At the end of the Cretaceous during the incipient closure of the Tethys Ocean, a regional compression
regime occurred in the entire region, from Sinai to Syria, creating the Syrian arc fold belt. Segev & Sass
(2009) argue that at that time, a significant removal of approximately 250m of the Cretaceous rocks
resulted from the above-mentioned folding and subsequent erosion.
During the Eocene, an extensive marine transgression deposited marine-sedimentary rocks of open
sea environment on the Cretaceous stratigraphic column (Table 3).
The general stratigraphy of the Kishon Bay/Zevulun Valley area is described below based on
previous publications and two recent 1:50,000 geological maps (Kafri and Ecker, 1964; Sagy and
Gvirtzman, 2009 and Segev and Sass, 2014).
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Table 3: Upper Cretaceous-Pleistocene Stratigraphy of the Zevulun Valley.
Group
Kurkar Group

Formation

Age
Pliocene-Pleistocene

Descreption
A maximum thickness of 240 m in Kishon
graben. The Kurdani formation of Pliocene late Pleistocene age forms its base.
Characterized by calcareous sandstone
("kurkar").

Yafo Group

Pliocene

Mainly clay and marls, but also coarse
clastic material. Its base is a regional
unconformity. In Kishon graben it is tens of
meters thick. Offshore it attains more than
1,000 m (Figure 4). The only outcrop of the
formation in the terrestrial part of Kishon
graben is in Nesher graben (discussed
below).

Saqiye GroupMavqi'im Fm.
Patch occurences in
the subsurface of the
Kishon and Hilazon
grabens; No outcrops.
This group consists of the
following formations:

Miocene

Evaporites and marl confined to the Kishon
graben.Does not extend to the east.
Eastern correlateble units include the Bira
Fm. (Lower Galilee basins) and Sedom Fm.
(along the Dead Sea Fault valleys till the
Dead Sea basin.

Beit Guvrin Fm Late Eocene - Pliocene
Avedat Group

Mt. Scopus Group

Judea Group

Marls and chalks.

Eocene

Buried approx. 885m the western side of
the Kishon graben and crops out only along
the eastern Zevulun Valley margins.
Maastrichtian-Paleocene Outcrops at the foothills of Tivon and hills
and locally near the surface across the
Zevulun Valley. It covers large areas both
on the surface and especially in the
subsurface. Its top is truncated (upper part
Taqiye Fm. missing).
Upper Cretaceous
(Albian-Turonian)

Deposited in the subsurface of Kishon
graben where in few certain places they are
truncated at their top. The Judea group
occurs as tilted blocks to the south and is
exposed along the Carmel fault along the
Ha'amakim Junction- Haifa segment.

The Kishon River valley, the focus of Shefa Yamim's exploration campaign, is located on a series of NW-SE
structural basins cross-cutting the central highlands of Israel (Fig. 10), where it drains the Yizre'el
(Proximal Reach) and Zevulun (Distal Reach) valleys and the intermediate Mid Reach corridor. It is
topographically and structurally bordered by folds, related to the compressional regime of the Late
Cretaceous Syrian Arc. During the Eocene, an extensive marine transgression deposited marine
sediments of an open sea environment on the Cretaceous stratigraphic column and moderated the
folded landscape by filling the synclines (Figs. 11a & b). In the Oligocene, the global regression caused a
withdrawal of the sea to the west and exposed the region rocks creating an extensive drift from east to
west (prior to formation of the Dead Sea rift) that drained the entire Galilee region and Transjordan to
the west – to the Levant basin (Mediterranean Sea of today). The current geomorphology is a product of
tectonic subsidence, commencing in early Miocene, peaking before the Pliocene and is still continuing
today. Since the Oligocene regional Arabian uplift, the area was exposed and denudated, hence most of
the rock record is continental or fluvial (Fig. 11b). The palaeo-catchment was probably much larger in
Oligocene times. Firstly, the relief was minor (peneplain) and secondly, an Oligo-Miocene thick (1,000 1,500m) section is documented offshore of Israel and Lebanon in the Levant basin (Wald, 2015).
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Figure 11a: Palaeogeography of the Galilee (northern Israel) in the Mesozoic included major folding event in Late
Cretaceous. The Cretaceous relief was submerged and Eocene sediments accumulated to seal up the relief.
Oligocene regional uplift and truncation left merely scarce sediments in deepest basins. This peneplain surface
is a datum for later Neogene tectonics (Wald, 2015).

Figure 11b: The Cretaceous mild fold belt relief, outlined as an elongated ridge, was partly exposed above the Oligocene
sea. The ridge separated the Hordos/Taiyba and Levant basins (Wald et al., 2014).

During the Miocene, northwest-trending normal faulting caused basin subsidence and sub-catchments
evolved. Mainly basalts of the Lower Basalt Formation (Schulman, 1962) and some local tuffs as
products of a prolonged volcanic activity filled the valleys. The magma intruded along large fault
systems as dykes and volcanoes (Schulman, 1962; Shaliv, 1991). The dykes are mainly cutting through
chalks of the Avedat Group and some cut through older Cretaceous groups in particular at Mt. Scopus
and Judea. Large magmatic bodies were documented, the largest in Giv'at Hamore peak (0.5km 2)
(Dicker, 1969; Oppenheim, 1962). Various volcanoes both along the valleys' margins and within them
were identified mainly through pyroclasts occurring around them. Basalt composition is
predominantly olivine-alkaline (Oppenheim, 1962). Most of these bodies are aligned to the northwest
along with the structural features – faults and fractures.
46

Continental environmental conditions prevailed as the area was exposed during the Oligocene, and
sedimentation was dominated by terrestrial conglomerates, syn-tectonically embedded within the
valleys. A clay series comprising fluvial clay accumulations overlay this conglomerate unit. The
conglomerates comprise pebbles of older carbonate rock units as well as basalts. The clay series
consists of brown smectite clay and marly brown-red clay, interbedded with minor accumulations of
calcite, pebbles of chert and limestone.
According to marine coastal fossils, the palaeo-coastline migrated from Mid-Miocene to Pliocene
between the Zevulun and Yizre'el valleys to between Tel Kashish and Kefar Hassidim. The Kishon
drainage system was established during the Pliocene and drained the areas underlain by rocks of Mt.
Carmel, including volcanic complexes basalts of the Lower Galilee.
Neogene Volcanism
The extensive volcanic rock outcrop in the Lower Galilee region is divided into two main volcanic
episodes across northern Israel. The earlier episode (Lower Basalt Formation) is assigned to Mid-Late
Miocene and was characterised by extension and faulting across the entire region. This extensional
stress regime included northwest-southeast trending faults and grabens, enabling mantel-derived
molten rocks to reach the surface. Volcanism was focused in the valley margins adjacent to normal
faults. The younger volcanic period (Cover Basalt Formation) during the Pliocene is characterised by
further faulting in the valleys. Vast volcanism prevailed across Saudi Arabia, Jordan, Syria and northern
Israel. Large areas of the central and eastern Galilee region as well as the Golan Heights were covered
by basalt flows.
Basalt Volume Estimation
Shefa Yamim analysed the provenance and contribution of the Proximal Reach Lower Basalt
Formation and its derivative syntectonic conglomerates according to the system followed by Wald
(2015) and Shefa Yamim's exploration to date (Wald and Toledo, 2016). These substrate units were,
and are still being, drained into the Kishon River valley and deposited as part of the Mid-Reach multicommodity placer that is dominated by gemstone varieties of corundum. The high volume of the
Lower Basalt Formation serves as a record of the syntectonic subsidence of Miocene extensional
basins as well as the short period and spatial extent of the volcanism. The Lower Basalt Formation was
emplaced mainly via normal fault planes and its thickness exceeds 600m in at least two locations.
The Kishon River drainage basin covers some 1,122km2 in which a calculated Lower Basalt Formation
volume of 130km3 occur (Wald and Toledo, 2016). The weathered derivatives from these Miocene
basalts, notably clays (non-placer minerals) and corundum varieties (potentially placer-forming
minerals) have drained into and through the narrow, structurally-confined Mid-Reach of the Kishon
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valley where additional trapping from oversize clasts, derived from Mt. Carmel alluvial fans, have
promoted placer development (Toledo et al., 2015).
Mt. Carmel Stratigraphy
The Shefa Yamim's exploration and prospecting areas are predominantly underlain by limestones and
dolomites of the Albian-Turonian Judea Group. The stratigraphy of Mt. Carmel is complex as a result
of the facies changes over short distances and the variety of volcanic rocks intruding the sedimentary
units. The currently accepted litho-stratigraphic nomenclature of units in the Mt. Carmel area uses the
radiometrically datable volcanic intrusions as time markers. These time markers serve as a correlation
tool for the Albian-Turonian lithological sequence.
Four sedimentary-volcanic cycles were identified by Segev and Sass (2009):
 Cycle I: The first sedimentological cycle is represented by the Yagur and Talme-Yafe
formations (Albian age). The Yagur formation represents an inner reef, in a well-stratified
environment, which led to the accumulation of thick layers of dolomite rocks, while the
Talme-Yafe formation consists of chalk layers (with chert lenses), which were deposited
west of a reef barrier in an open water environment. An erosional unconformity terminates
this first sedimentary phase.
 Cycle II: The second cycle shows the subsidence of the carbonate platform, with the onset
of the first volcanic phase V1, which is found locally on top of the Yagur Formation at
Kerem-Maharal, Alon Valley and Rakefet River areas. The V1 phase tuffs (called the Maharal
tuffs) were dated as 99.0Ma old and correlate with the Isfye Formation (Albian age). The
lower part of the Isfye Formation is called the Bet Oren limestone, followed by chalk with
chert laterally changing to dolomite. According to an erosion surface, water depth is
estimated at approximately 60m. This erosion surface was subsequently covered by the
Isfye Formation.
 Cycle III: The third cycle began with a second volcanic phase (V2), which is found locally in
the Fureidis, Mukhraka and Haifa areas. The V2 phase tuffs (Tavassim tuff) are dated as
98.2Ma old and correlate with the time-equivalent Arkan and Zikhron carbonate
formations. The Arkan Formation chalks (local chert nodules) and limestone, are found
mainly in the northern parts of Mt. Carmel, representing an open-sea environment while
on southern Carmel the Zikhron Formation rocks, which are more dolomitic, representing
rather a closed basin environment, were formed. An inner-cycle third volcanic phase (V3),
which occurs as a basalt horizon, is found locally in Mukhraka, Rakefet and Ofer areas
(Rakefet basalt). It is 96.7Ma in age and it is interbedded in the layers of the Zikhron
Formation.
 Cycle IV: The fourth cycle began with the onset of the fourth volcanic phase (V4), which is
found locally in the Shefeya, Makura and Ofer areas. The V4 rocks (Shefeya pyroclastic
horizon) are composed of tuffs and basalts which are 95.4Ma in age and their formation
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took place during the deposition of the time-equivalent Bina and Sakhnin Formations. The
Bina Formation is composed mainly of limestone and the Sakhnin Formation is composed
mainly of dolomite. The two formations occur with rather sharp lateral changes and
represent environmental changes that took place during their deposition due to the
development of reef barriers, which separated between open-sea and back-reef
environments.
 A fifth volcanic phase (V5) took place 13.4Ma later and appears in one location only – near
Bat-Shelomo. It is represented as pyroclastic rocks (named Bat-Shelomo tuffs), which
occurred intercalated with the Ein-Zeitim Formation (Senonian age) and radiometrically
dated at 82Ma. The stratigraphic sequence of the Carmel rocks is presented in Figure 12.
Most of the volcanic rocks in Mt. Carmel are pyroclastics of basic composition, with subordinate lava
occurrences interbedded with carbonates of Mt Carmel (Fig. 13).
Pyroclastics:
The constituents of the pyroclastics are:
-

Juvenile ejecta that are represented by ash, made up of micro-vesicular glass in various degrees of
preservation.

-

Other juvenile components are lapilli and volcanic bombs. These ejecta are rich in micro-vesicles
and consist of black glass (sideromelane), altered olivine phenocrysts, and microlites of augite and
plagioclase.
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Figure 12: Lithostratigraphy of Mt. Carmel modified from Segev and Sass (2009). V1 - V5 volcanic phases are noted.

Accessory lapilli and blocks are similar in composition and vascularity to the juvenile fragments, but
have higher crystallinity. Based on the acid composition of the plagioclase (albite-oligoclase in most
cases, and only rarely andesine), these ejecta are recognised as spilites. Rocks of similar microscopic
appearance are known among the few lava occurrences in Mt. Carmel.
Xenoliths of limestone and dolomite are rocks known from the strata which immediately underlie the
respective pyroclastic bodies and represent, therefore, the explosion products at the vent. These
fragments are surrounded by a rind of friable, structureless carbonate. This rind seems to be the
original decarbonised zone in contact with the hot magma, which was later re-carbonated. The
smaller carbonate fragments were almost entirely affected by this process. Mafic xenoliths consist of
various gabbroic rocks. Here olivine gabbro, meta-andesine-olivine gabbro and melo-andesine-olivinehypersthene gabbro are most prevalent. Ultramafic xenoliths are also present.
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Figure 13: Mt. Carmel volcanic rock outcrop (foreground) overlain by calcareous rocks (background).

Three main pyroclastic facies associations are present. The distance from the eruption centre can be
estimated by the degree of the pyroclastics’ alteration and their colours – black or dark grey represent
the more massive (and therefore less altered) rock, which was formed closer to the vent while
yellowish to light brown tuffs represent a more distant location from the centre of the eruption,
sometimes represented as clay which has pyroclasts that are completely altered. The pyroclastic facies
association description is restricted to typical cases only due to poor exposure on Mt. Carmel.
 Black Pyroclastic Association. The least altered of all the pyroclastic rocks. These consist of
vesicular and micro-vesicular, almost fresh sideromelane, with few microlites of plagioclase
and fine-grained ore minerals. The black pyroclastics are massive in appearance and they
virtually lack any bedding structure. Their ejecta are large (up to 1.5m). The black
pyroclastics are the least common among the pyroclastic associations and their lateral
extension is limited to a few hundred meters.
 Variegated Pyroclastic Associations. This association contains the most diversified
pyroclastic types. Typical occurrences are well-bedded and are grey, brown, yellow, red, and
green. Some however, are more monotonously greyish or reddish. The rocks consist of
tuffs, lapilli tuffs and agglomerates, and contain volcanic bombs and various other ejecta
that are up to a few dozen centimetres across. The coarser lapilli tuffs and agglomerates are
usually grey, whereas the finer tuffs acquire reddish and greenish colours. Thus, a
relationship between grain size and degree of alteration is indicated. The variegated
pyroclastics extend over distances of up to 2 - 3km.
51

 Yellow Pyroclastic Associations. The yellow pyroclastics consist mostly of very well thinlybedded, yellow to brownish fine-grained tuff. Secondary calcite and admixture with original
carbonate sediment are quite common and, where abundant, are responsible for a dirty
white appearance. The yellow tuffs associated with a particular volcano have the largest
extension when compared with the other pyroclastic associations and can be followed over
a distance of up to 6km.

 Lavas. Lava flows occur in only a few localities in southern Mt. Carmel. They are apparently
all of the same age, even though different sources of eruption were involved. The lava
flows occur as dense and vesicular varieties, which are closely associated in some localities.
The preservation of the lavas is in most cases very poor.
A well-preserved record of these volcanic eruptions is found in the greater Mt. Carmel area where
fourteen volcanic bodies occur within Shefa Yamim’s permit areas. The most exciting discovery to
date is the mineral assemblages of the volcanic rocks. Shefa Yamim has demonstrated that some of
the fourteen volcanic bodies have mineral assemblages that are compatible with kimberlitic sources
(Apter et al., 2014; Apter, 2014). Diamonds have been recovered from the magmatic rocks and its
erosional deposits in the Kishon River valley. In addition, gemstone variety corundum such as
sapphires and rubies, as well as natural moissanite, have been recovered from these volcanic bodies.
Apter (2014) concurred with Mittlefehldt (1986) that the Mesozoic mafic and ultra-mafic bodies on
Mt. Carmel had sampled xenoliths/xenocrysts in the upper mantle and lower crust between depths of
60 – 110km. In a recent study however, Kaminchilk (2014) obtained results from a limited suite of
xenoliths that pointed to even shallower depths of around 45km. Referring to the Carmel Sapphire,
Griffin et al. (2016) suggest that the peritectic reaction corundum + melt  anorthite, points at
conditions of crystallisation constrained between ca 30-100km (within the lithospheric mantle) and
1450 - 1550 °C.
8.2.1 Rakefet-Muhraka-Kishon Drainage System
The Shefa Yamim exploration activities progressed in two directions:
1. Study of the placer deposition in the Kishon region, i.e. secondary deposits, and
2. Location of the primary source of the diamonds, natural moissanite and other precious stones.
This exploration is aimed at defining commercially exploitable precious stone resources.
In parallel, efforts were made by Shefa Yamim in the Migdal Ha-Emeq area to determine the
source of the KIM’s and the natural moissanite and corundum discoveries, possibly related to the
Miocene to Pliocene formations in the Yizre'el Valley.
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The magmatic bodies of Mt. Carmel have been mapped on a regional scale in the past by the
British Geological Survey and the Geological Survey of Israel (Sass, 1980; Segev and Sass, 2009),
but have not previously been mapped in detail as individual bodies. To conduct a detailed
mapping programme, Shefa Yamim verified the nature and continuity of these magmatic bodies
on Mt. Carmel.
It should be noted that only the intrusions that are drained by the eastward flowing streams have
supplied sediment to the Kishon River Valley, but this does not preclude intrusions on the
western slope of Mt. Carmel that would be containing DMCH as well. The RMC and Muhraka
volcanic bodies hold significance as major sediment contributors (Fig. 15) whereas Shefa Yamim
still verifies if other complexes also contributed. The elevated block of the Muhraka horst,
together with the neighbouring RMC, drain to the east and northeast respectively. Therefore,
demonstrating the relationship of the tributaries to the Kishon River is important.
8.3 Kishon Valley-fill Geology
The general stratigraphy of the Kishon catchment is described below, following the nomenclature
used by previous researchers and two recently published 1:50,000 geological maps (Kafri and Ecker,
1964; Sagy and Gvirtzman, 2009; Segev and Sass, 2009; Segev and Sass, 2014). The Kishon Valley has
been divided into three parts, namely the Distal, Mid and Proximal Reaches, based on morphological
and stratigraphic differences (Fig. 6).
The Proximal Reach represents the drainage basin up-valley from the volcanic bodies of Mt. Carmel,
where degradational rather than aggradational processes prevail. However, it plays a role in supplying
heavy and gem minerals into the Kishon Mid Reach. Special attention is given to basalt deposits in the
Yizre'el basin, the weathering products of which have been transported through, or deposited in, the
Kishon Mid Reach.
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Figure 14: Simplified diagram showing mineral distribution in alluvial deposits of the RMC-Yoqneam-Kishon drainage system
(Toledo et al., 2010).

These weathering and erosional products are predominantly clays (overburden, barren of placer
potential) and the resistant corundum (ruby, sapphire and Carmel Sapphire) that, to date, make up
the principal components in the Kishon Mid Reach Placer (Bluck et al. ,2005; Griffin et al., 2016; Wald
and Toledo, 2016). As a total estimated volume of some 300,000km3 basalt is present in the lower
Galilee region, the supply and transportation of basalt weathering products becomes important.
Recent discoveries of titanium-rich corundum called Carmel Sapphire appear to be unique to the Mt.
Carmel and immediate surroundings. Along with its gem derivatives sapphire and ruby, point to
potential supply mechanisms that will be addressed mainly by a better understanding of the Kishon
proximal catchment area (Fig. 14).
8.3.1 Mid Reach
The significance of the Mid Reach lies in the fact that it is just down valley from the Rakefet
Magmatic Complex (RMC) and the effect that this constricted valley morphology in this part of
the valley (Figure 3) has on placer development. Other volcanic bodies on the eastern margins of
Mt. Carmel (Muhraka and perhaps Har Alon & Beit Oren) may also contributed to placer deposits
in the Mid Reach via short, steep tributaries across the eastern slope of Mt. Carmel (Figure 1).
This section of the valley is therefore considered to be highly prospective in terms of placer
deposits.
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Figure 15: Inferred Neogene volcanic sources and corundum recovery locations and size fractions. Volcanic centres and
assumed vents are shown in magenta polygons. Note the association between corundum recoveries (gem
derivatives sapphire and ruby) and proximal volcanic sources, as well as point sources from Mesozoic volcanic
bodies on Mt. Carmel.

A typical profile of the valley-fill sediments in this section of the river is shown in Figures 16 & 17.
The Mid Reach valley-fill assemblages represent two main lithological units:
 A sandy-clay overburden.
 These Pleistocene to Recent sediments are predominantly dark-brown coloured and
represented by clay, silt, calcareous sandstone, and occasional suspended gravel distributed
along the recent river flood plain and tributary channels. Silty sand and gravel may contain
subordinate angular dark basalt clasts. Total unit thickness varies from 3 – 6m on average. A
gravel layer consisting mainly of reddish-brown coarse sand and silty clay matrix. There is a
clear unconformity at the base of the unit. Pebbles and cobbles, with an average size of a
few centimetres (maximum 20 - 80cm), consist of mainly locally derived carbonate (20 –
65%), mixed with white quartz and black and brownish flint (3 – 10%) and minor grey marls
(0 – 15%). Sub-rounded dark-coloured basic rock pebbles are always present (1 – 10%). The
alkaline basic rock pebbles range from a few mm up to 20cm in size. These are composed of
basanite, olivine basalt, melilite, tephrite, and basanitic nephelinite as well as Miocene
gravel. Total unit thickness varies from 3 - 6m.
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Figure 16: Typical profile of the Kishon River valley-fill in the Mid Reach.

Headwater streams of the Kishon River eroded minerals from the volcanic bodies from the
Galilean valleys and Yizre'el valley margins and the Zippori main tributary draining the Nazareth
range, as well as shorter reaches from Mt. Carmel. These also acted as conduits for sediments
being transported down to the Kishon River floodplain. It is therefore to be expected that the
gravels of the Kishon River would contain diamonds, moissanite, sapphire and ruby varieties of
corundum and the Hibonite (DMCH minerals). The Kishon River and its tributaries continuously
evolved since the Pliocene, consistently adjusting to tectonic, sea-level and climatic changes to
deliver and accommodate large volumes of eroded sediment in the Kishon River valley (Fig. 18).
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Figure 17: Photo mosaic of a bulk sample excavation showing the Kishon valley-fill sediments.

DMCH minerals would have been fed into the Kishon River and trapped in energy-specific areas in
favourable channel-morphological settings in the river to allow the concentration of DMCH
minerals in favourable sites to form placer deposits. These alluvial deposits, made up entirely of
unconsolidated gravel, sand and clay with DMCH minerals hosted in the gravel fraction, represent
the Kishon River valley placer target.
From its headwaters to the Mediterranean Sea, only certain parts of the Kishon River system
contain an abundance of DMCH minerals. Shefa Yamim’s source (volcanic rocks) to sink
(Mediterranean Sea) model thus guides exploration to target high-interest areas first, thereby
reducing time and maximising potential.
The model shows that the middle reach of the Kishon valley, referred to as the Mid Reach, is of
particular interest. It has greater potential due to geological features that are highly favourable
for trapping heavy minerals including precious stones. The Mid Reach is undergoing rigorous
exploration that is in an advanced stage to determine its exploitable potential (Toledo et al.,
2015; Toledo et al., 2016).
8.3.2 Distal Reach
The Kishon Graben is a structurally-controlled basin that extends offshore into the Haifa Bay, its
submerged western marine portion. The graben is bordered by the Carmel fault along its
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southern edge at the northern flank of Mt. Carmel and the Ramat Yohanan fault to the north
(Figure 21). The Distal Reach of the Kishon River and its valley-fill sediments are the main
occupant of the Kishon Graben. The Kishon River’s Distal Reach valley-fill sediments comprise
Neogene and Quaternary fluvial and marine assemblages, which represent four main lithological
units:
 Light, sandy limestone, chalk, reddish coloured clay and calcareous sandstone, and gravel.
Well-rounded gravel consists of pre-Cretaceous clasts mixed with minor amounts (1 – 2%)
of dark alkali-basalt and basanitic nephelinite typical of mantle-derived volcanic rocks. The
gravel is mainly cemented with a reddish-brown sandy, clay matrix. Maximum observed
thickness of the unit is 174m.
 Grey-coloured marl, clay, gypsum, and marble succession. It unconformably overlies the
limestone of the underlying unit and is found in most boreholes. The succession represents
lagoon sediments deposited in relatively high, water salinity environment. This unit has a
Pliocene age and a total unit thickness that varies from 35 - 120m.
 A gravel layer consisting of mainly reddish-brown coarse sand and a silty clay matrix. There
is a clear unconformity at the base of the unit. This unit forms a continuous horizon over a
distance of about 2.5km and splits into several horizons to the northwest, reaching a 7 8km length in total. Pebbles and cobbles with an average size of a few centimetres
(maximum 20 - 50cm) consist mainly of locally-derived carbonate (20 – 65%), mixed with
white quartz and black and brownish flint (3 – 10%) and minor grey marls (0 – 15%). Subrounded dark-coloured basic rock pebbles are always present (1 – 10%). The alkaline basic
rock pebbles range from a few mm up to 20cm in size. These are composed of basanite,
olivine basalt, melilite, tephrite, and basanitic nephelinite. Total unit thickness varies from
18 - 92m.
 The Pleistocene to Recent sediments are predominantly red-coloured and represented by
clay, silt, calcareous sandstone, and rare gravel distributed along the recent river and
tributary channels. Silty sand and gravel contain minor amount of angular dark basalt
clasts. The alluvial and aeolian continental sediments are replaced by dune san, and
meters-thick ephemeral marine lagoon sediments toward the northwest. Total unit
thickness varies from 17 - 155m, 60 – 65m on average.
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Figure 18: Reconstruction of paleo-shorelines according to Kafri and Ecker, 1964. Note the purple-shaded circle
crossed by consecutive paleo-coastlines. This location is also connected to the Ramat Yohanan normal
fault.

8.4 Mineralisation
The Rakefet Magmatic Complex (RMC) is considered to be one of the primary sources of DMCH and
related heavy minerals. Not only is this the area where a diamond was recovered in situ (Burger,
2004), but also the fact that stream sediment analyses showed this area to be a key source area for
the mineralisation in the Mid Reach of the Kishon River.
Until recently Israel and its immediate vicinity has not been considered a prospective target for
precious mineral exploration given its perceived unfavourable geological setting including an absent
craton. Yet Shefa Yamim has recovered a micro-diamond from an in-situ rock sample from the Rakefet
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volcanic body, and diamonds in down valley sediments in the Kishon River floodplain. High
concentrations of sapphire, rubies and moissanite were also recovered with a host of other heavy
minerals from the gravels in streams draining from Mt. Carmel to the Kishon River and in the Kishon
River floodplain itself.
The mineral assemblages from the volcanic bodies that can be associated with kimberlite have been
termed KIMs and are mainly represented by garnet, ilmenite, chromite and clinopyroxene. In addition,
Shefa Yamim identified a multi-commodity assemblage called the TMA comprising two mineral suites:
the HIM (Heavy Industrial Mineral Suite - garnet, rutile, ilmenite, and zircon) and DMCH (Diamond,
Moissanite, Corundum - sapphire, ruby, Carmel Sapphire and hibonite) suites. The presence of the
diamonds found in the permit area can be fully appreciated by accepting their association with the
KIMs, and other highpressure minerals including corundum and hibonite.
The mineral chemistry of the garnets exhibits some very unique attributes with one population of
garnet (peridotitic) that has low chrome values (<2wt%) suggesting that these minerals have come
from shallow depths (about 60km) and are not associated with the diamond stability field, a region at
greater depth where diamonds form (Apter et al., 2014). However, the second garnet population
(eclogitic), which is also inherently low in chrome (<2wt%) has sodium oxide values of >0.07wt%,
pointing to much deeper regions with pressures approximating those in the diamond stability field
(Apter et al., 2015). It has been demonstrated that diamonds are also derived from eclogite source
rocks, thus in exploration applications, eclogite garnets with sodium oxide values >0.07wt% are
considered significant in that they are associated with diamonds (Gurney et al., 1993). This would
explain the recovery of a micro-diamond in an in-situ sample taken from one of the volcanic bodies
(Apter and Burgers, 2004). The geochemical make-up of this rock sample corresponds to West African
kimberlites and also indicates the presence of eclogite garnets with sodium oxide values >0.07wt%. A
micro-diamond from the volcanic rock provide sufficient evidence to suggest that some of the Mt.
Carmel volcanic bodies are kimberlitic in nature and are likely to be diamond-bearing even though
low-chrome peridotite garnets are present. Exploration results continue to demonstrate that the
volcanic bodies within Shefa Yamim’s permit areas are the source of these minerals. Erosion of these
bodies over prolonged periods would have released TMA minerals into a drainage network where
they would accumulate as placer deposits with the Kishon Valley as depositional basin with a large
accommodation potential for placer deposits.
At this stage sampling data indicates that appreciable quantities of diamonds are not present in the
deposits investigated, however, a multi-commodity deposit of abundant gem quality corundum
(including sapphire, ruby and Carmel Sapphire), moissanite and rare diamonds (DMCH) constitutes the
mineral assemblage of interest representing exceptional high-quality gems. These minerals have come
from much deeper levels from the mantel than previously thought. It is the gem-quality corundum
and moissanite that are of particular significance to Shefa Yamim and form a possible target of
economic interest.
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It should be noted that natural moissanite is exceptionally rare and is only found in a few placers
worldwide, usually as tiny crystals, less than 1.5mm (Fritsch et al., 2014). Yet, Shefa Yamim has
recovered over 3,000 crystals since the inception of their exploration programme including the two
largest to date – world records – measured 4.1mm (GIA, 2015) and 4.14mm (Toledo et al., 2016).
In addition to moissanite, gem corundum (ruby and sapphire) and Carmel Sapphire are also found.
The Carmel Sapphire is a titanium-rich variety of corundum that appears to be unique to the Shefa
Yamim permit areas. It takes a good polish and has unique qualities that distinguish it from typical
sapphire. Sapphire occurs in abundance with about 4,000 crystals having been recovered to date; the
largest weighing 5.72 carats. Most sapphires are dark blue, but brighter colours of pink to red or a
violet-blue are not uncommon. Rubies are deep red and exhibits good clarity.
9. EXPLORATION AND DATA COLLECTION
9.1 Introduction
Shefa Yamim's exploration and prospecting programme commenced in 1999. The company adopted a
systematic milestone based exploration strategy. In doing so, confidence in results are improved by
constructing the programmes so that it supports a continuum of decisions based on results obtained,
and risks and uncertainties are reduced as the exploration programmes advance.
Conventional exploration techniques are applied that include:


Regional and detailed geological mapping in target areas identified by remote sensing.



Ground geophysical surveys using gravity and magnetic techniques.



Geochemical surveys using the Metal Mobile Ion (MMI) method.



Petrographic, mineral chemistry and whole-rock geochemical analyses. These analyses are
conducted at accredited laboratories and universities.



Reconnaissance and small-scale sampling of alluvial deposits (stream deposits) and in situ volcanic
rock.



Small and large diameter (up to 1m) boreholes.



Pit and bulk sampling.

9.2 Geological Mapping
9.2.1 Topographic Data
At present, the highest resolution topographic data available for the exploration area is the digital
terrain model (DTM) of Hall (2008), at a resolution of 25mX by 25mY.
9.2.2 Government Regional Geological Mapping
A systematic GIS supported regional geological mapping in the area of the Shefa Yamim permit
area was conducted by the Israel Geological Survey (“IGS”), (Sneh et al., 1998). This included
reconnaissance geological mapping of four 1:200,000 scale map sheets across the state of Israel.
The Shefa Yamim permits areas are covered by Sheet 1. More recently 1:50,000 scale geological
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map sheets of: Atlit (Segev and Sass, 2009), Umm El-Fahm (Sass et al., 2013); Haifa (Karch and
Sneh, 2011); Shefar'am (Sneh, 2013) were published. The Nazareth sheet is still in preparation.
9.2.3 Mt. Carmel Mapping
The volcanic bodies of Mt. Carmel have been mapped on a regional scale in the past by the British
Geological Survey. Karcz (1959) produced the first detail geology map of Mt. Carmel. Sass (1980)
described and differentiated the bodies of the volcanic Cretaceous units at Mt. Carmel, their
composition, and origin of the eruptive rocks, and associated these activities with the carbonate
sediments that accumulated at that time. The most recent geological map (Segev and Sass, 2009 Atlit Sheet) was compiled and is accompanied by a comprehensive Explanation Report
summarizing the geology of Mt. Carmel and its surroundings. However, the volcanic complexes of
Mt. Carmel have not been mapped in detail as individual bodies. To conduct a detailed mapping
programme, Shefa Yamim verified the nature and continuity of these volcanic bodies on Mt.
Carmel. Subsequently it has been demonstrated by Shefa Yamim that the Kishon Valley yields
diamonds, natural moissanite and gem corundum (DMCH) as well as volcanic-related Kimberlitic
Indicator Minerals (KIMs). The primary source of these minerals had to be identified. A
programme was designed and implemented to ascertain which of the intrusions on Mt. Carmel
have the better DMCH potential, and are the most likely sources of these minerals in the Kishon
Valley. Obviously only the intrusions that are drained by the north-eastward flowing tributaries of
the Kishon River have contributed, but this does not preclude intrusions on the western slope
from containing DMCH as well.

9.2.4 In-house Geological Mapping
Geological mapping and verification of previous mapping was performed by Shefa Yamim in
various areas across the permit areas. Specific areas in the volcanic bodies were surveyed to
validate previous mapping campaigns, using photo geology, field mapping and remote sensing.
The exploration target of the Mid Reach was not mapped before. Shefa Yamim used the maps of
the slopes that border it from the west and east of Mt. Carmel (Atlit sheet: Segev and Sass, 2009)
and Tiv'on Hills respectively to assist in the mapping of the Mid Reach part of the valley. Shefa
Yamim 3D geological modelling of this transient alluvial placer is based on borehole logging data,
complimented by geological and structural mapping data from limited outcrops along the valley
slopes. Data is captured in a database that is accessible for geological modelling using 3D
geological modelling software. The geological modelling, which represents the key lithologies
identified in Shefa Yamim’s borehole lithological logging database, is regularly updated as new
data becomes available.
9.3 Geophysics
Since the onset of exploration in 1999, regional and site specific remote sensing and geophysical
methods were used as auxiliary methods to locate volcanic bodies, to define geological boundaries in
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areas covered in pedogenic units and to cross-validate existing data. The preliminary database relied
upon the historical aeromagnetic survey of Domzalski in 1967. Shefa Yamim applied state-of-the-art
methods both at the Mt. Carmel volcanic bodies areas (site-specific high-resolution ground
magnetometer surveys over ten volcanic bodies) and in the Kishon River catchment throughout the
central and western Galilee.
Target areas and their surroundings are surveyed by various geophysical methods that included:
spectral analyses by means of multi-band Aster imagery (remote sensing); Time Domain ElectroMagnetics (TDEM); GAP (Ground Acoustic Penetration); and Ground Magnetics (MAG) surveys.
In addition, interpretation of industrial seismic reflection surveys (1970's - 1990's) is also implemented
into the geological model, specifically in the deep basins of the Kishon catchment Zevulun (Distal
Reach) and Yizre'el (Proximal Reach).
9.4 Geochemical Surveys
Volcanic bodies and their eroded, alluvial products are the primary focus of the geochemistry
analyses. Comprehensive geochemical analyses are routinely carried out on both macro- and micropetrographic analyses using binocular-microscope and microscopic identification of grains and the
degree of alteration (thin section petrography). This is followed up by a detailed analysis of the
chemical composition of a representative number of the minerals recovered using a Scanning Electron
Microprobe Quantometer (SEMQ), scanning electron microscope (SEM) and X-Ray Diffraction (XRD).
Further investigations include specified sampling programmes designed over potential target source
rocks in the field, done to track soil chemical "fingerprints" of minerals at target rocks (Mobile Metal
Ion (MMI) detection). Shefa Yamim also cross validates its progress by using the services of external
laboratories to study its rock samples and minerals, and to analyse them chemically.
Shefa Yamim collaborates with several academic institutions in unravelling the nature of the volcanic
bodies on Mt. Carmel and surroundings to assist in exploration target prioritisation. Of these, the
Macquarie University in Australia is engaged since 01/2014 in the study of mineral assemblages found
within Shefa Yamim’s permit areas. The study is led by Professor Bill Griffin, an expert in the Earth's
mantle geology. His team is currently examining moissanites, sapphires, rubies, and Carmel Sapphire
minerals sampled from Mt. Carmel volcanic bodies, and the alluvial sediments within the Kishon
valley. The aim of the research is to investigate the link between mantle conditions and the
crystallisation of corundum and moissanite at such depths. These minerals hold the key to
understanding their formation in the northern Israel region, a geological setting that is so far
considered unconventional for gem mineral findings. The reason for the unconventional concept lies
in lack of clear evidence for a subduction regime (i.e. ophiolites) and in the fact that this is a rifting
zone, with crust thickness that does not exceed 25km at the Haifa Bay area (Rybakov et al., 2000).
Petrographic definition of rock samples was undertaken by De Beers Africa Exploration, a branch of
the international parent company well-known for its involvement in the mining industry. Over a
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period of several years, samples were also sent to the laboratory of Dr Yudalevich at Ben-Gurion
University, Beer-Sheva, Israel. These laboratories provide the company with professional petrographic
reports that enable Shefa Yamim to verify its own findings. The chemical composition of various
minerals and especially KIMs recovered by Shefa Yamim in its samples were initially examined by the
Geological Survey of Israel’s geochemical laboratory using SEM and XRD techniques to identify the
minerals. Since 2007, the chemical composition analyses are routinely performed by the South African
company, Mineral Services Laboratory Ltd and by SGS Laboratory, Canada.
Several of the zircon grains recovered from Shefa Yamim samples were radiometrically dated by the
lithospheric dynamics group of De Beers to improve the understanding of the range of ages of
potential target source rocks (Ward et al., 2005; Fig. 19). Chemical compositions results of its samples
are subjected to screening methods (classification schemes of Grutter et al., (2004); Schulze (2003);
and thermobarometry plots of Nimis & Taylor (2000); and Nimis & Grutter (2010), which are
internationally recognized and scientifically renowned for determining the occurrence of diamondbearing intrusive rocks. These screenings are used as an effective, global standard method in the gem
exploration world to provide a better understanding of the source rocks environment, its nature and
the stability field of mineral findings regarding their formation (i.e. pressure, depth, temperature and
composition).

Figure 19: Zircon age Concordia diagram (Ward et al., 2005). Diagram on the right is an enlargement of the indicated
section of the diagram on the left.

Over the years, Shefa Yamim consulted on a continuous basis with renowned geochemical
experts (e.g. E. Gnos, W.L. Griffin, D. B. Apter) to study Shefa Yamim’s unique mineral
assemblages, their chemical properties and unique inclusions that appear within and across the
crystals. The results of the above findings point to an unusual provenance, indicating a complex
geological history prior to the erosion and placer accumulation of these minerals. The
geochemical evidence with reference to the Mt. Carmel volcanic bodies indicates a deep and high
temperature magma source for the minerals. The results obtained here contributed generously to
the understanding of the prevailing geological conditions at Mt. Carmel and of Israel and the
Levant region in general.
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9.4.1 Mobile Metal Ions (MMI) Technology
MMI™ is a proprietary SGS geochemical survey technique used to locate buried deposits at depth.
During the MMI™ procedure, sophisticated chemical processes and instrumentation are used to
measure MMI (charged metal atoms and molecules) that have migrated into surface soils from
mineralization sources below. MMI™ geochemistry strips mobile metal ions from the exterior of
soil particles using a partial dissolution without digesting the soil itself, to measure metal ion
concentrations in the parts per billion (ppb) range. By measuring only mobile metal ions in surface
soils, SGS MMI™ surveys produces sharp responses (anomalies) over buried ore deposits.
MMI-M: The use of a weak partial extraction in soil geochemical exploration for kimberlite has
been demonstrated to be useful in exploration programmes worldwide. Therefore, soil
geochemical surveys utilizing the Mobile Metal Ions (MMI-M) technology were performed
successfully over a few of Shefa Yamim’s exploration targets (e.g. Bat Shelomo volcanic complex
and Ramot Menashe, both part of Shefa Yamim prospecting areas).
9.5 Drilling
9.5.1 Introduction
Shefa Yamim has drilled a total of 186 boreholes to date. Borehole diameters range from 0.063 –
1.0m and the maximum depth drilled was 300m. Drilling started in 1999 and is still on-going in
accordance with the company's work programme. The geographical extent of the drilled area
generally follows a northwest to southeast trend that is from the distal reach of the Kishon
catchment upstream. This overview describes the chronological development, from preliminary
drilling in the Distal Reach, to the Mid Reach where 146 holes were drilled to date. Based on this
progress, cross sections were drawn and 2D/3D modelling is ongoing. Shefa Yamim delineated the
Mid Reach Zones 1 and 2 as specific exploration targets within the frame of this confined segment
between Tel Kashish and Jalame Junction (Figures 5 & 21).
9.5.2 Holes in the Distal Reach
During the period 1999 to 2000, a total of 10 small (63mm) diameter boreholes were drilled,
spaced over 8km along the down-valley profile of the lower reaches of the Kishon River Valley,
the so called Distal Reach (Fig. 20). Drilling was done using a 63mm diameter rotary drill. Shefa
Yamim began its drilling campaign close to the present coast. The ten deep holes of 300m each
were drilled along the centre of the valley. The core was analysed in terms of its lithology and
heavy mineral content. Detailed mineralogical analysis of the heavy mineral fraction obtained
from the core of the 10 boreholes revealed abundant KIMs. As mentioned previously, a total of 64
diamonds (63 micro-diamonds of 0.12ct in total and one 0.88ct stone) were recovered from these
core drill holes.
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Shefa Yamim's geological model depicts a marine terminal placer at the fluvial\coastal transition
zone in the Kishon River mouth area. This area has well-developed TMA occurrences because of
marine reworking mechanisms acting here. However, currently the target horizons are buried at
depths that range from 30 – 60m below mean sea level (bmsl).
The drilling programme was followed by a surface sampling programme. Surface samples were
collected on the floodplain of the Kishon River during 2003 to 2004 based on fluvial and alluvial
systematically sampling procedures supervised by Shefa Yamim's geological and exploration
consultants. During the period November 2004 to December 2004, three large diameter (1m)
auger boreholes were drilled in the section of the Kishon River valley that produced the most
favourable results during the 1st drilling phase of 1999 to 2000. Further mineralogical studies in
the Distal Reach of the Kishon River yielded 11 more diamonds from the three boreholes.
9.5.3 Holes in the Area between the Distal and Mid Reaches
Further upstream (between Yagur and Jalame) seven more holes were drilled to shallower depths
(SY-11 to SY-17), also recovering TMA occurrences. TMA have been recovered from Shefa Yamim
boreholes 1, 2, 3, 4, 5, 6, 7, 8, 11, 12, 13, 14, and 15 (Fig. 20). These findings were presented by
Kalmanovich and Roup, (2007). The heavy and indicator minerals recovered the full TMA including
the DMCH suite - diamond, moissanite, and corundum (ruby, Carmel Sapphire and sapphire), and
HIM suite: garnet (pyrope), ilmenite, pyroxene, rutile, and zircon. Other minerals present are
amphibole, kyanite, magnetite, hematite, pyrite, limonite, spinel, olivine and barite (Kalmanovich,
et al., 2008).
SEM examination of the pyrope garnets shows a significant enrichment of MgO and also a high
content of Cr₂O₃ in the spinels. Both these factors show a strong association with kimberlite. A
new borehole SY-18 (Figs. 25 & 26), drilled in the Kiryat Haroshet area during 2008, yielded the
complete DMCH suite of minerals, including one micro-diamond. Based on these findings, Shefa
Yamim progressed to the southern part of the Mid Reach towards Tel Kashish and added two
closely-spaced holes near borehole SY-18, namely SY-28 and 29.
9.5.4 Drilling in the Kishon River Mid Reach target: Tel Kashish - Jalame Junction
The Mid Reach of the Kishon River is flanked by lower terraces that occupy the floodplain at this
narrow valley section. Since 2013 the Mid Reach area became the focus of attention and is
currently explored by on-going drilling and bulk sampling across various target areas. Two main
exploration targets on its right bank yielded relatively high concentrations of TMA including
DMCH and HIM suites from drill core and are located on both sides of the large (800m wide) Kali'a
River alluvial fan. The area was divided into two sub-zones comprising a northern target area that
was termed "Zone 1" and the southern target area termed "Zone 2" (Figs. 21 & 23).
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Shefa Yamim’s 3D modelling of this transient alluvial placer is based on borehole logging data,
complimented by geological and structural mapping data from limited outcrops along the valley
slopes. The geological modelling, which represents the key lithologies identified in Shefa Yamim’s
borehole lithological logging database is regularly updated as new data becomes available.

Figure 20: Location map for Shefa Yamim's boreholes (1st Phase) across the Distal Reach of the Kishon Valley from Jalame
Junction (Turkish Bridge) to the Mediterranean coastline (Haifa Bay). Coloured contours show the base of the Saqiye
Formation horizon, in meters below surface.
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Figure 21: Location map for Shefa Yamim's Mid Reach model from Jalame Junction (Turkish Bridge) to Tel Kashish
including alluvial fans (pink outline), their correlative catchment areas (purple), and gravel occurrencepolygons
(yellow). Note that Zones 1, 2 and 3 incorporate the largest alluvial fan from both sides.
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Figure 22: Structurally-confined Mid Reach of the Kishon Valley in the area of Kiryat Haroshet (Zone 2 - Exploration Target).
Note the comparatively wide (~250m), low terrace (double-head arrow) flanking the Kishon River (flow direction
is from south to north). Bedrock outcrop (10x5 meters) was mapped on the terrace.

9.5.4.1. Shefa Yamim SY-35 to SY-64 Drilling Campaign (Zone 2; October 2013)
A large diameter (70cm) drilling campaign commenced in 2013 with 30 boreholes (borehole
numbers SY-35 to SY-64) drilled to a maximum depth of 26m. These were done to test local
stratigraphy and collect samples for analyses. The drill samples were treated at the Shefa
Yamim’s processing facility at Akko and their final concentrates were processed and sorted at
the Akko laboratory. The drill logs have been coded and updated to facilitate storage and
capturing in the GIS database.
This Mid Reach drilling campaign SY-35 to SY-64 (Zone 2) could be divided into 2 geographic
sectors. The northern sector includes boreholes SY-35 to SY-46 (Fig. 23) and the southern
sector includes holes SY-47 to SY-64 (the enlarged box in Figure 23) that were performed near
previous bulk samples and 3 boreholes (SY-18 (Fig. 22), SY-28, SY-29) that showed positive
DMCH mineralogical results.
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Figure 23: Borehole and bulk sample locations in the Mid Reach- Zones 1 & 2 (target areas). Enlargement of Zone 2 is shown
in the left-hand corner.

The northern sector (SY-35 to SY-64) is aligned north - south. Its 3D modelling is thus very preliminary.
However, cross sections, correlating between individual boreholes, enable a preliminary image of the
subsurface gravel as well as the overburden thickness (clay soil cover thickness). A north to south
longitudinal section of the terrace in the Right Mid Reach of the Kishon River was drawn from borehole
data of both drilling campaigns. A preliminary 3D image was produced for the southern sector at this
stage.
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Figure 24: Drillholes SY-110 to SY-137 (Diameter = 0.5 m) drilled in distal Zone 1, July 2016.

9.5.4.2. Shefa Yamim SY-65 to SY-109 Drilling Campaign (Zone 1; May-June 2014)
A detailed and closely-spaced drilling campaign (total of 97 new boreholes, Φ=0.7m - 1m; max
total depth: 16m) was done during May - June 2014 and produced promising findings; each
borehole yielded TMA minerals. Drilling commenced at Φ=0.7m, but from borehole SY-80
onwards, the drill bit diameter was enlarged to Φ=1m. It should be noted that only the
targeted gravel beds were sampled. The boreholes cover an area of 800m x 120m with an
average gravel thickness of 4m.
Based on drilling results, some 20 cross-sections were prepared to interpret the morphology of
the Kishon River valley floor and to identify possible palaeo-channels. In addition, a total of 12
longitudinal sections were drawn along the Kishon River valley, from Jalame to Tel Kashish (Fig.
21). These longitudinal sections aided in locating traps and bedrock steps that may have
assisted in the concentration of heavy minerals.
9.5.4.3. Shefa Yamim SY-110 to SY-137 Drilling Campaign (Zone 1; July 2016)
A further 28 boreholes were drilled (pile Vidia drilling) in the distal portion of Zone 1 of the
Kishon Mid Reach placer in July 2016 (Figs. 24 & 25a).
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Figure 25a. Borehole locations and bulk sample positions in the Zone 1 of the Mid Reach.

The diameter of these auger holes was 0.5m and holes were spaced across the palaeo-Valley
at mostly 3 holes per line (except for the starting line, holes 110 to 113 = 4 holes). The drillhole
cuttings were then amalgamated per line into 9 composite samples, averaging 6.7 tonnes
each, which were then processed for gemstone and heavy mineral presence.
The principal findings from the 28 holes (hole numbers SY-110 to SY-137 inclusive) were:
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1. A total of 321.5 m was drilled, including overbreaks, along the right bank terrace of the
Kishon River, confirming the presence of the palaeo-Kishon gravels and extending Zone 1 for
some 400m in a downstream direction at collar elevations of 16 – 20m amsl.
2. The average drillhole depth was some 11.5m.
3. The overburden cover ranged from about 3.5 to 7m, with a peak of 12.5 m at one locality.
4. The average placer gravel thickness in all the lines, except the most distal line of Holes SY134, SY-135, SY-136 and SY-137, was some 3.5 m (range 2 – 5m). In the most distal drill line,
Holes SY-134, SY-135, SY-136 and SY-137, average gravel thickness dropped to about 1m
(range 0.7 – 2 m).
5. All 9 composite samples tested positive for the presence of gemstones and heavy industrial
minerals, except for diamonds. The Carmel Sapphire was the most abundant gemstone mineral
and garnet the most common heavy industrial mineral.
6. All drillholes were logged according to the Shefa Yamim standards and the data are now
ready for incorporation into the detailed 3-D geological model to update the volumes of the
placer deposit, and its associated overburden and internal waste.
These findings will result in a positive increase in the resource volumes and distribution of
mineralised gravels for Zone 1 of the Kishon Mid Reach placer. The most downstream drill
line, notably drillholes SY-134, SY-135, SY-136 and SY-137, marks the transition from the more
confined Zone 1 that hosts thicker placer gravels into the wider, more open palaeo-Kishon
Valley of Zone 3 in the Jalame Junction area that hosts thinner placer gravels with thicker
overburden.
9.5.5 General Stratigraphy of the Mid Reach Fluvial and Alluvial Sediments
The overall stratigraphy from bottom to top includes three main units: bedrock, gravel and sandyclay overburden. However, the alluvial section is complex with limited to no continuity, local
lenses, intercalations and lateral sub-unit shifts are portrayed. Generally, the bedrock unit is a
carbonate substrate of chalk to marly chalk, at places cherty chalk or limey chalk. Overlying the
chalk is a mixed layer of bedrock-derived gravel and gravel that cannot be differentiated easily.
This unit was mostly water-logged and gritty (groundwater level was reached while drilling). Its
general colour is grey-brown.
Overlying the mixed layer, a basal gravel bed is found in most of the drilled area. This bed rests
directly on the bedrock and is assumed to represent palaeo-Kishon basal gravels. Gravel pebbles,
cobbles and boulders are in the range of 4 - 700mm, with minimal grit in the 2 - 4mm fraction.
Overlying the basal gravel is the overburden clays and sandy clays of this fining-upward sequence
and ultimately the uppermost level of which is affected by soil processes (paedogenesis). Local
clayey lenses are found across the gravel beds, dividing them into basal (lower) and suspended
(upper) sub-units.
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Mid Reach exploration activities include boreholes and bulk sampling in the two main areas,
Zones 1 and 2. Exploration data is being collected and captured on the move with new infill holes
facilitating the 2D and 3D modelling of the placer deposit. Bulk sampling positions are determined
from drilling results that in turn provide the data for cross and oblique sections.
9.6. Bulk Sampling
9.6.1 Introduction
The bulk sampling programme part of the exploration has been performed in various target areas
throughout the permit area. Of special significance are the (1) volcanic body at the RMC and
headwater streams that drain the RMC and (2) the Mid Reach of the Kishon River (Zones 1 & 2).
To date, a total of 46 pit and bulk samples, representing a combined 7,241.760t of gravel, have
been collected (Tables 4 & 5).
Initially, bulk sampling focused on the magmatic rocks on Mt. Carmel and in particular the RMC. A
total of 10 bulk samples were extracted from pits along the Rakefet-Yoqneam drainage system.
However, with the appreciation of the extent of placer formation taking place in the drainage
systems receiving eroded material from Mt. Carmel led Shefa Yamim to extend the bulk sampling
programme further to the north to the more distal reaches of the Kishon catchment. This was
focused in particular just down-valley from the extensive alluvial fan deposits at the foot of Mt.
Carmel. Here the main focus is on the Mid Reach section of the Kishon River floodplain and downvalley from the RMC tributary confluence with the Kishon River.
The bulk samples are collected from short trenches excavated approximately perpendicular to the
palaeo-flow direction of the ancient Kishon course preserved in low terraces flanking the modern
course. These bulk sample trenches, some 20 - 30m long by 4 - 5m wide, are excavated down to
the bedrock (footwall) contact through a total sediment thickness of some 6 - 8m, of which the
basal target gravels comprise some 1 - 4m. Some 400 – 500t of carbonate-dominated coarse basal
gravels is removed to the dedicated treatment facility operated by Shefa Yamim in Akko where
the sample is scrubbed, screened (bottom screen size is 1mm), jigged to concentrate the heavy
minerals which are then hand-picked in a secure laboratory by trained personnel. All sample
concentrates are kept for audit purposes and the basal gravel tailings are returned to the bulk
sample trench where, together with the overburden fines, the excavations are back-filled and
rehabilitated.
Table 4: Bulk sampling in the Mid Reach - status at October 2017
Status

Tons

Sampled to date:

11,372.220

Treated to date:

6,583.200

Untreated:

4,789.020
74

Shefa Yamim has sampled five (5) pits excavated by outside contractors and operators; see Table
5 below. The gravel component in each test pit was excavated with the necessarily care and
transported to Shefa Yamim's operational site in Akko.
The five samples are:
SY-1137: 100t, Jalame Junction water pipe installation facility. Completely treated.
Sy-1126: 90t, Mid Reach of Kishon River near holes SY-65 – SY-109. Completely treated.
SY-1128: 30t, P.E.I. pipe installation facility.

Completely treated.SY-1129: 120t, P.E.I. pipe

installation facility. Completely treated.SY-1023: 150t, I.E.C. construction pit, completely treated
(Table 5).
9.6.2

Bulk Sampling in the Kishon River Mid Reach Target: Tel Kashish - Jalame Junction

The Mid Reach of the Kishon River from Jalame Junction to Tel Kashish extent over a distance of
some 4.5km. Prioritisation of exploration targets led to a division of this area into 4 main
segments, from north to south (A-B-C-D). These segments were selected based on mineral
recovery during the drilling campaign and general geological and morphological considerations.
Areas B and C correspond to target Zones 1 and 2.
Shefa Yamim has done closely-spaced exploration pit sampling (10 – 600t samples) in two key
areas namely near bulk sample 982 (Figure 22) (Kiryat Haroshet; Zone 2) and near boreholes SY65 to SY-109 (Zone 1). As shown in Table 5 a total of 4,127.720t of the pit and bulk samples
excavated have been treated and some 43% of the samples excavated still await treatment. Some
of the more prominent samples excavated and treated are discussed in detail below.

75

Table 5: Pit & Bulk Samples of Shefa Yamim permit areas (October, 2017)

9.6.2.1 Bulk sampling in Zone 1 (SY-65 to SY-109 area)
Bulk sampling locations were chosen based on: positive TMA results in boreholes; relatively
thick gravel layers of 3 – 5m thick; and increasing thickness trends shown by the geological
cross sections. Bulk samples SY-1124, SY-1125, SY-1174 and SY-1175 were excavated in Zone 1.
Bulk sample SY-1124
Bulk sample SY-1124 was taken at a location just north of boreholes SY-68A and SY- 68B (Figs.
25a; 26 & 27). A total of 400t gravel was sampled here during August 24 - 25, 2014.
The general stratigraphy from bottom to top includes three main units: bedrock, gravel and a
clayey overburden. The internal structure of the gravel is, however, complex, with local lenses,
intercalations and lateral sub-unit shifts. Generally, the valley floor bedrock unit is a carbonate
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bedrock of chalk to marly chalk, at places cherty chalk or limy chalk. Overlying the chalk is a
mixed layer of bedrock derived material and gravel, which, to an extent, cannot be
differentiated. This unit is predominantly water-logged. Its general colour is grey-brown.
Following the mapping and drilling programme to delineate the distribution of the Kishon MidReach alluvial placer, a bulk sampling exercise has been conducted to determine the degree of
mineralisation of the target mineral assemblage (TMA) within the basal gravels of this ancient
river course. The presence of the TMA, comprising a gem (DMCH) suite of diamond, moissanite
and gem corundum varieties (notably, sapphire and ruby) and a heavy industrial mineral (HIM)
suite of non-gem corundum, garnet, ilmenite, zircon and rutile has already been proven from
exploration exercises conducted earlier by Shefa Yamim. Therefore, the exploration target is a
multi-commodity alluvial placer hosting higher value gem minerals and lower value industrial
minerals together in basal gravels of an ancient palaeo-Kishon River.
The results of the first bulk sample (Sample Number 1124), which yielded 400 tons of basal
gravels, are summarised here. The TMA was represented by all minerals, except diamond, with
a total of 1431.59 cts of heavy minerals recovered, giving an overall grade (mineral content) of
some 358 carats per one hundred tonnes (cpht).
Bulk Sample 1124 alluvial placer minerals were dominated by the HIM suite (98% of carats), of
which the non-gem corundum made up some 69% and the garnet some 24% of the total
carats. The balance of the HIM suite consisted of ilmenite (4%), zircon (0.2%) and rutile (0.1%).
The recovered grade of the non-gem corundum (NGC) portion was some 248 cpht with two
substantial, +10.8 carat stones found – a 23.4 ct stone, which is the largest placer stone size to
date, followed by a 12.22 ct stone. The garnet portion grade was 87 cpht with the largest an
8.19 carat mineral specimen. Although non-gem corundum (NGC) and garnet are used mainly
in the abrasives industry, the NGC in the Kishon Mid-Reach placer contains titanium and zircon
– a composition that is being investigated further by Prof. Bill Griffin and his research team at
the Macquarie University, Australia. Of the DMCH suite, which made up 2% of the total carats,
sapphire was the dominant gem mineral (85%) returning a recovered grade of 6.1 cpht with
the largest stone a 3.33 ct gem. Moissanite contributed some 12% of the DMCH suite, yielding
158 crystals, ranging from 1mm to 4.14mm in length, to give a recovered grade of 0.9 cpht.
Significantly, these 3 – 4mm long moissanite grains add to the world record already set by
Shefa Yamim for the largest natural moissanite grains known globally. Small rubies (some 3%)
constituted the balance of the DMCH suite, presenting a low recovered grade of 0.2 cpht.
In Sample 1124, the bulk of the heavy minerals recovered (85%) lies in the 0.01 to 1.19 carat
range, with 9% in the 1.20 – 2.49 carat range and some 6% larger than 2.5 carats. The
maximum gem stone recovered was a 3.33 carat sapphire and the largest HIM was a non-gem
corundum (NGC) at 23.4 carats.
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Sample 1124 is the first bulk sample completed in the exploration exercise to determine an
estimate of the resource potential of the multi-commodity Kishon Mid-Reach alluvial placer.
Overlying the mixed layer is a basal gravel bed comprising rounded to well-rounded gravel in
the pebble to boulder size range. Boulders of up to 70cm in diameter are found. Overlying the
basal gravel is dark-brown clayey overburden material. Clayey lenses are found throughout the
gravel beds, dividing them into basal (lower) and suspended (upper) subunits (Figs. 26, 27 &
28).

Figure 25b: Borehole locations and bulk sample positions in the Zone 1 of the Mid Reach, August –
September 2017
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Figure 26: Trench-wall stratigraphy of bulk sample 1124.

Figure 27: Geological cross-section along the wall of bulk sample SY-1124 (outlined in a yellow rectangular); extrapolated
facies to the east and west was based on data from borehole logs.
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Figure 28: The southern wall of bulk sample 1124. Note two interbedded clayey lenses in the lower part of
the section.

Bulk sample SY-1125:
Bulk sample SY-1125 was located at boreholes SY-86 & SY-87. A total of 600t of gravel were
sampled during August 26 - 28, 2014 and transported to Shefa Yamim’s processing facility for
storage and future treatment. In this section of the Mid Reach of the Kishon catchment, the
gravels attain thicknesses of more than 6m (Figs. 29, 30 & 31). It is worth noting that the
thicknesses increase to the west, towards the present-day Kishon River. The treatment of this
sample finished August 2016.
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The results of the fourth bulk sample, BS-1125, which yielded 600 tonnes of target gravels, are
summarised here. The TMA was represented by all minerals, except diamond, with a total of
1,330.76 carats (cts) of heavy minerals recovered, giving an overall grade (mineral content) of
some 221.79 carats per one hundred tonnes (cpht) at a bottom screen size of 1mm. This
overall grade for BS-1125 is the second-highest total grade after the first bulk sample, BS-1124
(358 cpht), and is higher than the second bulk sample BS-1174 (162 cpht) and the third bulk
sample BS-1175 (52 cpht) total grades. This variation in total grade between the first four bulk
samples reflects the nugget effect of heavy mineral distribution in an alluvial system where
the gravel bars that comprise the placer deposit in the Mid Reach of the palaeo-Kishon River
are semi-mobile trapsites.
As with the first three bulk samples (BS-1124, BS-1174, BS-1175), Carmel sapphire is the
dominant alluvial placer mineral species in BS-1125 running at some 55% (including a 33.3
carat Carmel Sapphire in weight), followed by the HIM suite minerals garnet (33%) and
ilmenite (8%) with the conventional sapphires at 3%. Minor contributions came from the HIM
minerals zircon (0.6%) and rutile (0.3%) with the DMCH suite rare minerals being moissanite
(0.1%), ruby (0.06%) and hibonite (0.4%). Significantly, BS-1125 has yielded the largest Carmel
sapphire, at 33.3 carats, recovered to date in Shefa Yamim’s exploration campaign.
The recovered grade of Carmel sapphire in BS-1125, was some 122 cpht which is the secondhighest grade after BS-1124 (248 cpht). The conventional sapphire grade of BS-1125 was some
7 cpht, falling within the ranges recorded in BS-1124 (6cpht) and BS-1174 (8 cpht), but
considerably higher than the 0.9 cpht recovered in BS-1175. These results further substantiate
the nugget effect related to trapsite development in alluvial systems such as those found in
the Mid Reach of the Kishon Valley. Thus, the decrease in overall grade from west (left side) to
east (right side) of the palaeo-Kishon is, at this stage, attributed to the decreasing influence of
coarse gravels introduced by steep tributary fans off Mt. Carmel across the palaeo-Kishon
Valley. These coarse gravels would have promoted bar formation and thus semi-mobile
trapsite development in the palaeo-Kishon River.
In BS-1125, the majority of the heavy minerals recovered (74%) lie in the 0.01 to 0.65 carat
range, with some 23% in the 0.66 – 2.5 carat range and a further 3% greater than 2.5 carats.
BS-1125 is the fourth bulk sample completed in the exploration program to determine a
resource estimate of the multi-commodity, Kishon Mid-Reach alluvial placer. The difference in
grades recovered between the first four bulk samples, notably the overall 358 cpht for BS1124, 162 cpht for BS-1174, 52.5 cpht for BS-1175 and 222 cpht for BS-1125, as well as the
grades pertinent to the individual mineral species comprising the DMCH suite and the HIM
suite, respectively, at these localities confirm the nugget effect expected in alluvial gravel bar
placers such as those preserved in the Mid Reach of the palaeo-Kishon River.
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Figure 29: Trench wall stratigraphy of bulk sample SY1125.

Figure 30: Bulk sample SY-1125 within the context of a geological cross section; Valley-fill sediment is some 7-9m thick. It is
composed of a thin clayey cover and a thick gravel layer. The gravel thins to the east. Bulk sampling location was
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sited based on the gravel intersection of boreholes 86-87-88-90. The trench was opened between the two
borehole rows.

Figure 31: Bulk sample SY-1125 excavated down to bedrock some 8m below surface.

Bulk sample SY-1174:
Subsequent to the intensive exploration work in the Kishon River Mid Reach, including a dense
grid of boreholes (SY-65 to SY-109) and two bulk samples (SY-1124 & SY-1125), a new bulk
sampling programme was initiated. The bulk sampling positions were sited based on optimal
placer formation criteria and to cover two areas of interest within the Kishon River Mid Reach
Placer. Two new bulk samples were trenched on July 2015 under the guidance of Dr John
Ward and his team of consultants.
Bulk sample SY-1174 was sited at boreholes SY-68C to SY-69A and east of bulk sample SY-1124
(Fig. 32). A total of 533t of gravel was sampled during July 8 - 9, 2015 and transported to the
Shefa Yamim plant for storage and further treatment. Sample treatment started during
November 2015 and completed in March 2016. In this sample the TMA was represented by all
minerals, except diamond, with a total of 862.14 carats of heavy minerals recovered, giving an
overall grade (mineral content) of some 162cpht at a bottom screen size of 1mm. This overall
grade for bulk sample SY-1174 is lower than the total grade returned from bulk sample SY1124 (358cpht), a 45% reduction that highlights the nugget effect of heavy mineral
distribution in alluvial systems. The nugget effect is particularly relevant to those placers that
host semi-mobile trapsites, such as the gravel bars constituting the bulk of the placer deposits
in the Kishon Mid Reach.
As in Bulk Sample SY-1124, the Bulk Sample SY-1174 alluvial placer minerals were dominated
by the Carmel Sapphire component (43%), followed by the HIM suite minerals Garnet (38%)
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and Ilmenite (12%) with the DMCH suite Sapphires running at some 5%. Minor contributions
came from the HIM minerals Zircon (0.61%) and Rutile (0.21%) with the DMCH suite rare
minerals being Moissanite (0.1%) and Ruby (0.06%). The recovered grade of Carmel Sapphire,
the dominant heavy mineral, was some 70 cpht with one substantial stone of 19.55cts. This is
some 28% of the 248cpht returned for the Carmel Sapphire component of SY-1124, which also
yielded two large stones (23.4ct and 12.22ct). In contrast, the Sapphire grade in SY-1174 of
about 8cpht is nearly 30% higher than the 6cpht recovered in SY-1124 but with no mediumsized nor coarse-grained stones found. These results further substantiate the nugget effect
related to trapsite development in alluvial systems such as those found in the Mid Reach of
the Kishon Valley.
In SY-1174 (Figures 32, 33 & 34), the bulk of the heavy minerals recovered (90%) lie in the 0.01
- 0.65 carat range, with some 5% in the 0.66 – 2.5 carat range and a further 5% larger than 2.5
carats. SY-1174 is thus the second bulk sample completed in the exploration exercise to
determine a resource estimate of the multi-commodity, Kishon Mid-Reach alluvial placer.

Figure 32: Preliminary trench wall stratigraphic sketch of bulk sampling SY-1174. Green box indicates the specific gravity
field test location.
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Figure 33: Field photos of bulk sample SY-1174

Bulk sample SY-1175:
As part of the new bulk sampling programme planned according to the recommendations of
the geological consultants, bulk sample SY-1175 was planned near boreholes SY-69B to SY-69C
and east of bulk sampling SY-1174 (Fig. 33). A total of 533t of gravel was sampled during July 8
- 9, 2015 and transported to the Shefa Yamim plant for storage and further treatment.
Treatment of sample SY-1175 started during March 2016 and finished May 2016. A similar
stratigraphy to that of sample SY-1174 was recorded at sample SY-1175, but it also had an
interbedded clay layer (Figs. 34, 35, & 36).

Figure 34: Cross section including SY-1124, 1174, 1175 positions. Note the assumed normal fault adjacent to
SY-1175. A different (more cohesive) bedrock seen in the trench may relate to a step/lateral change in
lithology.
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The results of the third bulk sample,
BS-1175, which yielded 539 tons of
basal gravels, are summarised here.
The TMA was represented by all
minerals, except diamond, with a total
of 283.12 carats (cts) of heavy
minerals recovered, giving an overall
grade (mineral content) of some 52.5
carats per one hundred tonnes (cpht)
at a bottom screen size of 1mm. This
overall grade for BS-1175 is lower than the total grades returned from the first bulk sample,
BS-1124 (358 cpht) and the second bulk sample, BS-1174 (162 cpht), highlighting the nugget
effect of heavy mineral distribution in alluvial systems. The nugget effect is particularly
relevant in those placers that host semi-mobile trapsites, such as the gravel bars constituting
the bulk of the placer deposits in the Kishon Mid Reach.
As with Bulk Samples BS-1124 and BS-1174, the Carmel sapphires are the dominant alluvial
placer mineral species at some 58% in BS-1175, followed the HIM suite minerals garnet (31%)
and ilmenite (6%) with the conventional sapphires running at some 2%. Minor contributions
came from the HIM minerals zircon (0.1%) and rutile (0.1%) with the DMCH suite rare minerals
being moissanite (0.1%) and ruby (0.8%). Significantly, BS-1175 has yielded the largest ruby, at
1.7 carats, recovered to date in Shefa Yamim’s exploration campaign. Another rare gem
mineral that was found in BS-1175 is possibly Hibonite (2%), the confirmation of which will be
provided on completion of the analyses by Prof. Bill Griffin and his research team in Australia.
The recovered grade of Carmel sapphire, the dominant heavy mineral in BS-1175, was some 31
cpht which was 56% lower than BS-1174 results and 87% below the BS-1124 results,
respectively. The conventional sapphire grade was just under 1 cpht which is also lower than
the equivalent grades in BS-1124 (6 cpht) and BS-1174 (8 cpht). These results further
substantiate the nugget effect related to trapsite development in alluvial systems such as
those found in the Mid Reach of the Kishon Valley. Thus, the decrease in overall grade from
west (left side) to east (right side) of the palaeo-Kishon is, at this stage, attributed to the
decreasing influence of coarse gravels introduced by steep tributary fans off Mt. Carmel across
the palaeo-Kishon Valley. These coarse gravels would have promoted bar formation and thus
semi-mobile trapsite development in the palaeo-Kishon River.
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Figure 35: Trench wall stratigraphy of bulk sample SY-1175. Green boxes indicate specific gravity field test
locations.

In BS-1175, the majority of the heavy minerals recovered (69 %) lie in the 0.01 to 0.65 carat
range, with some 30% in the 0.66 – 2.5 carat range and a further 1% greater than 2.5 carats.
This is a coarser TMA distribution than both BS-1124 and BS-1174, pointing to additional
winnowing, rather than trapping, effects in the basal gravels of BS-1175.
BS-1175 is the third bulk sample completed in the exploration program to determine a
resource estimate of the multi-commodity, Kishon Mid-Reach alluvial placer. The difference in
grades recovered between the first three major bulk samples, notably the overall 358 cpht for
BS-1124, 162 cpht for BS-1174 and 52.5 cpht for BS-1175, respectively, as well as the grades
pertinent to the individual mineral species comprising the DMCH suite and the HIM suite at
these localities, confirm the nugget effect expected in alluvial placers such as the one
developed in the Mid Reach of the Kishon Valley.
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Figure 36: Field photos of bulk sampling SY-1175

Bulk sample SY-1213 – September 2016:
GENERAL BACKGROUND: The multi-commodity alluvial placer identified by Shefa Yamim in
the basal gravels of an ancient palaeo-Kishon River preserved in the Mid Reach between Tel
Kashish and Jalame Junction is currently being tested for mineral content (grade and stone
size) in a bulk sampling campaign. The Target Mineral Assemblage (TMA), comprising a gem
(DMCH) suite of diamond, moissanite, gem corundum varieties of sapphire, Carmel sapphire
and ruby, as well as hibonite, together with a heavy industrial mineral (HIM) suite of garnet,
ilmenite, zircon and rutile has already been proven in earlier exploration programs conducted
by Shefa Yamim, including the bulk samples BS-1124, BS-1125, BS-1174 and BS-1175. The aim
of the bulk samples is to determine the range in mineral content (grade and stone size) of the
TMA in the palaeo-Kishon gravels.
KISHON MID REACH ZONE 1 BULK SAMPLING PROGRAM: The bulk samples BS-1124, BS-1125,
BS-1174, BS-1175 and BS-1213 are spaced across the palaeo-valley to form part of a sample
grid to systematically investigate the heavy mineral content of the palaeo-Kishon River basal
gravels (placer target). These bulk sample trenches, some 8 - 20m long by 4 - 8m wide, are
excavated down to the bedrock (footwall) contact through a total sediment thickness of some
6 – 8m, of which the basal target gravels comprise some 1 – 4m. Approximately 350 to 550
tonnes of coarse basal gravels are removed from the field site to the dedicated treatment
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facility operated by Shefa Yamim in Akko. There the bulk sample is scrubbed, screened
(bottom screen size is 1mm), jigged to concentrate the heavy minerals which are then handpicked in a secure laboratory by trained personnel. All sample concentrates are kept for audit
purposes and the basal gravel tailings are returned to the original bulk sample trench where,
together with the overburden fines, the excavations are back-filled and rehabilitated.
BULK SAMPLE 1213 – EXPLORATION RESULTS: The results of bulk sample, BS-1213, which
yielded 347 tonnes of basal gravels, are summarised here. The TMA was represented by all
minerals, except diamond, with a total of 332.07 carats (cts) of heavy minerals recovered,
giving an overall grade (mineral content) of some 95.6 carats per one hundred tonnes (cpht) at
a bottom screen size of 1mm. This overall grade for BS-1213 lies within the range recorded in
the previous bulk samples, namely: BS-1124 (358 cpht), BS-1125 (222 cpht), BS-1174 (162
cpht) and BS-1175 (52 cpht), highlighting the nugget effect of heavy mineral distribution
expected in alluvial systems, such as the semi-mobile trapsites formed by the ancient gravel
bars in the Kishon Mid-Reach placer.
In contrast to the earlier bulk samples (BS-1124, BS-1125, BS-1174 and BS-1175) where Carmel
sapphire was the dominant gem mineral, BS-1213 had a higher sapphire content (7.2%) than
the Carmel sapphire (6.3%). The other gem minerals, moissanite (0.02%), ruby (trace only) and
hibonite (0.09%), were minor constituents in relation to the two sapphire varieties. Overall,
the gem (DMCH) suite comprised some 13.7% and the heavy industrial mineral (HIM) suite
some 86.3% of the TMA. The HIM suite was dominated by garnet (54.9%) and Ilmenite (30.4%)
with zircon (0.81%) and rutile (0.18%) only minor components. In BS-1213, the recovered
grade of sapphire (6.9 cpht) was slightly higher than that of the Carmel sapphire (6.05 cpht),
the latter of which has been the dominant gem mineral in the previous bulk samples. The
sapphires were also the largest stones recovered, with 2 stones weighing 4.8 cts, whereas the
largest Carmel sapphire was a 1.8 ct stone. The majority of the heavy minerals recovered (94
%) lie in the 0.01 to 0.65 carat range, with the remaining 6% in the 0.66 – 2.49 carat range.
BS-1213 is the fifth bulk sample completed in the exploration program to determine a
resource estimate of the multi-commodity (TMA), Kishon Mid-Reach alluvial placer. To date,
the difference in grades recovered between these five bulk samples confirms the nugget effect
expected in alluvial placers such as the one developed in the Mid-Reach of the Kishon Valley.
Bulk sample SY-1210 – September 2016:
The results of bulk sample, BS-1210, which yielded 551 tonnes of basal gravels, are
summarised here. The TMA was represented by all minerals, except diamond, with a total of
156.6 carats (cts) of heavy minerals recovered, giving an overall grade (mineral content) of
some 28.4 carats per one hundred tonnes (cpht) at a bottom screen size of 1mm. This overall
grade for BS-1210 lies below the range recorded in the previous bulk samples, namely: BS89

1124 (358 cpht), BS-1125 (222 cpht), BS-1174 (162 cpht), BS-1175 (52 cpht) and BS-1213 (96
cpht), highlighting the nugget effect of heavy mineral distribution expected in alluvial systems,
such as the semi-mobile trapsites formed by the ancient gravel bars in the Kishon Mid-Reach
placer.
In keeping with the earlier bulk samples of BS-1124, BS-1125, BS-1174 and BS-1175, Carmel
sapphire was also the dominant gem mineral in BS-1210 (15.8%). The exception to date being
BS-1213 where sapphire was the dominant gem mineral. In BS-1210, the sapphire content was
some 3.8% (second-highest gem in abundance), followed by the minor constituents of ruby
(0.05%), hibonite (0.03%) and moissanite (0.03%). Overall, the gem (DMCH) suite comprised
some 19.8% and the heavy industrial mineral (HIM) suite some 80.2% of the TMA. The HIM
suite was dominated by garnet (70.7%) and Ilmenite (8.6%) with zircon (0.7%) and rutile (0.2%)
only minor components.

Figure 37a: Preliminary trench wall stratigraphic sketch of bulk sampling SY-1213.

In BS-1210, the largest minerals recovered where in the DMCH suite, with Carmel Sapphires
reporting in the 1.2 cts/stone range and sapphire in the 1 ct/stone range.
The majority of the heavy minerals recovered (94 %) lie in the 0.01 to 0.65 carat range, with
the remaining 6% in the 0.66 – 1.39 carat range.
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BS-1210 is the sixth bulk sample completed in the exploration program to determine a
resource estimate of the multi-commodity (TMA), Kishon Mid-Reach alluvial placer. To date,
the difference in grades recovered between these six bulk samples confirms the nugget
effect expected in alluvial placers such as the one developed in the Mid-Reach of the Kishon
Valley.

Figure 37b: Preliminary trench wall stratigraphic sketch of bulk sampling SY-1210.
KISHON MID REACH ZONE 1 BULK SAMPLING PROGRAM - September 2016:
GENERAL BACKGROUND:

The bulk samples BS-1124, BS-1125, BS-1174, BS-1175, BS-1213, BS-1210 and BS-1176 are
spaced across the palaeo-valley to form part of a sample grid to systematically investigate the
heavy mineral content of the palaeo-Kishon River basal gravels (placer target; Figure 1).
Significantly, the completion of BS-1176 provides the first cross-sectional bulk sample results
across the palaeo-Kishon course (Figure 1) with the bulk samples BS-1124 (western side), BS1174 (central west), BS-1175 (central east) and BS-1176 (eastern side).
These bulk sample trenches, some 8 - 20m long by 4 - 8m wide, are excavated down to the
bedrock (footwall) contact through a total sediment thickness of some 6 – 8m, of which the
basal target gravels comprise some 1 – 4m. Approximately 350 to 550 tonnes of coarse basal
gravels are removed from the field site to the dedicated treatment facility operated by Shefa
Yamim in Akko. There the bulk sample is scrubbed, screened (bottom screen size is mm), jigged
to concentrate the heavy minerals which are then hand-picked in a secure laboratory by
trained personnel. All sample concentrates are kept for audit purposes and the basal gravel
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tailings are returned to the original bulk sample trench where, together with the overburden
fines, the excavations are back-filled and rehabilitated.

FIGURE 38a: The position of BS-1176, as well as the other six bulk samples, completed in the Kishon Mid Reach Zone 1.
Note the cross-section aspect across the palaeo-Kishon course provided by bulk samples BS-1124, BS-1174, BS-1175 and
BS-1176.
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BULK SAMPLE 1176 – EXPLORATION RESULTS:
The results of bulk sample, BS-1176, which yielded 509 tonnes of basal gravels, are
summarised here. The TMA was represented by all minerals, except diamond and zircon, with
a total of 45.17 carats (cts) of heavy minerals recovered, giving an overall grade (mineral
content) of some 8.88 carats per one hundred tonnes (cpht) at a bottom screen size of 1mm.
This overall grade of 8.88 cpht for BS-1176 is the lowest grade recorded in the Kishon Mid
Reach Zone 1 sampling campaign to date. However, this grade drop is to be expected as the
TMA grade drops from west to east across the palaeo-Kishon course in response to the semimobile trapsites offered by coarse oversize clasts from the tributary fan inputs off Mt Carmel.
The bulk sample results support this view in that the TMA grades drop from BS-1124 (358 cpht;
western side closest to fan input) through BS-1174 (162 cpht) and BS-1175 (52 cpht) to the
approximate 9 cpht of BS-1176 on the eastern side (Figure 1). These results also highlight the
nugget effect on heavy mineral concentration to be expected in the alluvial Kishon Mid Reach
Placer.
In keeping with the earlier bulk samples (BS-1124, BS-1125, BS-1174, BS-1175 and BS-1210),
with the exception of BS-1213, Carmel sapphire was the dominant gem mineral in BS-1176
(62.6%), followed by sapphire (0.7%), moissanite (0.4%), hibonite (0.1%) and ruby (0.02%). The
TMA in BS-1176 was thus dominated by the DMC gem suite (64%) with the remaining 36%
comprising the HIM suite of garnet (33%), Ilmenite (3%) and rutile (0.3%).
The largest stone recovered from BS-1176 was a Carmel sapphire weighing some 1.49 cts. The
majority of the heavy minerals recovered in BS-1176 (80 %) lie in the 0.01 to 0.65 carat range,
with the remaining 20%% in the 0.66 – 1.79 carat range.
BS-1176 is the seventh bulk sample completed in the exploration program to determine a
resource estimate of the multi-commodity (TMA), Kishon Mid-Reach alluvial placer. To date,
the difference in grades recovered between these seven bulk samples confirms the variability
in semi-mobile trapsite development and the associated nugget effect expected in alluvial
placers such as the one developed in the Mid-Reach of the Kishon Valley.
Bulk sample SY-1214 – September 2016:

BULK SAMPLE 1214 – EXPLORATION RESULTS:
The results of bulk sample, BS-1214, which yielded 530 tonnes of basal gravels, are
summarised here. The TMA was represented by all minerals, except diamond, with a total of
217.66 carats (cts) of heavy minerals recovered, giving an overall grade (mineral content) of
some 41.09 carats per one hundred tonnes (cpht) at a bottom screen size of 1mm. This overall
grade of 41.09 cpht for BS-1214 falls within the range of total grades returned to date in the
Kishon Mid Reach Zone 1 sampling campaign (from 8.88 cpht for BS-1176 to 358 cpht for BS1124). This BS-1214 result is the most distal bulk sample taken in Zone 1 of Kishon Mid Reach
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Placer to date and it further confirms the nugget effect in heavy mineral concentration
expected in this alluvial deposit.
In keeping with the majority of the earlier bulk samples (BS-1124, BS-1125, BS-1174, BS-1175,
BS-1210 and BS-1176), with the exception of BS-1213, Carmel sapphire was the dominant gem
mineral in BS-1214 (19.5%), followed by sapphire (6.8%), hibonite (2.3%), ruby (0.3%) and
moissanite (0.05%). The TMA in BS-1214 was however dominated by the HIM suite (71%),
comprising garnet (50%), Ilmenite (19.4%), zircon
(1.2%) and rutile (0.15%).
The largest stone recovered from BS-1214 was a
hibonite gem weighing some 2.83 cts that has
been submitted to Prof. Bill Griffin and his
research

team

at

Macquarie

University,

Australia, for detailed analysis.
The size range distribution of the TMA recovered from BS-1214 is summarised below in Table
5a. Note that the majority of the heavy minerals (87.8%) lie in the Extra Fines range (0.01 to
0.65 carats).
TABLE 6: Size Range Distribution of the TMA recovered from BS-1214.
Extra Fines (0.01 to

Fines (0.66 to 1.19

Mids (1.2 to 2.49

Coarse (2.5 cts and

0.65 carats)

carats)

carats)

more)

87.8%

5.3%

2.6%

1.3%

BS-1214 is the eighth bulk sample completed in the exploration program to determine a
resource estimate of the multi-commodity (TMA), Kishon Mid Reach alluvial placer. To date,
the difference in grades recovered between these eight bulk samples confirms the variability in
semi-mobile trapsite development and the associated nugget effect expected in alluvial placers
such as the one developed in the Mid Reach of the Kishon Valley.
BULK SAMPLE 1211 – EXPLORATION RESULTS:

The results of bulk sample, BS-1211, which yielded 518 tonnes of basal gravels, are
summarised here. The TMA was represented by all minerals, except diamond and hibonite,
with a total of 240.73 carats (cts) of heavy minerals recovered, giving an overall grade (mineral
content) of some 46.47 carats per one hundred tonnes (cpht) at a bottom screen size of 1mm.
This overall grade of 46.47 cpht for BS-1211 falls within the range of total grades returned to
date in the Kishon Mid Reach Zone 1 sampling campaign (from 8.88 cpht for BS-1176 to 358
cpht for BS-1124). This BS-1211 location lies approximately in the central area of Zone 1 in the
Kishon Mid Reach Placer and it further confirms the nugget effect in heavy mineral
concentration expected in this alluvial deposit.
In keeping with the majority of the earlier bulk samples (BS-1124, BS-1125, BS-1174, BS-1175,
BS-1210, BS-1176 and BS1214), with the exception of BS-1213, Carmel sapphire was the
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dominant gem mineral in BS-1211 (15.7%), followed by sapphire (11.0%), moissanite (0.04%)
and ruby (0.02%). As with most other bulk sample results in Zone 1 to date, the TMA in BS1211 was dominated by the HIM suite (73%), comprising garnet (52.2%), Ilmenite (19.8%),
zircon (0.99%) and rutile (0.21%).
The largest gemstone recovered from BS-1211 was a blue sapphire weighing some 2.60 cts and
the largest HIM mineral was a 3.36 ct garnet.
The size range distribution of the TMA recovered from BS-1211 is summarised below in Table
7. Note that the majority of the heavy minerals (85.5%) lies in the Extra Fines range (0.01 to
0.65 carats).
TABLE 7: Size Range Distribution of the TMA recovered from BS-1211.
Size Range
Distribution of the
TMA recovered
from BS-1211.
Extra Fines (0.01 to
0.65 carats)
85.5%

Fines (0.66 to 1.19
carats)

Mids (1.2 to 2.49
carats)

Coarse (2.5 cts and
more)

6.2%

5.8%

2.5%
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FIGURE 38b: The position of new 8 bulk samples in the Kishon Mid Reach Zone 1.
New Bulk sampling program - Kishon Mid Reach Zone 1 and Zone 2: August-September 2017:
During August-September 2017 the total of 8 new bulk sampling done (BS-1223 till BS-1230),
see Figure 38b
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New Bulk sampling program - Kishon Mid Reach Zone 1: September 2017:
During September 2017, 3 new bulk samples were done (BS-1226, 1227 and 1228), see Table 7.
These 3 new bulk samples are the last bulk samples planned for Zone 1. Pre-Feasibility Study
for Zone 1 Kishon Mid-Reach Placer planned (JAN 2018 – JUN 2018).
Preliminary Logs of 2 New Bulk Sampling in Zone 1:

Figure 38c: Preliminary logs of BS 1227 and 1228
New Bulk sampling program -Kishon Mid Reach Zone 2: August 2017:
During Augut 2017, 3 new bulk samples were excavated (BS-1223, 1224 and 1225). In
addition, 2 new bulk samples across the valley and opposite to bulk samples 1224 and
1225 were done, i.e. Bulk samples BS-1229 and BS-1229.
9.6.2.2 Bulk sampling in Zone 2 (Bulk sample in SY-982 area)
This area is currently subjected to extensive exploration due to good TMA recoveries from
borehole samples. Sample 982 totalled 400t of TMA-bearing gravel that yielded some 6
carats of moissanite, including a 4.1mm crystal. The complete TMA (DMCH + HIM suites)
was recovered excluding diamonds. It should be noted however that a diamond was
recovered in borehole SY-18, located approximately 53m northeast of bulk sample 982 at a
depth of 4.5m below the surface. Bulk sample 990 (17t) recovered the largest sapphire
crystal: 5.72 carat, out of a total of 39.6 carats sapphire from this bulk sample.
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Bulk sample 982:
Bulk sample 982 (Figs. 38a, 38b & 38c) was excavated during May 21-23, 2012 in a field
near the Kishon River within Zone 2 of Shefa Yamim's Mid Reach exploration target (Figs.
39, 40a & 44).
The 400t sample produced 54.99 carats sapphire, 29.77 carats Carmel Sapphire, 1.97
carats ruby and 5.94 carat moissanite and an appreciable yield of heavy minerals (Fig.
38b).

FIGURE 39: The position of new 3 bulk samples in the Kishon Mid Reach Zone 2, Bulk
sampling 1223, 1224 and 1225 see red square + the position of the additional 2 new bulk
samples across the valley, i.e. bulk samples-1229 and 1230.
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Preliminary Logs of New Bulk Samples in Zone 2 (all western wall)

Figure 39a: BS-1223

Figure 39b: BS-1224
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Figure 39c: BS-1225

Figure 39d. BS-1129
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Figure 39e: BS-1230

Figure 39f: BS-1227
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Figure 39g: BS-1228

Figure 39h: BS-1229
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Figure 39i: BS-1230

Figure 40a: Preliminary trench wall stratigraphic sketch of bulk sampling SY-982.

9.6.3 Density
Density determination during the pit and bulk sampling was done following a standard operating
procedure since 2010 during the sampling of the Rakefet River (Rakefet Magmatic Complex
drainage) and the Rakefet River alluvial fan (samples SY-690, 691, 707) as well as the Yoqneam
River catchment (samples SY-771 and SY-787). Here it was determined that a gross value of
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1.8g/cm3 for gravel bulk density and 1.4g/cm3 for clay bulk density apply to the basal gravel and
clay overburden facies consistently.

Figure 40b: Bulk Sample SY-982 – overburden removal.

Bulk sample densities results obtained

SY-690: Bulk densities: 1.4 g/cm3 for clay; 1.8 g/cm3 for gravel
SY-691: Bulk densities: 1.4 g/cm3 for clay; 1.8 g/cm3 for gravel
SY-707: Bulk densities: 1.4 g/cm3 for clay; 1.8 g/cm3 for gravel
SY-771: Bulk densities: 1.4 g/cm3 for clay; 1.8 g/cm3 for gravel
SY-787: Bulk densities: 1.4 g/cm3 for clay; 1.8 g/cm3 for gravel

During July 2015, as part of a new intensive bulk sampling campaign designed for the Mid Reach
exploration target this density measurement standard operating procedure was also applied
during the extraction of bulk samples: SY-1174 and SY-1175. Here it was done using large
squire metal boxes, purposely designed for this analysis and for all future bulk samplings.
SY-1174: Dry SG: 1.0748; (wet SG: 1.58; water content: 8.95%)
SY-1175 (shallow gravel): Dry SG: 1.922; (wet SG: 1.98; water content: 9.79%)
SY-1175 (basal gravel): Dry SG: 1.075 (wet SG: 1.18; water content: 3.27%)

104

Figure 40c: Bulk Sample SY-982 minerals recovered. This sample yielded a total of 6ct moissanite including a 4.1mm stone, the
largest ever recorded worldwide.
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9.7 Thin Sections and Petrographic Descriptions + Zircons analysis
A total of 26 thin sections were produced out of samples from volcanic complexes on Mt. Carmel:
Tavassim, Ofer, Shefeya, Makura, Kerem Maharal, Bat Shelomo and from Migdal Ha-Emeq and
Hayogev in the northern and southern margins of the Yizre'el Valley respectively. Thin sections were
analysed at Ben-Gurion University (Beer Sheva, Israel) and at De Beers Africa Exploration (SA)
laboratories. In general, the analyses indicate that some of the volcanic rocks are para-kimberlite
lamprophyre rocks and also notes the presence of eclogites in samples.
During their working visit (January 17-21, 2016) at Shefa Yamim's volcanic bodies - Prof. Bill Griffin and
Prof. Sue O'Reilley sampled additional rock samples from Rakefet (RMC), Har Alon (Exploration Permit
869B6) and Bat Shelomo (Prospecting Permit 837A10). These samples were chosen for further
sophisticated geochemical analysis, including SEM analysis (EBSD-Electron Backscatter Diffraction) and
additional petrography (thin section analysis) at the GEMOC Institute of Macquarie University,
Australia. Future results will enable the prioritization of Shefa Yamim's Exploration and Prospecting
Permits' bodies.
Analysis of zircons:

Shefa Yamim is also collaborating with the ARC Centre of Excellence for Core to Crust Fluid Systems
(Macquarie University, Sydney, Australia) in a program of research on the mantle-derived minerals
brought to the surface in Cretaceous and younger volcanoes in the Mt Carmel-Kishon River area. This
program includes dating and Hf-isotope analysis of zircon xenocrysts in the volcanic rocks. The
purpose of the zircon work is to outline the pre-conditions that controlled the volcanism, and if
possible to place better constraints on the timing of eruptions. Zircon is a very useful mineral in many
mineral-exploration contexts. U-Pb dating of a zircon grain can give its age – the time at which it
crystallized or recrystallized. When applied to detrital (alluvial) zircons, this technique can give a
picture of the age distribution of the rocks that are shedding debris into the drainage that has been
sampled. Analysis of the trace element patterns of individual grains can identify the type of magma
from which an igneous zircon has crystallized, while the analysis of the isotopes of Hafnium (Hf) and
Oxygen (O) can give information on the sources of the magmas. This combination of features can
then be used to fingerprint the source rocks that were eroded to produce the zircons in the drainages.
Volcanic rocks such as the Rakefet Magmatic Complex typically carry zircons as xenocrysts – grains
picked up by the magma on the way to the surface. Basaltic rocks do not themselves crystallize
zircons directly, but zircon will precipitate from evolved melts that develop from basaltic ones that
have been trapped at depth, rather than erupting. In an active volcanic system, zircons only slightly
older than the erupted magma can be entrained, and the youngest dated zircon provides a maximum
age for the eruption. We are using this approach to date some of the volcanic centres more
accurately than has been done by other methods.
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CCFS has carried out analysis of more than 200 individual zircons from Shefa Yamim samples to date;
all grains have been analysed for their U-Pb age and Hf-isotope compositions, and subsets have been
analysed for trace elements and oxygen isotopes. About half of the analysed grains have come from
primary sources (vent rocks or tuffs) and the remainder from alluvial samples, particularly focused on
the Kishon mid-reach placers.
Based on the results so far, CCFS regards it as important to continue with this line of research. They
will increase the sample density on some of the primary sources to get a better determination of the
eruption ages and the “fingerprint” of the zircon xenocrysts from each vent. This will be followed up
with more detailed sampling of zircons from the Kishon River at points upstream of each major
tributary, to identify the relative contributions of the different primary sources to the multicommodity placer deposit.
The results of this zircon work, particularly on the primary sources, will be submitted to an
international journal during 2017. It will provide part of the background information for papers on
other aspects of the mineralogy and geochemistry of the corundum-moissanite mineral association
(see Griffin, W.L., Gain, S.E.M., Adams, D.T., Huang, J-X., Saunders, M., Toledo, V., Pearson, N.J. and
O’Reilly, S.Y. 2016. First terrestrial occurrence of tistarite (Ti2O3): Ultra-low oxygen fugacity in the
upper mantle beneath Mt Carmel, Israel. Geology 44, 815-818).
10. DATA PROCESSING
10.1. Modelling
10.1.1 Mid Reach Deposit Modelling
The Mid Reach geological model comprises a single unit representing the mineralised entity,
namely the gravel bed, being the host to the mineralisation in the Kishon River Valley. The
following section describes the modelling methodology applied to the gravel unit mineralisation
in particular, but also the modelling of bedrock morphology that plays an important role in placer
development, as well as the overburden modelling. The focus is on the main findings to date at
Zone 1 and Zone 2 in the Mid Reach.
10.1.2 Valley-floor Modelling
The bedrock representing the valley floor was modelled from borehole data where the logged
interface of valley-fill sediments (predominantly gravel) and bedrock in all boreholes was
recorded. This valley floor surface, which is interpreted to represent the base level topography at
the time of the gravel bed deposition, was obtained from the borehole logging database where
this spatial data was used to create a 2D wire frame and eventually a contour plot using Surfer TM,
of Golden Software Ltd for Zone 1 (Figures 40b, 41, 42, 43, 45 & 45a,), and Zone 2 (Figures 39,
40a, 44). Zone 1 shows a prominent bedrock depression on the western side of the valley.
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Elevated bedrock areas abruptly crossing over to bedrock depressions suggest the presence of
scour pools.
The valley floor contour data was used as bottom surface for the gravel bed model and an
overburden basal contact surface wireframe, representing the interface between the gravel and
the overburden material, was used in the modelling with Golden Software’s SurferTM. A 3D solid
was then generated from the modelled hanging wall and footwall (valley floor) surfaces using
VoxlerTM 3D modelling software of Golden Software Ltd (Figure 39 & 40a). In areas where no
gravel bed was intersected, the model was guided to pinch out to a zero thickness mid-way
between mineralised and un-mineralised holes. The series of cross-sections generated on
completion of the drilling campaign were used to verify modelling results.

Figure 41: Zone 2 bedrock topography 3D model.
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Figure 42: Mid Reach Valley floor topography map.
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Figure 43: Zone 1 bedrock topography model.
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Figure 44: Contour plots of the base and top of the gravel unit in Zone 1. Dashed black box denotes a specific cell area where
gravel thickness is promising: Base of gravel is low; top of gravel is high.
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Figure 45: Contour map for the total sediment thickness (valley-fill) above the bedrock within the area of interest between
boreholes SY-65 to SY-109 (Zone 1). Note the correlation between thick sediment cover and the alluvial fan to the
west.
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Figure 46: Contour map of the gravel thickness within the area of interest between boreholes SY-65 to SY-109 (Zone 1). Note
the connection between thickness of the gravel deposit and the alluvial fan to the west.
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Figure 47: Contour map of the gravel thickness within the area of interest between boreholes SY-35 to SY-64 and bulk
sampling 990 - 1002 (Zone 2).
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Figure 48a: 3D view of the area represented by boreholes 65-109 (Zone 1), view to the east (Toledo et al., 2016).

10.1.3 Volume Estimation
Exploration target Shefa Yamim Borehole area SY-65 to SY-109 (Zone 1, Figures 26
and 47a). Thus, it excludes the results of the last drilling campaign of July 2016.
160,000m2
91,000m2
6,000m2
85,000m2

Total area:
Area covered by drilling:
Area not underlain by basal gravel:
Area underlain by gravel:
A: Overburden (clay)

Estimated volume (Voxler estimation): 430,000mᶾ
B: Gravel (upper and basal)
Estimated gross volume (Voxler estimation): 240,000mᶾ
(Fig. 47b; Toledo et al., 2016)
C: Internal waste [intermediate clay]
Manually calculated volume: 25,000mᶾ - Sum of polygons of occurrence using:
Area * average thickness per area (boreholes) = Volume in mᶾ.
Exploration target Shefa Yamim boreholes SY-35 to SY-64 & Bulk samples SY982 to SY1000
(Zone 2)
This area has been divided into polygons for more precise calculations. Polygons of higher
confidence, i.e. closely-spaced holes and bulk sampling, are regarded "confirmed gravel".
Total area of calculation: 365,000m2
Validated overburden volume: 420,000m3
Validated basal gravel: 514,000m3
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Figure 48b: 3D view of the area represented by boreholes 65-109 (Zone 1), view to the east.

10.2 Mineral Processing
To date more than 70% of the 4,197.7t of the pit and bulk samples collected have been processed in
the Shefa Yamim’s processing facility and laboratories at Akko with the primary objective of
recovering the heavy mineral population including the gem minerals from the sampled gravels. The
results are shown in Tables 6 and 7.
The alluvial, soil and rock samples collected in the permit area are transported to the Shefa Yamim
processing facility in Akko, north of Haifa for treatment. The treatment processes include crushing (if
required), washing (scrubbing), screening, jigging and treatment of the fraction less <2mm in a "Water
Column" processing system for the final concentration of heavy minerals if required. Standard
operating procedures are followed with proper validation systems such as tracer testing done
routinely.
The concentrated minerals are sorted and representative sub-samples are subjected to XRD and XRF
analysis. The mineralogical results are finally plotted on maps to facilitate the identification of
anomalies of individual minerals and mineral assemblages. In addition, the petrogenesis of the
minerals as determined by the chemical composition is also analysed. The procedures used are
conventional for diamond and precious stone exploration and follow standard best practices principles
used in the gem industry.
10.2.1 Mineral Processing Procedures
On arrival at the plant in Akko the samples are stockpiled in the processing facility yard and
clearly marked with an identification number. The samples are then screened through a static
grizzly screen that removes boulders larger than 100mm in diameter from the samples. The
<100mm fraction is then washed in a scrubber that breaks up any clay agglomerates that might
bind the material into clods.
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The <0.5mm component of the sample, comprising mainly clay and fine-grained sand, is put in
suspension in the wash water and pump to settling ponds from where clear water returns to the
storage reservoirs for re-use. At the scrubber the +0.5mm component of the sample is washed
and classified into 5 fractions: (1) 0.5-0.7mm (2) 0.7-1mm (3) 1-2mm (4) 2-4mm (5) 4-6mm (6)
+6mm. This washed and sized material is then transferred to the pulsating jig plant for gravity
separation treatment.
Table 8. Bulk sample SY-1124 results, including TMA content (Toledo et al., 2016).
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Table 9. Total weight of minerals in carats
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Table 10. Bulk sampling Kishon Mid Reach Zone 1 & 2 – Carat calculator
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Figure 49: Processing facility and laboratories at Akko. Top: Scrubber plant for the washing and liberation of
sand-size sediment from clay aggregates. Middle: Two classification and jig plants. Bottom: Mineral
final recovery laboratory where the sorting of minerals is done manually.
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After gravity separation by means of the modified Pleitz jig plant (multi-stage), samples
follow different treatment streams based on size fractions (Figure 46). All sample
processing work is done by following a clearly stipulated Standard Operating Procedure
(SOP).
Samples in the -2mm size fraction are:
1. Dried, weighed and their sample date recorded.
2. Visual inspection and sorting in the recovery laboratory.
3. Data is recorded and incorporated into the database.
4. Samples in the -2mm size fraction is classified into 3 size categories (0.5-0.7mm, 0.7-1mm and
1-2mm) and jigged in the separate classes
5. The centre of the jig pan (concentrate) is collected, dried and sieved to size fractions.
6. Material on the outer part of the jig pan is discarded.

7. The “Water Columns” treat the material less than 2mm: 0.5-0.7mm, 0.7-1mm and 12mm.
8. Orange cube-shaped epoxy tracers with specific gravities of 3.53 and sizes of 1mm and
2mm are used as tracer validation as part of the QA/QC process
9. Samples are then dried, weighed and recorded in the database.
10. Visual inspection and sorting in the recovery laboratory using binocular microscopes.
11. Data is recorded and incorporated into the database.
The jig supervisor carries the ultimate responsibility to ensure that the jigging system
operates according to the specifications and procedures, that tracer tests are done as
prescribed and the tracer recoveries are recorded. The recorded data is prepared and
logged in line with the requirements stipulated in the SOP and passed on to the project
manager.
The jig supervisor manually documents the jigging process: Start and finish times, tracers
introduced, tracer tracking, taking photos, adding remarks (e.g. water flow changes, etc.).
Density tracer tests are carried out with the use of cube-shaped epoxy tracers with
specific gravities of 3.53 SG and sizes from 1mm, 2mm, 4mm, 6mm and 8mm. Density
tracer tests are carried out on every jigging run to monitor the separating effectiveness of
the pulsating jigs.
Samples in the 2mm-8mm size fraction are:
Visually inspected and sorted in the recovery laboratory.
Samples in the +8mm size fraction are:
Sorted by hand on a picking belt.
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10.2.2 Mineral Sorting
Shefa Yamim staff is well-trained in the mineralogical identification of the Target Mineral
Assemblage (TMA), including the DMCH suite, the HIM suite and the pathfinder KIMs. The
mineralogical identification focusses on KIMs such as Garnet (pyrope/eclogitic), Ilmenite,
Spinel and Chrome-Diopside (CPX) in addition to the TMA minerals of Diamond, Rutile,
Sapphire, Ruby, Carmel Sapphire, Moissanite, Hibonite and Zircon. The mineralogical
recovery staff records the data in the company’s database, together with the original
sample volume data.
Shefa Yamim follows a set of SOPs for alluvial and soil/rock/stream prospecting samples
in its laboratory. These procedures are conventional for diamond and precious stone
exploration and similar to the best practices used by other exploration companies
worldwide. Training and sorting efficiency was tested in the Shefa Yamim laboratory with
the addition and recovery of natural diamond tracers. This was accomplished on more
than one occasion. Several diamond tracers were placed into samples for recovery
efficiency testing (these tracers are natural diamond crystals with one polished face and a
serial number). The sorters in the laboratory have demonstrated their efficiency in
identifying and recovering diamonds, along with the rest of the TMA. The mineralogical
testing will also continue to focus on the KIMs such as: Garnet (pyrope), Ilmenite, Spinel
and Chrome-Diopside (CPX), in addition to Diamond, natural moissanite, Sapphire, Ruby,
Carmel Sapphire, Hibonite and on the heavy minerals Rutile, Zircon, Garnet, Corundum,
ilmenite. All the other mineral descriptions are recorded and saved in the company’s
database.
11. MINERAL RESOURCE AND RESOURCE AND MINERAL RESERVE ESTIMATES
11.1 Introduction
This section describes the methods used to derive and classify the latest “Mineral Resource
and Reserve” estimates for the Shefa Yamim project. The Shefa Yamim in-house geologist,
Reli Wald, was responsible for the calculation of the volume figures. These calculations
exclude the data obtained from the drilling done in July 2016. The resource estimation
procedures were validated by Creo.
11.2 Geological interpretation
After 18 years of exploration in a “greenfields” terrain, Shefa Yamim has established the
presence of a Target Mineral Assemblage (TMA) in both primary Mesozoic and Cenozoic
volcanic sources, and in Cenozoic secondary alluvial deposits in the Kishon River Valley. On
Mt. Carmel and in the Ramot Menashe areas the TMA comprises four precious stones
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(diamond, moissanite (natural moissanite that is rare globally) sapphire, ruby, and five
heavy minerals (corundum, zircon, rutile, ilmenite, and garnet).
A robust “Source to Sink” geological model has been developed in 2014 to guide placer
exploration of the alluvial placer deposits developed in the Kishon River valley and to
improve the understanding of the primary source emplacement of the TMA into this
relatively short-reach fluvial system that terminates in a marine setting.
The extensive sampling yielded abundant KIMs such as garnet, ilmenite, spinel,
clinopyroxene and rare diamond and also several varieties of corundum (notably Carmel
Sapphire, blue sapphire and ruby). In addition, there was a significant amount of the rare
natural moissanite (including the two largest natural grains recovered to date in the world,
4.1mm and 4.14mm) and zircon, ilmenite and rutile recovered.
The primary sources of these minerals comprising the DMCH suite are the ultramafic and
mafic volcanoclastic rocks from Mt. Carmel (Upper Cretaceous in age) and the Yizre’el and
Afula basins and their faulted margins (primarily Miocene in age). These primary sources
were eroded by the Kishon River and its tributaries, driven largely by the Neogene uplift of
Mt. Carmel and extrusion of basalts along the faulted margins of the Yizre'el and Afula
basins. The erosional products from Mt. Carmel, and in particular those from the primary
sources, were deposited in secondary deposits in the Kishon graben that was subjected to
marine reworking at intervals during the Neogene at its distal end.
Exploration to date delineated a 4.5km long deposit in the Mid Reach of the Kishon River
where in places the DMCH suite is sufficiently well concentrated to form placers.
Consequently, a source-to-sink geological model has been developed for the Kishon
catchment whereby the DMCH suite is associated with a series of placers. Channel and
terrace gravel of the Kishon River Mid Reach has been the focus of attention in this
regard.
11.2.1 Mid Reach Gravel Deposits
The valley-fill sediments accumulated as Kishon River floodplain and terrace deposits
generally comprise a basal gravel layer of 2 - 3m thick overlain by a 3 - 4m thick darkbrown clay overburden. The gravel unit comprises cobble to pebble, rounded to subrounded, clast-supported gravel in a clayey sand matrix. Occasional boulders do
occur.
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11.3 Audit Procedures
Creo has independently verified the underlying sampling and assay data. Creo considers that,
given the extensive sampling programme, geological investigations, check procedures and, in
certain instances, independent audits, the estimates reflect an appropriate level of
confidence.
The Mineral Resources and Reserves estimates use the terms and definitions as set out by
SAMREC. Furthermore, the Inferred Mineral Resources are not inclusive of those Mineral
Resources modified to produce Mineral Reserves and therefore only a Mineral Resource will
be considered.
11.4 Mineral Resource and Reserve Estimation Methodology
The method of estimating the mineral resources was used on only one relatively small area
(referred to as Zone 1) between boreholes SY-65 and SY-109 in the Mid Reach of the Kishon
River valley. This represents an area of approximately 200m x 800m or 160 000m2, a very
small portion of the Mid Reach and the permit area in total (Figures 47).
The estimation of resource blocks is not typical of a mining operation where the value of
resource blocks is estimated and classified well ahead of the mining blocks presently being
developed and mined.
Because of the highly erratic nature of both the DMCH mineralisation zones and of the grade
within them, no attempt was made to evaluate this and merely a volume figure can be
presented. No comment can be presented on the continuity of grade values within the
mineralised horizons due to the limited data. The Mineral Resource block has been defined
based on information obtained mainly during drilling. The gravel deposit geometry has been
modelled using Golden Software’s VoxlerTM 3D modelling software. This software allows the
three-dimensional structure of the mineralised volume to be viewed graphically.
11.5 Quality and Quantity of Data
Within Zone 1, the exploration area between boreholes SY-65 to SY-109, drill lines were set
out perpendicular to the valley and therefore the gravel body. Drilling was performed at 50m
drill line intervals with an average of 5 boreholes per drill line. Borehole spacing in the drill
lines averaged 25m (Figure 47).
Therefore, the spacing of boreholes was not on a definite grid. However, the layout of
sample points was totally unbiased and not influenced by any geological considerations. The
assay results were entered into a database from where the data was imported into the
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VoxlerTM 3D modelling software where the data gets displayed spatially and ultimately a
volume could be calculated.
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Figure 50: A map of the 800m x 200m inferred resource area between boreholes SY-65 and SY-109 at
the Mid Reach of the Kishon River valley showing the borehole locations and bedrock
contours

11.6 Quality Assurance/Quality Control
Samples were treated at the Shefa Yamim processing facility and laboratory in Akko, under
the personal supervision of the management of Shefa Yamim. Here the samples were crushed
(if required), washed, screened, jigged and sorted. Standard operating procedures were
followed with proper validation processes such as tracer testing being done routinely. The
procedures followed are conventional for diamond and precious stone exploration and is
based on best practices principles used in the gem industry.
The use of simple sample checks (tracers and marked gems such as diamonds with a polished
facet) are used as a standard procedure by Shefa Yamim to assess recovery standards.
Sample custody was done properly with detailed labelling of samples, good sample security
and proper record keeping in place.
11.7 Tonnage Estimation
Zone 1 Boreholes SY-65 to SY-109)
Creo applied the average in situ density values to generate a tonnage estimate for the gravel
units. The density value applied to the gravels of the Mid Reach domain, Zone 1, represented
by the area between boreholes SY-65 to SY-109 is 1.49g/cm3 that was obtained during
analysis of the gravel component of samples 1174 and 1175 with SG values of 1.0748 g/cm3
and 1.922g/cm3 respectively. This value is lower than the average of 1.8g/cm3 for gravel
samples elsewhere in the Kishon River floodplain. The 1.49g/cm3 value is considered an
appropriate value for the use in tonnage estimation of gravel in this particular section of the
floodplain. The total volume figure presented by the modelling of this gravel body was
240 000m3 of gravel. This gives a total resource of 350 000t of DMCH-bearing gravel in this
part of Zone 1 of the Kishon River Mid Reach.
Zone 2 (SY-982 area)
Preliminary tonnage estimations for overburden and gravel layers were done based on
confirmed polygons of high confidence, where dense spaced drilling and bulk samples were
done.
Total area of calculation: 365,000m2
Overburden estimated tonnage: 420,000t
Gravel estimated tonnage: 750,000t
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11.8 Mineralisation
11.8.1

Exploratory Data AnalysisExploratory data analyses are the application of

various statistical tools to characterise the statistical behaviour or grade distributions of
the data set. In this case, the objective is to understand the population distribution of the
grade elements in the various units using such tools as histograms, descriptive statistics,
and probability plots. Of the 24 Kishon River Mid Reach samples treated, 15 were pit
samples of <50t each and three samples (SY-982, SY-1124 and SY-1174) were bulk
samples. The smaller pit samples and even the larger bulk samples are not sufficiently
large enough to give statistical meaningful grade distribution results. These samples can
therefore not be considered truly representative samples presenting a true account of
the mineral populations present in terms of its proportion and size distribution. This is
well demonstrated in bulk samples SY-982, SY-1124 and SY-1124 where, despite the 400t
sampled, it failed in yielding the complete size range of corundum, the most abundant
gem mineral present. Bulk sample SY-1124 yielded an astounding 991.43ct of
Corundum/"Carmel Sapphire".

11.8.2 Assays
A total of 4,127.720t have been analysed by the Shefa Yamim in-house processing facility
and laboratories for TMA Suite minerals including DMCH suite and HIM suite mineral
content (Table 4). All the samples treated yielded KIMs, TMA and a considerable
proportion of the DMCH mineral population. The DMCH mineral content was
demonstrated by the smaller pit samples, but the variation in yield is probably
attributable to the small sample sizes and would therefore result in large variation in
grade figures. The two bulk samples are still probably too small, but some useful trends
could be seen here (Tables 6 & 7).
Bulk Sample SY-1124 yielded some 292g heavy minerals of which gem minerals
constitutes 2% of the total population recovered from the 400t of Kishon River basal
gravels. Sapphire, moissanite and ruby (Figure 48) make up a considerable proportion of
the minerals recovered. Exceptionally large moissanite crystals have been found in
several test pits (Figures 49a & 49b).
Bulk sample SY-1174 yielded a total of 862.14cts of heavy minerals recovered, giving an
overall grade (mineral content) of some 162cpht at a bottom screen size of 1mm. Here
placer minerals were dominated by the Carmel Sapphire component (43%), followed by
the HIM suite minerals Garnet (38%) and Ilmenite (12%) with the DMCH suite Sapphires
running at some 5%. Minor contributions came from the HIM minerals Zircon (0.61%)
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and Rutile (0.21%) with the DMCH suite rare minerals being Moissanite (0.1%) and Ruby
(0.06%). The recovered grade of Carmel Sapphire, the dominant heavy mineral, was
some 70cpht with one substantial stone of 19.55cts (Figures 50a & 50b).
All in all, diamonds are present in the Kishon catchment, but are rare. Shefa Yamim
recovered 77 diamonds from its permit areas of which 76 are alluvial diamonds from the
Kishon River valley and one micro diamond found by De Beers geologists in an
approximately 260kg sample they collected from the Rakefet Magmatic Complex. One
diamond was found in borehole SY-18 in the Kishon River Mid Reach.
The recently discovered hibonite crystals represents a sizable proportion of the gem
stones in the samples and due to its high status in the gem industry, it should make a
sizable contribution to the overall value of the gem population (Appendix III). However,
quantitative data on the hibonite occurrence is not available yet, but it is estimated to be
at least a few percent of the total gem assemblage.

Figure 51: The gem variety DMCH minerals, from left to right – diamond, moissanite, sapphire and ruby
recovered from the Kishon River gravels.
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11.8.3 Grade Profile
Insufficient data prevents any attempt at statistical analysis of grade distribution such as
the compilation of variograms at this stage. This is clearly demonstrated in the variation in
subsample grade and in grade values of neighbouring samples. Therefore, calculations of
grade for any of the bulk samples would not be meaningful for these small samples.
12. MINERAL RESOURCE STATEMENT
12.1 Introduction
This section describes the status of the Shefa Yamim project in terms of its classification into
an appropriate resource category.
12.2. Resource Statement
12.2.1 Mineral Resource
For the Shefa Yamim permit area or any portion thereof to be considered a Mineral
Resource it must be an occurrence of gem stones of economic interest in such form,
quality and quantity that there are reasonable and realistic prospects of gem stone
extraction for the jewellery market. Here, location, quantity, grade, continuity and
other geological characteristics of this mineral resource should be known, estimated
from specific geological evidence and knowledge.
Gem stone deposits and alluvial deposits demonstrate an inherent variability in the
distribution of economic extractable gem stones. Sampling this type of deposit
requires large volume samples. Standard drilling techniques and smaller pit samples
are not able to provide sufficient sample volumes and, therefore, the required data to
enable estimation of tonnages and grades. Conventional drilling as currently employed
can only provide information to determine the volume of the different mineralisation
areas, and its relationship to geological features. Therefore, for a deposit to be
considered a Mineral Resource it is highly dependent on the availability of the results
of appropriate size bulk samples.
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Figure 52a: A 4.1mm long moissanite crystal

Figure 52b: 4.14mm long moissanite crystal

found in Bulk Sample SY-982

found in Bulk Sample SY-1124

Figure 52c: Carmel Sapphire crystal with volcanic

Figure 52d: Carmel Sapphire after removal of the

glass crust - found in Bulk Sample SY-1124

volcanic glass crust and a basic polish

12.2.2 Classification
Shefa Yamim has made good progress in its sampling programme, but the samples
were not of a sufficient size to be considered truly representative or spaced close
enough to demonstrate grade continuity to allow any of the exploration targets in the
permit areas to be considered for classification in terms of SAMREC.
12.3 Creo Comments
Creo considers that the quality of the drilling, sampling, sample preparation and sample
handling to be of a high standard. However, the quantity of drilling and in particular the
sampling is insufficient to delineate a Mineral Resource to the level of confidence required
by SAMREC to classify any of the Shefa Yamim exploration targets as Mineral Resources.
Both the Zone 1 and Zone 2 areas in the Mid Reach section of the Kishon River valley are
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approaching an Inferred Mineral Resource classification and a few well-placed large bulk
samples will provide the confidence in grade and grade continuity needed for this
classification. Zone 2 (bulk sample SY-982 area) is also to be considered since it has a similar
level of development as seen in Zone 1.
This cautionary approach in the declaration of mineral resources and mineral reserves is a
consequence of the inability to predict even over short distances the extent and grade of
the deposit due to the complex sedimentological controls of the mineralisation and the
correct interpretations thereof. Fluvial deposits, by nature, are notorious for their absence
of lateral continuity. The approach used by Creo to derive at these conclusions is generally
considered to be appropriate to these types of deposits and are in line with generally
accepted norms and standards.
Creo considers there to be a fair potential for the delineation of Mineral Resources and
Mineral Reserves following ongoing exploration and development. The Shefa Yamim
exploration programme includes an annual revolving drilling and sampling budget to
investigate the extensions to known DMCH deposits inside and outside of the currently
defined exploration area.

131

13. CONCLUSIONS AND RECOMMENDATIONS

Creo Ltd has completed a CPR at the request of Shefa Yamim (A.T.M.) Ltd. regarding the Shefa
Yamim Mineral Exploration Project in northern Israel, using all available data up to August
2017. Shefa Yamim is currently in an advanced stage towards a definition of its first Mineral
Resource in the Kishon River Mid Reach Multi-Commodity Placer. This target area is being
developed in parallel with encouraging exploration advances achieved at the kimberlitic
sources (primary sources for gem minerals) on Mt. Carmel and along the Lower Galilee
valleys' margins.
Creo is of the opinion that Shefa Yamim’s exploration projects are managed by professionally
skilled and technically competent personnel. A comprehensive and well-managed work
programme covers aspects ranging from mapping, drilling and sampling in the field to the
final recovery and identification of minerals at a laboratory. Shefa Yamim has a well-equipped
operational centre at Akko, which houses a state-of-the-art treatment facility and laboratory.
Due to the recent progress of the company whereby its exploration campaign has advanced
to the evaluation phase, it upscaled the operational capacity to facilitate the treatment of
large samples. A range of exploration and evaluation techniques, which are not only
universally applied, but are tested and proven in mineral exploration have, and continue to
be employed by Shefa Yamim.
The company’s exploration programmes are designed and managed according to SAMREC
principles and aligned to international standards for responsible reporting of exploration
results, mineral resources and mineral reserves. The programmes and methodology are
continually assessed by an international team of experts specialising in mineral exploration
and precious stones to ensure compliance with the reporting code. By adhering to first
principles of exploration and applying a systematic approach, programmes have been
designed to improve confidence in results and lower risks and uncertainties. In keeping with
transparency and integrity, Shefa Yamim’s geological models, based on exploration results,
are presented to the science-based fraternity for peer review at conventions, conferences,
through publications and collaborations with renowned earth-science specialists at various
universities.
Exploration advances during the last 18 years are highlighted in Figs. 51 to 52.
Based on the work to date, Creo considers the data collection procedures applied during the
sampling phase appropriate and the sample database suitable for resource estimation and
work can progress on this level. Creo believes that the drilling, pitting and bulk sampling done
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in the target area are close to being sufficient for delineating an inferred mineral resource.
However, insufficient bulk sampling in terms of sample volume and sample spacing prohibits
resource classification at this stage. Shefa Yamim at this point devotes its resources on targets
with low risk, high confidence and high project value, but which at the same time require high
input. Through a process of elimination, the company focuses on smaller target areas with
high returns (Fig. 53).

Figure 53: Main milestones achieved in Exploration and prospecting areas volcanic bodies on Mt. Carmel and the
Kishon catchment.
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Figure 54: Mineralogical results in Exploration and prospecting areas volcanic bodies on Mt. Carmel and the
Kishon catchment

Figure 55: Geochemical analysis throughout the Exploration and Prospecting areas; focus on garnet chemistry.

Figure 56: Reducing risk and increasing confidence levels of Shefa Yamim's exploration project, including main
milestones.

Bulk sampling data and the 3D modelling undertaken indicate that mineralisation may
extend in a down-valley direction and substantial scope exists to extend a potential resource
in the rest of the Mid Reach and also the Distal Reach. Infill and extensional drilling will
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improve the geological as well as the resource confidence in the areas currently identified as
targets north of boreholes SY-110 to SY-137 (Zone 1) area of the Mid Reach. Results
obtained to date show very encouraging gemstone yield data and a very extraordinary
gemstone assemblage. Here the outstanding features of the gemstone assemblage in the
target area is the unusual large variety of precious stones present, the high quality of the
stones seen in the deep red rubies, dark blue sapphires, exceptionally large moissanite
crystals and good clarity diamonds. Most significantly is the high gem stone grade in the
deposits where it makes these deposits very attractive from a gemstone yield perspective.
This, together with the favourable stripping ratio, renders this deposit potentially
economically mineralised with good prospects for economic extraction of a great variety of
high-value gemstones.
C r e o recommends the following:
 Future drilling campaigns should focus on the following areas:
 The drill programme of the boreholes SY-110 to SY-137 area should be extended
northward with a drill spacing of 100m to define additional targets and possibly
resources, with the main goal of the programme to establish the true strike length and
width of the deposit in the Mid Reach and delineate additional tonnes that can be included
in a preliminary economic assessment (PEA).
 Drilling in the SY-65 to SY-137 area should extend to the west across the present-day
Kishon River to the western edge of the floodplain
 Future bulk sampling should focus on the following:
 To increase bulk sample volumes by extracting bulk samples of statistical meaningful
sizes.
 To generate high-resolution valley-floor contour maps that would improve the site
selection process for future bulk samples.
 The resource model of the boreholes SY-65 to SY-109 area is currently supported by
borehole data with only limited pit and bulk sample data. C r e o considers this area as
high priority targets for bulk sampling that should be conducted to the north of sample
1124 to establish grade and demonstrate grade continuity.
 For the 1st stage processing of bulk samples, in-field processing of the samples should
be considered using a scalping screen to remove the boulder and cobble size gravel from
the sample to optimise efficiency and minimise cost and time.
 Future sample processing should focus on the following:
 Consideration should be given to focus only on the size fraction of gem stones with economic
significance by discarding the size fraction below the commercial size fraction for gem stones.
 An assessment of the commercial minerals should be done and an executive decision should
be taken on what minerals to target and what minerals to discard.
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-

Exploration & Mine evaluation, risk analysis and commissioning of Denver Quarries, Port Elizabeth and
developed it into the largest aggregate supplier in the Eastern Cape.
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-

Exploration and production manager for the Reuning diamond mine of Trans Hex Mining Ltd.

-

Chief Executive of Creo Design (Pty) Ltd responsible for management, strategic planning and new
business.

-

Geological consulting (base metals and diamonds) to mining companies and Industrial Development
Corporation

-

Director and Exploration Manager for Lehumo Resources Ltd Nickel project

-

Project Manager for Namagroen offshore diamond mining

-

Technical Director on the Board of Otjozondo Mining (Pty) Ltd

-

Technical Director on the Board of Aquarella Mining (Pty) Ltd

-

Technical Director on the Board of Aranos Gas (Pty) Ltd

Publications:
-

12 articles in international scientific journals

-

2 contributions to books published by: Wiley & Sons, London and Grahamstown University Press
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LOURENS J. ERASMUS
Hons B Sc (Geology), B Com, MBA (USB), Pr. Sci. Nat, MGSSA
10 Francolin Street
Telephone/Fax (home): +27 (0) 21 852 6839
Cell Phone: +27 (0) 82 61 339 61
Somerset West
South Africa
7130
E-mail (home): erasmus@webafrica.org.za
E-mail (personal): lourense19@yahoo.com
South Africa
Skype: lourens_e
Profile
An Exploration and Regional Exploration Manager and Consultant who has made significant
contributions on several diverse projects for several major resource companies across Southern
and Eastern Africa, the Middle East, and Central and West Africa during a career spanning almost
30 years. These projects needed high levels of skill, innovation, leadership, and self-motivation
under sometimes challenging conditions.

Proper management of all aspects of exploration and drilling contractors (diamond, also with
down-hole motors, RC and percussion drilling) were of the essence.

Experienced in gold mines and gold exploration (Wits and Greenstone), base metals (Ni, Cu, Co),
on and off-shore diamonds, as well as layered intrusions (platinum group elements in the
Bushveld Igneous Complex, SA), in Africa and the Middle East as well as Heavy Mineral Sands in
Sri Lanka.

Have been involved in target generation and business development proposals, advised on
feasibility studies and investigating and advising on JV opportunities.

146

Was also involved as Exploration Manager, gold, on and off-mine in Guinea and before that
Exploration Manager (Base metals, Copperbelt), off-mine, as well as green- and brownfields
projects in the DRC.

Currently a Geological Consultant on mainly exploration and grassroots projects in Southern
Africa (Cu and diamonds) and Australia (Au).

Employment Summary

Permanent Employment

May 2014 – currently

Geological Consultant – Exploration (Green- and Brownfields)

AngloGold Ashanti
August 2012 to October 2013

Exploration Manager – Gold Exploration - Guinea
(retrenched in October 2013 due to restructuring, budget cuts
and the suspension of projects)

ENRC
September 2011 to August 2012

Exploration Manager – Base Metal Exploration (Copperbelt –
DRC)

Albidon Ltd
April 2007 to February 2009

Regional Exploration Manager - Base Metal Exploration
(Southern and Eastern Africa)
(Retrenched in Feb 2009 due to financial constraints)
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Anglo Platinum Corporation
August 2002 to March 2007

Senior Project Geologist – PGE Exploration (Bushveld
Complex)

BHP Minerals International Exploration
November 1998 to June 1999

Manager - Copperbelt – Base Metal Exploration
(Namibia and Botswana).

Retrenched due to BHP’s

decision to terminate all exploration activities in Africa.
Anglovaal Minerals (AVMIN)
1996 to 1998

Senior Exploration Geologist – Base Metal Exploration
(Namibia)

1993 to 1996

Senior Exploration Geologist – Ni and PGE Exploration
(Barberton, South Africa)

1991 to 1993

Senior Exploration Geologist – Wits Gold Exploration
(Northern Free State, South Africa)

Anglo American Corporation
January 1988 to December 1990

Staff Geologist – Gold Mining – Vaal Reefs
(Orkney, South Africa)

Contract Appointments
February 2009 to Aug 2011

Principal Geologist (SRK) and Project Geologist – Gold
Exploration (Thani Investments), Project Generation and
Evaluation (Middle East)

June 2002 to July 2002

Exploration Geologist – PGE Exploration
(Western Bushveld Complex, South Africa)

148

February to October 2001

Exploration Geologist – PGE Exploration
(Eastern Bushveld Complex, South Africa)

July to December 2000

Senior Offshore Geologist – Diamond Exploration
(Namibia)

February to May 2000

Exploration Geologist – PGE Exploration
(Eastern Bushveld Complex, South Africa)

Employment History

Permanent Appointments
AngloGold Ashanti (Exploration)
August 2012 to October 2013:

Exploration Manager (HOD) – Gold Exploration –

Siguiri Gold Mine, Guinea (retrenched due to restructuring, budget cuts, and the suspension of
projects)
 Monitor and control drilling and sampling performance to be compliant with AGA standards
and within acceptable drilling production efficiency (minimum monthly, more frequently if
problematic trends are noted)
 Co-ordinate Exploration, community relations and drilling activities to evaluate targets
efficiently.
 Implement Development Plans for High Potential employees in the Exploration Department as
per schedule on each individual plan.
 Motivate and inspire co-workers to achieve their potential.
 Compiling annual departmental budget and monitor compliance to budget by monthly cost
forecasting and control of expenditure.
 Produce a resource ounce pipeline to extend the life of mine beyond the current forecasts.
 Develop an exploration strategy to explore the oxide as well as the sulphide potential of firstly
Mining Block 1 and then the rest of the mining licenses to achieve the company’s goals and
expectations.
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Main Achievements
 Building an Exploration Department from people with diverse skills and backgrounds to handle
a medium to large size exploration programme with success.
ENRC (Exploration)
September 2011 to August 2012:

Exploration Manager (HOD) – Base Metal Exploration –

Copperbelt (Kakanda)
 Coordinate and manage exploration activities on and off-mine in remote areas and motivate
staff to ensure a cost-effective operation.
 Interpretation of new and existing data for future brownfields planning and exploration.
 Contractor management - manage contractors such as drilling contractors, soil sampling
contractors and drill road and drill site construction contractors)
 Provide practical leadership to ensure that employees and contractors adhere to site safety
standards that exceed world industry standards and any applicable legislation.
 Responsible for ensuring the highest standards for performance in the areas of safety,
environment and community affairs.
 Produce Monthly, Quarterly and Annual Exploration reports

Main Achievements
 Managing a variety of prospects in different structural settings on the mine and in remote
areas successfully.
 First to recognise elevated Ni values in boreholes and grab samples at Menda, which lead to a
large-scale exercise to locate this in historic holes and the modelling of the new resource.

Albidon Ltd (Exploration)
April 2007 until February 2009:

Regional Exploration Manager - Base Metal Exploration
(Southern and Eastern Africa) (Cape Town)

 Have a key role in driving the strategy to achieve the discovery and development of economic
nickel sulphide deposits in sub-Saharan Africa.
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 Provide key technical and logistical management of Albidon’s portfolio of Southern and
Eastern African projects and provide high-level technical supervision of all programmes run
from the Cape Town Office.
 Responsible for identifying and nurturing new project opportunities through project
generation and JV proposals.
 Responsible for mentoring and coaching of exploration personnel based in Cape Town.
 Responsible for the day-to-day running of the Cape Town office, including primary
management of all staff-related issues with appropriate consultation with the Company’s HR
officers and the General Manager Exploration.
 Responsible for ensuring the highest standards for performance in the areas of safety,
environment and community affairs.
Main Achievements


Achieving the greater part of the objectives on a skeleton staff compliment.

Anglo Platinum (Exploration)

August 2002 to March 2007:

Senior Project Geologist - PGE (Rustenburg)

 Fully responsible for the implementation of planned exploration and structural drilling
programmes.
 Supported by contract geologists for the logging, sampling and capturing of approximately 15
000m to 22 000m of drilling per month, and almost 190 000m for the whole project.
 Liaise with drilling and mining contractors, suppliers of earth moving equipment,
environmental consultants and the local community.
 Trenching and initial underground sampling.
 Progress and exploration reports.

Main Achievements


Responsible for drilling and processing of almost 190 000m of core in one year with 4 drilling
contractors and 27 machines at peak production.
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BHP Minerals International Exploration

December 1998 to June 1999:

Senior Project Geologist - Manager – Copperbelt – Base
Metals (Namibia and Botswana) (Cape Town)

 Accepted full responsibility for four different projects with a total budget of R7.9 million,
covering an area of over 4.3 million hectares.
 Liaised with various disciplines (geophysics, geochemistry and support functions)
 Meaningfully directed the respective programmes, target generation, and budget control.
 Responsible for a team of two geologists and a technical assistant.

Main Achievements


Recognised the most prospective areas early on and confirmed this with a more detailed
analysis.



Invented a unique system to compare favourable areas.

Anglovaal Minerals (AVMIN)

March 1996 to November 1998: Senior Exploration Geologist – Base Metals (Windhoek
Exploration Office)

 Researched and prepared the ground and activated a grass-roots exploration programme
incorporating all the different exploration tools.
 Jointly responsible for grass-roots exploration in an area covering over a million hectares in
Northern Namibia.
 Integrated geophysical information (magnetic, electro-magnetic and radiometric data),
geology, Landsat imagery and aerial photographs to find economic mineral deposits.
 Liaised with government, farmers, and experts in various relevant fields.
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Main Achievement


Ensured a solid foundation for uninterrupted exploration activities in a sometimesuncooperative farming community. This eventually led to the discovery of the Otjikoto Gold
Mine.

July 1993 to March 1996:

Senior Exploration Geologist – Nickel (Barberton Exploration
Office)

 Co-ordinated and directed part of a feasibility study on a layered intrusion.
 Liaised with drilling contractors
 Managed the analysing and processing of the core to help solve the structure and creating a
geological model.

Surface mapping; planning and budgeting of boreholes; core logging and sampling; capturing of
data onto Sable; assisting in grade and ore reserve calculations; general drilling contracts and
borehole management; compilation of monthly accounts and compilation of geological reports.
Main Achievements


Recognised thrusting in the ore body.



Jointly responsible for solving the structure of the complex.



Created a model for the emplacement of a massive sulphide body and suggested areas for
exploration based on that model.



Detail logging and processing of 23 000m of core in about 16 months.



Trained five geologists in a short space of time to conduct core logging and processing
according to set guidelines.

January 1991 to June 1993:

Senior Exploration Geologist - Gold (Klerksdorp Exploration Office)

 Responsible for certain boreholes on the Sun-South Project, North of Allanridge.
 Planning and budgeting of boreholes;
 Logging and sampling of core and the capturing of data onto Sable;
 Calculating and plotting of surveys and stratimetric surveys;
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 General core management;
 Sedimentology projects;
 Compilation of structure plans;
 Responsible for editing/checking of all Sun-South boreholes.

Anglo American Corporation Ltd

January 1988 to December 1990: Staff Geologist (Mining) - Gold (Vaal Reefs Gold Mine, Orkney)

 Responsible for the initial mapping on a new shaft system and the geological information
on a fully productive section.

 Sedimentology; structural interpretation; underground mapping; the updating of plans
and report writing; attending planning meetings and advising management on the effect of
geology on mining operations.
 From April 1988 to June 1990, was actively involved in the sinking of a new shaft system
(10 Shaft) on the mine and from January to December 1989, was solely responsible for all
underground development, reef drives, sampling and shaft mapping on 10 Shaft
(mechanised mining – VCR).
 From July to December 1990, along with an assistant, was responsible for 800 – 900m of
development per month, the accompanying stope faces and underground drilling with a
R100 000/month budget on a production shaft (9 Shaft – conventional mining – Vaal Reef).

Main Achievement


Mapped two sinking shafts on a 24-hour callout basis under dangerous circumstances, whilst
continuing with normal duties.
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Contract Appointments
February 2009 to September 2011: Principal Geologist – Exploration - Gold, Assistant Database
Manager and Project Generation (SRK and Thani Emirates
Resource Holdings) (Yemen, and subsequently Dubai)
 Responsible for exploration programme
 Target generation and business development
 Proposals
 Advise on feasibility studies
 Investigate and advise on JV opportunities

February to October 2001:

Exploration Geologist – PGE (GeoActiv Geological
Consultants) (Eastern Bushveld Complex)

 Drill rig management.
 RC drilling.
 Logging and sampling of core and the digital capturing thereof.
 Responsible for database management
 Compilation of structural plans.

July to December 2000:

Senior Offshore Geologist Exploration – Diamonds (Namco
Namibia) (Cape Town)

 Responsible for time allocation in the use of an offshore exploration vessel in accordance with
guidelines lay down by the exploration office.
 Liaison with the exploration office, the bridge and plant personnel.
 Directing, co-ordinating and taking responsibility for the recording of geological information
and all geological activities and personnel on board.
 Overall data interpretation.
 Daily and feature reports.
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February to May 2000:

Exploration Geologist – PGE (GeoActiv Geological
Consultants) (Carletonville)

 Handling the digital capturing of historic borehole data to reassess the economic viability of a
previously abandoned PGE prospect in the Eastern Bushveld Complex. Field visits were
conducted and drill core inspected.

Educational Qualifications

Full time:
-

Wennie du Plessis High School 1977 to 1981
Gobabis, Namibia
Matriculated with Exemption
(Afrikaans, English, German, Science, Mathematics, Geography)

-

University of Stellenbosch 1982 to 1985
B.Sc. Geology 3, Geochemistry 3, Hons (Geology)
(Gencor – prize: Best 3rd Year Geology Student) (1984)

Part time:
-

University of South Africa 1990 to 1995
B Com, with Economics 3, Business Economics 3, Transport Economics 3.

-

University of Stellenbosch Business School 2005 to 2008
MBA (Modular). Title of thesis: A model for evaluating risk in Africa: A mining perspective.
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- Further Company Courses:
 Conflict Resolution (May 1988)
 Advanced Supervision (October 1988)
 Advanced Lotus 1-2-3 (1989-1990)
 Diamond Drilling Practice (November 1990)
 Sedimentology Workshop (February 1991)
 Introduction to Geostatistics (May 1995)
 Quattro Pro for Windows (October 1993)
 Introduction to Datamine (February 1995, 2004)
 Sampling in the Mining Industry (May 1995)
 Geophysics for Exploration Geologists (July 1997)
 Introduction to Arcview GIS (October 1997)
 Isotope Geochronology (November 1997)
 Platinum and related Mineral Deposits (February 2000)
 Basic Survival at Sea (July 2000)
 Arcview GIS for Geoscientists (August 2000)
 Techno-economic Evaluation of Mineral Projects (May 2006)
 Exploration Project Management for Geologists and the JORC code (May 2008)
 Magmatic Ni-Cu-PGE sulphide deposits in Africa: genesis and exploration (July 2008)
 Mining Exploration Feasibility Studies and Project Implementation Conference (August 2008)
 Geosoft Target for ArcGIS (November 2008)
 AngloGold Ashanti Managerial Leadership Practices (MLP) (August to November 2012)
 Certified Incident Investigator (June 2013)
- Additional Information: My computer experience is as follows:
I am experienced in MS Office.
I have used SABLE and Gbis extensively.
I have used ArcView GIS
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General
Membership of

I am registered as a Professional Natural Scientist with

Professional Bodies

SACNAS and a member of the GSSA.
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Appendix I

GIA REPORT
Record-Size Natural Moissanite
Crystals Discovered in Israel
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Record-Size Natural Moissanite
Crystals Discovered in Israel
Author: Emmanuel Fritsch, Vered Toledo, and Antoinette Matlins

Figure 1. The largest known natural moissanite crystal, found along the Kishon River in north-eastern Israel,
measures 4.1 mm in its longest dimension. Photo by Vered Toledo.

Synthetic silicon carbide (SiC) is well known in the gem and jewellery market as synthetic
moissanite. Natural SiC is very rare and has been found as tiny crystals (usually less than
1.5 mm) in only a few deposits worldwide (Y. Bauer et al., “Moissanite from middle
mountains of Czechoslovakia,” International Geology Review, Vol. 7, No. 7, 1965, pp.
1194–1206; A.A. Shiryaevet et al., “Moissanite (SiC) from kimberlites: Polytypes, trace
elements, inclusions and speculations on origin,” Lithos, Vol. 122, No. 3–4, 2011, pp.
152–164, and references therein).
Over the past 14 years, however, more than 2,500 crystals of natural moissanite have
been discovered by Shefa Yamim, an Israeli exploration and mining company. The
crystals come from primary and alluvial deposits along the Kishon River, near Haifa in
northern Israel. Shefa Yamim began prospecting in this area following the 1988 prophetic
statement of the Lubavitcher Rebbe that “precious stones and gems” would be
discovered in the valley next to Haifa (see video at http://youtu.be/_uzY5mV8rdY). In
2000, the company unearthed moissanite crystals ranging from 0.1 to 1 mm in size; two
years later, 2.2 mm crystals were found. In 2009, a 3.5 mm moissanite discovery set a
world record, only to be surpassed in August 2012 by a crystal measuring 4.1 mm—the
largest specimen to date (figure 1 and http://goo.gl/JZFiwe).
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There is evidence of even larger crystals, as many broken crystals were discovered.
Some crystals have also been found in situ in the volcanic rock of the Rakefet magmatic
complex, one of the magmatic bodies of Mount Carmel, just southeast of Haifa, which is
drained by a small tributary to the Kishon River.
We studied 30 Israeli crystals ranging from less than 1 mm to 3.5 mm. All were identified
as moissanite (SiC 6H) by Raman spectroscopy. Their morphology was hexagonal, bipyramidal to platy, with the pinacoid generally present (figures 2 and 3). The crystals were
often broken, particularly the larger ones with rounded, shiny surfaces (again, see figure
1). As shown in figure 3, the crystals were transparent and ranged from deep blue (the
most common colour) to light green. Except for size, these characteristics are like those
of other natural moissanites documented in the literature. The crystals are often
associated with small bits of creamy white or red complex matrix.

Figure 2. These natural moissanite crystals are hexagonal to pyramidal, showing rounded areas that may result from
either growth or dissolution. The crystals range up to 2.5 mm (not to scale). Composite photo by Aurélien Delaunay.
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Figure 3. The colors seen in moissanite from the Mount Carmel area of northern Israel range from dark blue to light
green. Note the broken or rounded morphology. Composite photo by Aurélien Delaunay.

The crystals we examined were inert under long- and short-wave UV radiation, apart
from five small green to light green samples. In these five specimens, medium to strong
orange luminescence was seen under either long- or short-wave UV. These were found
to be magnetic when placed next to a powerful permanent alnico magnet. All the
samples contained small metallic inclusions, the largest approximately 30 microns in
size, which could be the source of magnetism. We will continue to follow moissanite
exploration in this area, and a more in-depth research paper is forthcoming.
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