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Similar to various interorganizational information systems (IS), electronic data interchange
(EDI) has been theoretically discussed as a technology providing strategic advantages to .
individuals who are implementing such systems (Awni, 2013). However, although EDI offers
well-known benefits, its increasing adoption primarily in small businesses has peen slower as
anticipated and it is much slower in Jarger organizations (Awni, 2013). In spite of its capability ™
to replace costly and inefficient paper-based processes with computer-based communication
processes, medium and small industries (SMEs) seem to be still yeluctant jn adopting such a
technology. According to Awni’s (2013) taxonomy of IS innovations, EDI is categorized as a
Type Il innovation. Swanson asserted that compared fo the small organizations, larger
organizations possess, the capacity of processing information in higher volumes, interacting much ~{ comment [Editor10]: Please check wh( __ [1g
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frequently with the external environment, and having a greater variety of specialized jobs. All _{ Deleted: as well as ...aving a greater varig__ 201 )
these factors justify, the adoption of more frequent Type 111 innovations, On the other hand, small
businesses are often characterized as firms with low IT sophistication levels, availability and ///
underutilization of resources, and weak market positions in addition to lack of IT integration. ///
Such constraints can cause these small businesses to avoid adoption of Type Il innovations like /f//
EDI. The problem becomes a greater cause of concern as small businesses are the backbone of /
the economy of several countries. For instance, in USA, small businesses are creating 2 out of
every 3 new jobs, thereby producing 39% of the gross national product, resulting in half or even
more technological innovations jn the country (Awni, 2013). Considering the jmportance of
achieving a high penetration level for the success of EDI, jt is therefore important to understand,
the major factors that affect EDI adoption into small businesses, In this study, this issue was
addressed. From the theoretical perspective, this study also aimed to address, the lack of general
research and theories on IT adoption into SMEs for competitive purposes.

1.1 Research Questions

Jnthmstudy,,two vital issues are being addressed: /{ Deleted: Therefore, this article...n this stum}
1) What are primary factors influencing the adoption and impact of EDI on small Deleted: as well as ...nd impact of ED{ _ 27 |
businesses?
2) How can the proponents of EDI systems assist in expediting its adoption process by their - { Deleted: can ]
small partners? [ Formatted: Not Highlight ]
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1.2 Research Objectives
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e Examining the factors yelated to EDI adoption including those that affect jts adoption jnto Deleted: matter ...he factors relating . _ T4 )
SMEs in Saudi Arabia, and building an EDI adoption model for the SMEs of Saudi
Arabig,

o Proposing the EDI technology model that can be adopted by Saudi Arabian SMEs / |__peloted: wich ot cante sdoped_ T
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For examining all these factors, fesearch reviews of past empirical and conceptual research on /| Formated el
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trading partners to exchange the structured business information petween different computer
applications via an electronic method (Swatman and Swatman, 1992). The I0Ss are
telecommunication-based computer systems that are used by fwo or more organizations for data
sharing as well as sometimes sharing of applications among different organization users (Barrett
and Konsynski, 1982; Cash, 1985). Pfeiffer (1992) states that for 10S to become classified as an ///|
EDI, it should possess particularly essential features. It should have a minimum of fwo
organizations in a business relationship as the users. Tasks like data processing pertaining to |
transactions at all (both) organizations should be assisted by application systems that are |
independent. It is a property unique to EDI because other 10Ss are single system-based |
applications that are utilized by several users. Data exchange integrity between, the application
systems of trading partners should be guaranteed by the concerning formatting rules and data
coding agreements. Finally, Pfeiffer (1992) explains that the exchange of data between
application systems should be accomplished through telecommunication links.

2.2 EDI Adoption

Most of the previous EDI studies have made use of diffusion of the innovations theory (Rogers, - -{ Comment [Editor13]: Please consider using a
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Adoption are yelative advantage (that is perceived advantages of EDI as well as the impact), { Deleted: Maximum past
trialability (such as prototypes, pilot tests, and so on), and compatibility (both organizational and 7\ Deleted: its ...ne adoption of EDI. Among [s21)
technical). Perceived relative benefit of EDI is the one variable fhat is consistently been regarded
as among the most vital adoption factors as well as the most vital factor for IT (information
technology) growth in SMEs (Cragg and King, 1993). Therefore, perceived benefits of EDI were

included in our framework pne of the primary explanatory factors for EDI adoption.

)

are one among these factors. Others include necessity fo change jnternal systems, lack of
technological skills, and lack of system integration (Pfeiffer, 1992; Saunders and Clark, 1992). It //
expects inhibitors to play a bigger role in the context of those small organizations where JL/ —{ Formatted: Not Highlight ]
sophistication and resources are Iimited\ (Swatman and Swatman, 1991). Empirical findings have - {Comment [Editor14]: Pleasecheckthechange.}
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hindering the growth of IT in small organizations (Cragg and King, 1993). Hence, organizational A Deleted: indeed ...uggested that lack of te( _ [34] )
readiness (OR) defined as the availability of organizational resources_for EDI adoption js another
factor in this study. Several factors clearly influence EDI adoption but as they have been
generally identified by studying large organizations and hence, their applicability is questionable
Jn case of small businesses. Small organizations found to have varying technology adoption
patterns compared to larger ones. Moreover, most of the previous studies have, failed fo
recognize that EDI is a networked interorganizational system wherein power of EDI initiator,

interdependencies, as well as trust between partners turn critical issues.\ | comment [Editor15]: The meaning of this
'''''''''''''''''''''''''''''''''''''' phrase is unclear. Please check.

Awni (2013) in 100 SMEs survey found that factors such as environmental factors that are of
higher consideration by adopters as compared to by Nano adopters as well as subject to increased
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EDI initiators play a critical role jn the adoption of EDI by SMEs (Swatman and Swatman, 1991; Deleted: are ...DI initiators have ...lay a _ 351 )

Hart and Saunders, 1994; Webster, 1994). Literature suggests that the decision of a firm to adopt
EDI is primarily based on what the business partners are doing instead of EDI characteristics /
QBouchard, 1993). In fact, more than 70% of respondents in the latest surveys identified that /. { comment [Editor17]: We have deleted page
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identified as the primary reasons capable of explaining the adoption behavior of EDI jnto SMEs
as well as expected effect of technology. The relationship between these factors and the EDI
adoption process as well as their impact and integration are depicted in Figure 1.
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3.1 Environmental Factors
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Governmental policies as well as the effect of initiatives have been shown for stimulating /{Deleted:impact...ave been illustrated (7417

information supply that can produce faster technology. For several organizations, the Saudi
Arabid government has acted as the chief funding source for infrastructure, This, study - comment [Editor20]: Please check the change.
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investigates the involvement and support of the government in EDI adoption into SMEs. " { Deleted: ... Thise [a2]
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The Saudi Arabia government has shown its further commitment towards providing positive and { peleted: further
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found that the government’s direct intervention can be regarded vital for the promotion of
technological innovation, although the extent of jnfluence on different firms can vary between
countries.

Awni (2013) emphasized that private as well as government sectors play a vital role to support
EDI framework pillars. An understanding of the governmental role as an EDI facilitator will
assist in flourishing as well as maturing strategic framework for businesses that are Jnternet .
based. Awni (2013) examined the effect of government incentive programs,on JT in 40 lSMEs.\
Several evidences show that the incentive from the government in the form of financial,
technological, and economical support facilitated simpler IT adoption. Goh (2014) suggested that

the government can play a leadership role for ldiffusinq innovation. Teo and Tan (2014) :_,VV—VLComment [Editor22]: Please consider using a }
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present study via a construct utilized by Tan and Toe (2014) for their study. Therefore pased on '{Comment [Editor23]: Do you mean “model”? ]
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H1: Government support js positively associated with EDI adoption. _—{ Deleted: of government ...s positively ass __[47] )
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EDI technology, According to Pfeiffer (1992), the advantages are mostly operational savings
associated with the internal efficiency of the organization as well as opportunities that are related
to the effect of EDI on business relationships and processes. These are mostly competitive and /[ comment [Editor24]: The meaning of the
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to the impact of EDI on business operations. Several opportunities are offered by EDI that could
result in organizational benefits if they combine with re-engineering of business processes and
appropriate business strategy (Swatman et al., 1993; Clark and Stoddard, 1994). This jneans that
ideally EDI is best integrated with the core business of an organization as higher integration
levels lead to increased expected advantages.

Perceived benefits of EDI yefer to fthe extent of recognition jof relative benefits offered by EDI (. comment [Editor25]: Please check the change. )
technology fo an organization, Increased managerial understanding of the relative benefits of \[Demed;advanmges _.efer to the extent o __[50]
EDI increases the likelihood of allocation of managerial, technological, and financial resources “{ Deleted: that D1 technology offers .o (_ja11)

vital for implementing an integrated EDI system (Benbasat, el al, 1993). It is therefore
anticipated that those, SMEs whose management recognizes, the advantages of EDI would be
much likely to adopt EDI as well as enjoy increased advantages as compared to those whose
management [recognized PBs to a lesser extent. |
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firm. This, factor was taken into consideration pecause of SMEs tending to lack resources that are
vital for EDI as well as various other IT investments (Saunders and Clark, 1992; Bouchard
1993). Moreover, comparatively low computerization levels of operations of SMEs makes
sophisticated information systems integration (like EDI) tough, necessitating expensive
expenditures (that is technology, employees, and capital). As small organizations tend to lack, /,
these resources, their ability jo capitalize all strategic advantages of any specific technology /
usually is limited.

7| Deleted: available ...inancial resources avy___ 54]

paying for installation charges, subsequent implementation of enhancements, and ongoing costs
during usage (like usage fees, communication charges, etc.). Though, the EDI adoption cost can
be restricted to a few hundred dollars (to run EDI software on personal, independent, frontend
computers), its integration cost may pe approximately 10,000$ (Bouchard, 1993). As integration
is required for the success of EDI investments, one could easily notice the importance of
financial resources, Usually, SMEs with available financial resources would be better equipped




for implementing integrated EDI systems. Firms that can consequently afford much integrated, A Deleted: better ...or implementing integrq 557 )
costly EDI projects are much likely at enjoying increased advantages of using such systems.

The second dimension of OR is “technological readiness,” which is concerned with the o peleted: s...cond dimension of ORis [ 567
sophistication level of usage of IT and IT management in an organization. Usually, sophisticated
firmﬁ are not much likely to pe intimidated by technology. They possess superior view of [ Comment [Editor27]: Do you mean “large
corporate data gs an integral part of the overall management of information as well as have Eepnesiy

access to the required fechnological resources (j.e., expertise, component project leader, and
hardware) (Pare and Raymond, 1991). [Therefore, such sophisticated firms gxpediting, EDI
adoption js expected,\ Furthermore, firms with extremely integrated computerized processes are /
better prepared for undertaking integrated EDI projects that increase the impact of technology as henge.
well as offer increased benefits. To summarize, it is anticipated that the SMEs having increased ™ — -
OR for EDI would be much likely to,adopt, EDI and enjoy its increased benefits as compared to > Deleted: having ...th xremely integrate(_Teg
firms having lower readiness levels.
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susceptible to pressure from their stronger partners (Saunders and Hart, 1993). These impositions
are especially prevalent in case of EDI pecause of the nature of its network.
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“threats,” which, on the other hand, refer,to the actions that convey, the intentions of larger firms

]

Deleted: ring...to the actions that conveyi( [68]

towards applying negative sanctions (such as discontinuance of partnership) should the smaller

company fail fo become EDI capable, These threats have been jmplemented by large department

store chains and automobile manufacturers in the recent years (Brent, 1994).

Because of the importance of the external integration in the EDI network, you can expect smaller
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Salancik, 1978). Hence it is expected, that the SMEs experiencing pressure from their partners or

from competitors would adopt EDI more frequently as compared to those that do not encounter

this pressure. As already outlined in Table 2, OR and PB_are both expected to influence the]
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Geochemical Exploration for Gold and the association of As-Cu-Pb-
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the alluvium in the stream sedlment within the catchment area, and the dray was sieved to less -
than 1 mm grain size. The geochemical samples were analyzed for their trace elements and gold [ peteted: of
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the systematic measurement of one or more chemical properties of the naturally occurring
materials. The chemical property measured is most commonly the trace content of some element
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chemical patterns, or geochemical anomalies, related to mineralization. Among the several /]

geochemical prospecting methods used to discover the study area, the heavy minerals and rock
geochemical exploration methods were selected and used in the study area, as they are the more /
effective methods suitable for this type of region. Heavy mineral geochemical samples of less
than 1mm grain size were collected from the alluvium in the stream sediment, which were a
useful method of verifying any decision made during the geochemical exploration for minerals,,
Jncluding the transport distance of the gold nuggets and ultimately regarding the origin of the
element dispersion halo [1]. The fine fraction method is usually used in geochemical exploration,
because of the small grain size, which makes it possible to use a small sample weight and to some | |
extent eliminate the reduction and secondary sub sampling errors. For exploration mineralogists, |

the key problems arise from the low concentration thresholds of gold anomalies and the small |

particle size [1]. Rock geochemical samples used to collect, the composite sample (caver about 5 | ((comment [13]: Author please check ‘caver’ |
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minerals in the plutonic rocks, which cover the area under study, in an attempt to identify the
areas of geochemical anomalies for, Au, As, Cu, Pb, Sn, Mo, Bi, W, Zn and Li. It was also done to
Jidentify the possible, presence of the ore minerals in the target areas by using the rock and heavy
mineral geochemical exploration methods.

2. Geological Setting

The basement rocks exposed in southwestern Jordan are subdivided into two broad

and metamorphic suites, mostly of the late Proterozoic age. These complexes are separated by a
regional unconformity (peneplanation), represented by the Saramuj Conglomerate Formation [6]- //

[7]. The Agaba complex (800 to ~570 Ma) jncludes the metamorphic and intrusive calc-alkaline /
plutonic and metamorphic rocks. The Araba complex (625-600 Ma), on the other hand, consists of

the Safi and Finan granitic suite, and Qirenifat and Ahaymir volcanic suites [8]. The area under [COmme_nt [14]: Author please check, do you }
study is jncluded within the Agaba complex and the outcropping from the late Proterozoic calc ~ \menFeinan? —
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Rashidiyya Aplite granite, respectively. The granitites are cross-cut by numerous dykes of varying
composition (from acidic to basic) and thin quartz veins and an alteration zone. The Jower
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Umm Ishrin Sandstone which are unconformable and overlaid Proterozoic igneous rocks [9]-[10]. ~  \.mean ‘Arkose’?
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N covering about15 km The geological units are described as follows;

The Qara granite unit contains medium- to coarse-grained, pink- tq whitish-pink to light grayish-< - { Formatted: Tab stops: 3.93", Left
pink syenogranite to monzogranite. The mesocratic rocks include small mafic clots at the outcrop,, Deleted: e...is...ontains a ....edium- to coa
highly weathered and cut by dense dykes of rhyolite and quartz veins, The main mineral
composition includes quartz, alkali feldspar, and, biotite with traces of hornblende and phaneritic
in texture, particularly along the margins of the zone in contact with the Ishaar unit, [Ishaar [granite ( comment [16]: Author please check
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to the granodiorite. Mesocratic, small circular mafic clots with biotite and hornblende are |
common, cut by dykes of variable compositions of rhyolite, pegmatite and quartz vines. Quartz, /,

3l | 8

alkali feldspar and biotite constitute the main mineral composition. Rashidiyya Aplite Granite jis ( Formatted: Font: Not Bold
distinguished by fine grain size, micro granite, pink to whitish-pink colors, leucocratic and sugary - peleted: ...ink colors, leucocratic and....s{ _ [g

with aplitic texture. Acidic dykes and thin quartz veins cut through this unit, Quartz alkali
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3. Sampling and Analytical Techniques

7777777 [ Deleted: to investigate ]
geochemical exploration of the area under study. Sample points were selected from a published
1:50,000 scale topographic and geological map.

Fifty rock chip samples were collected from the outcropping of the granitic rocks, simple

77777777777777777777777777777777777777777777777777777 7 Deleted: 5...ive samples per 1km? (Fig.urg™ 9]
The lithology, quartz veins and alteration intensity of the rocks were studied in the field under

natural light using high magnification lenses. Thin sections were then prepared and detailed
mineralogical and alteration features were studied under the petrographic microscope. The samples
were crushed and powdered using a stainless steel Jaw Crusher and an Agate Ball Mill machine, to |
obtain grain size less than -63u, The samples were quartered in order to get a statistically
representative (splitter) fraction and powdered using two geochemical techniques at the Natural
Resources Authority (NRA) labs.

Forty-five heavy mineral concentrated samples were collected from the alluvium in the stream

| Deleted: 4...our samples per 1 Km? ... [10]

Then dry stainless steel sieving was performed at the sampling site to get about 4 L by volume of
alluvium, of grain size less than 1mm. The samples were then placed in 8 L, stainless-steel pans,
and washed in sea-water close to Agaba to eliminate material py the law of specific gravity and
collect a resultant of about 200 g of heavy mineral concentrates. The concentrates were rinsed
thoroughly in fresh water, placed on plates and sun dried,
3.1. Analytical Techniques

The trace elements were analyzed by decomposition using lone Inductively Conductive
Coupled Plasma Emission Spectroscopy (ICP-AES) at Natural Resources Authority Labs. A total

— Deleted: ram...of sodium peroxide (Na,O( [11]

placed in a zirconium crucible, and fused, by heating jt to 450°C for 45 ming, to obtain a sinter.
Subsequently, 72 ml of deionized water was added to it and stirred for a few minutes; then 28 ml
of diluted HCI jn a ratio 1:1 was added to obtain, clear solutions that were used to determine the
trace element, concentrations. ,

The Atomic Absorption Spectrometer (AAS), PerkinElmer 3030 Model was used for gold /{Deleted: ...Imer 3030 Model was used o __[157 )

analysis jn the Natural Resources Authority Labs. The analytical method consisted of dissolving
the Au in the sample py heating with aqua, regia solution (3 ml conc. HCI + 1 ml conc. HNO3) /- { Formatted: Font: Italic )
plus iron,.The gold (Au) was then extracted with methyl isobutyl ketone, (MIBK) solution by Deleted: -...regia solution (3 ml conc. HQ __[13] )
introducing the organic phase into a pyrocoated graphite furnace and then analyzed for gold psing
the Atomic Absorption Spectrometer [14]. The gold concentration was expressed in parts per
billion (ppb). The lower detection limit of this analysis method, was (10 parts per billion (ppb).
[Excel 2007 and Surfer 8 were used to perform statistical analyses of the data.

—7| Deleted: by ...sing the petrographic micrq” [14]

Diffraction (XRD) by employing,a Philips diffractometer with Cu Ka radiation, at the University
of Al al-Bayt. ,
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Table 1: Lithology and Petrography of the rock samples of the study.

Sample Lithology Petrography
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34, 60

highly crashed rocks

7[ Deleted

]

(G,

,,,,,,,,,,,,,,,,,,,,,,,, +in form...s plagioclase, as ... ma[ [15]
and a few percent of perthite with perthitic texture. More than 40% is plagiocl
Jound as euhedral ,and subhedral prisms showing zoning and polysynthetic twinni
I, is highly weathered and altered to calcite and sericite. Biotite is rarg and highly
weathered having been altered to iron oxides.
12, 13 _Thin Quartz veins (2_-50m [The major texture js equigranular and ,sp_heruli_tic, It consists of_ euhedral elongat/ed/{ Deleted: shows...s equigranular and SW
14, 15fin thickness), showing a [crystals of quartz and orthoclase as the major minerals due to the intergrowth between/| - - -
1 thiCkness), showing ) a_ . . - /11 Deleted: with .A.howmgahlghly“.degrem
16,  17/high, degree of alteration [quartz and feldspar like a sheaf form. The slide shows cryptocrystalline silica as 4/
18, 19jand crashed rocks, and Jpanded rock from the veins, thin veins of cryptocrystalline and spherulitic chalcedony’
23, 29)race minerals, like Cuy, pssociated with sericite and calcite, fine-grained quartz and finally cryptocrystaltine
30, 3ljand Ph, iand fibrous chalcedony associated with sericite. A few crystals of orthoclase partially
33 lpltered and sericite. Iron oxides occur as accessories as very fine aggregates.
21 IApplite granite_with green [The sIide‘srhg\{\rlrs;”f'erlgirt'i'gVrgt;rl_gchrq]pgsreq'qf_,fe!dspar, and quartz cr)_/stals. The feldspaw{ Deleted: consists of...hows felsitic rock wa
lcolor and |ultration pltered to sericite and kaolin minerals. Biotite occurs as rare mineral and is altered tq ;
———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— - Comment [114]: Author please check... do you
chlorite. {mean ‘alteration’?
22,59 |Quartz veins with the _Graphic_ texture Jsﬁq@s@(y@e’q.’Ihgrbrigtrirtg,xenocrysts gre part!ally altered to chlorite @d/{ Deleted: are shows...s observed. The biot[—i... [19]
secondary green color of |iron oxides. Iron oxides and black spots occur as accessories and separated randomly
the minerals in the groundmass.
24, 32 ,Basa_ltic dyke cutting t_he This'srqure”§h9y\rlrsmty\(g;yp9§Vqrfquglggqmpqsrirt;ign'the first being andesite rock. It consi/ Deleted: slid ...lide shows two types of “{W
27,28  granite host rocks, with of feldspar and glass. The feldspar (plagioclase) occurs as small lathg and sho {Ddeted. include ]
quartz veins winning and zoning. Jt is predominantly jrachytic in texture. It contains black mate :
hich could be volcanic glass or opaque minerals. ;The second type .compf
chalcedony veins gutting the andesite rock. Spherulitic texture is predominant in
dyke and consists of a dense mass of very intergrown guartz and alkali feldgparn
(orthoclase) needles, radiating from a common nucleus. These spherulites are follgwed
by fine-grained guartz presenting a drusy structure followed by calcite mineral jii the
middle (forming, bands). This dyke is rich, in opaque ,and fing accumulated Jand-likd
fggregates separated from the beginning of the dyke to its end.
35 (Granodiorite,  composite JGranular, consertal and poikilitic textures predominate. Anhedral .and highly fractured 7{Deleted: The major textures show -~-raHU(W
of mafic minerals (quartz crystals comprise about 30%. Feldspar includes both the orthoclase and)
feldspar, ~ Biotite  and plagioclase forms. Plagioclase gonstitutes more than 45% and occurs as euhedral tg
hornblende. ubhedral prisms showing zoning and polysynthetic jwinning. It has been hig [Demed; ]
7 weathered and altered to clay and sericite. Biotitg, ,occurs in about 10% .of hi
eathered rock, altered to chlorite-Jike masses,
36 (Granodiorite, is___a [Granular texture; metamorphic rock fragments of the Biotite Schist consisting of quartz ,{Demed; .....is a composite of mafic minemﬂ
composite  of  mafic feldspar and biotite. Biotite was partially altered to chlorite and iron oxides; opagué. . -
. . . . . . .| 7 Deleted: ,... M...etamorphic rock fragme( [23]
minerals feldspar, and |minerals were seen associated with biotite. Crystals (phenocrysts) partially altered/
Biotite, with a high,degree fericite or clay especially at the center. Feldspar crystals of fractured quartz are visible|
jof alteration, IAll these rock fragments and xenoliths are cemented by fine-grained of quartz.
37,5 Rhy(_)lite _dyke -,j_ine to Eq_uigra_nular and perthite texture js present. Qua_lrtz_, perthitg _and orthoclase are the{ Deleted: ,...Fin...ine to medium-sized grm
medium-sized graing, of major minerals. Feldspars are altered to clay and biotite to sericite. Rare occurrences o Deleted: are...s present. It is consistsof(ﬂ
uartz and feldspar. pltered muscovite, Opague minerals as accessories occur as very fine aggregates. ~ are..op = ... [25]
38 Gra}nite ?‘”ﬁnt_e to medium |Phenocrysts of zoned plagi(_)clase areﬁlt_ered to kaolin. _Cryptocrystalline,silica dugLis { Deleted: ,...fF...ne to medium grains Witm
lgrains with highly crashed |present, as cemented material or as veins. Opaque Jminerals occur as accumulatedfz{ - - —i
. . . Deleted: and ...Itered to kaolin. Cryptocry™ [27]
land withering, composites jaggregates. S/
of quartz,and feldspar /
39 (Granite - fine to medium [The major textures are granular, consertal and poikilitic, consisting of quartz with [Deleted: F ]
. : - 0
jgrains gnhedral crystals and. the hlthy fractured forms constitute about. 29 A>.. In some plams{ Deleted: show. ..re granular, consertal mm
they occur as clots (fine—grained) between the coarse crystals. Biotite is altered to iron
oxides.
40,41  [Simple Pegmatite dyke The major textures Jncludegranular,consertalandpmkllltlc|t£ons|st§of quartz: it | 7{ Deleted: show...nclude granular, consert{w
occurs as anhedral crystals and highly fractured crystals forming about 40%. Feldspar
loccurs as perthite and shows perthitic texture, is altered to clay forming more th
30%, while the plagioclase forms about 25%._It occurs as euhedral to subhedral prisms
Ehowing zoning and polysynthetic fwinning. It js highly weathered and altered to clay
nd sericite. Biotite forms less than 3% and is highly weathered and altered to iron
oxides. Iron oxides occur as veins due to a solution rich in Fe. { Deleted: ... fine grain size, composite [—ﬂ [30]
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48 quartz  and  secondary Orthoclase and plagioclase are altered to kaolin and sericite. Biotite occurs in a JOw_L{ peleted: few...ow percent...ercentage, pm
loxide minerals percentage, partially altered to chlorite. Iron oxides and calcite occur as secon
minerals filling the fractures and veins. The fractures show a dendritic texture.
Phenocrysts of fractured quartz are present.
49 Granite, coarse grain size, [The major textures are intergranular, consertal and poikilitic. It consists, of about 30% {Demed; green...rain size, feldspar, quart{ ___[3a]

feldspar, quartz  and
Biotite constitute the main

guartz with highly fractured anhedral crystals, Feldspar occurs as both perthlte a

mineral compositions.

twmnlng,Jt has been highly weathered and altered tq,calute clay (kaolin) with seri
Bs the rim. Perthite occurs as coarse-grained and js perthitic in texture with Carl

fwinning. Mica sheets (biotite and muscovite) form about 5% and are highly weath d

plagioclase. Plagioclase occurs as euhedral to subhedral prisms showing polysyntheﬁ?

nd altered to chlorite and iron oxide, like masses, Calcite and iron oxides occ
condary minerals filling fractures and veins. Opaque minerals occur as accumulated

ggregates or masses while zircon occurs as an inclusion in the mica sheet.

4.2. Rock Geochemistry

Araba complexes) jn southwest Jordan had been conducted for the regional geochemical survey

project [15]. The average concentrations (ppm) of the trace elements in the Agaba and Araba
complexes, that comprise the igneous and metamorphic suites, mostly of the late Proterozoic age
were reported by [15], as 10 mg/ton for Au, 15 ppm for As, 20 ppm for Cu, 15ppm for Pb, 7 ppm

Deleted: |...tergranular, consertal and poi[ [34]

Deleted: previous...arlier regional geoche[ . [35]
»
, f [Formatted: Font: Not Bold ]

for Sn, 5 ppm for Mo, 9 ppm for Bi, 6 ppm for W, 5 ppm for Zn and 5 ppm for Li. According to
[16], the gpithermal gold mineralization investigated jn the Wadi Abu Khushayba within the calc-
alkaline granitic rocks includes the late Proterozoic rocks within the Araba
under study includes the Agaba complex and outcropping of the late Proterozoic calc alkaline

The

mple rea

granitoids.
The trace background values of the study area were taken as the mean and median values [17],
as shown in Table 1. In fact, [18] suggested that the background could be used as the median. The

in the adoption of two threshold values (Threshold 1 = mean + 2 SD) and (Threshold 2 = median +

2 SD) respectively, and the background values were equal to the mean value. The data below the
value of the detection limits were assumed as the minimum value of the analyzed element and the ///
statistical parameters were then computed on this assumption and the maps of geochemical ///
anomalies, Fig, 3. Thresholds 1 and 2 for Au equal 44 & 38.6, As 26.98 & 25.28, Cu 97.03 & //,
79.4, Pb 73.23 & 75.6, Sn 82.86 & 68.66, M0 48.8 & 42, Bi 8.9 & 7.8, W 34.1, & 30.4, Zn 153.08, //

Deleted: ...0 mg/ton for Au, 15 ppm for {* [36]
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& 138.28 and Li 184 4& 159 84, respectively (Table 1).

Mo, Bi, W, Zn and Li found in the study of the rock samples are presented |n Table 2. Low

positive linear correlations among the concentrations of /Au, Zn, As, Sn, Cu, Pb, Sn, Mo, Li and Bi /

were clearly observed: Au with Zn (r = 0.06), As with Sn (r = 0.16), Cu with Sn (r = 0.1), Cu with
Zn (r = 0.03), Pb with Zn (r = 0.34), Sn with Zn, Li, Bi and W (r = 0. 27, 0.2, 0.17 and 0.032,
respectively), Mo with Zn (r = 0.01) Zn with Li and Bi (r = 0.4 and 0.1). Strong, positive
correlation of Au with As, Cuand W (r = 0.82, 0.7 and 1.0), As with Mo (r = 0.83), Cu with Pb (r
= 0.83), Sn with Mo (r = 0.73), Mo with W (r = 0.97), Zn with W (r = 0.71), Li with Bi (r = 0.7),
these correlations revealed that the hydrothermal alterations affect, the association of the metals in /|
the area and some metals, such as As and Bi, are good path-finders for Au [20]. This may indicate
that Au is found in association with sulfide minerals rather than quartz veins. The major |
correlation for the Cu, Pb, Zn, Sn, Mo and W components indicate that their association was with,
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metadynamic recrystallizaton_ of the tested steel can gasily occur, due to low activation energy. /

compression; Kinetics model

1. Introduction

successive deformation passes for the creation of useful product shapes, Meanwhile, the process
parameters for each pass are of great importance to the microstructure and mechanical properties
of the final products™. During the hot deformation processes, dynamic recrystallization (DRX)
occurs on condition that the stress or strain reaches a critical value and that the microstructure
evolution can be phenomenologically described during the recrystallization process as nucleation
and growth of new grains. In addition, metadynamic recrystallization (MDRX) is the growth of
dynamically formed nuclei after cessation of hot deformation. In contrast to the case of MDRX,
static recrystallization (SRX) also occurs during the cessation of hot deformation, while the stress
or strain is below the critical value for the onset of DRX. Each of these mechanisms can alter the
size or distribution of grains in materials and affect the transformation product characteristics on

have focused on the construction, of the mathematic models for |

plays an important role in the steel structures with vanadium addition'®. The advantages of V-N,
microalloying technology to produce high-strength steel has been proved elsewheret’®*!,

Furthermore, vanadium carbonitrides can precipitate under, certain deformation conditions, and

and MDRX Kkinetics, of steel, Therefore, the understanding of the MDRX behavior of \
14

V-N-microalloyed steel to control coarse grains is of great importance.

thermo-mechanical simulator to study the MDRX behavior of a V=N -microalloyed steel. The
metadynamic-softening fraction of the tested steel was calculated by using an offset-stress method.
With the assistance of metadynamic-softening fraction, the effects of temperature, strain rate, and
time interval on the MDRX behavior of the tested steel were analyzed. Based on the experimental
data, the MDRX Kkinetic, models of the tested steel were established by the regression method.
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Fig. 1 presents the typical stress=strain curves from the two-pass isothermal compression test. In rormated
the intervals of hot deformation, the changes in the microstructure mainly results from the Deleted: d
occurrence of MDRX or SRX. When the strain imposed on the first pass is larger than the critical Deleted: -
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the curves of the tested steel in the first pass exhibited typical peaks at higher deformation
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temperature or lower strain rate, which suggests that the strain was larger than the critical strain
for the onset of DRX. Since Poliak and Jonas™™ proposed the critical kinetic condition based on
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often _been used to determine the critical stress corresponding to the critical strain. This method
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was . used in the present study to prove that DRX can occur in the first pass, and it was found that L7l
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DRX can occur at the deformation temperature of 900°C and at the strain rate of 7 s,. Therefore, |
MDRX occurs under all experimental conditions. Fig. 1a presents the stress—strain curves of the {De'eted: }
tested steel at the strain rate of 0.1 s.' and at the time interval of 0.2 s. Notably, stress in the [Formatted .. [81]
second pass exhibits a platform, and it is hard to observe work hardening, indicating some amount [ Deleted: i J
of metadynamic softening, It can be explained that the softening induced by MDRX is not [Formatted {—j
sufficient and that the dislocation density in the steel remains higher than the critical dislocation || | .- [82]
density for DRX, which is why the work hardening in the second pass can be annihilated by ||| | [Deleted: also J
dynamic softening. Therefore, the stress tends to be constant, which leads to the formation of a [FOfmatted .. [83]
platform in the curve. Furthermore, the stress is sensitive to temperature or the strain rate (Fig.1a, { Deleted: work }
d). The effect c?ftemper_ature or_ stra!n rate on MDR_X has been ,dle:ussedJ_ater. In Flg: 1b, itcan be ||| [Formatte q m
found that an increase in the time interval, results in a decrease in the yield stress in the second \ _
pass, as a result, more work hardening in the second pass is recognizable. Compared with the | Deleted: i }
curves in Fig. 1b, the curves in Fig. 1c exhibited more work hardening, especially,at a short time Formatted ... [85]
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Presently, fwo methods are available to calculate the metadyanamic softening fraction: i) }
microstructure observation in which a sample is quenched at different intervals after single pass | Deleted: °C
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compression and the metadynamic softening fraction is determined by analyzing the quenched \ | Formatted
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metadynamic softening fraction. Compared with the 0.002 offset-stress method, 0.02 offset-stress || | |
method is comparatively insensitive to recovery. Therefore, the metadynamic-softening fraction is |||
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JFig,2 presents the relationship between the processing parameters and the MDRX volume fraction.
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process, atomic vibrations can be enhanced with increasing temperature and the atomic-binding
forces become weak, which promotes dislocation movement and then promotes recrystallization. " | Formatted
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described by an Avrami equation of the following form*4.
t
erex = 1—€Xp[—0693(t—)n] ( 2 )
A . (,),',5, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

ty, = Ag” exp(%) (3)

A

Where,¢ is the strain rate, Q... is the apparent activation energy of MDRX (kJ/mol), R is the

mrex

| 2 LS. .

constants.
Taking the natural logarithm of both sides of formula (2) twice gives the following:

recognizable and the parameter n is the slope of the line. The values of parameter n corresponding

to different deformation conditions can be obtained by the linear regression method. Fig.3 presents

of parameternaso603,
Taking the natural logarithm of both the sides of formula (3) gives the following:

erex

Int,; =InA+ plné+? (5)

A N A

Formula (5) presents the relation between Int,. and Ine or 1/T is linear, as shown in Fig.4
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value of parameter p also can be obtained as -0.366. With the assistance of Q. and p, the

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, A

t
erex =1- EXp[—0693(—) 0'603] ( 6 )
e bs
t,s =2.358x107 g7 %%° exp(g) (7)
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