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Abstract 
The field study of three outcropping sections representing the Wadi Haufa and the Wadi El 

Arab tufas shows that these tufas are characterized by a terraced–mound morphology and mainly 
composed of spherical-lobate, columnar-tube like and cylindrical structures with irregular bodies. 
Also these tufas show no diversity in their petrographical characteristics, where most components 
are related to botanical features, composed of encrusted plants, mosses, and algal components, 
beside faunal-floral components, peloids and cementing materials. Geochemical analyses revealed 
that these deposits are mainly composed of CaO with an average content of 35-39 wt% where 
CaCO3 formed about 71.2wt%, and revealed that these deposits are poor in Sr, Mn, Na, and K and 
rich in Zn, Pb, Cu and Mo with respect to normal carbonates.
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Introduction:

Tufa and travertine are ideal types of terrestrial freshwater limestone deposits. 
Pedely [1] defines tufa as “Porous or spongy freshwater carbonates rich-in microphytic 
leaves and woody tissues”. Travertine is a freshwater accumulation of carbonates, 
precipitated from water of streams and springs, which show a wide range of natural 
conditions [2,3]. 

Tufa and Travertine are known to be formed in wide range of temperatures from 5 
to 95 ºC, but mostly between 10 to 30ºC [4]. They can be formed on higher and lower 
plants, but most commonly on Cyanobacteria, algae, mosses, hepatics and insect larval 
carapaces (Chironomides). In some cases tufa can be fine laminated and considered as 
stromatolites. Tufa and Travertine may be deposited organically by photosynthesis of 
plants or inorganically by change in water turbulence and /or water temperature. Several 
authors include also siliceous deposits in the term of tufa. They can be classified 
according to type of plants and algae involved in their precipitation or according to 
petrographic properties. 

Travertine and tufa deposits are similar in many respects and often grouped together 
by many geologists. After a review of their similarities and differences the distinction 
between them becomes clearer, the main distinctions occur in lithification and 

                                                          
© 2008 by Yarmouk University, Irbid, Jordan.
* Department of Earth and Environmental Sciences, Faculty of Science, Yarmouk University, Irbid, Jordan. 



El-Radaideh and Mustafa

308

depositional environment. Travertines display a more solidly lithified surface, having 
undergone a higher degree of diagenesis, and are commonly found in thermal warm 
water systems, whereas tufas are far more porous due to their various cool water 
environments, boasting a greater diversity of organisms upon which they build [5]. 

Tufas can be precipitated in six known ways: (1) mechanical precipitation, where 
wave energy breaks down shore line to form beach rock; (2) precipitation from 
supersaturated hot spring water entering into cooler lake water; (3) precipitation in lake 
bottom sediments which are fed by hot springs from below; (4) precipitation from 
calcium-bearing spring water in an alkaline lake rich in carbonates; (5) precipitation 
throughout the lake dries out; and (6) through the development of biofilms rich in 
cyanobacteria, diatoms and heterotrophic  bacteria [6].  

The aim of the present study is to investigate the tufa of the Wadi Haufa–Wadi El–
Arab and to determine its chemical composition, petrography and diagenesis, in order to 
construct a model for its formation.  

Geological setting:
Wadi Haufa–Wadi El-Arab area is located In the NE part of Jordan, about 30 Km 

west of Irbid, between 35 50 to 35 54 N and 32 51 to 32 57 E (Fig.1). The average 
elevation of Wadi Haufa – Wadi El-Arab ranges from 300 – 400 m above sea level.

Wadi Haufa-Wadi El-Arab tufa is unconformably overlying the oil shale and chalk 
marl of the Muwaqqar Formation (Upper Cretaceous and Palaeocene).

Their high porosity, spongy appearance and high content of plant remnants 
characterize the carbonate deposits in the study area. Similar deposits are termed by 
many authors like Pedely [1] as tufa. The tufa deposits of Wadi Haufa-Wadi El-Arab 
area are nearly horizontal or gently dipping to southwest by less than 10 degrees.       

Methodology:
      The exposed rocks have been described in the field by using normal field techniques. 
Forty oriented samples from Wadi Haufa–Wadi El-Arab area were collected and 
subjected to the following investigations:

1. Petrographic study in thin sections, using polarizing transmitted light Microscope 
(PTLM). The relative abundance of the rock constituents was determined by a 
visual modal analysis.

2. X-ray diffraction method was used for the determination of the mineral composition 
of the tufa. 15 samples from the tufa, were examined by using Philips vertical  X-
ray diffractiometer under the following conditions:
- Radiation: Stabilized copper filtered CuK .
Time constant: 2. 
Grain: 64. 
Slit: 0.1 
Speed: 2 /cm/minute. 

3. The AAS (Atomic Absorption Spectrophotometer) 
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Figure 1: Location map of the study area
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Lithology of Wadi El-Arab-Wadi Haufa Tufa: 
The tufa in the studying area is partly covered by a thin layer of Mediterranean soil 

and vegetation. Nearly all tufas in this area have a terraced morphology. They are 
composed mainly of thick-bedded layers ranging in thickness from 1 to 2 m and partially 
thinly bedded layers ranging in thickness from 10 to 40 cm and extending laterally 
several tens of meters. 

The lithology of the tufas is nearly similar in the field. They are mostly grayish 
colored, microcrystalline, indurate, ledgy, and hard. In the middle part of section (2) and 
(3), it is friable due to mixing with chalky marl sediments.  

Description of profiles: 
The following three sections (Figs.2 and 3) have been described from the study 

area, from which 40 samples were collected systematically with 2 m spacing (Tab.1).

Table 1: the studied sections, their locations, thicknesses and number of samples. 

Section No. Number of Samples Thickness in 

meters. 

Location of section 

Wadi Haufa (1) 14 42.0 Wadi Haufa, 800m N of 
Wadi El-Arab dam 

Wadi Haufa (2) 13 31.5 Wadi Haufa, middle part 

Wadi Haufa (3) 13 41.5 Wadi Haufa, 500m N of El-
Shuna high way 
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Figure 2: Geological map of Wadi Haufa –Wadi El-Arab area. 
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 Figure 3: Lithological Description of sections 1, 2 and 3 ( Ps.7 and 8) in Wadi Haufa –
Wadi El-Arab area. 
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The stratigraphic sequence of the deposits of Wadi Haufa-Wadi El-Arab tufa can be 
summarized as follow: At the base of the Wadi there is an extensive outcropping of oil 
shale beds ranging in thickness from 1 to 6 meters followed by less than 12 meters of 
tufa, then 5 to 10 meters tufa rich in marly limestone deposits overlain by clean tufa 
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deposits. 
        The tufa deposits at both sides of the Wadi are similar to each other in all 
lithological and morphological properties. This indicates that the Wadi was configurated 
after the deposition of tufa; it may be formed as a result of recent tectonic movements 
and or by denudation processes. In all sections the tufa is interrupted by irregular 
intervals of 10 to 50 cm thick horizons of gravels, of chert, limestone, oil shale, 
phosphate and calcite particles. These gravels are subangular to subrounded, ranging in 
size from 0.5 to 10 cm and show occasionally graded bedding. Some of them 
precipitated as isolated pockets or troughs, of discontinuous horizons (Pl.1, Fig. 2). They 
are concentrated in the lower most layer of tufa and in the upper parts of all sections. 
         These terrigeneous pebbly layers can be explained as a flood of deposits caused by 
unusually severe streams that transported an abundance of terrigeneous material from the 
surrounding countryside into Wadi Haufa-Wadi El-Arab depression area. Three younger 
palaeo-channels, filled by gravels, cutting the upper layers of the tufa; are ranging in 
width from 3 to 5 m and about 4 m high, where one palaeo-channel is empty. 

Structure of theWadi Haufa- Wadi El-Arab tufa: 

Cylindrical-tube like structures: 
All tubes are composed of internal concentric alternative laminar rings, surrounding 

the moulds and casts of stalks, roots, and reeds of higher and lower plants (Pl.1, Fig.3). 

Most moulds and casts of these plants are partly or completely filled with calcium 
carbonate deposits, others are empty, especially those in the lower layers as a result of 
decaying of the organic matter or redissolution of the filling by stream flow. The 
diameter of the holes ranges from 0.1 to 15.0 cm. All these plants are encrusted in situ. 
The total thickness of each encrusted tube, ranges from less than 0.1 to more than 1.0 
cm. The thickness of each internal lamina ranges from 0.1 to 5.0 mm. The growth rate of 
the algae and mosses decreases in summer initiating precipitation of yellowish white 
laminae, while in winter, the growth rate is increased, initiating a precipitation of dark 
micritic carbonate laminae. The process is repeated seasonally or annually forming 
multilaminar structure (Pl.1, Fig.3). 

Spherical-ellipsoidal structures:
The spherical bodies are composed of multilaminar structures. The casts and 

moulds of algae and mosses can be seen at the lower plant surface of each lamina in all 
sections. These structures seem to be similar to the bowl-shaped tufa [7] (Pl.3, Fig.16) . 

Nodular or lobate structures: 
In this type of tufa the calcium carbonate is precipitated around pebbles (chert, 

limestone, oil shale, calcite), ranging in size from 0.5 to 5 cm, while the thickness of the 
precipitation reaches more than 20 cm. These structures are concentrated in the 
lowermost layers of all sections (Pl.3, Fig.18) . 

 Irregular structures: 
These irregular structures display as chaotic beds and lenses, mostly widespread in 

the lower members of section 1 and 2  (Pl.1, Fig.1). 
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 Laminated structures: 
  Laminated tufas are very limited; they are concentrated in the upper part of section 

3, also in the lower and upper layers of the sections 1 and 2(Pl. 1, Fig.1). This type of 
tufa consists of repetitive mode of lamination, in which the individual lamina - yellowish 
gray in color - ranges in thickness from 3 to 4 mm.  
          Iron oxides are distributed as thin bands or disseminated deposits filling the voids 
and vuggs between the tufa constituents forming iron oxide crusts. The thickness of each 
band ranges from 10 to 20 mm, extending laterally to several tens of meters, and 
alternating with tufa containing very fine white gypsum disseminated at the surface 
voids of tufa or arranged in thin bands. It is originated mostprobably from groundwater 
flowing through joints and fractures of oil shale, associated with pyrite, forming a 
solution of CaSO4. nH2O, flows through the pores of tufa and precipitates upon 
evaporation near the surface of exposures as white fine deposits filling small pieces of 
roots, pores and voids of tufa.

H2O + FeS2 +O2 H2SO4 +Fe (OH)2.

H2SO4 +CaCO3 Ca SO4.nH2O+ CO2+H2O.

These bands and disseminating deposits of iron oxides and gypsum are 
distinguished only in the upper part of section 2. Similar features were recorded by 
Stephen E. et al., (2003) [8]. 

Facies of Wadi Haufa-Wadi El-Arab tufa: 
The tufa of Wadi Haufa – Wadi El-Arab area can be subdivided according to 

Pedely [1] into two facies types: 

Tufa build-up (Phytoherms) facies: 
         In which the tufa is composed of encrusted plants still in life position, by 
multilaminar growth of calcium carbonates. All the phytoherms are porous; much of 
their porosity is primary inter-framework voids, beside mouldic porosity produced as a 
result of oxidation and dissolution of the plant tissues (Pl.1, Fig.2) 

Macrophytes play an important role in the development of tufa at Wadi Haufa by 
providing framework material for new deposit formation and growth of existing tufas 
through bioprotection. The macrophytes may be incorporated with tufa deposits during 
in life position or may provide woody debris that is later integrated into a tufa deposit. 
The material in these deposits ranges in size from small leaves and twigs to large tree 
trunks and forming phytoclastic tufa when calcified Taylor et al. [9] and Carthew et al. 
[10]. 

Oncoidal tufa facies: 
Oncoids are nodules formed by calcified cyanobacteria and contain preserved 

calcified sheath material [11].  
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Figure 4: oncoidal tufa, 40× . 

The tufa of this facies is composed of oblate to subspherical stromatolitic structures 
with diameter ranging from 1000 to 1500 μ (Fig.4). The cementing                             
material of this type is precipitated by activity of cyanobacteria. Few intraclasts and 
micritic tufa are associated with these deposits. Carthew et al [10] describe similar 
structures. Oncoids indicate a shallow water environment.  

Petrography:
  The Wadi Haufa-Wadi El-Arab tufa shows no diversity in its petrographical 

characteristic. Most of its components are related to botanical features, composed of 
encrusted plants, and mosses, algal structure, cementing material, faunal-floral 
components and peloids. 

Encrusted plants: 
         Living plants in Wadi Haufa-Wadi El-Arab area are partially encrusted, mostly in 
situ, by calcium carbonates, forming moulds and casts of significant and clear features in 
the field, and widespread in the whole deposits. Their plant stalks and roots are 
encrusted, vary in length and size; generally ranging in length from 10 to 100 cm, and 
from 0.3 to 13 cm in diameter (Pl.1, Fig.3). 
         The organic tissues of these plants are partially destroyed or completely replaced 
by calcite, which appears under microscope in three patterns: The first shows finger–
shaped patchy textures (Pl.1, Fig.4). The second pattern appear as an interfingering 
calcite crystals within the surfaces of organic material, where the calcite grows as 
elongated radial fibers, and commonly clustered to each other forming bundles or fan 
rose shaped bodies. Some of them have drusy form (Pl. 1,Fig.5). The third shows two 
stages of replacement includes an early stage which is characterized by the presence of 
columnar calcite crystals and a late stage characterized by the presence of granular or 
equant calcite crystals (Pl.1, Fig.6 and Pl.3, Fig. 13). The elongated crystals are clustered 
into radiating bundles and fans. They range from nearly 0.2 to 1 mm in length, and 0.1 to 
0.4 mm in width; the majority shows feathery, tabular and angular terminations. Within 
these elongated crystals, small subcrysts or crystallinties, sinuous organic rich inclusion 
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zones, and brownish tint organic materials could be observed. The thickness of each 
included zone ranges from 3 to 6 μm (Pl.2, Fig.7). Many authors explain the presence of 
these zones as marks of pauses in the growth of calcite crystals. Some algal filaments are 
situated between these elongated crystals, which are also rich in rounded impurities of 
different colors. 

Encrusted moss tufa: 
        Mosses (Bryophyta) range in size between those forms, which are hardly visible to 
the naked eye,as well as the forms, which grow to a height of 20 cm or more. Mosses are 
important contributors to the formation of travertine in many localities. They played a 
chief role to the formation of Wadi Haufa-Wadi El-Arab tufa, where these mosses 
appear as calcified stems with branched leaves. The individual stem ranges in length 
from 100μm to more than 1.5mm with needle or tongue shaped leaves connected to the 
stem. Two species of mosses were recognized in Wadi Haufa-Wadi El-Arab tufa; the 
distinction between them is based on the length of stems, shape, and size of leaves, and 
the degree of branching. The first one Cratoneuron Commotum has long stem up nearly 
to 1.0mm and short leaves, nearly less than 0.1mm in length. While the second species
Bryum Pseudotriguetrum has short stems nearly less than 0.1mm and small leaves, 
where the width of the individual leaf may reach 50 μm but mostly less than 30 μm. The 
two species are distributed homogeneously in the whole tufa of the studied area. These 
mosses are similar to those described Emeis et al.[12], in Plitivice National Park, 
Yugoslavia. 

A microscopic examination of the stems, stalks, and molds of these mosses show an 
arrangement of columnar tabular sparry crystals around them. Some of the columnar 
crystals grow as fan shaped, ranging in length from 20 to 120 μm. After complete 
replacement of the organic moss tissues by sparry calcite, they show the original form of 
mosses with extinction limited to the boundaries of moss leaves or stalks under cross-
nicols (Pl.2, Fig.8). The pore space between the encrusted mosses fragments are partially 
or completely recrystalized by autogenetically deposited calcite. 

Encrusted  Algal tufa:
They are less in spreading than encrusted mosses and plant tufas, and include algal 

tufa and Cyanoides (algal coated grains).
The microscopic study shows that the tufas are composed of alternating light and 

dark laminae. Two forms of laminar structures have been distinguished, the first one is 
composed of finer alternating laminar structures, in which the lighter laminae ranging in 
thickness from 5 to 10 μm and the darker are thicker, ranging in thickness from 10 to 15 
μm with smooth surfaces and horizontal or wavy lamination (Pl.2 Fig.8). The second 
form is composed of alternating of light laminae ranging in thickness from 100 μm and 
the dark laminae ranging in thickness from100 to 200μm with roughly surfaces .The 
alternating lamination has different crystal sizes ranging in thickness from micrite to 
sparite and containing some porosity. Similar structures are described by Pedley et al. [3] 
and   Andrews and  Brasier [13]. 



El-Radaideh and Mustafa

318

Oscillatoriaceae form an alteration of white and dark laminae associated with 
mosses and crossed by elongated radially sparry calcite distributed around moss stems 
and leaves. The thickness of dark and light laminae is about 10 and 5 μm respectively. 

In the tufa of thicker laminar structure, the dark laminae are composed of 
Cyanobacteria filaments in which each filament is surrounded by equidiminsional calcite 
crystals [14] (Pl.2, Fig.9). Some of the dark laminae composed of brownish micritized 
dendtritic branching framework embedded within micrite and microsparrite show few 
pore spaces between the framework .In few instances these structures resemble the 
shrubs described by Pedley [15] (Pl.2, Fig.10). The lighter laminae are composed of rosy 
or fan shaped encased crystals, growing vertically toward the substrate. Braithwaite [16], 
and Chafetz [17] drew a sketch illustrating the proposed neomorphic sequence of sparry 
calcite growth encasing the algal bushes (Fig.5). 

Such rose and fan - shaped encrustation occurs in the lighter laminae of the studied 
samples. The equidiminnsional euhedral to unhedral crystals surrounded the algal 
filament are ranging in size from 5 to 15 μm (Pl. 2, Fig.9). In the laminated structure, 
there are clear differences in the elongated crystals from one laminae to another. Love 
and Chafetz [18] attributed this phenomenon to the change in precipitation condition. 
The alternation of dark and light laminae could be partially formed seasonally as in 
“Schwaebische” tufa where dark laminae are formed in winter and light laminae with 
increased space between algal threads in summer [19]. 

Chafetz et al. [2] have related these couplets of light and dark laminae to the 
unbranched cylindrical Cynobacteria Phoromidium which is present in the sparry 
laminae, and Schizothrix filaments within the micritic laminae. Presence of Rivularia

Figure 5: Asicular, fibrous, coarse prismatic and uneven crystal formation (Modified 
after Braithwaite,[16]).

Spar columnar asicular crystal 
encasing algal bushes 

Unaltered Cyanophyte bushes
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haematites, Phormidium foveolarum, P.incrustatum and Schizothrix calcicola has also 
been associated with the formation of coarser sparry calcite bands within laminated 
tufas[20]. In active or sub-Recent tufas these spar crystals appear to be primary 
precipitates around cyanobacterial bushes [21], equant spar crystals are associated with 
Rivularia and Dicothrix, and radial palisade crystals are associated with Schizothrix and
Phormidium[22]. Seasonal spring rainfall and drier summers are thus probably 
responsible for most rhythmically banded ‘microbial–caddisfly’ couplets common in 
European tufas [13]. 

Algal coated grains: 
These structures are recorded in the lower part of section (2) in sample (12). They 

are subspherical to ellipsoidal in shape, ranging in size from 0.1 to more than 2 mm, 
showing irregular, pumpy surfaces and internally dark and light laminated structures; the 
dark laminae consist of brownish tint to white sparry crystals growing vertically to the 
core of these grains. Some of the grains show growth of rhombohedral calcite crystals at 
the outer surfaces (Pl.2, Fig.11). The nuclei of the coated grains may be composed of 
micritic clasts. Love and Chafetz [18] first detected such structures during their work on 
the travertine of Arbukle Mountain Oklahoma. They termed it Cyanoids (Algal coated 
grains) with coating to nucleus thickness ratio ranging from 1:8 to 1:7 and containing 
inorganic and organic nuclei. Li Guo and Riding [23] call similar structures coated 
bubble travertine. 

Peloids:

They occur in lower and middle part of section (3), in Wadi Haufa-Wadi El-Arab 
tufa in samples (2, 3 and 9). These peloids are ellipsoidal to spherical in shaped ranging 
in size from 30 to 70 μm (Pl. 2,Fig.10). Some of these peloids are clustered, as a result of 
algal activity, Heimann and Sass [4] Pedley [24] related the formation of peloids and 
micrite within Caerways tufa / North Wales to the effects of partial pressure variation, 
brought about by the removal macrophyte and Cyanobacteria metabolic processes. This 
explanation is supported by work on a living system in the “Plitvice Lake” by Emeis, et 
al. [12] who also argued for considerable nonbiological saturation of waters with respect 
to CaCO3, before biological activity initiated precipitation. 

The peloids of Wadi Haufa-Wadi El-Arab tufa can be also related to algal activity, 
where they are formed as spherolitic carbonate encrustation around nonfilamentous 
coccoid Cyanobacteria or as organic detritus of algae. 

Cementing material: 
Two major types of cement were recognized in Wadi Haufa-Wadi El-Arab tufa; 

they include the fibrous isopachous and granular - mosaic (drusy) cement. 

1. The fibrous acicular isopachous cement shows crystals growing perpendicular to 
the pore wall, or surrounding organic and inorganic constituents, or coating grains 
and moulds of mosses showing radial calcite crystals. The isopachous cement is 
composed of equant rhombohedral or bladed crystals. This cement is the first 
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cement indicated by precipitation under phreatic conditions when the tufas are fully 
saturated by water, either from stream flow or from groundwater (Pl.1, Fig.6). 

2. The granular-mosaic (drusy) cement is characterized by crystal size increasing from 
pore walls to the center of the pore spaces (Pl. 3,Fig.13). It is composed of equant 
euhedral to unhedral crystals occurring as pore – filling with no preferred 
orientation. The granular mosaic cement could be considered as secondary cement. 
Chafetz et al. [25] and Nelson [26] have concluded that the fibrous acicular cement 
tends mostly to be present in meteoric – vadose zone, where the saturation index of 
carbonate is very high, and where the fluid flow is agitated. The equant calcite of 
granular cement tends mostly to be precipitated in meteoric-phreatic zone, in which 
the carbonate saturation and fluid flow are lower than in meteoric – vadose zone. 

Calcite crystal morphology:
         The Wadi Haufa-Wadi El-Arab tufas contain calcite crystals with different 
morphologies and sizes. 

1.  Equidimensinal-micrite-granular calcite crystals occur rarely and they are 
frequently subhedral to euhedral (Pl.3, Fig.14) 

2.  Bladed – fibrous calcite comprises one of the most common crystal morphologies. 
These crystals occur early and always with their long axes oriented perpendicular to 
the surface of grains. The crystals extend up to the top; showing curved surfaces, 
and feathery, tabular or angular terminations (Pl.1. Figs.4, 5 and and 6).  

3.  Columnar crystals are common; they are ranging in length from 0.1 to 1 mm and in 
width from 40 to 100μm with planner, jugged, and feathery boundary termination. 
(Pl.2, Fig.7). All crystals associated with algal structures are equidimintional, 
micritic, and columnar, while the crystals associated with mosses have structures 
like leaves, stems, stalks and other parts of mosses. They vary in size and form; 
they are from subhedral to unhedral. Bladed to fibrous radially oriented sparry 
crystals are common. All columnar, fibrous, bladed crystals tend to be clustered 
into radiating bundles or fans. The crystals of the individual elongated bundle 
ranging in size from 0.1 to 2 mm in length and from 0.01 to less than 0.1 mm in 
width, showing feathery, tabular and angular termination and rugged to irregular 
edge.

Diageneses:
        The two diagenetic features neomorphism and cementation affected the Wadi 
Haufa-Wadi El-Arab tufas. 
         Aggrading neomorphism is observed in Wadi Haufa-Wadi El-Arab tufa as micrite 
aggrading into microsparite (Pl.3, Fig.15). The algal activity may be the source of this 
aggradation. Fluegel [27] concluded that algal activity may be the source of this process. 
         Dissolution of micritic groundmass leads to formation of the neomorphic well 
shaped micrite. Fluegel [27] concluded that the algal and bacterial activity is the source 
of this process. Dissolution of micritic groundmass leads to formation of the neomorphic 
well shaped rhombohedral calcite cement around some algal structures like Cyanoids. 
Neomorphism of microsparry crystals rich in iron oxide fill partially some pore spaces. 



Petrography and Geochemistry of the Tufa from Wadi Haufa – Wadi El-Arab Area, NW Jordan 

321

Another shapes of neomorphism occur where some sparry crystals aggraded into larger 
columnar crystals at the expense of overlying micritic crystals. 

Fauna and flora:
        The fauna remnants in Wadi Haufa-Wadi El-Arab tufa are not widespread. They 
include benthonic and planktonic forams, Bivalvia, Gastropoda, and Ostracoda tests 
associated with other extraclasts such as phosphatic, quartz and chert grains. These tests 
and extraclasts seem to be liberated from the Amman Formation. 

The floral remnants including mould of stalks and moss leaves are common in 
Wadi Haufa-Wadi El-Arab tufa. They show no specific orientation. Complete mosses 
are found in sample (15) of section (1) with length more than 1 mm with acicular leaves. 
Microphytes may even actively cause calcite nucleation [10,9]. These are altered and 
calcified by sparry calcite cement (Pl. 2,Fig. 12). In addition, other parts of mosses and 
microphyta can be distinguished, but all of these are partially or completely calcified. 
The moss remnants show under the cross nicols the original form of the plants. 

Discussion:

The Wadi Haufa-Wadi El-Arab tufas are mainly composed of spherical – lobate, 
columnar tubes, cylindrical and irregular bodies. 
The spherical-lobate structures formed as small concretions of microcrystalline and 
micritic carbonate precipitated organically or ontogenetically around small subrounded 1 
to 3 cm large pebbles of chert, limestone, phosphate and oil shale fragments, in which 
the carbonate precipitation shows several alternating rings or multilaminar arrangement, 
around these pebbles. The pebbles are transported from country side areas by flood of 
old streams. 

The cylindrical and tube-like structures are widely distributed in Wadi Haufa-Wadi 
El-Arab tufa, they seem to be formed throughout deposition of organic CaCO3 around 
plant parts, roots, stalks and leaves showing internally concentric multilaminar 
successions parallel to the cylinder axes. The individual lamina probably precipitated 
seasonally or annually. These structures (Pl.3, Fig.16). range in diameter from 2 to 40 
cm and in length from 10 to 60 cm. Several authors have described similar structures 
Pedley [24,3]. 

The high degree of porosity in the tufa can be considered as a result of inter–
framework primary porosity, and mouldic porosity produced by oxidation of vegetable 
tissues, in addition to vuggs up to several centimeters to several decimeters as 
nonselective dissolution of fabric elements. 

The described thin horizons of palaeosol represent interruption stages in the 
depletion of tufa as a result of depletion in watertable. 

A thin crust of black colored encrusted plants similar to Chara-rich strata covers 
several roofs of palaeocaves and vuggs; they may be precipitated in small ponds 
containing in situ encrusted reed moulds formed in local depressions fed by a palaeo-
spring. Some fractures and joints particularly in the middle part of section (3) are filled 
by black encrusted plants or by brownish tint pseudomorphic calcite crystals 1mm in 
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length and 0.3mm in width squared termination. These black deposits may be related to 
high concretion of MnO2, they contain about 164 ppm Mn2+. The relict orifice of the 
palaeospring may be located in the vicinity of the black deposits, about 18m from the 
base of the Wadi. There is at Ain –Ettahona which is located at the middle part of section 
(1) a small pinnacle; its base issued apalaeospring (Pl.3, Fig.17). Scholl and Taft [28] 
attributed the formation of similar features to the role of algal activity. 

The Wadi Haufa-Wadi El-Arab tufa has a terraced morphology similar to those 
described by Chafetz and Folk [29], Pedley [1] and Carthew et al., [10] (Fig.6). 

Wadi Haufa-Wadi El-Arab tufa are encrusted insitu; where they are autochthonous 
tufa according to Pedley [1], and phytoherm tufa according to Buccino et al [30] and 
Violante et al. [31].

According to the perched springline model, when the water issues from a spring to 
the air, inorganic sinter precipitation occurs as CaCO3 enclosing the frontal part of the 
spring orifice where the water is energetically degassing at a very high rate as a result of 
changing in temperature and water turbulence. 

Figure 6: Tufa formation. In: Roach I.C. ed. [32]. Advances in Regolith, pp. 55-59. 
CRC LEME. (Modified) 

As the water flows downward, a local paludal environment may developed in the 
vicinity of the spring, followed by slowing rate of encrustation of bryophytes and reeds, 
because these plants receive water of relatively low concentration in CaCO3.In the distal 
part, a very low rate of encrustation may occur, this part is commonly composed of 
detrital pieces of phytoherm eroded by waters from the proximal part. These phytoherm 
pieces are commonly arranged parallel to the bedding plane, as can be observed at 
several locations in  Wadi Haufa –Wadi El-Area. 

W.Haufa- W. El-Arab  Tufa
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Goulbic [33] pointed out that mosses and algae can only survive if they are able to 
creep out of the encrusted layer by sliding out their trichome during growth. 
       The proximal parts rich in caves, hollows and palaeokarst formed as a result of 
decaying the encrusted plants, which are downward eroded, by water flow, similar to 
those recorded by (Chafetz and Folk, [29]) (Banat, and Obeidat, [34]); Taylor et al., [9]. 
The mosses played an important role in the building up of Wadi Haufa-Wadi El-Arab 
tufas, where two mosses species are relatively very abundant.  

Emiess et al. [12] have suggested a mechanism of moss encrustion by organic and 
inorganic processes which can be applied to the mosses of the studied area.  

The microscopic examination of Wadi Haufa-Wadi El-Arab tufa revealed the 
relatively high abundance of mosses with respect to algae that is due to the rapid 
deposition of CaCO3 crust, which inhibits the creeping out of algal trichomes over the 
dense carbonate crust. 

The laminated structure detected in the travertine and tufa deposits are attributed to 
the seasonal change in depositional environment as it has been reported by Chafetz et 
al.[2].  

The highly abundance of bladed calcite appearance with crystals branching from 
either side of a central axis are the main diagenetic feature; they are termed “ray 
crystals” or feathery crystals by Chafetz and Folk [29], Chafetz, et al. [2], Li Guo and 
Riding [35]. These crystals contain crystallites and are rich in inclusions. 

The mechanism of formation of a brown-tint inclusion rich zone within the feathery 
crystals of Wadi Haufa-Wadi El-Arab tufa can be attributed to the growing of crystallites 
in the surface of columnar crystals, which are laterally separated by space. If these 
spaces are partially filled, an inclusion free zone is produced, and if the space is not 
filled at all, acicular crystals will be produced [29, 2, and 35] Several authors detected 
these organic – rich inclusion zones in many fresh water carbonate deposits such as 
Leslie, et al. [36], Love and Chafetz [18]; who explained it as pauses in the growth of the 
crystals.
           There is a slight similarity between structures of Wadi Haufa-Wadi El-Arab tufa 
and those studied by Binder et al. [7] at the west shorelines of the Dead Sea. 

Conclusion:
The studied tufa is characterized by perched springline environment, terraced 

mound morphology with small pinnacles at the end of the Wadi and by in situ incrusted 
plants, high porosity, and spongy appearance. Its framework built mainly by 
Cyanobacteria particularly by Oscillatoriaceae causes the alternation of pale and dark 
laminated structure, encrusted plants, encrusted mosses, algal structures, cementing 
material, other faunal-floral components, and peloids. The peloids are very limited; they 
are concentrated in the middle part of section (3), and are related to algal activity. The 
faunal components represented by benthonic and planktonic Foraminifera, Bivalvia, 
Gastropoda, and Ostracoda are reworked from the Amman Formation (Upper 
Cretaceous).
        The original tissues of the encrusted plants are partially or completely replaced by 
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calcite in patchy texture or are preserved as interfingring of calcite with other fabric 
elements. 
        The main diagenitic features affected the studied tufa are aggrading neomorpism of 
micritic materials into microsparite and cementation process including fibrous, drusy and 
granular mosaic cement. 
       X-ray diffraction, petrographical, and mineralogical studies, shows that tufas are 
mainly composed of low Mg-calcite (71.2wt %) with minor amount of detrital quartz as 
non-carbonate mineral. 
        Trace elements study revealed that this tufa are poor in Sr, Mn, Na, K, and rich in 
Zn, Pb, Cu, and Mo with respect to normal carbonate. 
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Plates' Explanation: 

Plate 1: (Figs.1-6) 

Fig.1: Laminated and irregular structures variety of Wadi - Haufa Wadi el Arab tufa. 

Fig.2: Gravels in a trough within tufa beds at SW bank of Wadi-Haufa- Wadi El Arab 
tufa bounded by tufa build up still in life position. 

Fig.3: Cylindrical-tube like structures perpendicular to the bedding planes. 

Fig.4: Finger- like shaped calcite crystals interfingering micrite-microsparite 

Fig.5: Radial calcite crystals clusterd into fan with tabular wide termination replacing the 
original pore space (black color), (Plan.pol.x40). 

Fig.6: Triangular termination of bladed-fibrous calcite crystal (Plan.pol.x40).  

Plate 2: ( Figs.7-12) 

Fig.7:Columnar-bladed calcite crystals grow vertical upward from the inclusion rich 
zone (black color), (Plan.pol.x40). 

Fig.8: Alternation of fine and dark lamination (Plan.pol.x40). 

Fig.9: Fragments of algal filaments surrounded by equidimensional calcite 
crystals,(cross nicolsx100). 

Fig.10: Shruppy texture with few peloids amoung shrubs (Plan.pol.x40). 

Fig.11:Algal coated grains(cyanoids),with well rhombohedral isopachous calcite crystals 
grow out of the outer surfaces of cyanoides (Plan.pol.x40).

Fig.12:Well preserved branched moss, with needle like leaves, interfingering with calcite 
cement,(plan.pol.x100). 

Plate 3: (Figs.13-18) 

Fig.13:Primary fibrous calcite cement and secondary granular mosaic cement (cross 
nicols; x16). 

Fig.14:Granular mosaic cement, without prefered orientation (plan.pol. x50).  

Fig.15:Aggrading neomorphism of micrite into microsparite,some fragments of  algal 
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filaments embedded within microsparite. 

Fig.16: Spherical-ellipsoidal tube - like structures of tufa . 

Fig.17:Palaeo-Ain-Ettahona cool water spring issues out of contact between oil shale and 
tufa pinnacles at the end of Wadi Haufa-Wadi El-Arab area. 

Fig.18:Nodular-lobate structures of Wadi Haufa-Wadi El-Arab tufa. 

(Plate 1,Figs.1-6)
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 (Plate 2, Figs.7-12) 
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(Plate 3, Figs.13-18) 
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