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.2HPRR QMINND 27 NSV N2°20K NPT NINKRAT W 29I 233077 12 vl

SH-BR- | SH-BR- | SH-BR- | SH-BR- | SH-BR- | SH-BR- | SH-BR-
23 25 73 76 83 87 88
D'md -7’y nioy! nioy!

BR-017 BR_006 | BR nu'v | BR-wo BR BR-innn | BR-ji"7v

SiO, 42.5 41.0 42.7 421 42.2 43.7 43.4
TiO, 2.7 2.7 3.1 3.4 2.9 3.0 3.2
Al,O; 13.7 13.2 14.5 15.0 17.6 14.3 14.8
Fe,O; 1.3 1.3 1.3 1.4 1.3 1.3 1.3
FeO* 11.7 11.6 11.7 12.2 11.9 11.4 11.7
MnO 0.17 0.18 0.18 0.17 0.18 0.17 0.20
MgO 8.2 9.4 7.0 7.8 5.8 8.8 8.1
CaO 11.7 12.7 9.5 9.6 10.0 10.1 9.7
Na,O 4.5 3.6 4.3 2.8 2.7 3.1 3.2
K,0 1.0 1.0 1.3 1.2 0.8 1.6 1.8
P,Os 1.4 1.3 2.0 1.5 1.3 1.4 1.4
SO, <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
L.O.l 1.1 1.3 1.5 2.5 3.0 0.8 1.3
Sro 0.15 0.15 0.21 0.15 0.11 0.13 0.15
Ba, ppm 680 690 950 720 570 610 590
Mg# 0.56 0.59 0.52 0.53 0.47 0.58 0.55
Total 100.1 99.4 99.3 99.8 99.8 99.8 100.3
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2OIOPITOD 935957 :3 ool

ANAITH DY WAMN YI0 | Si02 wt% | TiO2wt% | Al203wt% | FeOwt% | MnOwt% | MgOwt% | CaO wt% | Na2owt% | Mg/(Mg+Fe)
SH BR 006 B 006 nva | 48.94 1.90 6.05 6.05 0.00 13.42 23.47 0.50 0.80
SH BR 007 B qonn vnop | 50.45 1.63 8.40 7.30 0.00 10.25 | 19.86 2.24 0.71
SH BR 014 B 017 nvma | 51.58 0.83 3.91 8.66 0.00 13.34 21.91 0.69 0.73
SH BR 017 C 017 nvma | 51.73 0.61 3.77 9.13 0.00 13.46 21.28 0.58 0.72
SH BR 025 A 006 nva | 48.44 2.14 6.59 6.26 0.00 13.18 23.62 0.51 0.79
SH BR 025 B 006 nta | 48.27 1.69 8.62 10.29 0.00 9.24 19.31 2.09 0.62
SH BR 109 D qonn vnop | 48.27 1.69 8.62 10.29 0.00 9.24 19.31 2.09 0.62
SH BR 109 E qonn vnop | 48.01 1.61 7.70 10.83 0.27 9.82 19.38 2.16 0.62
SH BR 109 F qonn vnop | 47.23 1.75 9.09 10.03 0.11 9.74 19.17 2.07 0.63
SH BR 109 H qonn vnop | 47.86 1.65 7.93 10.29 0.30 9.53 18.72 2.14 0.62
SH BR 109 | qonn vnop | 48.01 1.75 8.66 10.35 0.26 9.27 18.99 2.15 0.61
SH BR 109 J qonn vnop | 47.55 1.95 8.74 9.88 0.23 9.41 19.34 217 0.63
SH_BR 110 B qonn vnop | 48.72 0.87 7.30 8.76 0.12 11.68 | 21.31 1.04 0.70
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2o192Y9IX v25157 :4 Ddl

nNAITN DY Aipna Y70 SiO2 wt% | Al203 wt% | FeO wt% | MnO wt% | MgO wt% | CaO wt% | Mg/(Mg+Fe)
SH BR 005 B DM N7 40.45 17.06 43.95 0.00 0.82
SH_BR_006_A 006 nv1a | 40.60 15.77 44.20 0.00 0.83
SH_BR 014_A 017 nma 39.62 0.25 22.09 38.05 0.29 0.75
SH_BR_014_B_inclusion 017 nma 36.45 35.35 0.46 28.29 0.53 0.59
SH_BR 017_A 017 n%a | 40.19 14.44 44.62 0.30 0.85
SH BR 030 Inc3 D' N7T22 712'9NK2 DTN 39.71 20.29 40.02 0.31 0.78
SH BR 030 Inc4 D' N7T22 712'9NK2 DTN 39.73 20.75 39.57 0.37 0.77
SH BR_030_Micri-phano1 D'MD N'7T22 VOPIDNP'N 40.60 17.11 43.92 0.13 0.82
SH BR 030 Micri-phano2 D'MD N'7T22 VOIPIDNE'N 39.44 21.94 38.45 0.31 0.76
SH BR_030_Micri-phano3 D'MD N'7T22 VOPIDNPN 39.09 21.20 38.02 0.38 0.76
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OBPWR QIMINRD 27 NS 2R MIIDAN W23 20T 15 noel

aRNTT NPR aRNTT A 91295%R7 M0 NIPYIN 5o Na20 MgO ARO3 Si02 K20 Ca0 TiO2 FeO MnO
o°m13 N9 SH _BR_005_A Kaersutite 5 2.18 12.86 15.27 40.36 1.88 11.19 517 8.64
MvIR N0 SH _BR_007_A Kaersutite 5 2.78 11.12 15.42 40.99 1.78 10.88 5.00 10.44
mvIR N0 SH BR_007_C Kaersutite 3 2.74 10.96 15.35 40.31 1.62 10.69 4.64 11.53 0.14
MvR N9N0R SH _BR_007_ D Pargasite 3 2.75 11.31 14.92 40.77 1.51 10.64 4.40 11.13 0.14
mvR N0 SH _BR_007 E Pargasite 3 2.92 11.44 14.89 40.88 1.47 11.02 4.34 11.10 0.25
o°m15 N9 SH BR_026 A Kaersutite 3 2.48 11.88 15.34 39.59 1.81 11.10 5.02 11.04
o°m15 N9 SH BR_026 B Kaersutite 3 2.35 12.25 15.48 39.95 1.80 11.26 5.26 9.92
o°m73 N9 SH _BR_030_A Kaersutite 3 241 12.56 15.40 39.75 1.74 11.27 4.99 9.53
o°m13 N9 SH BR_030 B Kaersutite 3 2.66 11.76 15.33 39.99 1.46 10.77 5.15 10.96
9o nh1a SH BR_093 A Kaersutite 3 2.35 12.46 13.93 39.63 0.89 12.14 6.47 10.42
9o nh1a SH BR_093 B Kaersutite 3 2.32 12.36 14.24 39.25 0.77 12.27 6.48 10.12
9o nh1a SH BR_093 C Kaersutite 3 241 12.05 14.17 39.29 0.97 11.96 6.28 10.44
9o nhra SH BR_093 D Kaersutite 3 243 12.23 14.23 39.49 0.99 12.26 6.30 10.26
VTN VO PR SH BR_106_A Kaersutite 3 2.33 13.09 15.29 39.75 1.88 11.29 531 8.75
VTN VO PR SH BR_106 B Kaersutite 3 2.12 13.00 15.36 39.59 1.77 11.27 5.30 8.53
VTN VO PR SH BR_106 C Kaersutite 3 2.34 13.24 15.91 40.55 1.89 11.23 5.01 8.44
VTN VOPIR SH BR_107 A Kaersutite 3 2.54 12.76 15.32 40.25 1.76 11.19 5.03 9.25 0.08
VTN VO PR SH BR_108 B Kaersutite 3 227 12.96 15.64 40.08 1.79 11.11 536 9.52 0.01
VTN VO PR SH BR_108 C Kaersutite 3 2.33 12.86 15.36 40.25 1.74 11.22 5.01 8.51 0.09
N vIop SH BR_110 F Kaersutite 3 2.39 10.90 15.68 40.42 0.78 10.77 2.54 13.33
N vHIop SH BR_109 G Kaersutite 3 2.80 10.16 14.91 39.66 1.38 10.27 4.82 13.78 0.20
MvR N0 SH BR_110 I Pargasite 2 2.58 10.98 15.89 40.14 0.80 11.12 2.73 13.69 0.20
MvR N0 SH BR_125 A Pargasite 3 2.32 9.84 14.02 40.80 1.54 10.51 3.85 15.57
MvR N0 SH BR_125 B Pargasite 3 2.50 9.66 14.32 40.65 1.55 10.63 3.77 15.84
MuIn N0 SH BR_125 C Pargasite 3 2.56 9.95 13.93 40.83 1.50 10.52 3.94 15.45
MvIR N0 SH BR_125 D Edenite 3 1.18 11.13 5.95 49.47 0.01 19.89 0.72 11.41
mvR N0 SH BR_125 E Pargasite 3 2.38 9.74 13.90 41.12 1.53 10.67 3.71 15.80
MvR N0 SH BR_125 F Pargasite 3 2.12 9.77 14.23 40.74 1.56 10.88 3.68 15.27
VTN VO PR SH BR_122 A Kaersutite 3 2.52 10.48 15.14 39.60 1.43 10.97 531 12.46
VTN VO PR SH BR_122 B Edenite 3 1.25 12.74 9.56 47.85 0.02 20.36 2.08 6.76
VTN VO PR SH BR_122 C Kaersutite 3 2.39 12.46 15.34 40.53 1.51 11.24 5.19 9.97
VTN VO PR SH BR 122 D Kaersutite 3 243 12.81 15.45 40.22 1.65 11.33 532 9.45
VTN VO PR SH BR 123 A Kaersutite 9 2.39 12.34 15.62 40.12 1.72 11.20 5.07 9.84
mvR N0 SH BR_127 A Kaersutite 4 2.82 10.37 16.16 39.92 1.33 10.65 4.63 13.10
mMuIR N0 SH BR_127 B Kaersutite 5 2.73 9.89 16.10 39.85 1.39 10.71 4.59 13.51
mvIR N0 SH BR_129 A Kaersutite 4 2.67 10.72 16.10 39.70 1.25 11.06 522 12.15
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Sample Location Depth Field y Moisture K U Th Ext. a Ext. b Total dose De Age
+ Cosmic
(m) (mGy/a) (%) % (ppm) (ppm) (mGy/a) | (mGy/a) | (mGy/a) (GYy) (ka)
BRU-1 MY 9V NIV 2.5 855 14 0.54 2.2 10..3 9 775 1640+93 189+18 115+13
WO MYP NNN
(H6)
BRU-2 | MNP0 5y 5059 2.5 826 18 0.73 1.7 7.2 6 737 1569+88 337482 215+54
V2 NDION
BRU-3 VNP 2Y NOND 3 721 24 0.52 3.9 4.4 8 750 1478+85 246+16 16615
V2 NDION
BRU-4 ™YY 90 N1V 1.5 630 17 0.29 2 9 8 560 1198+71 398+47 332+44
BRU-3 Yyn
BRU-5 H3-18 10 n19v 2 844 13 1 1.4 6 5 879 1729+96 194+24 112+15
BRU-6 H3-37 910 n19v 2 859 7 1.16 1.6 5 6 1044 1909+96 280+34 147+19

DTN NTPI KN (DVN) LINYTON HY K915 ¥2IyY DNV — Depth

MY M1 SY MTMA DTN NN ,NTYWI HPROWPN NPIPM XN N»IP N1 — Field y + Cosmic

NN NDPWY VI NDPYIA MOPWN NAVIN,INNTH MNY — Moisture

TN YW 19D NHYINA 1TTH 0»2VPRPTIN MTN— K, U and Th

HF nxmn23y0mn Xanpn 2003 29 1919 X IMPa DM TNY DIWN DY) 1PIIY .OPDUPRITIN MTIDN 71157 292 N INPN MINNY NITHY o NP Iwn — Ext. o

.DYDOPRPTIN MTIDIN 111D %89 N\ INPN MY NVTNY b N nmip awon— Ext. b

.MWY 1) 1 (Field y + Cosmic + Ext. o + Ext. b) a5 yinw nnnn nvipn 0150 — Total dose

.(7)) NP HY MTMA TN ANMIND DY 5PON 43295 NNYRI MIPN INTI 1D VNV NRN MNd Ty — De
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The volume of the diatreme was calculated as 0.26 cubic km, assuming a cone model
and a depth-diameter ratio of 1:1. The diatreme penetrates through a volcanic section
of hundreds of meters, and through the base of Ram Valley into the cretaceous.
Quartz grains, identified as the Lower Cretaceous Katih formation, were found as
fragments in the tuff, suggesting the diatreme penetrated at least as deep as this

formation in the sedimentary section.

Thermoluminicence ages of eolian quartz from a calcritic paleosol (166+15 ka) and of
cretaceous quarts grains, found in a tuff layer directly underlying the Sa'ar Basalt
(115+13 ka) set a time window of 80 thousand years between 100 to 180 ka within
which the phreatomagmatic explosions occurred. These ages are similar to Ar-Ar ages
of the phreatomagmatic eruption of Mt. avital, 13 km to the south. The absence of
paleosol within the tuff implies that the explosions occurred within a relatively short

time of no more than 10-15 years.

A NNE-trending fault was described in the southern rim of the maar. It is suggested
that the fault was part of the hydrological system, and enabled the interaction of the
rising magma with groundwater in the local aquifer, causing the phreatomagmatic

eruption.

Amphibole (Kaersutite) megacrysts are very common in Birket Ram Tuff together
with other lower crustal to upper mantle xenoliths. Kaersutite phenocrysts were also
uniquely found in the Upper Keramim Basalt. Olivine inclusions in the amphibole
have very similar composition to that of olivine microphenocrysts in the same basalt,
implying that the amphibole crystallization occurred simultaneously with the olivine.
The presence of the amphibole phenocrysts and megacrysts in the Upper Keramim
Basalt and the tuff suggests that these magmas were H,O-rich. It is suggested that the
relatively high content of water and the resultant vesiculation with decreasing
pressure allowed better interaction of the melt with shallow groundwater, which led to
the phreatomagmatic eruption. The abundance of xenoliths in the tuff (also in
Keramim Basalt) could also be related to the different rheology of this water-rich

magma.



Abstract

Birket Ram is a maar lake located at the northwestern edge of the Ash-Shaam
volcanic field, next to the contact of the Golan Pleistocene basalts with the Mt.
Harmon anticline. The maar-lake is a window into the regional aquifer, created by
phreatomagmatic eruptions. The maar's rims are covered with Birket Ram Tuff. The
tuff mainly consists of lithic clasts, fragments of surrounding rocks that were
fragmented during the explosions, with a minor component of juvenile material

(palagonitic glass).

The sedimentary basement of the Birket Ram area consists of Jurassic, Cretaceous
and Eocene rocks. Birket Ram is underlain by a depression with a steep topography,
the Ram Valley. This valley was filled with a thick section of Pleistocene volcanics,
mainly basalts, which unconformably covered the Mezozoic sediments. Some of the
basalts (En zivan, Lower Keramim and Upper Keramim) are exposed at the surface
around the maar, while other, older basalts are known just from the subsurface or
found as fragments in the tuff (basalts 17, 15 and 6). A Scoria cone covers the Upper
Keramim Basalt at the southwestern part of the maar, and it is intruded and
intercalating with intrusions and flows of the Ya'afuri Basalt. Birket Ram Tuff covers
all of the above volcanic units. West of the maar, the tuff is covered by the Sa'ar
Basalt, which represents the most recent volcanic event in the area and the end of the

phreatomagmatic era at Birket Ram.

All the basalts have a similar, basanitic composition. Petrographic differences

between the basaltic units allow the identification of the basaltic fragments in the tuff.

Seven columnar sections of tuff were described around the lake. Three of these
sections were correlated at the field. This correlation was verified through the
granulometric work results, enabling the documentation of a 46 m-long tuff sequence

of the southeastern rim (hereinafter "The Main Section").

A granulometric work on the main section showed cyclical changes in the grain size
of the tuff matrix and in the occurrence of big fragments (> 30 mm) in the tuff. These
reflect changes in the intensity of the phreatomagmatic eruptions. At least two cycles
of increasing and decreasing intensity were identified. The presence of big fragments
in tuff layers containing flow structures suggests a synchronous activity of base surges

and ballistic transport during the phreatomagmatic explosions.
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