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Abstract 
Both the NE Gondwana Platform (Jordan) and the Carpathian/NW Europe 
Seaway towards the N Atlantic expose comparable sequence analytical pat-
terns as i.e. the Maximum Flooding Surface (MSF), relating to the Arabian 
Shelf, throughout one of the warmest Phanerozoic Epochs. Supervolcanic 
Large Igneous Provinces (LIPs), (explosive island arc andesitic volcanism), 
Mid-Oceanic Rift Basalts (MORB), (S/N Atlantic, Arctic) and kimberlitic 
volcanism (W Gondwana) provided striking conditions for an immense in-
fluence (tuff, degassing, T) on the sedimentary processing throughout the 
Cretaceous, mainly verified by K-montmorillonite , dozens of tuff beds (pre-
dominantly in NW Germany), zeolite, cristobalite, extremely high chert oc-
currences as well as the reconfirming of the global anoxic event around the 
Cenomanian/Turonian b. (94 Ma) by a positive ∂13C-maximum (~0.5%). Thus 
the lithofacies spectrum (carbonate rocks, chalk, chert, porcellanite, shale) 
was affected by pH, Eh, T, photosynthesis, and greenhouse gases—change 
during varying positive/negative climate forcing. While acid sturzrain events 
caused the transformation of arkosic/subarkosic sediments of the hinterlands 
to quartz arenite cycles deposited on the Jordanian Platform during early 
Cretaceous, the other patterns mentioned, led to a rapid change of lithofacies 
through Late Cretaceous. The southward directed Neotethys transgression 
can be reconstructed during the Early Cretaceous by glauconite-aged tidalites 
that give hint on transpressional tectonics during the Upper Cenomanian east 
of the Dead Sea. The Cretaceous/Paleogene (K-Pg) transitional zone evidences 
a zone of several cumulative events (island arc-volcanism) and the Chicxulub 
impact, indicated by at least two extinctions phases. The southward obduc-
tion of the Palmyrides, Syria and related transtensional/transpressional strike 
slip tectonics (partially pull-apart structures) left a fast facies change on the 
Jordanian Platform. 
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1. Introduction 

The opening of both the S- [1] [2] [3] [4] and the N- [4] [5] [6] Atlantic was ac-
companied by Mid-Oceanic Rift Basalts (MORB), oceanic basin development, 
subduction-related explosive island arc-volcanism, plate motion, anomalous 
long time-span of normal Earth magnetization ([7], ~125 - 85 Ma), and finally 
by a mantle plume [5] through the Cretaceous/Tertiary boundary (KPgB: ~66 Ma). 

The Cretaceous sedimentary scenery developed under rising Earth surface 
temperatures ([7], ~115 - 90 Ma, 22˚C - 24˚C), growth rate of oceanic crust up 
to 10 km3/a ([7], ~125 - 75 Ma), maximum sea level rise/tidal dissemination 
(~100 - 66 Ma), high bio-calcification [7] [8] influenced by magmatic degassing 
and tuff eruptions via subsequent climate forcing [9]. 

Arabia belonged during the Lower Cretaceous to W Gondwana [10] and was 
located in the plume generation zone TUZO ([4] Figure 1(A)), while NW Ger-
many, Central Europe was situated along the connecting route between the Te-
thys and the N Atlantic via the Carpathian seaway ([11] Figure 1(B)). 

 

 
(A) 
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(B) 

Figure 1. Geological setting of the study areas: (A) Position of Jordan at the NE-edge of 
the Arabian Plate, eastern part of W Gondwana and of the eastern plume generation zone 
TUZO at ~135 Ma, see the onset of the Paraña/Etendeka LIPs ~134 Ma and kimberlite 
sites [4]. (B) Cenomanian paleogeography of NW Europe between Tethys and NW At-
lantic via the Carpathian seaway [11]. 

 
Experienced by studies performed during the last decade on the Jordanian 

Platform, a complex interplay of both endogenous and exogenous forces was 
encountered throughout the Phanerozoic via climate forcing: 
- Major magmatic events affected sedimentary architectural elements/lithofacies 

and sequence-analytical patterns [12]. 
- Environmental acidification by Large Igneous Provinces (LIPs) and rift-dega- 

ssing directed the formation of several Phanerozoic quartz arenite sequences 
[13]. 

- The Siberian LIP caused complex sedimentologic-mineralogic-geochemical 
patterns throughout the Permian-Triassic transitional zone (PTB) [14] [15]. 

- Multiple impacting (Manicouagan, Rochechouart) and LIP-degassing in the 
Proto-Arctic (PAO) and Central Atlantic Magmatic Province (CAMP) had 
significant influence on Upper Triassic sedimentary processing [6] [16] [17] 
[18]. 

- Ordovician sedimentary processing was highly concerned by global subduc-
tion-related explosive island arc volcanism and minor impacting [19] [20] 
[21]. 

Since the Proterozoic, the transitional zone between the Arabian Plate and the 
Levant Block [22] has presented an area of latent weakness. Already during the 
Late Proterozoic, the Wadi Araba Rift branch developed, revealing the Pan-African 
Molasse-Sequence (Saramuj Conglomerate, magmatites, volcano-sedimentary 
deposits) [23] [24] [25] [26], finally followed by the Lower/Middle Cambrian 
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hydrothermal Cu deposits of Timna and Feidan [27] and continued rift-degassing 
during the Cambrian and Lower Ordovician; the latter led to the formation of 
the thick quartz arenite sequence [13] (Um Ishrin F., Disi F.) during environ-
mental acidification. Block faulting encountered in wells (Natural Resources 
Authority, Jordan (NRA)) occurred during Hercynian Mt. building [10]. 

During the Triassic subvolcanic sills and dikes that sourced in continental 
rift-magmatism, intruded along the Dead Sea area into the Cambrian and Per-
mo-Triassic sequences [28]. They correspond to Neo-Tethys rifting, which gen-
erated the passive continental margin of the Levant Basin by down-step faulting 
up to Jurassic/Cretaceous b.  

The Jurassic exposes ~450 m thick shallow marine mixed siliciclastics/carbonate 
rocks deposited under tectonically quiet conditions [29], finally peneplained and 
overlain with a ~1.5 m thick amalgamated paleosol comprising the Jurassic/ 
Cretaceous transitional zone [30]. 

The main pulse for the post-Jurassic tectonic activity along the rift system 
meets the initial opening of the S Atlantic, the subsequent NNE directed motion 
of the African Plate and its collision with western Eurasia [1] [2] [3] [4]. The 
Lower Cretaceous Asher volcanism in Palestine [30] [31] [32] [33] [34] as well as 
the paleosol formation (Berriasian to Haute rivian) relate to the latter [29]. 

For understanding of the fast change of lithofacies, sediment thickness, synse-
dimentary tectonics and faunal diversity on the Jordanian Platform [31] [32] 
[33] [34], a deformation ellipsoid for the transitional zone of both the Arabian 
Plate and the Levant Block may explain the sedimentary processing throughout 
the Cretaceous and post-Cretaceous Dead Sea-Jordan Valley rifting (Figure 2, 
Figure 3). It exposes the main shear planes S1, S2 and the general direction of 
compression and extension; all structural planes are realized up to nowadays: 
● Over-regional NW directed shear zone (African Plate motion) 
● Post-Cretaceous NNE directed Jordan Valley Rift (S2) 
● ENE directed Syrian Arc (Palmyrides) 
● Main NW-SE compression, main NE-SW extension 
● Cretaceous transtensional/transpressional movements (strike slip-tectonics), 

mainly occurred along S2 
● NW directed “Karak faults” 

Thus, the eastern Mediterranean and NE Africa underwent orogenetic move-
ments around the JKB [30]-[39]. 

During the Lower Cretaceous unconfined braid planes expose quartz arenite 
fining upward cycles (FUC) across the NW dipping Jordanian Platform, north-
ward intercalated with mixed dolomite-siliclastic tidalites interpreted as short 
initial incursions of the Tethys heralding the Cenomanian main transgression 
[40]. 

The Late Cretaceous sediments were deposited in basins and swells of low 
bottom topography relating to tectonic pulses of the Syrian Arc Fold Belt [29] 
[36] [38]. With increasing water depth and tectonic activity towards W, thick-
ness increases from a few tens of meters of siliclastics in the E (Kilwa Block) to  
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Figure 2. Tectonic setting and major structures in the Near/Middle East, transitional 
some of the Arabian Plate and the Levant Block [35] [36] [37]. 
 
400 - 650 m of mixed carbonate rocks, chert, phosphorite (Central Jordan, Le-
vant). The economically important phosphorite belt extends from N Africa via 
Levant, Jordan, Syria, and Saudi Arabia to the Persian Gulf documenting upwel-
ling zones along the Gondwana Shelf [31] [32] [33]. 

2. Cretaceous Sedimentary Processing Affected by  
Magmatism (LIPs) via Climate Forcing 

By the end of the Gondwana Phase [38] at the JKB, the Syrian Arc developed in 
connection with the initial opening of the S Atlantic and the NNW directed mo-
tion of the African Plate [12] [41] [42]. Figure 2 and Figure 3 expose the phy-
siogeographic-geologic provinces and tectonic structures of Jordan [35] [36] [37] 
[38], while [43] provides the Global Stratigraphic table [GSS, 2017] for correla-
tion of numerical-biostratigraphic age with geodynamic/LIP events and some 
sequence-analytical patterns. 

https://doi.org/10.4236/ojg.2024.146029


W. Schneider, E. Salameh 
 

 

DOI: 10.4236/ojg.2024.146029 676 Open Journal of Geology 
 

 
Figure 3. Deformation ellipsoid for the transitional zone Arabian Plate/Levant Block with 
the sinistral strike slip Wadi Araba-Dead Sea-Jordan Valley Rift. S1, S2 major shear 
planes, direction of extension and compression, and the over-regional initial shear zone 
(African Plate motion), striking SW-NE. 

2.1. Early Cretaceous, Jordan (145 - 100.5 Ma, Figures 4-7), Table 1 

Berriasian to Hauterivian (145 - 133 Ma):  
Across NW Jordan and adjacent areas, the J-K transitional zone exposes a 

widespread unconformity regionally accompanied by an amalgamated paleosol 
[30] which comprises a time-span of ~12 Ma. At King Talal Dam, Mahis, N Jor-
dan, it exhibits, in its upper part, a friable milky-white loamy zone consisting of 
unusual clay-mineralogic assemblage [3] (Figure 5(A), Figure 5(B)): illite, chlo-
rite, irregular mixed layer minerals sudoite/illite/chlorite/smectite/kaolinite, kaoli-
nite and natroalunite [30]. This unit may be interpreted as a transformation 
product of tuff under tropical continental conditions originally sourced in the 
Tayasir volcanism of mafic-intermediate signature in Palestine (Wadi al Malid, 
Wadi Fari’a) relating to deep faults along the transitional zone of the Levant 
Block/Arabian Plate [34] [35] [36] [37] [38]. 
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Table 1. Interacting geodynamic events and potential driving forces throughout the Early Cretaceous. 

Place/phenomena Geodynamic Age Ma Volume, Velocity mm/yr Reference 

Gondwana related Paraña/Etendeka LIPs 134 122 × 103 km3 [3] [4] 

South America Track change ~134  [2] [3] 

MORNs NW Atlantic ~145 - 130 1 - 4 × 103 km3 [5] [6] 

Subduction related, High 
Arctic, Canada 

Explosive Island and volcanism (Tuff) 150 - 135  [5] [6] 

Okhots-Chukchi volcanic 
belt 

Sills, dike, subvolcanism, andesite, 
tholeitic flows 

~135 - 100  [5] [6] 

Ontong Java Plateau LIP 119  [3] [46] 

Plates Velocity change 
135 - 120 
120 - 105 
105 - 96 

50 - 100 
45 - 50 

150 mm/yr 
[6] [9] 

Earth Magnetic field ~125 Reversal to normal [7] 

Global 
Surface temperature and sea  
level/dissemination 

  [7] 

 

 
Figure 4. Overview of the Cretaceous sedimentology of Jordan. Note facies shifting between the Cenomanian and Campanian 
during southward transgression of the Tethys verified by glaucony age determination [44]. 
 

However, coeval potential sources of global scale may be also concerned: 
● Rifting and magmatism in the NW Atlantic, sill volume 1 - 4 × 104 km3 [5] 

[6] (~145 - 130 Ma). 
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(A) 

 
(B) 

Figure 5. “Amalgamated” paleosols, King Talal Dam site, Jordan showing tuff-suspicious 
massive claystone (A) XRD-curves (air-dried, glycolized, 350˚C, 550˚C (B). 

 
● Subduction related arc volcanism, Canada [5] [6] (~150 - 135 Ma). 
● Sills, dikes, and andesitic/basaltic flows at Spitzbergen [5] [6] (~145 - 130 

Ma). 
● Paraña/Etendeka LIP [4] (sills 122.000 km3, after ~134 Ma). 

These geodynamic events meet other paleosol formations in the Near East and 
the origination of the Inner Hellenic Suture (ophiolite) Greece [41] [42] as well 
as two sequence boundaries on the Arabian Plate [10] (149.5 Ma - ~136.4 Ma) 
separated by the “amalgamated” MFS K 40 (~132 Ma) (Figure 6). 

https://doi.org/10.4236/ojg.2024.146029


W. Schneider, E. Salameh 
 

 

DOI: 10.4236/ojg.2024.146029 679 Open Journal of Geology 
 

 
Figure 6. Cretaceous chrono-stratigraphy and MFSs on the Arabian Plate [10]. 

 
Hauterivian to Lower Cenomanian, Kurnub Group (133 - 96 Ma) 
The 220 m thick, predominantly siliclastic suit, is mainly composed of quartz 

arenite fining up cycles Flash Flood Deposits (FUCs) [40] (Figure 4), however, 
exhibiting in N Jordan several ingressive trends documented by glaucony- 
bearing dolomite-siliciclastic shale cycles while the SE Platform completely ex-
poses quartz arenite FUCs as river-dominated unconfined braid plain deposits 
shed from the southerly located hinterland. 

As encountered in several other Phanerozoic quartz arenite sequences on the 
Jordanian Platform, such FUCs relate to cyclic acid sturz rain events initiated by 
magmatic degassing and volcanic eruptions during climate forcing [12] [13] [15] 
[18]. Grey-violet thin pelite/claystone beds are interpreted either as cycle tailings 
or as tuff/tuffite by an almost complete lack of clay mineralogic XRD-analysis. 

A glauconite marker (GMU) mirrors the southward directed diachronous 
coastline shifting along 450 km within a time span of ~9 Ma (96 - 87 Ma) up to 
the Cenomanian Nodular Limestone Member [44] (Figure 4). 

Figure 4 and Figure 5 evidence a positive correlation of the short marine in-
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cursions on the Jordanian Platform with the MFSs (K40 - K130) on the Arabian 
Shelf [10]; accordingly, the quartz arenite FUCs relate to the SBs on the latter. 
Thereby, the “amalgamated” MFSs K10 - K30 may be interpreted as affected by 
geodynamic events (Table 1). 

 

 
(A) 

 
(B) 
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(C) 
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(D) 

 
(E) 

Figure 7. Track change (direction, plate velocity) of N America (A), S America (B), Pa-
rana/Etendeka et al. in the S Atlantic (C), Great Antilles Arc, Caribbian (D) and Ontong 
Java LIP (B). 
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2.2. Early Cretaceous, Germany [45] 

Figure 1(B) shows the setting of the NW German Basin during continuous sub-
sidence that provided a high thickness (~2000 m) for deposition of basinal mud-
stone, black shale, chalk, marl/tuff and marginal sandstone between the Tethys 
and the boreal N Atlantic via Carpathian Sea Way [11]. 

The Berriasian still represents a closed brackish environment with first marine 
ingressions from the NW Atlantic. The Valangian and Hauterivian verify a main 
transgression over Europe. Boreal fauna dominates during two Tethys incur-
sions during the Late Valangian. 

A regression occurred around the Hauterivian/Barramian b. by deposition of 
~200 m thick black shale (6% - 8% TOC) as a widespread anoxic event exhibit-
ing an endemic species evolution [45]. 

During Aptian and Albian, several major transgressions via additional sea 
ways took place. Deposition of ~200 m clay, black shale intercalated with marly 
chalk and marl/tuff beds with cosmopolitan faunal elements, dominated NW 
Europe.  

Sea level rise occurred, coinciding with the MFSs on the Arabian Plate [10] 
during the Valangian base (K30), the Hauterivian (K40), the Barremian base 
(K50, K60), Aptian (K70, K80), and the Albian (K90, K100, K110) (Figure 4).  

Faunal diversity (cephalopods, nannoplankton, forams, radiolaria) as well as 
physico-chemical conditions vary according to Boreal/Mediterranean influence 
up to cosmopolitan signature in the Albian [45].  

Concerning both study areas (Arabian Plate, NW Germany/Central Europe), 
a couple of geodynamic events meet the depositional time span of the Lower 
Cretaceous, representing potential driving forces comprising climate change 
variation (Table 1). 

2.3. Late Cretaceous, Jordan (100.5 - 66.0 Ma) (Figures 7-9(A),  
Table 2) 

According to the southward directed Tethys transgression, the coastline mi-
grated, as verified by the glaucony marker unit GMU [44], from ~96 Ma in the N 
(A’arda site) to ~82 Ma in the S (Karak) [44] (Figure 4, Figure 6). It implies that 
the lower parts of the Cenomanian are still represented by quartz arenite FUCs 
in the north with decreasing age of the siliciclastic/carbonate facies boundary to 
the south [32] [44] [46]-[51]. 

Middle Cenomanian to Turonian (96 - 82 Ma) 
With the Cenomanian transgression (Shallow marine mixed carbonate depo-

sits of the Nodular Limestone M. (NLM)), tectonic activity arose along the later 
Dead Sea Rift [47] [48], whereas, the lithofacies and thickness rapidly changed 
southward from 140 m (Baqa’a site) to tens of meters on the platform with sili-
ciclastic input [47]. 

However, the Wadi Mujib section, E Dead Sea exhibits regional uplifting, 
karstification through ~20 m deep relief with a subtidal/intertidal carbonate li-
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thofacies assemblage, NW drainage, basal fluviatile conglomerate, and massive 
lacustrine early diagenetic dolomites [47] [48] (Figure 8(A), Figure 8(B)). This 
verifies an abrupt environmental change (Island horst structure), which extends 
along the later Dead Sea Rift tailing out to N and S and allows an interpretation 
by transpressional strike slip tectonics (Figure 3). 

Around the Cenomanian/Turonian b. (~94 Ma), further transpressional tec-
tonics is indicated by an unusual 10 - 30 m thick cyclic carbonate, gypsum, green 
greystone/pelite/marl sequence [49] (Figure 8(A)) along ~100 km N-S extension 
between Wadi Mujib/Wala and Wadi al Hasa. 

The almost fossil-free, green-grey (rarely red) fines are intercalated through 
six cycles of early diagenetic dolomite and limestone (cross-bedded grainstone, 
oosparite, ripples, cracks, lamination) containing very rarely benthic forams and 
ostracods as well as gypsum beds (0.4 - 7.0 m thick); the latter reveal a nodular, 

 
Table 2. Interacting geodynamic events and potential driving forces throughout the Late Cretaceous. 

Driving force Area Age Ma Reference 

Gondwana related LIPs 

- Continental: Madagascar 
- Deccan Traps 
- Oceanic Plateaus Agulkas Pl. and Central Kerguele 
- Broken Ridge and Sierra Leone Rise 

87 
66.3 - 65.5 

100 
95 

[4] 

LIPs: High Arctic, NW 
Atlantic-related 

• MORB rifting transtension. 
• Subduction related explosive islands arc volcanism in the 
High Arctic: Okhotsk-Chukchi volcanic belt (OCVB) 
• High plate velocity of the Kula Plate 
• Other LIPs: 
• Great Atlantic Arc 
• Amirante Arc Seychelles 

 
105 - 80 

 
105 - 60 

 
73.1 

67.68 

[5] [6] 
 
 
 
 

[3] 
[3] 

Chicxulub Impact  66.043 [3] [55] [56] [57] [58] 

 

 
(A) 
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(B) 

Figure 8. Lithostratigraphy of the Middle/Upper Cenomanian to Turonian (Wadi Mujib, E Dead Sea) under transpressional con-
ditions [47] [48] [49]. (A) General lithostratigraphy. (B) Emersion and karstification of the Lower Cenomanian (E Dead Sea). 
 

laminated or grained texture, and interfingerering with normal marine marl/lim- 
estone of the typical Shueib F. [49] [50]. Obviously, the deposition occurred in 
isolated uplifted blocks owning elongated shallow hollows, ponds, lakes under 
increasing salinity without direct connection to the sea and highly restricted life 
conditions.  

Unfortunately, clay-mineralogic XRD analysis of tuff-suspicious pelite is not 
available in contrast to our former studies [13] [16] [19], where subduction re-
lated explosive island arc volcanism provided glass bearing tuff for transforma-
tion to K-bentonite (smectite, montmorillonite) under pH > 7 conditions [19] 
[20]. 

First chert nodules in the overlying 85 m thick Massive Limestone F. (Wadi 
Sir) indicate the beginning of sea-/pore water acidification [50] by decreasing 
pH. 

Relevant magmatic drivers for the time span ~96 - 89 Ma were situated in the 
High Arctic [15] Okhotsk-Chukchi Volcanic Belt (OCVB, MORB) as well as 
dike and sill degassing in the Central/Eastern Arctic [6]. For explaining the up-
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lifting during this time span along the E Dead Sea area, the deformation ellipsoid 
(Figure 3) provides insight into the initial collision of the African and Anatolian 
and W European Plate along the Levant/Arabian Plate transitional zone accom-
panied by environmental/lithofacies consequences around the Cenomanian/ 
Turonian b.: both shear planes S1/S2 represent by their dextral resp. sinistral 
character the effect of the main NNward directed African Plate motion; thus S2 
followed the former Wadi Araba rift zone [19] [22] [23] [26] [35] as well as the 
later post-Cretaceous Jordan Valley Rift zone [29] [35] [36] [37]. The Syrian 
Fold Belt (Figure 2) followed S1 and NW/SE striking faults, the direction of the 
main pressure. 

Thus, the ellipsoid represents the mechanical forces on the Levant Block/W 
Arabian Plate, where an over-regional SSW/NNE directed shearing process de-
veloped as the driver of the African Plate collision with the W Eurasian Plate 
during the initial opening of the S Atlantic. 

Coniacian, Mujib M. (89 - 86.5 Ma) 
Overlying a hard ground/omission plane (Turonian-Coniacian b.), an abrupt 

change from common shallow marine platform deposits (shelly wackestone, de-
trital chert, phosphate grains, dolomite) of the Massive Limestone M. to a ~20 m 
thick detrital chalk sequence took place [50]. The latter interfingers and is tailing 
out to the S and E with common platform deposits of the Inner Shelf, where 
several additional hardgrounds indicate varying water depth and tectonic quiet-
ness. Silicified coccolith particles and radiolarian relics give hint on primary 
chalky ooze that early diagenetically-transformed to porcellanite, Tripoli under 
changing pCO2, pH and SiO2.xH2O [32]. 

The abrupt change of lithofacies, increasing water depth and environmental 
conditions are interpreted by regional transtensional tectonics (pull-apart type) 
(Figure 3), coeval with plate velocity change in the NW Atlantic [5] [6] and the 
MFS K 150 (88 Ma) on the Arabian Shelf [10]. Coeval temperature fall [7] un-
derlines negative climate forcing caused by aerosols and tuff eruption sourced in 
the High Arctic [5] (87 Ma) and in the Central/Eastern Arctic [6]. 

Increasing assimilation/carbonate production by nannoplankton relates to in-
creasing pCO2 degassing, while chert breccias are of early diagenetic origin dur-
ing sea water acidification. 

Santonian, Tafilah M. (86.5 - 83.5 Ma) 
This “Mixed Mineralogyical Unit” is built up of densely interbedded oys-

ter/coquina bearing carbonate rocks, phosphatic dolomite, marl, chert, porcella-
nite and less siliclastics, partially intercalated by hardgrounds (silcretes, cal-
crites). Varying strike slip tectonics caused fast physical-chemical change on a 
shallow marine platform segment along S2 (Figure 3) east of the Dead Sea. 

The Santonian base meets the change from normal to reverse magnetization, 
sea water and temperature rise [7], volcanics, sills and dikes in the Arctic [6], 
high volcanic/tectonic activity in MORB oceanic basins, subduction zones, isl-
and arc volcanism and high plate velocity in the OCVB (Table 1, Table 2) [5] 
and in the Zagros Belt [10]. 
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Some twelve dolomite, chert, and porcellanite/tripoli cycles indicate high silica 
input caused by cyclic glas bearing tuff eruptions. Their transformation to col-
loidal silica/opal C-T during sea water acidification and CO2 degassing led sub-
sequently to the formation of K-bentonite by halmyrolysis (pH > 7). 

Lower Campanian, Dhiban Chalk M. (83.5 - 80 Ma) [32] [50]  
As deja-vu event, the ~70 m thick chalk sequence overlies regionally signif-

icant hardgrounds (Santonian/Campanian b.) covered with oysters, corals, 
detrital chert, phosphatic clasts like that at the Coniacian/Santonian b. It wedges 
out towards S and E and represents, in a restricted area, a basin filled up with 
detrital and soft white nannoplankton chalk originated by synsedimentary trans-
tensional strike slip tectonics (Figure 3). Ammonites, reworked oysters, and 
planktonic forams indicate higher water depths in contrast to the common plat-
form. 

Increasing pCO2 (positive climate forcing) led to growing assimilation inten-
sity during coeval driving forces like: 
● Rising temperature and sea level under reverse magnetization [7], an effect of 

LIP magmatism and plate motion. 
● Volcanics, sills, and dikes in the High Arctic [6]. 
● Maximum subduction and explosive tuff generation ~82 Ma [5]. 
● MORB oceanic basins [5]. 
● Maximum plate velocity of the Kula Plate, Arctic [5]. 

Middle to Upper Campanian, Main Chert M. (80 - 72 MA) [32] 
Some 20 cycles of carbonate rocks (limestone, dolomite) and chert (breccia) 

build up the ~20 - 50 m thick sequence in Central Jordan bearing bivalves, 
planktonic/benthic forams and phosphate-coated intraclasts.  

Fauna and sedimentary structures (algal cross lamination, graded bedding) 
indicate shallow marine platform environments. 

The cycles are due to pH variation of sea/pore water acidification caused by 
magmatic degassing under normal magnetization [7]: 
● Arctic areas: Alpha Ridge, Kap Washington, Sverdrun [5]. 
● Rifting in the N Atlantic, falling temperature and sea level [7], and higher 

plate velocity under transtension [5].  
● LIP activity through the Caribbean Arc/Antilles [3] (73.1 Ma). 

Lower to Middle Maastrichtian, Phosphorite M. (72 - 69 Ma) 
Some ten limestone-chert-phosphorite cycles build up the ~50 m thick se-

quence in Central Jordan, which, however, miss the Upper Maastrichtian Mu-
waqqar M. [32] [52], the latter plays an important economic role in SE Jordan. 

Faunal elements (bivalves, gastropods, cephalopods, planktic/benthic forams, 
radiolarians, spiculites) indicate shallow to deep subtidal environments of low 
TOC and frequent variation of seawater acidification under the influence of con-
tinuous magmatic degassing like:  
● LIP activity in the Caribbean Arc, Antilles [3] (73.1 Ma) 
● Subduction related volcanism in the Bristal-Anadyr Zone (BA) [5] 
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● Break-up and spreading in the Labrador Sea [5] 
● Continuation of magmatic activity in the Arctic region [5] 
● Beginning uplift of Mantle Plume in the NW Atlantic [5]  
● Falling temperature and sea level under a change from normal to reverse 

magnetization [7] 
Upper Maastrichtian to Danian, Chalk-Marl M. (69 - 61.6 Ma) 
The Phosphorite M. is overlain with a broad lithofacies spectrum of regionally 

varying chalk, marl, and marly and massive limestone [52], ranging in thickness 
from ~20 m (SE Jordan) to ~450 m (in Al Jafr Basin). Basins of thick chalk-marl 
deposits strike NW-SE and are intercalated with bituminous shale (i.e. Yarmouk 
area), (Figure 3): deformation ellipsoid). 

In the latter area (NW Jordan), the KPgB is localized in the missing Nannop-
lankton zones Naphrolithus frequens and Markalius inversus zone (NF1) [53]. 

As driving forces through the KPgB-transitional zone are relevant: 
Amirante Arc, Seychelles [3] [54] [55] (67.68 Ma) 
Deccan Trap LIP [55] [56] [57] (66.3 - 65.6 Ma, during Chron 29 R) 
Chicxulub Impact [3] [55] [56] [57] [58] (66.043 Ma) 
Variation of magnetization, falling sea level and temperature [8] [10] 
Decreasing velocity of plate motion (Kula Plate) and subduction related vol-

canism, beginning Mantle plume activity (Greenland) [5]. 
The data evidence a complex interplay of drivers that caused several pulses 

prior to major mass extinction (66.043 Ma), telling: the latter represents an effect 
of cumulative character. 

2.4. Late Cretaceous, NW Germany (100.5 - 66.043 Ma) [45] [59]  
(Figure 9(B)) 

Abundance of surface outcrops and wells provide excellent conditions for pro-
found lithofacies, tecto- and tuff event analyses of the fossil-rich NW German 
Late Cretaceous deposits. 

Basically, three main structural units namely; Subhercynian, Rhenian, and the 
Hercynian Zone are regionally distinguished, influenced by salt tectonics and 
built up by the following lithofacies group, each exposing marginal and basinal 
environments [59]: 
● Bedded Limestone (Plänerkalk), Cenomanian to Lower Coniacian  
● Emscher Limestone, Lower Coniacian to Lower Campanian 
● Marly Limestone, Lower to Upper Campanian 
● Spiculitic Limestone, Campanian 
● Calcarenite, Maastrichtian 
● Regionally intercalated: black shale, tuff beds, pelite 
● In the Subhercynian Zone (N Harz-Foreland) tectonic inversion converted a 

former graben structure into the stable Lower Saxony tectogene through the 
Early Coniacian to Campanian. Further inversion took place in latest Maas-
trichtian to Early Tertiary. The most extended tidal dissemination occurred 
during Campanian 
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Figure 9 represents eustatic faunal and tectonic events in NW Germany dur-
ing the Late Cretaceous in connection with lithofacies distribution: The Ceno-
manian exposes four transgressive phases, a late tectonic event, several addition-
al transgressions through the Cenomanian/Turonian transitional zone, red co-
lored limestone (Rotpläner), a worldwide positive ∂13C-excursion around ~94 
Ma [59] [60] and many intercalated verified tuff beds. 

From Turonian to Santonian several transgressions occurred, intermitted by a 
high number of tectonic events and tuff/tuffite beds [61]. 

Through the Campanian to Maastrichtian, glauconitic marlstone indicates 
decreasing Eh. Obviously, some transgressions in NW Germany are coeval with 
the MFSs (K110 - K180) on the Arabian Plate [10] (Figure 6). 

Marginal fluviatile-estuarian quartz arenite, deposited on confined braid plains, 
give hint on environmental acidification sourced in the LIPs and the Chicxulub 
event [62]. The KPgB has not been verified in NW Germany until now. 

Thus, the Upper Maastrichtian meets LIP activity in the American Arc [6] [7], 
Deccan Traps (66.3 - 66.5 Ma) and the Chicxulub impact (66.043 Ma) being 
possible contributors for tuff and glass-derived K-bentonite/montmorillonite [61]. 

 

 
(A) 
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(B) 

Figure 9. Lithostratigraphy of the Late Cretaceous on the Jordanian Platform (A) and in 
NW Germany (B): the latter displays lithofacies, eustatic, and tecto-events [45] relating to 
major volcanic events [5] [6] [46] and the MFSs on the Arabian Shelf [10]. 

 
So, the Cretaceous sedimentary column in NW Germany provides an event- 

stratigraphy caused by volcanism and tectonics that directed the faunal assem-
blage [45] [59]. 

Short note to the KPgB (Figure 10): 
While globally, temperature and sea level declined through the Lower/Middle 

Maastrichtian [7], several T-Pulses occurred by approaching the KPgB (~68 - 66 
Ma). The LIPs of the Amirante Arc relate to this time span [3].  

However, δ18O, 13C and clump isotope records through a hiatus-free section 
across the KPgB and Seymour Island, Antarctica encounter several warming  
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Figure 10. Significant physico-chemical parameters (pH, pCO2, T), track change of plates, 
Chicxulub impact, LIP activity, magnetization, and two extinctions! 
 
phases [56]: the first three through 67.8 - 66.9 Ma, a main pulse at 66.24 Ma 
(7.8˚C ± 3.3˚C) coeval with Deccan volcanism onset and a smaller one (1.1˚C ± 
2.7˚C) coinciding with the Deccan Trap (until 65.55 Ma) covering Chrom 29R. 

Thereby, nine of ten benthic species (mollusks) and one single ammonite sp. 
were concerned by the first main warming (Deccan V.) of 7.8˚C increase, and six 
of fourteen benthic sp. and all ammonite sp. were extinguished by the impact at 
1.1˚C increase. So, volcanic onset caused a fast warming up [56]. Indirect effects 
like ocean water acidification, acid rain and trace metal toxicity would play an 
additional role. 

Global analyses of ∂11B in forams reconfirm the KPgB age by a significant pH 
drop (8.4 - 7.5), species diversity decline (60% to 20%) and rise of pCO2 (800 to 
1800 atm) [58]. The complex interdependence of cause and effect represents the 
KPgB as a cumulative transitional zone and not a single event. Missing of the 
Upper Maastrichtian to lower-most Danian, nannoplankton zones in Jordan 
underline this cumulative character [53]. It concerns also the Lower and Middle 
Campanian, where magmatic degassing caused acidification and the missing of 
nannoplankton in Jordan and spiculitic marlstone in NW Germany, indicating a 
higher availability of silica [45]. 

3. Volcanism-Related Physico-Chemical Implications in the  
Course of Lithofacies Formation 

“Hidden” Tuff/Tuffite (Figure 11, Figure 12): 
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Figure 11. Late Cretaceous tuff/tuffite/tectonic/faunal events through the Hoppenstedt 
Quarry, North Harz foreland, NW Germany [45] and the δ13C curve showing the maxi-
mum of the global anoxic event around the Cenomanian/Turonian b. 

 
Throughout the Phanerozoic, sedimentary series, thin beds of pelite (clays-

tone, shale, marl, porcellanite, black shale, tuff, tuffite) have been too rarely ana-
lyzed by XRD. As frequently experienced, a broad color band (white, grey, green, 
black, violet) gives some first genetic hints (i.e. [14] [16] [19] [20]). 

Best known clay minerals are i.e. kaolinite (pH < 7) and montmorrilonite/ 
smectite (pH > 7) in various sedimentary environments (i.e. [63] [64]) analyzed 
by their basis reflexes 001, 002, 003, 004 (air-dried, glycolized, heated 350˚C, 
550˚C) and by the 060 reflex for dioctaedric/trioctaedric differentiation. 

Of favorite interest during our recent studies appears K-montmorrilonite 
(K-bentonite) as an in-situ transformation/neoformation [63] of glass-bearing 
tuff relating to subduction-directed explosive island arc volcanism and deposited 
in marine environments i.e. [16] [19]. 

https://doi.org/10.4236/ojg.2024.146029


W. Schneider, E. Salameh 
 

 

DOI: 10.4236/ojg.2024.146029 693 Open Journal of Geology 
 

 
Figure 12. Photograph from Hoppenstedt Quarry, N Harz coincides foreland, NW Ger-
many. Upper–Lower Cenomanian Turonian transitional zone: marlstone/limestone se-
quence intercalated with thin dark-brown tuffite layers. δ13Cmax just below the boundary 
with To-T5/6 [45] (Figure 11). The complete sequence underwent intraformational raft 
tectonics (Hoppenstedt querry, Subherzynian Basin, N Germany, SSW-flank of the 
Fallstein Salt Pillow-structure). The red-colored sediments coincide with increased vol-
canism (To-T36) and are sourced in continental areas by cyclonic dust storms during at-
mospheric hazards. 

 
Across the Near East marl/tuff beds, volcano-clastics and glauconite (Fe2+, 

Fe3+) are encountered through the Early Cretaceous [30] [34] [35] [36] [40]. In 
NW Germany, the Cretaceous is completely concerned by various contents of 
montmorrilonite and more than 20 marl/tuff beds merely through the Cenoma-
nian and Turonian coinciding with tectonic events, faunal change and global 
magmatism (Table 1, Table 2) [45] [61] [65] [66] [67] [68], so permitting an 
Event-Stratigraphy. 

The Cenomanian-Turonian b. (94 - 95 Ma) exhibits an Oceanic Anoxic Event 
verified by a ∂13C excursion [60] (Figure 11) indicating increased temperature, 
decreasing photosynthesis (pCO2) and subsequent black shale formation during 
intensified magmatism (Table 2). 

On the Jordanian Platform, tuff/tuffite beds have not been really verified by 
intercalating the Late Cretaceous carbonate-pelite-chert–phosphorite cycles, plausi-
ble by erosion in the shallow water environments, without conservation traps. 

However, the grey-green, fossil-free pelite deposits (dolomite-gypsum-pelite 
cycles) deposited in lakes/lagunes at the near Cenomanian/Turonian b. [49] 
seem tuff/tuffite-suspicious, in a restricted inter/supratidal environment caused 
by strike slip tectonics (Figure 3), unfortunately without any available XRD data 
(Figure 13). 

According to [9], dominance of tuff production causes a negative climate 
forcing in connection with volcanic events (Table 1, Table 2): 
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● OCVB with maxima at 93, 87, and 82 Ma 
● BA from 75 to 60 Ma 

While positive climate forcing relates to the dominance of Green House Gases 
released at: 
● High Arctic (100 - 60 Ma) 
● Deccan Traps (66.3 - 65.5 Ma) 
● Ontong Java LIP (100 - 83.5 Ma) 
● Great Antilles Arc (Figure 9(D)) 

Pyroclastics: Transformation and Mineral Neoformation (Figure 11, Fig-
ure 12, Figure 14(A)) 

Since, by far, subduction related explosive arc volcanism generates pyroclastic 
tuff/ash of intermediate (andesitic) composition deposited globally in the oceans, 
it provides abundant silica, Al and other elements for in situ transformation and 
mineral neoformation during halmyrolysis [63] [69]. 

 

 
Figure 13. Driving forces and effects on lithofacies and sedimentary processing throughout the Cretaceous. 
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Thereby, both SiO2 and Al2O3 as well as others (Fe2+, Fe3+, Mg2+) sourced in 
pyroclastics, are important contributors to silica mineralization and clay mineral 
neoformation under increasing acidification (pH 7.4 - 8.2) [9]. Further, solution 
co-travellers like Al3+ and Mg2+ decrease the solubility of silica between pH 5 - 
10.5 [63] so giving rise for rapid facies change as encountered in the silica/ 
chert-porcellanite-carbonate (limestone, dolomite, chalk)-pelite-phosphorite se-
quence on the Jordanian Platform [63] [64] [69] [70]. 

However, the in situ neoformation of K-montmorillonite (comp. [19] [20]), 
based on pyroclastic tuff, has become generally underestimated with regard to 
the frequency of geodynamic activity through the Phanerozoic [62]. Thus, we 
expect a higher importance of transformation processing in marine environment 
for the neoformation of glauconite (Fe 2+, Fe3+), illite, chlorite, mixed layer min-
erals as well as for chert, porcellanite, authigenic quartz, zeolites, and for skeletal 
opal (diatoms, radiolarian, silicoflagellata, and siliceous sponges). 

 

 
(A) 
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(B) 

Figure 14. Physico-chemical parameters direct lithofacies formation. (A) Stability fields 
of silica and alumina depending on pH. The scope pH 7.2 - 8.4 represents environments 
of montmorillonite, carbonates, silica, chert, quartz, and skeletal opal neoformaton [63] 
[69]. (B) The ratio greenhouse gasses/aerosols, tuff eruptions, clouding direct positive/ 
negative climate forcing (pH, Eh, pCO2, photosynthesis) [9]. 

 
Photosynthesis: Chalk and Black Shale Facies (Figure 15(A)) 
Chalk deposits dominate the Coniacian, Lower Campanian and the Upper 

Maastrichtian in Jordan [31] [32], while in NW Germany the Aptian, Albian and 
the distal (pelagic) environments of Late Cretaceous are concerned [45] [59]. 

Chalk sediments mainly composed of nannoplankton (Coocophorida) and 
plankton (forams) occur worldwide via surface production by photosynthesis: 
H2O + CO2  HCOH + O2 [70] [71] [72] [73]; the capacity depends on pCO2 
[73], most plants reach ~55 µmol/m2. sec. as maximum, and end at ~1100 ppm 
CO2 under normal conditions. As calcifier Coocoliths (2 - 20 µmø) may produce 
one individual within one hour [71] [72] as providing high sedimentation rates 
through a short time span. 

However, rapid fall of solar radiation caused by aerosols and tuff ash clouding 
(“Oceanic Winter” = negative climate forcing, Figure 14(B)) leads to subsequent 
decay of phytoplankton during growing volcanic-pCO2 and -TOC, but decreas-
ing pH, Eh and the development of black shale facies [69] [70]. 
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(A) 

 
(B) 

Figure 15. Photosynthesis and magmatism/degassing [58] [59] [73]. (A) Photosynthesis 
ends by 55 µmol/m2.sec and beyond 1100 CO2 ppm [73]. (B) Linear decreases of pH, with 
increasing pCO2 atm. [64] [69]. 

 
The reason of positive ∂13C excursion does not lay only in the temperature but 

also in the concentrations of ∂12C in phytoplankton, comp. the Ordovician 
K-bentonite formation [19] [20]. 

Phosphorite on the Outer Jordanian Platform 
Along the upwelling zone of the Tethys, the phosphorite belt of the near Mid-

dle East covers the marginal platform from Upper Campanian to Maastrichtian 
[32] [33]. In Central Jordan the sequence exposes more than ten carbo-
nate-chert-phosphorite cycles. The lateral facies distribution mirrors the vertical 
sequence on the platform from distal to proximal environments (shale → phos-
phorite shale → phosphorite limestone → chert → diverse carbonate lithofacies 
[32]. 

As main source material phytoplankton and vertebrate remnants provide 
Fluor-Apatite (Ca5 (F, Cl, OH) (PO4, CO3)3) in solution by rising pH and surface 
temperature. After the decay of phytoplankton (end of photosynthesis, decreas-
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ing pH and Eh, negative climate forcing), apatite precipitates via pore water in 
colloidal/microcrystalline mode early diagenetically to grains and nodules at or 
close to the sedimentary surface [64] [70]. 

The cyclicity of the lithofacies types are interpreted as caused by volcanic 
events accompanied by change of climate forcing, sea level undulation, tuff and 
volatiles (pH, Eh). 

4. Conclusions (Figures 13-15) 

Magmatism agetates as a Major Driving Force for the development of Geody-
namic Cycles concerning sea level (tidal dissemination), MORB, subduction, 
magnetism, mountain building, organic carbon (TOC), biocalcification, and ma-
rine clastics [8], thereby Moon Recession Rate may play a questionable role [74]; 
change at 220, 153, 70, and 58 Ma [8]. 

Degassing of LIPs, dykes/sills and rifting (greenhouse gases including CH3Cl 
and CH3Br and their acids cause positive climate forcing (+Wm2) with regard to 
T, pH, Eh; pCO2, metal toxicity, photosynthesis, mass extinction [4] [15] [18] 
[20] [46] while subduction-related explosive island arc glass-bearing tuff volcan-
ism (andesitic signature) direct Negative Climate Forcing (−Wm2) relating to 
pH, Eh, TOC, photosynthesis, pCO2, mineral transformation/neoformation 
(volcanic glass, K-montmorillonite) by aerosols, tuff/ash and clouding [9] [20]. 

These drivers affected/directed/controlled lithofacies types formation through-
out the Late Cretaceous on the Jordanian Platform in the case of chert, porcella-
nite, chalk, clay mineralogy (montmorillonite), skeleton substance (calcite, ara-
gonite, opal), as well as their rapid change of interbedding. 

The last 2 Ma, prior to the KPgB (66.04), expose several warming up-pulses 
[56] (Figure 10) during rising pCO2 (800 to 1800 µatm) and falling pH (7.7 to 
7.4) accompanied by at least two extinctions at 66.25 Ma (~start of the Deccan 
LIP) and at 66.04 Ma (Chicxulub Impact) with regard to benthic and pelagic 
species [56] [58]. 

It shouldn’t be underestimated that the impact just provided additional aero-
sols and outfall sources in the rock column of ~2900 m carbonate/sulfate rocks 
and ~30 km thick granitoid basement rocks of the target area [75]. 

Furthermore, track change at Reunion (67.7 Ma) and at Puerto Rico (67.5 Ma) 
[8] coincide with warming-up pulses at Seymour, Antarctica [56]. 

Thus, the data make plausible that the “KPgB” represents rather a Transitional 
Zone based on Cumulative Effects, which took place. 

Closing Statement 
There is no reason to hesitate for applying the GAIA Principle [76] [77], well 

known in the fields of Biology also to the Geosciences: 
“GAIA is merely a useful name for a worldwide phenomenon: the regulation 

of temperature, acids-bases equilibrium, and gas composition. 
GAIA is the total of inter-agitating ecosystems that form a unique powerful 

system on Earth. 
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GAIA is in her complete symbiogenetic magnificence of her being: expansive, 
cunning, esthetic, very ancient and extremely resistant.” 

Lynn Margulis, Biologist, trans. Schneider. 
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