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ABSTRACT

Hydrothermal fluids penetrated Darba rocks throubhir weak points in the solid state during theeftstage of their
crystallization. Such fluid movement was facilithtey tectonic deformation. The Ediacaran rocks aflia suite show
metasomatic features and textures that were pesipgiycally identified to be related to magmatismidgrthe late stage of
crystallization by isochemical hydrothermal fluid$ie isochemical reactions are mostly grain bougdamtrolled changes
(“metasomatic active fronts” or “reaction interfas®) represented by plagioclase crystals mergingiahe porphyroblast
(megacryst), K-feld spathization equalizing allaitian, sericitization, limited growth of apatiteofn plagioclase and the

alteration of biotite and hornblende to chlorite.
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INTRODUCTION

In solid state during the late stage of crystafima hydrothermal fluids (HTF) related or unrethtmagmatic
processes may penetrate a rock body through weitsp@.g. micro fissures, grain boundaries, clgavplanes, and
micropores) (Rong and Wang, 2016) and/or inducethbyhelp of tectonic deformation (e.g. foldin@diuring, faulting,
shear zones) (Collins, 2013). Such processes atietasomatic fluids to become fully effective, proiig new minerals
under new physiochemical conditions either by igobange (Yanagisawa et al., 1999) or dissolutigorepitation
processes (Putnis, 2002). Petrographically metagofeatures can be identified by observing grainrdary relations, the

orientation of crystals (co & hetero-orientatedlaegpment) and the presence of relicts (Rong andg\\201.6).

The Ediacaran rocks of Darba suite show metasorfedicres and textures that were petrographicd#ytified
and attributed to the magmatic isochemical HTF Wigenetrated these rocks during their late stageystallization. The
isochemical reactions are mostly grain boundaryrotiad changes (“metasomatic active fronts” otrgon interfaces” in
the sense of Rong (1982 and 2009).

Geological Setting

Darba suite is a plutonic intrusion in the nortlreast part of the Arabian Nubian Shield (ANS) of thgaba
Complex of Jordan (Figure.1) (McCourt and Ibrahl®90) that was exposed during the Cenozoic upifbiger and Stern,
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2004; Johnson et al., 2013). The ANS is generaljjarded as an accretion of juvenile volcanic amaites and associated

ophiolite remnants which were amalgamated duriegagsembly of Gondwana (Kréner and Stern, 2004).
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Figure 1: A+B Agaba And Araba Complexes Respectivgl(Basement Rocks), Darba Tonalitic Suite, Which
Includes Al-Muhtadi Area, Marked With “Darba”, (Aft er Mccourt And Ibrahim, 1990, Jarrar Et Al., 2003)

The rocks of Darba suite are part of the basenuahisrof Jordan (Powell et al., 2015) and were fatgharing the
East African Orogeny (EAQ), an episode of interesdanics that gave rise to one of the largest jilwégneous provinces

ever known (Bentor, 1985; Kréner and Stern, 2004).

The aim of this study is to petrographically invgate the Ediacaran rocks of Darba suite, in otdedentify the

metasomatic and other textures of these rocks medigem a specified petrographical nomenclature.

General Description

Darba tonalitic suite comprises two host units (Fég2), the Muhtadi quartz monzodiorite unit and Yha'ara
granodiorite unit. The outcrops of both units atetish grey colored tonalite, with idiomorphic plaglase crystals, highly
weathered and heavily diked rocks with fine-graingidrodiorite enclaves (Abudayeh, 2018). Muhtadnisomogeneous
black-white to gray in color characterized by ad®n increase in the grain size of its plagioctaseourse pegmatitic
megacrysts (Figure.3A). Wa'ara is homogenous, iggiby its fine to medium pink to gray granodioritek, lacking such
pegmatitic crystals (Figure.3B) and has fewer isidos than Muhtadi. The enclaves are green to degkn in color

characterized by the presence of large white ptdage crystals with variable abundances.
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Figure 2: A Map Modified After Ibrahim (1991) Showing Darba Suite With Both of Its Units (Muhtadi in

Crimson Red, Wa’arain Lavender Color) and its Surrounding Units
Mineralogy and Textures of he Host Rock:

The mineralogy of the host rocks includes quartthaxlase, plagioclase, hornble, and biotite. The accessory

minerals are opaques, zircon, apatigd titanite. A representative mo@nalysisfor the minerals of the host rocl

Figure 3 (A): Hand Specimen (Mt-28) Shows the Heterogeneityrad General Appearanceof an Unweathered
Muhtadi Rock With Feldspar Megacrysts. Tape Widthis 2 Cm. (B) Hand Spacemen (\W-5) Shows the Homogeneity

and the General Appearance of a Unweathered Wa’ara Rock. No Feldspar Megacrystand Less Mafic Assembly.

lllustrated in Table-1The anorthite content was obtained optically byng the Miche— Lévy method (explained in
Kerr, 1977), so that plagioclase might range betvoligoclase (Ans) to andesine (Ap).

The host granitoid rocks of both units generallweéhahe following txtures: holocrystaline, hypidiomorph
mediumgrained phaneritic in Wa’ara and medium to cours@lpyritic phaneritic in Muhtadi. Muhtadi shoithe sudden
pegmatitic increase in grain size caused mainlysbsne feldspar megacrysts, interlocl-massive granitic and is a
leucocratic. The characteristic textures includero-meso perthitic textures in orthoclase and poikili¢gixture that is show
by the inclusions of accessory minerals with mdshe other forming minerals or by the presenceméll fornblende and
biotite crystals in feldspars. Plagioclase showsnab and oscillatory zoning accompanied by polykgtit twining with
narrow and broad lamellae and compound (simple stveind polysynthetic), interpenetreCarlsbad simple twining,
periclinetwins, sector twins, where most of the plagioclagestals show high alteration in their middlerts indicating
higher anorthiteontent. However, this is not the case for the pagin feldspar crystals where the alteration issedective
The clogness and presence of biotite around and adjazéotnblende might indicate to the obse’s eye what seems to

be corona texture when itiet! It is a heter-oriented replacement phenomentaown as metasomatism, which is the v
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suspect to explain the appearance of the pegmaiitécl plagioclase crystals. The presence of watipaion almost in
feldspars, quartz and hornblende, besides the mmes# slight fracturing and bending in mafic miaeralong with the
elongation in some of the primary oxides indicdteg the rock was subjected to shear stressesisTh@ surprising since

the studied rocks were formed during the EAO as@sdisociated tectonics.

Using the modal analysis data a varietal name ohblende Biotite Granodiorite can be given to theks of Wa'ara,
and Hornblende Biotite Quartz Monzodiorite Porpligror Muhtadi.

Table 1: Statistical Data Acquired From Representatve Thin Sections Made From the Host Rocks. (A: Avage
Grain Size in Mm, B: Standard Deviation, C: Modal Analysis Volume %)

Sample Quartz Alkali Feldspar Plagioclase Biotite Hornblende

A B € A B C A B C A B C A B C
Wa-1 1.79 | 0.72 | 17.0 | 250 | 1.04 | 12.0 | 281 | 0.93 | 47.0 1.45 | 0.58 16.0 1.26 | 0.35 7.3
Wa-4 2.73 | 0.59 | 148 | 2.29 | 043 | 12.7 | 3.24 | 0.91 | 46.0 1.45 | 0.59 18.0 1.8 | 0.33 2.5
Wa.7 1.96 | 1.15 | 153 | 287 [ 126 | 17.3 | 289 | 0.94 | 83.8§ 1.43 | 0.35 11.3 1.98 | 0.33 18
Mu-1 2.31 0.94 6.3 256 | 0.63 10.0 | 3.75 | 2.29 73.3 1.94 | 0.94 4.3 1.72 0.53 5.3
Mu-3 1.51 | 092 | 7.0 | 317 | 1.04 | 12,5 | 426 | 194 | 71.5 1.23 | 0.39 6.0 1.74 | 0.43 2.0
Mu-4 232 | 0.96 | 850 | 291 | 0.67 | 13.0 | 4.22 | 2.23 | 71.1  1.13 | 0.34 56 1.84 | 0.45 1.6
Mu-6 429 1 021 | 156 | 121 | 013 [ 72 | 349 | 116 | 822 2,83 | 0.64 | 11.0 213 | 0.82 [ 13.0
Mu-7 217 | 1.3 143 | 331 | 040 3 | §AF | 230 | §62 3,13 | 039 84 313 | 039 8.4
Mu-26 388 | 087 | 12,0 | 294 | 121 | 7.0 | 667 | 2.26 | 62,6 1.43 | 0.34 7.6 263 1139 | 100
Mu-217 2,53 | 0.86 11.8 2.33 0.3 18.6 £.30 | 3.09 £2.0 .40 .05 1L.2 227 | 0.73 56

Mineralogy and Petrography of the Enclaves

The mineralogy of the enclaves includes quarthomise, plagioclase, hornblende, and biotite. adoessory
minerals are opaques, zircon, apatite, and titaRiépresentative modal analyses for the mineralseoénclaves are
illustrated in Table-2. The anorthite content afgibclase might range between oligoclase,fAio andesine (Ag3). This

anorthite content is consistent with that of thethock.

Hornblende shows an aggregate habit of anhedrsiadsymainly in enclave -7. Two identified typesotlaved
rocks are recognized, one is a dioritic in hosksagnd the other as a rich hornblende xenolithéneinclaves themselves.
The similarity in shape, size and color betweenhthimblende and biotite from the enclaves and throdasions in
hornblende and plagioclase crystals from the hamdts can point them out as relicts and may indiaasémilation processes.

Table 2: Statistical Data Acquired From Representate Thin Sections Made From the Dykes and EnclavefA:
Average Grain Size in Mm, B: Standard Deviation, C:Modal Analysis %)

Sample Quartz Alkali Feldspar Plagioclase Biotite Hornblende
pyroxene®
A E C A E C A B C A E C A E C

Enclave-1 0.31 0.1 2.0 | - - 0.0 1.67 | 2.26 | 69.6 0.22 | 005 43 0.47 0.44 24.0
Enclave-7 0.5 0.36 0.3 - - 0.0 133 0.63 54.3 - - 0.0 0.67 0.52 44.5
Enclave-9 0.36 0.1 1.0 - - 0.0 0.51 0.71 66.6 0.36 0.08 1.6 0.45 0.08 18.0
R h—DykE—Z 1.3% 0.76 31. 1.87 0.76 37.3 1.04 0.73 30.0 0.35 0.08 1.3 - - 0.0
Do-Dyke-1 | 0.21 [ 0.1 10 | - - 0.0 0.33 | 0.05 | T1.6 - - 0.0 0.36% | 0.08% | 23.0%
Do-D Vke—Z 0.13 0.02 0.8 - - 0.0 0.37 0.16 41.3 - - 0.0 0.312% 0.05% 0.53%

The enclaves generally have the following textuhedocrystaline, allotriomorphic, fine-grained plesitic with a
sudden increase in grain size represented mainpfamjoclase megacrysts. The characteristic testinedude antiperthitic
textures in plagioclase surrounding remnant ortex and poikilitic texture of accessory mineralshornblende and
plagioclase, or small hornblende grains in plagiselmegacrysts. The plagioclase shows the revedsesaillatory zoning
accompanied by polysynthetic twining with narrowdabroad lamellae within the compound (simple twiasd

polysynthetic), also pericline twins. Most of thiagioclase crystals in Enclave-7 are totally alteaad the appearance of
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saussurite reflects high anorthitic content. Batt ik not the case for the megacrysts crystalsntidve-1 and Enclave-9,
where the alteration is selective and targetsitigsof the reverse zoning. These megacryst arelynai uniform size. The
absence of biotite and the appearance of musoetitch needs K & Al to form might indicate pseudojpioic replacement
by metasomatic processes. Using the modal anadysésietal name of Hornblende biotite microdiorigme is given to

these enclaves.

Mineralogy and Textures of the Dikes

Dolerite Dikes

The mineralogy of the dolerites includes quartagpiclase, and pyroxene. The accessory mineratgpagues and

titanite. A representative modal analysis for thiaarals of the dolerite dikes is illustrated inblex2.

The plagioclase is lath-shaped and highly weatheviéd fine crystals. The dolerites are metasomdtinéth
abundant titanite and chloritization of pyroxenbe3e reactions are mostly described by many authather parts of the

world as evidence of isochemical rock-magmatiadfinteraction (see Pollard, et al., 1983; Taylat &ollard, 1988).

The general textures for these dolerite dikes alechystaline, hypidiomorphic, fine-grained phatieriwith
ophitic, intergranular, felty or pilotaxitic and waextinction textures, plus being melanocraticator. The characteristic
textures were polysynthetic twining with narrow Harin plagioclase and sericite as an alteratiodymry also being veined

by fine-grained quartz veins.
Rhyolite Dikes

The mineralogy of the rhyolite dikes includes qmasanidine, plagioclase, and biotite. The accgssimerals are
opaques and titanite. A representative modal aisafgs the minerals of the dolerite dikes is ithaded in Table-2. The
quartz is porphyry, sericitization of plagioclasetie only alteration texture identified. No bourydeontrolled changes
observed, where most probably this alteration ielated to the metasomatic stages from the suringrbst, enclaves and

dolerite dikes.

The general textures of the rhyolite dikes are detatic, holocrystaline, hypidiomorphic to allotmorphic, fine to
medium grained porphyritic. Sanidine is granulanpwgs wavy extinction texture, micro-miso perthitippikilitic.
Plagioclase is characterized by polysynthetic mgnand normal zoning with sericite as an alterapoosduct. Using the
modal analysis data a varietal name of Alkali-Fe&dsRhyolite Porphyry can be given to the rhyatitkes, and a basalt

varietal name for the dolerite dikes.
Genetic Hypotheses of Metasomatic Mechanisms

The formation mechanism of co-oriented chloritiaatand muscovitization of biotite is of ion-exchanbecause
of their similar structure (cleavage and crystaiégic lattices) (Kogure and Banfield, 2000). Mustmcan be of primary
or secondary origins (Webster and Duffield, 199¥yrmekite as a texture can be explained by a heiaemted
dissolution-precipitation replacement process, wlogthoclase is replaced by plagioclase (which sidesk silica to form),
leaving excess silica that takes the form of queaetmicules inside the replacive plagioclase (@slli1988; Rong and
Wang, 2016). The coarser the quartz vermiculesitdjger the anorthite value of myrmekitic plagioelasdicating that the
replacive fluids were initially Na & Ca bearing iffis, but with lower anorthite value than the prignplagioclase (Rong and

Wang, 2016). Sericitization and muscovitization anieropores-HTF infiltration controlled, where sufthids target the
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micropores in plagioclase (Smith and Brown, 1988e@nd Allen, 1996).

The perthitic albite in K-feldspar is mainly formday either unmixing of solid solution or simultamso
crystallization of K-feldspar from a replacemerigor (Collins, 1998).Whereas the Antiperthite olvgeris commonly seen
in granites poor in potassium which is the cases@one of the studied rocks (specifically the enetgvMost researchers
consider exsolution in the formation of antipegh{Hubbard, et al., 1965; Vogel, 1970), others warsreplacement

processes involved in its formation where plagisels co-oriented replaced by K-feldspar (Coll2(302).

Vernon (2002) studied a similar case but for K-$plar megacrysts in granites and came up with thelgsion that
these K-feldspar megacrysts are phenocrysts fronagmatic origin, based on tellowing criteria, (1) euhedral; (2)

simple twin; (3) zonal inclusion of idiomorphic hite and plagioclase; and (4) oscillatory zonalr@eof composition from

inside to outside.

These major criteria of identification can be sarliy applied to the plagioclase megacrysts, wheged crystals are
truly euhedral but their surfaces are still goverbg preexisting surfaces of other types of crgstethich are supposed to
have been formed later on! The simple twining isr¢halong with the oscillatory zoning, but the usibns are not

idiomorphic, plus they are not always in accordanith the zonal rims but occur randomly in the nagat.

Plagioclase of Muhtadi shows a sudden increasegonptitic grain size which is generally inconsisteith the
dominant grain sizes. This grain size occurs ifr taeclaves as well and resembles a porphyrolbfagtad of a phenocryst.
Explained by plagioclase crystals merging into pagphyroblast (Figure.4) (Hippertt 1987, cited iadD et al. 2001, page
585).

In the enclaves, textural features support two essgige metasomatic episodes. The observationslf<E002)
have been used to identify these episodes. Firstmiagmatic Ca bearing melt forming the host rochgpiclases
simultaneously injected into the enclaves througtakvpoints and micro-fissures forming a micro-poakelting and
dissoluting crystals, producing new plagioclase stalg with primary (high) anorthite content.
The second phase is a metasomatic Si, Ca and Nathgdmal bearing fluids replacing the formerly gwoed magmatic

plagioclase by metasomatic processes.
Observed Fluid-Rock Metasomatic Interactions and Tetures in Darba Suite

The metasomatized studied rocks show locally a umedo intense degrees of (-ization or —ificatiompereas if
occurred noticing complete metasomatism is diffisiice the presence of relics of replaced mingsagssential and key

evidence in defining such replacement.

The observed types of replacement in the studiekkrimclude: (i) hetero-oriented albitization offldspar forming a clear
albite rim assuming the same crystallographic ¢aigon as the adjacent plagioclase, (ii) co-origntdbitization
(deanorthitization) of plagioclase producing disgioin—reprecipitation textures, (iii) co-orientelitization of K-feldspar
producing perthite by unmixing. (iv) the heteroemted K-feld spathization occurring at the grainrmary of plagioclase
producing dissolution—reprecipitation textures, v} hetero-oriented K-feld spathization occur@tgrain boundaries of
two K-Feld spars producing swapped albite rims) (tWie hetero- oriented replacement of plagioclasplacing
alkali-feldspar forming myrmekite, (vii) the hetesoiented muscovitization in the interior partspdfgioclase, (viii) the
hetero-oriented biotitization of hornblende at ghapundary of K-feldspar, (ix) the co-oriented Hiration of hornblende,

(x) the co & hetero-oriented chloritization and rmagtization of biotite and hornblende.
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Figure 4: Steps of Solid Rock Crystals Recrystalling and Merging into One Porphyroblast By Invading
Metasomatic Fluids, Modified After Hippertt (1987, Cited In Deer Et Al. 2001 ). (Plag = Plagioclase,iB Inc =
Biotite/Hornblende Inclusion, Plag Inc = Plagioclas Inclusion, Plag Rec = Plagioclase Recrystallizati, Mc Plag =

Megacryst of Plagioclase)
Examples of Metasomatic and Other Textures in thet8died Host Rocks

Tectonism facilitates the passage of HTF, consatjudecoming responsible for furthering the metaatin
processes and textures. This can be supported Ibyitization of biotite through altered microfracés in K-feldspar
(Figure.5-A). The same tectonics that fracturedkHeldspar caused simultaneously biotite to beodwaéd and later on to
be chloritized. This indicates that the rock waaysd post-tectonically, emphasizing on the ide&odifns (2013) focusing

on the role of tectonic deformation in furtherimg treplacement process.

Figure.(5-B) shows coarse quartz vermicules of nekite, where plagioclase is leaning against and
hetero-oriented nibble replacing the alkali-feldspa its right causing the structure to need lédgsagto form itself. The

excess silica from the replaced mineral crystallias coarse quartz vermicules (CQV) (Rong and W20it85).

Co and hetero-oriented biotitization of hornblerntes between Hand Bi in Figure.(5-C; D) leaving intact
hornblende (B)) core takes place at the boundaries of K-feldéiday. In addition, biotite subjected to chloritizatioan be
seen in the same image adjacent to K-feldspgy. @feldspar forming swapped albite rims is pras#rthe boundaries of
two K-feldspars (K& K,) by K-feldspathization. The relationship betweenaRd K is of nibble replacement K-feld
spathization, leaving the sericite core untouchiedesK-feldspar can’t replace sericite. All of theed symbols in the
micrographs are illustrated in Table-3.

Table 3: The Used Symbols in the Micrographs and #ir Meanings

Symbol Meaning Symbol Meaning
Ab Albite Inc Inclusion
Bi Biotite K Alkali-Feldspar
Bicy Chloritized Biotite Mus Muscovite
Chl Chlorite P Plagioclase
cQVv Coarse Quartz Vermicules Pap Albitized Plagioclase
G Gypsum plate Per Perthite
H Hornblende FPooc R ecrystallized Plagioclase
Haee Hornblende Aggregates Q Quartz
Hg, Biotitized Hornblende Rel Relict
j PR Chloritized Hornblende Ser Sericite
HTF Hvdrotherm al Fluids ppt Sil Silicification

Figure (5-E) shows wavy extinction texture in gmanpoikilitic texture, pericline twining in plagitase and
silicification of plagioclase, supported with a gym plate image (Figure.5-F) to show the orientatibcrystals. Figure.
(6-A; B) shows a part of the wavy extinction in gaafrom Figure. (5-E), indicating tectonism. A saif an optically
continued, unidentified crystallized substanceh@itquartz or albite) surrounds quartz could benéat as a result of the

passage of hydrothermal fluids (HTF) while invadiing wavy texture. All these reaction interfacesaveaused by
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chloritization and biotitization of hornblende (Big.7). The sericitization of plagioclase along iaroifracture in Figure.

(8-A; B) indicates the passage of fluids througbhsfractures enhancing the metasomatic replacement.

The pericline twining is seen in {HP, P;) making contact with K-feldspar (KK;) hetero-oriented forming a clear
albite rim (Figure.8-C). This reflects temperatcoaditions at which this texture was produced, iaizdmost definitely prior
to the formation of albite rim i.e., pericline wésrmed during the melt stage at low temperatured @aot from the
metasomatic stage. Perthitic albite lamellae werenéd from exsolution during an unmixing phaseha solid state
(Collins, 1998), after Khetero-oriented replaced plagioclasg @, P;). This can be proved by observing the orientatibn

the optically continued pericline relicts in Figu(8-D).

The hetero and co-oriented chloritization of betind biotitization of hornblende can be observdeig. (8-E; F),

and can be proved by the relicts seen in imagetRen$ame Figure.

Figure 5: Microscopic Images of (A) Chloritized andBended Biotite in Micro-Fractured Alkali Feldspar (XPL,
Sample Wa-7). (B) Chloritization of Hornblende andBiotite Producing Adjacent Opaques, Coarse Quartz
Vermicules of Myrmekite (XPL, Sample Wa-7). (C) Sinple Twining in Hornblende, Polysynthetic and Poikiltic
Textures in Plagioclase B, Biotitization of Hornblende H;, Chloritization of Biotite Bi,, Sericitization of Plagioclase
Core P,, K-Feld Spathization of Two K-Feldspars (K, K,) Forming Swapped Albite Rows, K-Feld Spathizatiorof
Plagioclase B Forming Albite Rim (XPL, Sample Wa-1). (D) GypsumPlate of Image-C Showing Orientation of
Crystals (G, Sample Wa-1). (E) Wavy Extinction Textre in Quartz, Poikilitic Texture And Pericline Twi ning in
Plagioclase, HTF Invading Wavy Texture, Silicificaton of Plagioclase (XPL, Wa-1). (F) Gypsum Plate dfmage-E

Showing Orientation of Crystals (G, Sample Wa-1).

Figure 6: A Magnification of an Unidentified Crystallized Substance From an HTF Along Fractures in thaVavy
Texture in Quartz From Figure. (6-E; F), Along With Silicification of Plagioclase
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Figure 7: A Proposed Metasomatic Model Explaining ie General Reactions in the Metasomatized Studied

Rocks), Where the Arrowheads Broadness Represent Molntense is One Process Relative to all Others

Megacrysts

The proposed hypothesis for the metasomatic orifithe megacrysts in host rocks based on the dptica
observations in Figure.(9-A; B), where recrystallian of plagioclase crystals ceased mid-way irtdigathe end of
hydrothermal phase before the crystals were faltyystallized i.e., that the whole rock was notadlgumetasomatized but
locally by the passage of fluids along fractured aeak points of different natures, resulting infitadi’'s inhomogeneous
appearance.

The co-oriented albitization epitaxially filling micro-fracture almost sealing it, except for thected part that
can't be replaced co-oriented by albite can be meskin Figure.(9-C; D). The hetero-oriented altaition of plagioclase P
by K, and K to form R 4, can be observed in Figure.(9-C; D; E; F). Thitofokd after the recrystallization of&P5 to form
the megacryst Pby metasomatic processes. This can be provedebghairp contact between the plagioclasesREP Ps),
plus R recrystallizing inside & Psin Figure.(9-A; B), in addition, the presence@lfats from R inside of the albitized .
Figure.(9-A; B; C; D; E; F) are from the same magst

,‘m

Figure 8: Microscopic Images of (A) SericitizationAlong a Microfracture in Plagioclase Including a Seicited
Apatite Crystal, Biotitization of Hornblende (XPL, Sample Wa-1). (H) Gypsum Plate of Image-A Showing
Orientation of Crystals (G, Sample Wa-1). (C) Peritine Twining and Normal Zoning, Perthitic Albite in K-Feldspar,
K ,-Feld Spathization of (R, P,, Ps) Producing Dissolution-Precipitation Texture and Forming Albite Rim Between
Plagioclase and K-Feldspar (XPL, Sample Mu-1). (DEypsum Plate of Image-C Showing Orientation of Cry&ls
And Relicts (G, Sample Wa-1). (E) Simple and Polysyhetic Twining in Hornblende, Chloritization of Bi otite,
Co-Oriented Biotitization of Hornblende, Sericitization of Plagioclase (XPL, Sample Wa-7). (F) GypsurRlate of
Image-E Showing Orientation of Crystals and Relictdnside Hornblende (G, Sample Wa-7).
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Examples of Metasomatic and Other Textures in the Bclaves

Figure (10-A) shows pseudo-alignment of crystalst{te and hornblende) along the rims of a reldjiarge
reversely zoned plagioclase in microdioritic eneldwvock. This plagioclase contains inclusions ef $hme crystals. The
pseudo-alignment of the outer crystals can be eguieby the formation of this plagioclase from hastk melt that invaded
the (solid) enclaves, simultaneously melting adjhagystals (resorption surfaces) by dissolutioxergng an excess
pressure or inducing stress during growth as ffwcerystallization on the neighboring mineralsubating their dissolution
(Maliva and Siever, 1988; Merino, et al., 1993)rtRarmore, interstitially causing the melt to beeomore calcic by
melting hornblende (a local disequilibrium), crysting a reversely zoned ring. These dominant dleahthanges didn’t
prevail long enough to complete the crystallizatigith higher calcic values, only for the melt tdum to its previous
composition crystallizing the rest of the zonindghnliess anorthite content. This is supported bystreitization ring in the
zoned plagioclase. The reverse zoning was onlyreeden the studied enclaves, strengthening thpgeed metasomatic

scenario.

Plate of Images-A Showing the Orientation of Crystks, Relicts and Sharp Contact Between PlagioclaseGtals (G,
Sample Mu-1). (C) & (E) Co-Ordinated Albitization of Plagioclase Feldspar Following Microfractures inthe Crystal
To Allow Passage of Fluids, Plus Minor Hetero-Orieted Albitization Forming Albite Rims that Couldn't Replace
Sericite (XPL, Sample Mu-1). (D) & (F) Gypsum Plateof Images-C & E Showing the Orientation of Crystas and
Relicts (G, Sample Mu-1).

Figure (10-B) shows the same process seen in F{guiBy &Figure. (8-E; F) but observed in the eneldwocks,
though such crystal sizes are from the host rodknan from enclave mineral crystal sizes, indiogitimat the enclaved rocks

underwent the same metasomatic processes in satelafter being enclaved in and intruded by thet hmagma.

The highly altered view seen in Figure. (10-C) ¥eamed by full saussuritization of plagioclase hyading HTF.
These plagioclases are host melt produced crydtaghly anorthitic containing in the form of xentli aggregates
(accumulates) of finer hornblende that were meldestander prolonged exposure to hot circulatingd8usurviving as
alteration products (Gill, 2010). The partialmetdtiaf these aggregates and the highly saussuritiedenaf plagioclase are
features of altered mafic rocks (Gill, 2010). Ptardase (Figure.10-C) which is highly anorthitic ammnpletely saussurite is

hetero-oriented producing muscovite in the proesss secondary alteration product.
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Figure 10: Microscopic Images of (A) Reverse Zoninm Plagioclase Marked By Sericitization Ring in tike Zoned
Plagioclase (XPL, Sample Enclave-9). (B) Biotitiz&in of Hornblende and Chloritization of Biotite, Pleochroic Halos
Caused By Zircon Mineral Inclusions Since it is a Mtamict Mineral (XPL, Sample Enclave-9). (C) Muscoitization

Of Calcic Plagioclase Crystals, Aggregates of Anheal Hornblende Forming Xenolith in Melt Produced Crystals
(XPL, Sample Enclave-7). (D) & (E) Polysynthetic Twning in Hornblende, Plagioclase Megacryst With Aniperthite,
Reverse Zoning and Polysynthetic Twining in the Grandmass of Fine-Grained Enclave Rock Mineral Assemage,

The Megacryst Contains Inclusions Identical to theNature of the Groundmass (XPL, Sample Enclave-1)Fj

Invading Contact and Sudden Change in Crystal SizeBetween Host Rock and Wall Enclave (XPL, Sample

Enclave-9).

The other representative enclave samples shovinkesse partial-melting of enclave minerals indingithat their
hydrothermal episode was relatively briefer. Theréasing in nucleation centers and decreasingain gizes in the newly
formed crystals from the host magma arrested ailb@rgroducts at an incipient stage. Preventingptteservation of these
products as aggregates (accumulations) of hornblé@dl, 2010), thus, produced poikilitic texturés newly formed

crystals from the invading melt, which formed tlaene mineral assemblage in the host rock.

The crystal in Figure. (10-D) shows antiperthitettiee in crystals with constant crystallographidentation
(co-oriented) strictly as that of the host plagése. The corroded plagioclase megacryst (Figur®; ) was formed from
the injection of an invading melt into the encléagly through microfractures, grain boundaries,@hér weak points. Only
for the melt to fill the formed pocket by a megastryproposing that there was only one nucleatioeren the pocket at that
time. The partialmelting of hornblende xenolithstals must have interstitially (a local disequiliton) increased the calcic
nature of the melt building up Ca in the melt fpoént where the melt conditions formed very thimenese zoning, indicating
an increase in anorthite content by the sericitradf a zoned ring in the zoned plagioclase. This also be seen in Figure.
(10-A) by the reverse zoning in plagioclase in slEnifnclave-9, noticing that the reverse zoninduisker because of the
smaller size of the crystal. This can be provethieyinclusions of similar crystals in Figure. (EDand reverse zoning only
occurring in enclave rocks. Figure. (10-F) shovesittvading contact and sudden change in crystasdietween host rock

and wall enclave.

www.iaset.us editor @ aset.us



34 Ahmad M. Abudayeh, Najel Yaseen & Ghaleb H. Jarrar

DISCUSSIONS

The Ediacaran rocks of Darba suite are charactefizea unique appearance in hand specimens and thele
microscope. Especially the megacrysts of Muhtaaking into consideration that grain size in a matigneock is
proportional to the ratio of crystal growth rate riacleation rate (Best, 2003). This is true onlythie case of rocks
unmodified by textural equilibration, fragmentati@m other secondary processes. The sudden ortatfrapge in grain size
in the plagioclases of Muhtadi can be attributech&wging of crystals under Ca & Na metasomatid8uil hese metasomatic
processes are the secondary process that modifeedhape of Muhtadi rocks during the late stagesrystallization.
Therefore, the inhomogeneous appearance of Mubhtadpared to the homogeneous appearance of Wa'dch diun’t

undergo such grain size modifications.

The statistical parameters of crystal size, avesge and standard deviation (SD) of crystal siltestrated in

Table (1&2) were measured to reflect the unifornaitythe heterogeneity and show the degree of dryigia modifications.

The modal quantity of Wa'ara reflects Wa’'ara urifiitiy in modal quantity. The quartz and the alkalgspar from
the host rock show almost a uniform pattern inrtlagierage grain sizes and SD. This degree of umifgrreflects the
metasomatic degree of modification in grain siZgeartz underwent no metasomatism and alkali-feidspderwent a

medium degree (albite rims, swapped albite rimsg)pwinimizing the effect.

The partly biotitized and chloritized hornblenderfr Wa'ara shows an increasing pattern in averagm gize.
Such processes may increase the volume by 40%cozate it by 30%, and happens simultaneously trtvt sequence of
biotitization of hornblende followed by the chldzétion of biotite (Ferrow and Baginsk, 1998). O tother hand, the
appearance of metasomatic hornblendes or biotitbtuhtadi is at the expense of each other.

The metasomatic plagioclase of Muhtadi causesetsrbgeneous appearance (Figure.3-A). Plagioclamassa
uniform standard deviation with continues incregsaverage grain size. The sudden increase in sirtiee grain sizes
(megacrysts) is at the expense of reducing theaappee of smaller others, by recrystallization @fit@gyuous plagioclase

crystals merging into a porphyroblast.

The latestage metasomatic reactions of Darba arstlyngrain boundary controlled changes, also termed
“metasomatic active fronts” or “reaction interfat€Rong, 1982; 2009). Such reactions have beenritbest by many
authors in other parts of the world as evidences@themical rock-magmatic fluid interaction (sesl&d, et al., 1983;
Taylor and Pollard, 1988).

Metasomatic Model

In solid state during the late stage of crystallmg the invading metasomatic fluids attacked thimeral
assemblage of the host rock after tectonic movesn@figure. 7), producing episodes of metasomatiest-fgctonically
reshaping the rock. The (Ca & Na) and K (two phasegurally defined) metasomatic fluids attackieel inost vulnerable of
crystals that inhabit cleavage, fractures or inocae Ca in their structures (e.g. hornblende,iptdgse). The invading
fluids subtracted Ca, Fe and Mg from hornblendesicayits chloritization and forming opaques adjaamnincorporated
into its body, indicating that the fluids didn’treathe subtracted material far away, meaningtti@mobility was limited to

fractures and other weak points.
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The chloritization of hornblende was simultaneoustgurring when the fluid was subtracting Ca frdagpclase
albitizing it by Na and/or replacing it by K forngrsericite, simultaneously forming apatite andhite The chloritization of
biotite could have happened along with hornblefidiee invading fluids already contained Fe and Mdpbe entering the
rock body. Though, not necessarily since it carpkamot later on but simultaneously when Fe andaMgsubtracted from
the hornblende and added to the fluid, and if t#d8 close to hornblende then its chloritizatiam ©ccur simultaneously

indicated from the absence of opaques (Figure 6)B;

The k-feld spathization of plagioclase or two adjatcalkali-feldspars could have happened any timbw
temperatures, producing perthite of unmixing frommoéid solution depending on the availability ofckrrying fluids and
mobility along fractures leading to adjacent crigstd the same or similar nature. The metasomatioystallizing megacryst
growth of plagioclase must have happened beforttadir metasomatic episodes based on texturaioeships and its need
of Ca and Na fluids to recrystallize into a megatri?roposing that the first metasomatic stagewlees the fluid was still
rich in Na and Ca was subtracted from other mafigenals, for these megacrysts to be albitized byldids later-on. The
biotitization of hornblende could have happened@glwith the K-feld spathization of plagioclase. lig. (8-A; B) represent

a view where biotitized hornblende is adjacentdteto-oriented K-feld spathized plagioclase.

CONCLUSIONS

The Following Conclusions Can Be Drawn From this Stdy

« A varietal name of Hornblende Biotite Granodioxtn be given to the rocks of Wa'ara, and HornbleBiddite
Quartz Monzodiorite Porphyroid for Muhtadi. The Eved rocks are mafic microgranular enclaves of a

hornblende gabbro-diorite composition, termed miarites with a mixing nature.

» All of Darba suite rocks except the rhyolite dikexlerwent late stage metasomatism by isochemichbthyermal
fluids

* The metasomatized studied rocks show locally a umedo intense degrees of (-ization or —ification).

» The plagioclase megacrysts of Muhtadi were asutreBmerging into one porphyroblast after introthg Si, Ca
and Na latestage hydrothermal fluids.

e Tectonics played a major role in facilitating thetasomatic hydrothermal fluids passage.

» The observed types of replacement in the studie#isrinclude: (i) hetero-oriented albitization off&ldspar
forming a clear albite rim taking the same crysiglphic orientation as the adjacent plagioclage;q-oriented
albitization (deanorthitization) of plagioclase @guzing dissolution—reprecipitation textures, (idp-oriented
albitization of K-feldspar producing perthite bymixing. (iv) the hetero-oriented K-feld spathizatioccurring at
grain boundary of plagioclase producing dissoluti@precipitation textures, (v) the hetero-oriented
K-feldspathization occurring at grain boundariestwbd K-Feld spars producing swapped albite rimg) {ve
hetero-oriented replacement of plagioclase repipalkali-feld spar forming myrmekite, (vii) the leeb-oriented
muscovitization in the interior parts of plagiodagviii) the hetero-oriented biotitization of héende at grain
boundary of K-feldspar, (ix) the co-oriented biiatition of hornblende, (x) the co & hetero-orientddoritization

and muscovitization of biotite and hornblende.
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The similarity in shape, size, and color betweenhtbrnblende and biotite from the enclaves andethagusions in

hornblende and plagioclase crystals from the hamdts can point them out as relicts and may indiaasémilation processes.
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