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Abstract 

The travertine deposits in Wadi Ain El-Tais, Deir Abu Said area have been formed, 
as indicated by field study, in fresh water environment by warm–Palaeosprings, and are 
characterized by cavernous topography. Five travertine facies could be differentiated: 
Algal facies ( Cyanoids and rhodolites), Stromatolitic and small reed tufa facies, micritic 
masses and peloids facies, Chironomida faunal remnants facies and pebbly facies. These 
travertine deposits have been precipitated mostly, as indicated by field and 
petrographical study, as a result of biogenic activity, in which the main builders are 
Cyanobacteria, Chironomida and Algae. The inorganic processes are dominant only near 
the spring orifices. The carbonate of the travertine deposits consists of low-Mg calcite. 
The most common cement in Deir Said travertine is radially- fibrous, bladed calcite 
cement and to less extent calcite cement with triangular termination. The analyses show 
that the travertine deposits are mainly composed of CaO with an average content of 
44.02 wt%, where CaCO3 forms about 80.3 wt%, and they are poor in the trace elements 
Sr, Mn, and K and rich in Zn, Pb, Cu, and Mo with respect to normal carbonates 

Keywords: Travertine, Tufa, Low Mg-calcite, Facies, Stromatolite, Cyanoid, Rhodolite, 
Peloid, Cyanobacteria, Chironomida, Deir Abu Said, Jordan.

Introduction:

The term travertine originates from the city name Tivertino, Italy where an 
extensive travertine deposits occur. However, these deposits have been referred to by 
many different names including tufa. There are, however, some differences in the basic 
characteristics of travertine and tufa; tufa has a higher porosity, woody texture, and is 
generally a cool fresh water deposit. Conversely, travertine is commonly deposited in 
warm water, and is more lithified. Atabey[1] stated that travertine is composed of 
diagenetic old calcareous tufa deposits with significant amounts of calcite spar added to 
its framework 

Tufa and travertine are known to be formed in wide range of temperatures from 5 to 
95 ºC, but mostly between 10 to 30ºC [2]. They can be formed on higher and lower 
plants, but most commonly on Cyanobacteria, algae, mosses, hepatics and insect larval 
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carapaces (Chironomida). Tufa and travertine may be deposited organically by 
photosynthesis of plants (biochemical processes) or inorganically by changes in water 
turbulence, temperature and /or pressure (physiochemical processes). They can be 
classified according to type of plants and algae involved in their precipitation or 
according to petrographic properties. 

The travertine deposits in Deir Abu Said area have not been yet studied. Therefore 
the present study aims at investigating these deposits petrographically and 
mineralogically, in order to determine their characteristics and their origin.  

Geological setting:
        Deir Abu Said area is located in the NE part of Jordan, about 40 Km southwest of 
Irbid, between 35 50 to 35 54 N and 32 51 to 32 57 E (Fig.1).  

The average elevation of Deir Abu Said area ranges from 300 – 350 m above sea 
level. In west of Deir Abu Said area, beside solidified limestone, oil shale, chalk marly 
limestone, marly deposits, of Late Cretaceous age, also alluvial, travertine and caliche 
deposits of Quaternary age are exposed. Structurally, the study area is bordered by major 
structures, the Ajlun structure in the south west of the study area  and the Dead Sea 
transform in the west. This transform is a plate boundary between the Arabian plate and 
the Siani-Palestine subplate formed in Late Cenozoic as the breakup of the Arabian plate 
from the African plate tookplace. This prominent tectonism was associated with volcanic 
eruptions along the transform from Wadi El-Hasa to Yarmouk river.  

The heat energy associated with the volcanic activity is and was partially 
transported to the surface by groundwater moving along faults, rising to the surface, 
flowing out spring orifices as hot water, and depositing travertine at the orifices and 
along the flow channels.  

Methodology:  
Field observations were made at several travertine sequences along the Wadi Ain 

ET-Tais (Figs.1 and 2). Although there is natural variation between individual bodies 
within the zone of travertine deposits, all of the deposits are broadly alike with respect to 
their morphology and the presence and distribution of travertine facies. 

The exposed rocks have been described in the field using normal field techniques. 
Thirty oriented samples from Deir Abu Said area were 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. The samples were subsequently air dried and examined using a light 
microscope for organics, structures and fabrics. Fifteen of th ese were sub-sampled for 
thin section analysis, including staining using Feigl's solution and Alizarin Red S 
following the protocol in [3].  
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2. X-ray diffraction method was used for the determination of the mineral 
composition of the tufa. Fifteen samples were examined using Philips vertical x-ray 
diffractometer under the following conditions:  

-Radiation: Stabilized copper filtered CuK .

Time constant: 2. 

Grain: 64. 

Slit: 0.1 

Speed: 2 /cm/minute. 

3. AAS (Atomic Absorption Spectrophotometer). 
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Figure 1: Location map of study area. 

Description of Deir Abu Said travertine: 
The composition of Deir Abu Said travertine is not widely diverse; it is composed of 

algal travertine, stromatolitic - small reed tufa, micritic masses with peloids, Chironomida-
faunal remnants, Pebbly-fine gravel facies and cementing material. The lithological section of 
Deir Abu Said can be divided into lower, middle and upper members, depending on the 
presence or absence of stromatolitic structure. The following is a brief description of the 
nature, distribution and field characteristics of Deir Abu Said travertine; this 30m thick 
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section crops out on the east bank of wadi Ain ET-Tais Palaeo-hot spring, some 3.0 km west 
of Deir Abu Said city (Fig.2). 

Member( 1): 

2m: chalky marly limestone, overlain unconformably by 15 to 20 cm thin horizon of 
fine gravels. 

10m: grayish white, massive, microcrystalline, very hard, fenestral cavernous, slightly 
laminated, weathered travertine composed of small encrusted plants (less than 10 cm in 
length and less than 3 cm in diameter) and irregular chaotic bodies (2 m high and 5 m long). 
The lowermost layers of this member are rich in small concentric precipitations of 
microcrystalline carbonate around fine (1 to 5cm) pebbles, composed mainly of chert, 
limestone and older tufa debris  (Pl. 1, Fig.5). Several palaeocaves, vugs and karst are 
distributed within this part (Pl. 1, Fig.6 and Pl. 2, Fig. 7), (Fig.3). 

Member (2): 

8 m: grayish-white microcrystalline indurate thickly bedded porous, cavernous, vuggy 
travertine, with yellowish-brownish tint, and slightly weathered surfaces containing black-
brownish irregular patches. It includes stromatolitic and laminated structures and irregular 
chaotic bodies. Upwards, there is a slight increase in the size of encrusted plants, which form 
cylindrical bodies (Pl.1, Fig.4), (Fig.3). 

Member (3): 

10m: grayish-white, massive, microcrystalline, indurate vuggy, cavernous tufa, 
consisting partly of stromatolitic and laminar beds, mainly in the lower most layer of this part 
(Pl.1, Fig.6). Thin horizon of red soil and caliche deposits overlie this member (Fig.3). 
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Figure 2: Geological map of Deir Abu Said area and location of lithological section. 
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Figure.3:  Section (1) in Deir Abu Said travertine. 

Facies of Deir Abu Said Travertine: 
- Algal facies 

Cyanoids (Algaly coated grains)  

Several samples of Deir Abu Said travertine show cyanoid structures (Pl. 2, Figs.8 and 
9). These structures are concentrated in the middle member of the section; they are 
subspherical to spherical in shape, ranging in diameter from 0.1 to 1 mm, and have irregular 
and pumpy surfaces. They have internally concentric laminated structures, where the cores 
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are darker than the cortices, with internally wrinkly laminated mode of circumferences. The 
nuclei of these grains are not distinct; they may be composed of litho –or bioclasts. The 
cortices surround completely the cores. This indicates that such grains were moving during 
the growth of the coating material.  

Love and Chafetz [4] described cyanoids and found that the dark laminae contain 
Cyanobacteria filaments; they distinguished several sizes of cyanoids; the larger ones have 
distinct nuclei. Few of the large coated grains show growths of bush-like shape of 
Cyanobacteria filaments growing vertically to the outer micritic laminae (Pl. 2, Fig.10). 

Two modes of discontinuous laminae can be distinguished in these cyanoids; wrinkly 
and gently convex shaped (Pl. 2, Fig.11). The cyanoids of Deir Abu Said travertine are 
widespread. 

Rhodolites 
Rhodolites were distinguished only in one sample (sample 4) of Deir Abu Said 

travertine. They consist of algal nodules ranging in diameter from 0.6 to 1 mm and show 
internal weakly bounded laminae with microsparite between the filaments (Pl. 2, Fig.12). 

 Recent and fossil rhodolites are bulbous calcerous bodies spheroidal, ellipsoidal, 
discoidal or spindle-like created by undetached encrusting red algae. 

- Stromatolitic and small reed tufa facies 

Stromatolites are widespread in the middle and upper part of Deir Abu Said travertine 
making 20% and 15% of the rock respectively and uncommon in the lower part.  

The stromatolitic structures are composed of alternations of dark and light laminae; the 
dark laminae consist of micritic material and minor amounts of iron oxides, while the light 
laminae are composed of microsparite. They show mostly gently convex (Pl.3, Fig.13) but 
also, wrinkly and wavey shaped laminae.  

The dark and light laminae are equal in thickness ranging from 15 to 20 μm, so they are 
better named “microstromatolites”. 

In Deir Abu Said travertine there are only traces of Cyanobacteria filaments; these are 
hardly distinguished within several bush-like structures. It is very difficult to distinguish 
genera, but undoubtly, these Cyanobacteria are of filamentous type belonging to the order 
Oscillatoriales (Pl. 3, Fig. 14 and 15). It seems that the environmental conditions, which were 
prevailing during the formation of travertine in Deir Abu Said, like temperature, PH, salinity, 
light intensity, and other parameters were favorable for permitting Cyanobacteria to grow. 

The encrusted tufa is laminated and rich in small reed moulds that have been cemented 
in situ, indicating deposition in low-gradient slack-water like pool environment. The tufa 
encrusts the reeds while simultaneously precipitating fine laminae, which frequently overlay 
fine gravels (Pl. 1, Fig. 5). This juxtaposition of these contrasting units would appear to mark 
a significant change in depositional environment from low-magnitude with low frequency 
floods that transport the fine gravels to a much lower-energy environment with more 
continuous steady flow where laminated tufa and reeds are commonplace. Similar situation 
was recorded by Pedley et al.[5], Garnett et al. [6] and Viles et al.[7]. 
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Other floral remnants are recorded in few samples in both lower and middle parts of 
Deir Abu Said travertine. They include encrusted stalks and leaves of microphyta like mosses 
and algae, the encrusted microphyta remnants show concentrically structures but they lack 
well defined boundaries as a result of coalescence of adjacent structures (Pl. 3, Fig.16). 

Some of the moulds are elongated, others are rounded, and the length of elongated 
moulds reaches more than 1 mm and the width ranges from 0.1 to 0.6 mm. While the rounded 
moulds are mostly less than 0.3 mm in diameter. These encrusted moulds are composed of 
alternating smooth wavy laminae of micrite and of sparry calcite crystals growing 
perpendiculy to the laminae surfaces (Pl. 3, Fig.17) 

The individual laminae are ranging in thickness from less than 60 μm to 100μm. Some 
of the vesicular moulds are still empty others are partially or completely filled by micrite and 
microsparite, as granular calcite cement (Pl. 3, Fig.18) 

- Micritic masses and peloids facies: 

Irregular masses of micrite are common, and to a lesser extent associated with some 
peloidal and pelletal structures. They are bounded by/or enclosed within other fabric elements 
like Chironomida tubes, cyanoids and other clasts. 

These micritic masses are intimately intergrown with sparry or microsparry calcite 
usually in an irregular fashion (Pl. 2, Fig. 9 and Pl. 4, Fig. 19). Mostly, they show clotted or 
grumous textures. The micritic travertines are massive and comprise a very fine crystalline to 
cryptocrystalline (<10 μm in diameter) calcite cement. Limestones with less than 2% 
terrigenous sand and silt (mostly quartz and feldspar) are considered pure micritic travertines 
and generally are beige in color and weakly luminescent (brownish-orange). 

No coccoid bacteria, and no structures related to bacteria could be identified within 
these micritic masses. Therefore, the formation of these micritic and some peloidal-pelletal 
structures are related to Chironomida. Commonly these peloidal- pelletal structures are 
associated with other coated grains (Pl.4, Fig.19).  

- Chironomida -faunal remnants facies: 

The chironomid tubes in Deir Abu Said travertine are arranged horizontally in parallel 
alignment within micritic and microsparry matrix. Traces of Ostracod shells are hardly 
distinguished and only recorded in few samples of the whole section. These shells are 
partially or completely filled with brownish micrite and to less extent with microsparite or 
well rhomb calcite crystals (Pl. 4, Figs.20 and 21). In addition, larval constructions are 
readily preserved in tufa and travertine deposits and are useful for identifying palaeo-
hydraulic zones [8,9].  

However, larval facies are absent from all published tufa models. Aquatic insect larvae 
have been noted in tufas forming in a number of cool temperate streams, but larval 
constructions are only present within tufa formed in the spring season [10,11]. Conversely, 
warm water in tropical environments ensures a large larval population potentially operates all 
year. Thus, larval facies are common throughout tropical tufa deposits. The larval tufa facies 
in Deir Abu Said travertine should be studied in details and included in models of semiarid 
travertine-tufa formation. 

- Pebbly facies: 
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The modern channel of the Wadi Ain ET-Tais is comprised of detrital tufa deposits and 
loose, uncemented, poorly sorted coarse sub-rounded to rounded pebbles (Pl. 1, Fig.5). 
However, at few sites in Deir Abu Said section more than 50% of the clasts are subangular, 
indicating local inputs from hill slope materials (talus)  and/or a limited fluvial reworking of 
the channel deposits. Measured pebbles a-axis dimensions in the contemporary channel and 
in travertine occurring irregular beds of cemented gravels ranged from 1 cm to 5cm (Pl. 1, 
Fig.5 and Pl. 4, Fig.22). Larger pebbles with a-axis up to about 7.0 cm occur in all members 
of the travertine. The cemented gravels usually have a clast-supported fabric, and are less 
rounded than the active wadi deposits. 

Mineralogical investigation: 
A scanning of 15 samples shows no variations in their carbonate mineralogy; X-ray 

analysis shows that low Mg-calcite is almost the only recorded carbonate mineral. 

 Traces of quartz were reported in one sample as non-carbonate mineral. Both staining 
of thin sections and X-ray analysis indicated that aragonite and dolomite are totally absent. 
The deposition of travertine had taken place generally in a freshwater environment by warm-
palaeosprings as indicated by field study. However the petrographical study reveals that 
travertine formed mostly as a result of biogenic activity, in which the chief builders are 
Cyanobacteria, Algae, Chironomida and to less extent Ostracoda; these organisms have a 
tendency to select low-Mg calcite and calcite as skeletal materials. 

Travertine and tufa deposits are principally composed of calcite with low magnesium 
content. In deposits originating from thermomineral springs, there are sometimes low levels 
of aragonite, and some deposits contain up to five percent silica [12].  

Major elements study revealed that Deir Abu Said travertine is mainly composed of 
CaO with an average value of 44.02 wt. % where CaCO3 content is about 80.3 wt. %. Trace 
element study revealed that Deir Abu Said travertine is poor in Sr, Mn, and K, and rich in Zn, 
Pb, Cu, and Mo with respect to normal carbonate. 

Diagenesis: 
The most common cement distinguished in Deir Abu Said travertine is radially-fibrous, 

bladed calcite cement (Pl.4, Figs.23, 24, and Pl.5, Fig.25) and to less extent calcite cement 
with triangular termination (Pl.5, Fig.25). Several vesicular structures, chironomid tubes and 
other moulds are partially or completely filled by sparry calcite cement, most chironomid 
tubes are filled partially or completely by well shaped rhombs of isopachous spars, growing 
mostly inward or partially outward (Pl.4, Figs.20 and 21). Few relict pore spaces are 
completely filled by equant euhedral sparry calcite cement rich in inclusions and 
crystallinities, showing drusy and granular appearance (Pl. 5, Fig.26). Few radial columnar 
crystals grow vertically to the organic substrate, show dragged terminations and tabular edges 
and are rich in inclusions and crystallinities (Pl. 5, Fig.27). The younger cement within Deir 
Abu Said travertine seems to be radial, fibrous, bladed and columnar sparry one, and the 
secondary cement is granular mosaic cement. Micritic cement can also be observed, showing 
clotted texture and fills irregularities within travertine structures (Pl. 4, Fig.19). 
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Discussion:
Micritic carbonate is common in Deir Abu Said travertine facies. The fast-flowing 

waters around the Palaeo-spring at the southwestern border of the section eventually reached 
its central and lateral portions and formed small, shallow ponds in which micritic travertine 
precipitated. At the borders of the section, far from the spring, conditions were favorable for 
tufa deposition. The presence of small reed moulds suggests the encrustation of macrophytes 
in small pools, probably as paludal tufas. Root sheaths probably formed around living and 
decaying roots; they are brownish and composed of fibrous calcite root casts which consist of 
mudstone or dully-luminescent calcite with triangular terminations (Pl. 5, Fig. 28). No relict 
organic root materials were found.  

Moulds and prints within the tufas are created by disappearance of the original organic 
matter. The fossil deposits are also characterized by the presence of sparry crusts that 
originate from cementation and recrystallization of initial micritic cyanobacterial bushes. 
Furthermore, specific calcite crystals such as euhedral and needle fibre calcite have been 
recognized. These are interpreted to have formed during phreatic and vadose diagenesis [11]. 

 Detrital grains and terrestrial faunal shells were transported into the tufa pools by distal 
alluvial fans (Pl. 5, Fig. 29). The surficial deposition of the carbonate lithoclast travertines in 
the Deir Abu Said section allowed for subaerial alteration in the micritic travertines, which 
led to desiccation-generated brecciation and the disruption of fabrics, as well as the formation 
of calcretes and palaeosols. These features indicate intermittent subaerial exposure and 
pedogenesis of the sediments during deposition. The lithoclast travertines at all members of 
the section indicate surficial reworking of previously deposited sediments. 

Cyanobacteria and Chironomida played an important role in the formation of Deir Abu 
Said travertine, in the initial and late stages of travertine formation; they can thrive in a wide 
range of environmental conditions. 

These organisms reduce the CO2 content and play an important role in the precipitation 
of micrite, and formation sites of encrustation. 

The carbonate buildup in freshwater environments takes place by the activity of 
microrganisms in four different ways, these are: (1) Trapping and binding of sediment 
particles by algal filaments and mucus at the algae surfaces. (2) Encrustation of the algae 
filaments with calcium carbonates. (3) Secretion of CaCO3 within mucus (i.e. the trichomes 
of algae are embedded in mucus and calcite is precipitated along the sheaths of the trichomes 
within the mucus). (4) Cementation of CaCO3. [13,14]. 

It seems that all the proceeding mechanisms were effective during the deposition of Deir 
Abu Said travertine, with different intensity depending on the environmental conditions. 

The travertine of Deir Abu Said seems to be deposited mostly in quiet water 
environment, as it is indicated by the presence of stromatolite structures especially in the 
middle part of the section, existence of micrite and the parallel alignment of unbroken 
Chironomida tubes. However, the environment parameters such as temperature, light, 
intensity, salinity, and PH were significantly varied during the deposition of the different 
parts of the section. 
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The absence of stromatolites in the lower part of Deir Abu Said sections indicates that 
the identified algae are probably of coccoid type, which is unable to build stromtolitic 
structure.

It seems that bacteria played no significant role in the formation of Deir Abu Said 
travertine, because no distinct clumps of bacteria or shrubby structure have been observed 
during the microscopic study. 

The inorganic processes are dominant near the spring orifice as a result of fastly 
degassing of CO2 while the biogenic processes increase down current where small pools are 
formed. The type and amount of associated organisms at the spring orifice is identified by 
many variables such as the amount of dissolved CO2, temperature of water, PH, and salinity 
of water. 

As the saturated groundwater issues from spring orifices, it is exposed to low partial 
pressure of CO2 and became supersaturated with respect to CaCO3. Removal or reduction of 
CO2 to a minimum value could occur by rapid water turbulence, elevated temperature, and 
plant activity especially lower plants, mosses, Cyanobacteria and Algae. 

Conclusion: 

The Deir Abu Said travertine is composed mainly of stromatolite with small reed tufa,  
micritic masses-peloids, Chironomida -faunal remnants, pebbly-fine gravel facies and 
cementing materials. It  can be considered as thermogene deposit according to Pentecost [15]. 

The deposit of the travertine constituents took place along the waterfall of Palaeo-hot 
spring at Wadi Ain ET-Tias, while the tufa facies deposited within a distal part in the cool 
pool environment. 

Both staining of thin sections and X-ray analysis indicted that Deir Abu Said travertines 
are composed of low Mg-calcite.  

Major elements study revealed that Deir Abu Said travertine is mainly composed of 
CaO with an average content of 44.02 wt. % where CaCO3 content is about 80.3 wt. %.  

Trace element study revealed that Deir Abu Said travertine is poor in Sr, Mn, and K, 
and rich in Zn, Pb, Cu, and Mo, with respect to normal carbonate. 

It seems that the Deir Abu Said travertine mostly originated by the activity of 
biochemical processes over the physio-chemical processes, especially in the upper member 
where a high percent of plant imprints are detected (Pl. 1, Fig.1). 

Deir Abu Said travertine is hard and thick bedded like the travertine deposits in Deir 
Alla and in other locations in Jordan. It is in Deir Alla removed in large blocks, cut into tiles 
and slabs, polished, honed, tumbled, sandblasted, or acid treated and used for different 
purposes: construction covering and cladding, internal floors and walls, bathrooms and as 
ornamental stones. 

 The quarry in Deir Alla produces 16000m2 travertine annually. Jordanian travertine is 
exported to Italy, Spain, Portugal, and Russia, USA, Canada, Dominican, and Mexico, 
Australia, China, South Korea, Taiwan, and Hong Kong, Saudi Arabia, Bahrain, Kuwait, 
Qatar, Oman and UAE, Lebanon, Egypt, Tunis, Syria and Palestine, and to other parts of the 
world.
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Huge travertine deposits occur in Turkey and Iran.   
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Plate (1), Figs: 1-6 
Fig.1: Plant imprints. 
Fig.2: Vugs and caves within the travertine beds. 
Fig.3: Vugs and caves (microkarst morphology) within the travertine beds.   
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Fig.4: Small encrusted plants and laminated tufa including caves and vugs. 
Fig.5: Thin horizon of friable fine gravels (lithoclastic travertine). 
Fig.6: The upper part of photo shows laminated planner-stromatolitic travertine, with 
vuggy structure; X 40. 

Plate (2), Figs: 7-12 
Fig.7: Encrusted structures in situ within irregular chaotic travertine beds.  
Fig.8: Smaller size of cyanoid structure bounded by micritic masses; X100. 
Fig.9: Large cyanoid structure; X 40. 
 Fig.10: Medium sized coated grain; X 40. 
Fig.11: Gently discontinuous concave and wrinkly shaped laminae within micritic 
microsparite matrix; X 100. 
Fig.12: Rhodolites structure with micro-sparite cement between filaments;  X 40.

Plate (3), Figs: 13-18 
Fig.13: Gently convex alternating white and dark lamination; X 40. 
Fig.14: Filamentous Cynobacteria surrounded by overgrowth of microsparite cement; X 
40.
Fig.15: Traces of Cynobacteria of filamentous type; X 40. 
Fig.16: Encrusted stalks and leaves of microphyta; X 40. 
Fig.17: Alternating smooth wavy lamination of micrite and sparite, growing vertically to 
the lamina surface. 
Fig.18: Partially micritized vesicular mould.

Plate (4), Figs: 19-24 
Fig.19: Micritized masses with intergrowth of microsparite; X 40. 
Fig.20: Micritezed Chironomida tubes partially filled with well rhomb of euhedral 
isopachous calcite cement; X 40. 
Fig.21: Rhombohedral isopachous calcite crystals with inward growth within 
chironomid tubes; X 100. 
Fig.22: Slightly cemented gravels facies. 
Fig.23: Fibrous bladed calcite cement; X 40. 
Fig.24: Radially fibrous calcite cement with tabular termination; X 40.

Plate (5), Figs: 25-29 
Fig.25: Radially fibrous calcite cement with triangular termination, X100. 
Fig.26: Drusy granular calcite cement; X 40. 
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Fig.27: Radially fibrous calcite cement. 
Fig.28: Dully-luminescent with triangular terminations; X 40. 
Fig.29: Detrital faunal shells; X 40.

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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Plate (4), Figs: 19-24 
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 Plate (5), Figs: 25- 29 
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