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ABSTRACT 

 

THE FORMATION AND OBDUCTION OF OPHIOLITES  

SINCE THE LATE PRECAMBRIAN  

 

 

 

Publication No.  ______ 

 

Stacey Elaine Metzler, MS 

 

The University of Texas at Arlington, 2006 

 

Supervising Professor:  Christopher Scotese  

 

Ophiolite formation and emplacement has been episodic since the Late 

Precambrian.  This research study examines ophiolites that formed during the Cenozoic, 

Mesozoic, Paleozoic and Late Precambrian.  The ophiolites were plotted on 

paleogeographic reconstructions using PALEOMAP Project maps, and the ophiolite 

localities were analyzed by their temporal distribution in relation to the tectonic 

framework in which they were emplaced.  The ophiolites appear to show episodic 

events linked to global plate reorganization.  These episodes coincide with collisional 

 iv



events from the supercontinents of Gondwana and Pangea.  The primary mechanisms of 

formation and emplacement proved to be mid-ocean ridge systems and back arc basins 

as well as accretionary prisms and continent-continent collisions respectively.  The data 

was refined to remove any bias and the results yield pulses of ophiolite formation and 

emplacement during the key intervals of late Cretaceous, middle to late Jurassic, and 

early Devonian and Silurian. 
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CHAPTER 1 

OPHIOLITES 

Watch the stars, and from them learn.  To the Master's honor all must turn, each in its 
track, without a sound, forever tracing Newton's ground. 

-Albert Einstein 
 

The term ophiolite comes from the Greek “ophis,” meaning snake and “lithos,” 

meaning rocks.  Ophiolites are generally thought of as slices of old oceanic crust and 

have proven to be reliable indicators of tectonic activity through geologic time.  The 

presence of an ophiolite often indicates the existence of an ancient ocean basin and the 

timing of closure.  Mapping ophiolite locations and describing both the age of the 

oceanic crust that comprises ophiolites, and the timing of the emplacement of ophiolites 

(obduction) are important lines of evidence that can be used to reconstruct the tectonic 

history of the ancient ocean basin that aids in understanding tectonic reconstructions.  

This study has identified and mapped most of the known ophiolites on a global scale 

(Figure1.1).  These ophiolites were then restored to their paleo-locations at the time of 

emplacement and plotted on paleogeographic maps that illustrate the ancient tectonic 

environments.   
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1.1 Historical Perspective on Ophiolites 

 

1.1.1 Previous Work on Ophiolites 

ophiolite discovery tend to follow other times of 

major g

e plate tectonic revolution, the work of Alexander Brongniart, Gustav 

Steinmann, Norman Bowen, Harry Hess, and Robert G. Coleman, among others was 

The three main periods of 

eologic breakthroughs.  The first line of thought regarding ophiolites stemmed 

from Alexander Brongniart’s initial proposal of the term “ophiolite” in 1813, and 

continued until the 1960’s when the plate tectonic revolution took place.  The initial 

ideas regarding ophiolites focused on their tectonic context and recognized that they 

were associated with oceanic crust.  The true nature of ophiolites was still debated and 

there were many conflicting proposals regarding the emplacement process and 

petrology of the rocks that comprise the ophiolitic suite.  Most scientists could not and 

were not willing to agree on any one definition for ophiolites.  The second phase in the 

development of the ophiolite concept took place after the acceptance of the theory of 

plate tectonics in the late 1960’s.  Scientists were looking for geological evidence to test 

and prove plate tectonic theories.  Ophiolites provided this support.  With the advent of 

high-speed computers and digital technology during the 1980’s, new equipment such as 

marine seismic surveys have allowed the modern era of study in ophiolites to evolve.  

This has provided evidence that further validated the hypotheses describing how the 

ocean floor is related to ophiolite formation and how ophiolites are obducted (Nicolas & 

Boudier, 2003). 

Before th
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pivotal 

late 1950’s that fault contacts, rather than the intrusive 

contact

in introducing and expanding this field of study.  As previously mentioned, in 

the early 1800’s Brongniart introduced the concept of an ophiolite to describe 

serpentinized mélanges.  He later redefined the term to include the suite of magmatic 

rocks composed of volcanic rocks, diabase, gabbro, and ultramafic rocks.  Steinmann 

believed they formed as ‘in situ’ intrusions along the axial parts of geosynclines.  These 

intrusions were made up of three principal components: 1) serpentinite, 2) diabase-

spilite, and 3) chert.  The three components of an ophiolite are now referred to as the 

“Steinmann Trinity.”  American geologists of the 1920’s to the 1960’s were not 

mobilists and generally did not accept the European concept of an ophiolite, which 

implied large-scale tectonic movements.  Hess and Bowen studied the petrology of 

harzburgite and lherzolite peridotites in the 1950s, which helped to differentiate the 

magmas and igneous rocks that comprised ophiolites.  In 1955, Hess linked the 

occurrence of peridotite to orogenic events (Dilek, 2003a).  He also suggested that the 

change in seismic velocity observed at the boundary between the lower and upper 

mantle, or Moho, was due to a change in petrology from harzburgite to lherzolite 

peridotites.  Because this same transition in mafic rocks was observed in ophiolite 

sequences, he concluded that ophiolites must represent a preserved section of the crust 

and mantle (Dilek, 2003a).   

Robert Coleman was one of the principal scientists promoting the study of 

ophiolites, suggested in the 

s, indicated that ophiolites were tectonically emplaced rather than intruded from 

below.  His book, ‘Ophiolites’ (1977), has been a resource for many scientists who have 
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consens

Cathy Busby, Robert Hall, Thomas Moores, and 

Akira I

ation compiled in this study in the fall of 2001.  

Prelimi

 

chosen to further examine the many ophiolite complexes around the globe.  In his book, 

Coleman points out the complexities and disagreements among scientists regarding the 

association of mafics and ultramafics within ophiolites (Dilek, 2003a; Coleman, 1977).  

At the Geological Society of America Penrose Field Conference in 1972, many 

scientists gathered to discuss the ophiolite concept and attempted to come to a 

us concerning the definition of ophiolites.  The members of the conference 

determined that an ophiolite is a “distinctive assemblage of mafic to ultramafic rocks” 

(Dilek, 2000a).  The general description of this new ‘layer-cake’ sequence of rocks was 

from bottom to top: 1) an ultramafic complex consisting of harzburgite, lherzolite, and 

dunite, which may be serpentinized, 2) a gabbro complex including cumulus texture, 3) 

a mafic sheeted dike complex, 4) a mafic volcanic complex pillows, and 5) topped with 

a pelagic sedimentary cherty layer.  

Other scientists that have made important contributions to our understanding of 

ophiolites include: Yildrem Dilek, 

shiwatari, to name a few.  Most of these modern researchers have focused on the 

link between ophiolites and the tectonic environments in which they formation and 

obduction takes place (Dilek, 2003a).   

Students at the University of Texas at Arlington (UTA) Roy, Chaudhuri, and 

Karadeniz assembled some of the inform

nary results of this work were presented at the Annual Meeting of the Geological 

Society in Denver, Colorado in 2004 (Scotese et al., 2004). 
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1.2 Description of Ophiolites 

 

1.2.1 What is an Ophiolite? 

Many geoscientists h akes up an ophiolite.  For 

simplicity, the definition presented here is the most common and widely accepted 

n ophiolite is a vertical cross section of oceanic crust that 

has bee

afic complex with harzburgite, lherzolite, and or dunite with a metamorphic 

tectonic

ave attempted to define what m

description of an ophiolite.  A

n removed or obducted during a tectonic event (Figure 1.2).  The typical layers 

include from bottom to top: 1) mantle-ultramafic cumulates, 2) moho-seismic rocks, 3) 

mafic cumulates, 4) massive gabbros, 5) mafic sheeted dike complex, 6) pillow basalts, 

and 7) pelagic/ abyssal cherty sediments.  It is noteworthy that there are some slight 

variations form the Penrose definition; however, the definition is still a general 

synthesis. 

At the Penrose conference in 1972, a definition of a seven-part ophiolite 

complex was prepared.  The definition consisted of these layers from the “bottom” up: 

1) an ultram

 fabric, 2) a gabbroic complex with cumulate textures consisting of peridotites 

and pyroxenites, 3) a mafic sheeted dike complex, 4) a mafic volcanic complex often as 

pillow basalts, and lastly, 5) pelagic, often cherty, sediment as a cover (Ingersoll & 

Busby, 1995; Dilek, 2003a).  For this study, this definition of an ophiolite has been 

adopted and the author has added two additional units: 1) a massive gabbro layer that 

occurs between the gabbro cumulates and sheeted dikes, and 2) the contact between the 

petrologic crust and mantle (Moho).  A composite ophiolite section is given in Figures 



 

1.3 – 1.4 and shows representative images of some of the rocks typically found in 

ophiolites. 

 

 
Figure 1.2 Depiction of the typical ophiolite sequence (modified from Moores and 

Twiss, 1995) 
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Figure 1.3 Pillow basalts in the Quebec ophiolites  

(photo used with permission by Stein) 
website: http://www.earth.northwestern.edu/people/seth/107/Ridges/ophiolite.htm 

 

 
Figure 1.4 Troodos ophiolite near Cyprus with sheeted dike complexes 

(photo used with permission by Tauxe) 
website:  http://www.digistar.mb.ca/minsci/future/deposits.htm 
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Gustav Steinmann is the one of the modern pioneers of the ophiolite concept.  In 

1927, Steinman proposed that ophiolites consisted of three principal rock types: 

serpentinite, gabbro, and diabase/spilite.  Serpentine, a hydrated iron/magnesium-rich 

rock, forms when peridotite is hydrothermally altered by seawater percolating along the 

faults associated with seafloor spreading (Harper, 1984).  Diabase is an intrusive rock 

comprised of mostly labradorite and pyroxene with ophitic textures.  Spilite is an altered 

vesicular basalt and typically occurs in submariner lava flows with pillow structures.  

Chert is a microcrystalline sedimentary rock that typically occurs as nodules within 

limestones and dolomites and precipitates from organic and inorganic matter in 

seawater.  These three typical rock types are easily identified as occurring in abyss

environments. 

 Steinmann initially began studying the petrologic and structural nature of what 

is now called the Ligurian ophiolite in the Apennines of Italy.  He also described the 

crucial cross-cutting relationships that established the relative age and tectonic setting 

of ophiolites.  Steinmann proposed that the serpentinite was never crosscut by the 

gabbro and diabase, therefore making it the oldest member of the suite.  The gabbros 

only crosscut the serpentinite, never the diabase, and the diabase often crosscut both the 

serpentinite and the gabbro, making it the youngest member of the suite.  Steinmann 

also established the crucial link between the radiolarites and the volcanic extrusions 

often found at the top of an ophiolite section.  This relationship was important because 

it linked the lit   

al 

 “geosynclinal” oceanic abyssal sediments and volcanics to the ophio e.
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Althoug

1.2.3 O

h his tectonic models were incorrect, Steinmann laid the foundation for the 

further study of ophiolites (Juteau, 2003; Coleman, 1977). 

 

1.2.2 How Oceanic Crust is Preserved as Ophiolites  

The opinion that is widely accepted is that ophiolites form in rifting basins; 

however, there are a few other environments in which they can form.  Ophiolites can 

form in environments such as back arc basins, along a continental strike-slip zone, 

oceanic fracture zones, pull-apart basins, and as seamounts, guyots, and hot spots.  The 

mid-ocean ridge, or rifting, back arc basins and island arc systems are the most common 

of all the environments for ophiolite formation (Metzler, this work- chapter 6). 

 

phiolite Obduction 

Ophiolites can be preserved in several tectonic environments (Figure 1.5).  The 

cartoon diagram shows how ophiolites can be “trapped” and preserved on other 

landmasses under the right conditions.  Robert Coleman first introduced the concept of 

the obduction of an ophiolite in 1971 (Moores, 2003).  Obduction is generally accepted 

as the tectonic mechanism by which the ophiolite is emplaced (see Figure 1.5).  

Ophiolite obduction generally occurs during the thrusting of oceanic lithosphere onto a 

passive continental margin during continental collision.  (Coleman, 1977; Pearce, 

2003). 

 



 

 
Figure 1.5 Tectonic environments for ophiolites 

 

Another opportunity for ophiolite obduction occurs when oceanic lithosphere 

splits off the top of the descending slab leaving some of the slab to be placed onto the 

continent.  The lower portion of the oceanic lithosphere is then thrust under the 

continental slab.  (Coleman, 1977; Pearce, 2003).  Another mechanism for emplacement 

is when a slab of oceanic crust is added to an accretionary prism in an arc system 

(Coleman, 1977; Pearce, 2003).  As the descending slab is subducted, the portions of 

the oceanic lithosphere are sliced off and emplaced onto the adjacent arc.  The most 

common environments for ophiolite emplacement are accretionary prisms, continent-

continent collision, and arc-continent collisions (Metzler, this work- chapter 6).  

 11
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Chapter two of this work has a further discussion of the tectonic environments for 

ophiolite obduction. 

 

1.2.4 Classification of Ophiolites  

The typical “layer cake stratigraphy” was generally accepted during the 1972 

Penrose conference on ophiolites and still used today.  A layer cake stratigraphy is 

useful in initial identification during field mapping, but it does not identify the tectonic 

setting in which the ophiolite was obducted (Dilek, 2003b).  Some scientists have tried 

to classify ophiolites based on tectonic setting and others based on the rocks present 

within the complex (Nicolas, 1989).  Often ophiolites are identified as more than one 

type depending on how the ophiolite is described: by environment, by rocks, or by 

tectonic regime.  A a lherzolite-alpine

type.  This description suggests that the ophiolites formed in rift basins and have a 

normal oceanic crustal sequence yet exhibits the presence of lherzolite with deformed 

and possibly partial recrystallization evident in the peridotites.  This nomenclature can 

be confusing and ambiguous (Dilek, 2003b; Nicolas, 1989). 

Most scientists agree on two main types of ophiolites: the lherzolite and the 

harzburgite types, which are most commonly used to describe the formation 

environment of the ophiolite.  These categories can present a problem if used as the 

only description for ‘type’ of ophiolite because the lherzolite and harzburgite type 

descriptors cannot differentiate between subduction or ridge crest environments.  The 

lherzolite-types are generally ultramafic and have alpine-type, or deformed peridotites.  

n example of this is to say that an ophiolite is  
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zburgite-type generally consists of harzburgite, dunite, chromite, 

pyroxenite, norite, and olivine gabbro.  This type generally has the typical platinum 

earce, 2003).  Below is a further description of the 

‘types’ 

 in the western Pacific and 

Cordille

These generally consist of lherzolite, plagioclase peridotites, troctolites, gabbros, and 

Fe-gabbros.  The har

group elements as key indicators (P

of ophiolites commonly used. 

In the early 1980’s many ophiolite researchers made a distinction among 

ophiolites dividing them into two types: Tethyan/Cordilleran.  Tethyan-type ophiolites 

are generally found in Europe, Arabia, and the Caribbean, are typically Jurassic to 

Cretaceous in age, and are often found on passive continental margins (Dilek, 2003b 

and 2000a).  Moores et al. (2000) describes Tethyan ophiolites as rocks that 

“tectonically overlie continental crust and shallow-water continental-margin or platform 

sediments,” which typically consist of pelagic sediments with little or no volcanics 

intermixed.  As Spaggiari et al. (2003) describes them, these Tethyan ophiolites are 

typically “dominated by mantle and gabbroic sequences” and have a more complete 

sequence.  

Ophiolites of the Cordilleran type are generally found

ran region in North America and are primarily Paleozoic to Mesozoic in age 

(Dilek, 2003b).  These typically show no definitive relationship with old continental 

crust and are often associated with tectonic (accretionary) mélanges with high grade 

metamorphics and extrusive volcanic rocks of island arcs (Moores et al., 2000).  

Spaggiari et al. (2003) describe these as displaying “disrupted upper oceanic crustal” 

rocks. 
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e does not seem to be any particular formation 

setting 

1.3 Organization of the Ophiolites for this Study

At many conferences in the 1990’s, emerging experts laid out various other 

‘types’ of ophiolites.  The Mediterranean-type occur in the eastern Mediterranean 

region including Troodos and Oman, two of the more well-known sequences.  These are 

typically complete Penrose sequences as described previously, and were emplaced onto 

passive continental margins and ther

that uniquely defines these types (Dilek, 2003a and 2003b).  Sierran-type 

ophiolites are typically found on the Pacific Rim particularly the Cordillera of the 

Americas as well as Japan and the Philippines.  These are generally arc-related 

complexes and exhibit sheeted dike swarms (Dilek, 2003a). 

Dilek et al. (1998) described two types of ophiolites by the differences between 

fast and slow spreading ridges.  Fast spreading centers generally demonstrate a 

complete ophiolite sequence whereas slow spreading ridges typically reveal an 

incomplete and highly faulted zone with a highly serpentinized exposed surface. 

 

 

s and could indicate a link to some geologic or tectonic events.  Lastly, the data 

 

One of the principal questions addressed by this research is: what are the 

temporal and spatial patterns of ophiolite formation and obduction?  Ophiolite data was 

collected to test whether the formation and obduction of ophiolites was random, 

uniform or episodic.  Random patterns, if found, could indicate ophiolites occur with no 

discernable pattern in space and time.  Episodic ophiolite events occur at uneven 

interval
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compile

tting. 

an and 

Paleozoic Eras.  Chapter 4 presents ophiolites emplaced generally along the Cordillera 

and Europe during scussion section, 

Chapter 5, ophiolites are shown to have been emplaced along the India-Tibet collision 

zone, E

d in this study might show a uniform trend where ophiolites occur regularly 

throughout time.  In Chapter 2, the author describes the database that was compiled to 

test these three models.  The results are described in Chapter 6. 

Another question to be addressed is: what does the spatial-temporal pattern of 

ophiolite formation and obduction imply about plate tectonic processes?  Other 

researchers have suggested (Dilek, 2003b; Ishiwatari, 1999a) that the emplacement of 

ophiolites occurs during times of global plate reorganization, or that ophiolites are 

obducted primarily during continental collisions or the collapse of backarc basins.  

Chapter 6 presents a discussion of the question of tectonic se

The results of this research study are organized into three chapters (Chapters 3, 

4, and 5) that describe the 280 ophiolites.  The discussion of the ophiolites is presented 

in chronological sequence (oldest to youngest).  Chapter 3 presents ophiolites that were 

emplaced primarily in Europe, Arabia, Africa, and Russia during the Precambri

 the Mesozoic Era.  In the final detailed ophiolite di

urope, the Caribbean, the Southwest Pacific, and Southeast Asia during the 

Cenozoic Era and are discussed in detail.  There are three appendices for this report as 

well: Appendix A is the ophiolite database, Appendix B is a list of the references for 

each of the ophiolite localities, and Appendix C is the paleogeographic maps with 

associated ophiolite locations in full color fold out form. 
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dix A and are unique to 

this res

Notations in Chapters 3, 4, and 5 use the ophiolite reference numbers given in 

[brackets] as found in the column “Ophiolite #” in Appendix A.  Example: [5.35] refers 

to the Troodos ophiolite noted in the database shown in Appen

earch as a means to simplify the references to the ophiolites.  The reference to 

millions of years in the database is noted in this paper using the abbreviation “Ma” 

which is from an old Latin form of million anno meaning millions of years. 
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 published 

information about ophiolites and have assessed the distribution over geologic time.  In 

these past studies, the data has been amalgamated and combined in ways that make it 

difficult to assess the contribution and validity of each individual ophiolite locality.  

This work also discusses the plate tectonic framework in which the ophiolites formed 

and were emplaced.  This chapter describes in depth the methods of data acquisition and 

map making. 

 

2.1. Ophiolite Data Acquisition and Assimilation

 

 

 

CHAPTER 2  

METHODS OF DATA ACQUISITION AND ASSEMBLY 

Recent ophiolite researchers (Dilek, 2003; Abbate, 1985) have

 

 

This chapter describes: 1) the structure of the ophiolite database (Appendix A), 

2) how the information that comprises this database was acquired, and 3) the GIS 

techniques that were used to plot the ophiolites on paleogeographic maps. 

 

2.1.1 The Ophiolite Data Table Structure 

An Excel spreadsheet was used in this study to collect information about 

worldwide ophiolite localities.  The information in the spreadsheet was then plotted on 
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paleogeographic maps based on the emplaceme  age of the ophiolites.  The structure of 

the database was designed so that the ophiolite localities could be easily transferred to a 

Geographic Spatial Information System (ArcGIS by ESRI).  Appendix A is a complete 

listing of the ophiolite locality databa

 

 one to eight followed by a decimal and a two-digit number.  The first 

number represents the general geographic region of the world in which the ophiolite is 

located.  The numbe l acquisition 

number.  No attempt was made to organize the data into sub-regions.  The unique 

identifi

he second field “Map #” is the field used to identify the map on which the 

C).  The ophiolites were plotted on the map 

that mo

nt

se. 

2.1.1.1 Fields for Ophiolite Location 

The database has five major sections or headings: Location, Formation, 

Emplacement, Miscellaneous, and Reliability.  The first section of fields titled 

‘Location’ is general information, which includes the name of the ophiolite and its 

modern geographic location.  The “Ophiolite #” is the first subheading or field in this 

section and its purpose is to uniquely identify each ophiolite.  This identifier comprises 

a number from

r following the decimal is simply an incrementa

cation number was used primarily as a map label to identify each ophiolite 

locality.  Table 2.1 lists the regions of the world and associated tectonic or geologic 

features.   

T

ophiolite locality is plotted (See Appendix 

st closely matched the time of ophiolite emplacement.  An ophiolite with no 

plate number listed in this column had no age data to use for plotting on 
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erica 1999 timescale.  The separation of the 

data into the different map and time groupings was based on a general knowledge of 

tectonic

paleogeographic maps but was still considered noteworthy for understanding the 

geologic and tectonic framework of this study.  Table 2.2 lists the map intervals, age in 

millions of years, and some of the important tectonic events that took place during that 

time using the Geological Society of Am

 events throughout geologic time.   

The next field “Name” is the name of the ophiolite complex.  Assigning a 

unique name was difficult at times because often ophiolite names are interchanged with 

regions or renamed when thought to be a different suite of ophiolitic rocks.  The names 

used in this database represent the most commonly used name for the ophiolite 

complex.  The next field is “Country” and is the country where the rocks currently are 

found or the country associated with the oceanic region in which the ophiolite is found.  

The next field is “Region” and is used to further specify the location of the ophiolite.  In 

some cases, it is a heading such as north or south, and in other cases, it may be a city, 

mountain range or other geographic feature that is often associated with the ophiolite.   

 

 

 

 

 

 

 



 

 20

Table 2.1 Ophiolite Regions 
Ophiolite 
Regions 

Geographic 
Area 

1 Arabian-Nubian Shield 
 Egypt 
 Northwestern Africa 
2 Caledonides 
 Appalachians 
 Eastern Canada 
 Europe 
3 Koryak Mountains 
 Urals 
 Russia   
 Baykal 
4 Cordillera 
 Western Americas 
 Alaska 
5 Zagros 
 Southern Mediterranean Europe 
 Iran 
 Turkey 
6 Himalayas 
 Pakistan 
 Tibet 
 India 
 China 
 Tianshan 
7 Caribbean region 
 Cuba 
 Guatemala 
8 Southwest Pacific 

  Southeast Asia 
  Australia 
  Indonesia 
  Japan 
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Table 2.2 GIS Map ic Events or Times 
Ophiolite Maps and imes 

Number Correlation to Geolog
Associated T

Map 
Geologic 
Period 

Age in 
Millions of 

Years 

Age of 
Paleogeographic 

Map 
Significant Geologic 

Events 
11 Moder  0   n all
10 Late Cenozoic 0 20 SW Pacific Islands 0-5

9 

Late 
Cretaceous to 
Early nozoic 70

Himalayas & Tibet, 
Greater Antilles, 
Cuba, North America, 
South America  Ce  50 - 100

8 
Mid 
Cretaceous  - 140 100

Himalayas, Tibet, 
Alps, Zagros, Rockies 100

7 
Mid to Late 
Jurassic 160 Rockies & Alaska 140 - 190

6 
Triass
Early Jurassic 0 - 250 220   

ic to 
19

5 

Late 
Carboniferous 
to Permian 0 - 310 280   25

4 
Early 
Carboniferous  - 360 340

Tasman Orogen, 
Urals and Mongolian 
Island Arcs 310

3 

Ordovician, 
Silurian, 
Devonian - 500 440

Tasman Orogen, 
Urals and Mongolian 
Island Arcs 360 

2 Camb n 520 Iapetus ria 500 - 545
1 Neop rozoic 750 Pan African rote  545 - 1100+
 

 

“Longitude” and “Latitude” describe the location of the ophiolite within 1/10 of 

a degre   A al degrees.  The convention +N, -S, +E, -W was 

also used.  The Federal Communications Commission has a conversion website 

http://www.fcc.gov/mb/audio/bickel/DDDMMSS-decimal.html

e. ll values are given in decim

 for a useful online 

calculator that converts degrees-minutes-seconds to decimal degrees.  The last field in 

this section is “Area” which represents the area extent of the ophiolite complex.  In 
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most case elatively 

few data points that actually have this information

phiolite F tion 

The second group of fields describes the age of ‘Form ite.  

The ‘ag o ers to when the ocea c e 

ophiolite w  of extensional plate boundary (i.e. mid-

ocean ridg asin spreading center).  The “Plate” field identifies the tectonic 

plate on which the oceanic crust that makes up the ophiolite formed.  If the plate was 

given in th rature then it was included; if the plate was not given, then it was 

inferred location f ate tectonic reconstructions.   

The next field “Stratigraphic Age” is the stratigraphic age of origin or 

formation, with the notations coded as acronyms (see Table 2 s, the 

literature only noted a general geological time such as ‘La r tratigraphic 

age wa u s using the Geological Society of America 

1999 time scale.   

The next two fields “Old Age” and “Young Age” are an estimate of the age 

range during which the oceanic crust that makes up the ophiolite formed.  In these 

columns, the values are given in millions of years.  An age range was used because 

often the dating techniques did not give a precise age, or more than one age was cited 

from different literature sources.   

s, this information was not cited in the literature; therefore, there are r

.   

 

2.1.1.2 Fields for O orma

ation’ of the ophiol

rust that comprises the f formation’ ref  the time nic 

as formed, usually at some type

e, back arc b

e lite

 geographic  by rom the pl

.3).  In some case

assic.’  The ste Ju

s converted to the n merical value
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Table 2.3 Ophiolite Age Stratigraphic Abbreviations 
Stratigraphic Codes 
Code Description 
e Early 
m Middle 
l Late 
    Old (Ma) Young (Ma) 
Ceno Cenozoic 65 0.01 
Meso Mesozoic 248 65 
Paleo Paleozoic 543 248 
PC Precambrian 3400+ 543 
Q Quaternary 1.8 0.01 
T Tertiary 65 1.8 
Ng Neogene 23.8 1.8 
Pg Paleogene 65 23.8 
Plio Pliocene 5.3 1.8 
Mioc Miocene 23.8 5.3 
Olig Oligocene 33.7 23.8 
Eoc Eocene 54.8 33.7 
Paleoc Paleocene 65 54.8 
K Cretaceous 144 65 
Jur Jurassic 206 144 
Tr Triassic 248 206 
Perm Permian 290 248 
Carb Carboniferous 354 290 
Dev Devonian 417 354 
Sil Silurian 443 417 
Ord Ordovician 490 443 
Camb Cambrian 543 490 
NP Neoproterozoic 900 543 
MP Mesoproterozoic 1600 900 
PP Paleoproterozoic 2500 1600 
Arch Archean 3400+ 2500 
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The “Bes  of the total age 

range or 

t Estimate” column is simply the numerical average

2
)ungAge . ( OldA Yoge +  The next field, “Difference Between Old & Young 

Ages,” is the difference between the ophiolite “Old Age” and “Young Age” and was 

used as a  indica ability.  This field was parti rly useful hiolites 

described erature dating from Triassic to Cretaceous.’  That difference 

is so lar that the d tically, could have spanned four different maps and 

should be considered less reliable.  Every effort was made to narrow down the date to a 

reasonab e interval; however, in some cases precise age information was not 

found.   

T field “Rel ge” is where the reliability of the data was noted.  A 

code of one, two, or three was used to denote a reliability of age based on the difference 

between the old and young age.  An entry of ‘1’ was considered a reliable age 

(differen ≤ 20 Ma), an entry of ‘2’ is a moderately reliable age (difference > 20 but 

≤ 40 Ma  an entry idered a less reliable age (difference > 40 Ma).  As 

the geologic age goes  time (i.e. Precambrian), it is noteworthy that the 

gaps become larger due to the lack of reliable rock dating methods.  An entry of ‘0’ 

correlates to no data being present to assess the reliability.   

The last field for the formation section is “Tectonic Environment” and was the 

field used to enter the type of tectonic environment in which the oceanic crust that 

makes up the ophiolite formed.  Table 2.4 describes the codes used for the tectonic 

environments.  

 rough tor of reli cula for op

 in lit sources as ‘

ge ata, theore

le tim

he iability of A

ce is 

) and  of ‘3’ is cons

further back in
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Extensional Environments 
Table 2.4 Ophiolite Tectonic Environment Codes 

Code Description 
PCM passive continental margin 
MOR mid-ocean ridge 
PMOR proto-mid-ocean ridge 
ICR intra-continental rift 
AUL aulocogen (failed arm) 
IMP impactogen 
PAB pull apart basin 
Mid-Ocean Ridge Environments 
Code Description 
OPL oceanic plateau 
MOI mid-ocean island (hot spot) 
SMT seamount, guyot, submerged mid-ocean island  
Strike-Slip Environments 
Code Description 
OFZ oceanic fracture zone 
CSS continental strike slip zone 
Convergent Environments 
Code Description 
AND Andean margin 
ARC island arc 
ACP accretionary prism 
FAB forearc basin 
IAB intra-arc basin 
BAB backarc basin 
Collisional Environments 
Code Description 
ACC island arc-continent collision 
AAC island arc-island arc collision 
BAC back-arc basin collapse 
CCC continent-continent collision 
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The tecton bduction, can be 

somewhat dif to s mentioned in chapter 1, there are many possibilities 

for ophiolite f on 1.5) and often the ophiolite was emplaced 

shortly after the forma vironments somewhat overlap.  The back arc 

basin is a com  ex n ophiolite can form and then shortly thereafter, in 

geologic time  arc basin as it collapses.  Examples of this 

situation are t nsh 7] ophiolites located in southeastern Iran.  

Another example is an ophiolite that form

onto continen ho .  An example of this situation occurs within 

the Koryak M a. 

 

2.1.1.3 Fields for Ophiolite Emplacement  

This section describes evidence concerning the obduction or emplacement of 

ophiolites.  T s mentioned previously, is the time at which the 

ophiolite was cte ich were used to describe the ophiolite 

formation, ha  b mplacement age and tectonic setting.  In 

this case, however, the ages refer to the obduction date rather than the age of formation 

of the oceanic crust that makes up the ophiolite.  In many cases, one or more values are 

missing.  The data was left empty if the specific age of emplacement was not reported 

in litera re sources.  In a few cases, where no definitive age of emplacement is known, 

the ophiolite is plotted on the modern map, Figure 1.1, but has not been plotted on any 

reconstruction.  Tectonic environment is included for emplacement as well and is 

ic environment of ophiolite formation, and o

ficult explain.  A

ormati  and obduction (Figure 

tion making the en

mon ample where a

, is emplaced within the back

he Ira ar [5.06] and Fanuj [5.0

s within an island arc and then is accreted 

tal lit sphere shortly after

ountains [3.10] of Siberi

he emplacement age, a

 obdu d.  The same fields, wh

ve also een used to describe the e

tu
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similar 

 focuses on the reliability of the data.  The 

“Obduction Complex” field is used to describe the name of the obducted complex.  In 

some ca  the ophiolite complex given in the 

“Name”

to the tectonic environment of formation.  The possible environments are 

different from that of ophiolite formation and are listed in Table 2.4.  The last field, 

“Difference in Formation and Emplacement Age,” was calculated by subtracting the 

emplacement age from the formation age.  Some geoscientists have proposed that the 

difference in age of formation and emplacement of an ophiolite is generally about 20 

million years (Hacker, 1994; Cox et al., 1999; Ping et al., 2005).  This field was 

included to address that hypothesis.   

 

2.1.1.4 Fields for Ophiolite Reliability and Completeness 

The last section in the database

ses, the names are different from the name of

 field due to regional, tectonic, or other geologic formations.  This field was 

useful in cases where other literature was needed to further refine the data and allowed 

for broader search descriptors when researching the ophiolite localities.  The next field 

of this section is “Overlying Sediment Name” which describes the formation or group 

named in the literature that overlies the ophiolite unit. 

The last field, titled Completeness, describes the rocks within the ophiolite suite.  

The ophiolite reliability is an important section used to determine if the sequence was 

complete, had been disrupted through tectonic processes, or subjected to high-grade 

metamorphism.  The typical Penrose definition was used for the categories of this 

group.  These next seven fields titled: “Mantle,” “Moho,” “Cummulates,” “Gabbro,” 
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e subunits are present.  The issue of reliability and 

completeness of an ophiolite complex is an important factor because some geoscientists 

think th rock suites are not 

necessa

al articles.  At times, the author 

would 

“Dikes,” “Pillows,” and “Sediments,” were used to indicate if these were lithologically 

present in the ophiolite sequence.  A “1” indicates that the subunit was present and a 

“0” indicates that it was absent.  If no information was available, the field was left 

empty.   

The next field is the “Completeness Score.”  The completeness score is the sum 

of the seven-subunit rocks that are present in the ophiolite complex.  A score of seven 

indicates that all of the typical Penros

at the term ophiolite has been “overused” and that some 

rily of ophiolitic origin despite the designation as such (Coleman, 1977 and 

Dilek, 2003a). 

 

2.1.2 Ophiolite Data Collection Procedures 

Attempts were made by the author to make this compilation as comprehensive 

as possible.  The key sources of data were Dilek and Newcomb, 2003; Coleman, 1977; 

Gass et al., 1984; Dilek et al, 2000; Dilek and Robinson, 2003; Panayiotou, 1980; and 

Peters et al., 1990 as well as many individual journ

find an ophiolite citation and try to find the original referenced article.  The 

World Wide Web is a wonderful research tool but is limited to what is made available 

on the websites.  The author, in some instances, would find reference to an article but it 

was too old to access in full (i.e. only abstracts available) on any public or University 

authorized websites.  Therefore the author made extensive use of the ophiolite reference 
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resource website http://earth.s.kanazawa-u.ac.jp/ishiwata/searche.htm created by Dr. 

Akira Ishiwatari.  Dr. Ishiwatari is a Professor of Geology and Petrology in the 

Department of Earth Sciences from Kanazawa University in Kakuma-machi Japan, is 

one of the editors-in-chief of “The Island Arc” journal, and has a primary research 

interest

nd latitude were entered as precisely as possible.  In many cases, the 

literature source included a map with the longitude and latitude graticule; in these cases, 

nal map source.  In other cases, reference 

materia

 in ophiolites.   

 

2.1.3 The Significance of Errors in the Data  

Errors are inherent in many scientific research projects and are undoubtedly part 

of the process.  This study has made every effort to avoid errors; however, there may be 

some unavoidable assumptions included in this report.  When an ophiolite was located, 

the longitude a

the values entered are as precise as the origi

l did not include numerical values of latitude and longitude and the location was 

researched using the (2003) “Hammond Atlas of the World” and located as precisely as 

possible.  In some cases, the reference source cited a city or region near the ophiolite 

locality.  Another source for latitudinal and longitudinal information was the website 

http://www.earthsearch.net/ that is an international searchable database that includes 

geographical features, as well as, city and country information.  There were instances 

when an ophiolite could not be located by source information or from an atlas; in some 

of those cases this website provided better information.  This website combines 

information from the USGS, NASA, NGA (National Geospatial-Intelligence Agency), 

http://earth.s.kanazawa-u.ac.jp/ishiwata/searche.htm
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Ophiolites are often noted in the literature as “occurring in the 

Late Cretaceous” and for these situations, the “Old Age” would have been entered as 99 

 65 Ma.  If the literature made no other 

more sp

and other geographical data repositories to create a searchable site to find many obscure 

geographical locations. 

Another source of possible error is the age bracketing within the stratigraphic 

codes; the 1999 Geological Society of America Geologic Time Scale was used 

throughout this study.  

Ma and the “Young Age” would be entered as

ecific mention of an age for the ophiolite then the 99 to 65 Ma time constraint 

was used.  These would also have been the values used for the further calculations of 

“Best Estimate” and “Difference” as mentioned in the previous section.  The distinction 

of “Late Cretaceous” could then theoretically have a wider margin of error than dates 

for ophiolites obtained by radiometric dating techniques.  In many cases the age of the 

metamorphic sole of the ophiolite complex was used for the emplacement age; this 

could be a source of error if the time of metamorphism does not strictly correlate to the 

age of obduction. 
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2.2 Ophiolite Data Rotation in ArcGIS 

After the ophiolite data was compiled, the next step was to prepare the data for 

plotting

data was reconstructed and plotted on paleogeographic maps through 

Geologic time with its associated geological plate.   

Once the data was sorted by the geologic times listed in Table 2.2, the data was 

reconstructed to the appropriate Geologic time by using the in the ArcObjects script 

called ‘Plate Tracker,’ that Scotese and Featherstone created for ArcGIS.  After the 

“Age” Plate Tracker script is enabled at the chosen age, the plates are rotated and the 

GIS software then allows editing the layers.  The plate rotation models are based on the 

tectonic and paleogeographic interpretations of Scotese and the PALEOMAP Project 

 in ArcGIS.  The ArcGIS software was used in the Windows environment and 

was compatible with Access documents.  The following section describes how the data 

was translated in ArcGIS. 

 

2.2.1 The Use and Incorporation of GIS with the Data 

Each ophiolite entry was assigned a spatial location, latitude, and longitude, 

which generated a point shapefile for further use in ArcGIS.  Files must first be 

translated into a format that the GIS program can read; however since this database was 

designed as an Excel spreadsheet, the data was converted to comma delimited/comma 

separated values, or a CSV file and then imported into ArcGIS.  This shapefile data was 

then joined with attributes that described the plate on which the ophiolite had traveled.  

Using the ‘Plate Tracker’ program written by C. R. Scotese and P. Featherstone (Shell 

Oil Co.), the point 
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reconstructions.  The e eated for the specified 

time pe

nstrate.  This allows maps with reconstructions of geologic 

events and with the ophiolite data to be viewed for interpretation. 

paleo-plates, paleo-coastlines, 

paleoge

2.2.2 Pr

dits are saved, and a new layer is then cr

riod.  Rotating the point data with the plates is useful for correlation of past 

geologic and tectonic events associated with these ophiolites.  The GIS program and 

Plate Tracker script visually enhance the data on a map in such a way that an ordinary 

data table could not demo

Twelve maps (see Appendix C) portray 

ography, and paleo- plate boundaries as well as the ophiolite data.  Each map 

depicts the ophiolites as they traveled with the plates.  One of the maps seen in Figure 

1.1 is the modern map, which displays all the present-day ophiolite locations.  The 

layers of plates, coastlines, and paleogeography are from Scotese; the plate boundaries 

were drawn by the author in GIS from Scotese’s tectonic and paleoreconstructions; and 

the ophiolite data comes from the author’s database.  Annotation of the ophiolite 

numbers from the “Ophiolite #” field were scripted using Visual Basic (VB) code in the 

GIS platform by the author. 

 

oblems Encountered with the use of GIS 

The ability to manipulate data is a key benefit of a GIS approach.  One problem 

encountered in working with the Plate Tracker program in ArcGIS was with the initial 

‘plates2’ layer.  If the data and plates2 layer are located in the same folder in the 

computer filing system, the Plate Tracker program would overwrite the existing modern 

plates file with the data that had been reconstructed to the specified time period.  
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fferent for each type 

depend

raphically small area.  Even when zoomed in, the labels 

were not discernable.  The labels were not movable or editable, which created a bit of 

s’ zeros from the data points i.e. the 

data po

Another problem encountered was writing the formula to isolate the time intervals.  The 

requirements for the formula are exacting and if not done properly then an error 

message will appear and will not allow the selecting function to work.   

As mentioned previously, the data is annotated, or labeled, on the map and this 

was a source of a slight problem as well.  In ArcGIS, the use of shapefiles and 

geodatabases is common; however, the functionality can be di

ing on the needs of the user and the data.  Geodatabases are useful for large 

expansive datasets because they allow for relationships between fields to be established; 

these can be useful in data for citywide information plotted on GIS maps.  In this study, 

only shapefiles were utilized; using a geodatabase was too extensive for this small 

dataset.  This posed a slight problem when trying to annotate the labels for the 

ophiolites on the GIS maps.  A geodatabase allows for much easier use of labels but the 

shapefile does not.  The shapefile writes all of the labels directly over the data point; 

this posed an enormous problem as many of the ophiolite locations around the world are 

clustered together in a geog

confusion as the GIS program cut off “extraneou

int 5.10 was truncated to 5.1 by the program.  Nevertheless, the problem was 

overcome with the author incorporating the VB script and creating the annotation labels 

for the ophiolites and the labels became movable and editable.   
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CHAPTER 3 

PROTEROZOIC AND PALEOZOIC OPHIOLITES 

In this chapter, as well as in chapters 4 and 5, the ophiolite localities are plotted 

on a summary introductory figure and are individually listed in a summary table with 

ages given in millions of years.  Each ophiolite has a unique identification number as 

mentioned in the previous section.  For more information about each ophiolite, see the 

ophiolite database (Appendix A).  The ophiolites are presented by region in 

chronological order based on the age of obduction. 

This chapter analyzes the global distribution and the tectonic setting of 

formation and emplacement of Late Precambrian (Middle to Late Proterozoic) and 

Paleozoic ophiolites.  These ophiolite localities are plotted on Figure 3.2 and 

individually listed in Table 3.1 and Figure 3.1 shows a legend for all paleogeographic 

maps presented in this paper.  Thirty Proterozoic ophiolites are described in this study 

from Africa, Eurasia, North America, and Australia.  Thirty-nine ophiolites are 

described from the Cambrian through Devonian.  These ophiolites are found in the 

Russian Urals, Scandinavian Caledonides, Norway, Newfoundland, and Quebec as well 

as a few in Europe, China, and Australia.  There are four ophiolite localities in the Early 

Carboniferous, three in Eurasian areas and one in China.  Seven ophiolites of late 

Carboniferous to Permian age occur in Australia, New Zealand, Russia, and the United 

States of America. 
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3.1 Proterozoic 

 

3.1.1 Proterozoic Ophiolites  

The controversy over ophiolites older than 1100 Ma and their tectonic 

environments is one topic still debated with Geology researchers today (Stern et al, 

2004; Moores & Twiss, 1995).  Most geoscientists believe that plate tectonics, and the 

processes which produce ophiolites, were different in the Archean.  The main basis for 

this argument is that the ophiolites formed before the Late Proterozoic are lacking the 

ultramafic tectonic boundary typically seen in Phanerozoic ophiolite sequences (Moores 

& Twiss, 1995).  This paper presents only a few examples of these older ophiolites (see 

Figure 3.2 and Table 3.1).  The presence of pre-late Proterozoic ophiolites cannot be 

denied; however, the inferences that we derive from them concerning ancient tectonic 

environments are very uncertain (Moores & Twiss, 1995).  

 

3.1.1.1 Arabian-Nubian Ophiolites 

Ophiolites in the Arabian-Nubian Shield during the Late Precambrian tend to 

show a general trend from north-south to northeast-southwest.  Most seem to show 

moderate amounts of displacement during this period and many tend to be highly 

dismembered although still recognizable (Berhe, 1990; Ren & Abdelsalam, 2005). 
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Figure 3.1 Legend for paleogeographic reconstruction maps seen in chapters 3, 4, and 5 
 
 

Table 3.1 Neoproterozoic and Older Ophiolites 
      Age of Formation Age of Obduction 

Map # Name Country Old Age 
Young 

Age 
Best 

Estimate 
Old 
Age 

Young 
Age 

Best 
Estimate 

1 Marlborough Australia 560.00 560.00 560.00       

1 Balkan-Carpathian 
Bulgaria, Serbia, 
Romania 568.00 558.00 563.00     

1 Purtuniq 1 Canada 2000.00 1960.00 1980.00     
1 Purtuniq 2 Canada 2000.00 1960.00 1980.00     
1 Purtuniq #3 Canada 2000.00 1960.00 1980.00     
1 Outokumpu  Finland 1970.00 1970.00 1970.00     
1 Jormua Finland 1956.00 1950.00 1953.00     
1 Dongwanzi China 2507.20 2502.80 2505.00     
1 Kunlun China 900.00 543.00 721.50     
1 Itmurunda zone Russia 820.00 775.00 797.50     
1 thern Baykal Russia 1400.00 800.00 1100.00     Nor
1 Sharyzhalgay Russia 2500.00 2400.00 2450.00     
1 800.00 850.00 800.00 780.00 790.00 Fawakhir Egypt 900.00 
1 726.00 745.50 746.00 727.00 736.50 Wadi Ghadir Egypt 765.00 
1 Quift Quseir Egypt 810.00 790.00 800.00 800.00 780.00 790.00 
1 Quseir Marsa Alam Egypt 800.00 780.00 790.00 800.00 780.00 790.00 
1 Meatiq Dome Egypt 596.00 594.00 595.00 589.00 587.00 588.00 
1 Wadi Hafafit Egypt 900.00 700.00 800.00     

1 Lawai Egypt 900.00 543.00 721.50     
Wadi Lawi - Wadi 

1 Wadi 'Allaqi-Heiani Egypt 710.00 710.00 710.00     
1 Yubdo Ethiopia     0.00 800.00 800.00 800.00 
1 Abdola-Moyale  Ethiopia-Kenya 700.00 700.00 700.00     
1 Baragoi Kenya 796.00 796.00 796.00 609.00 609.00 609.00 
1 Halaban-Ithilal Saudi Arabia 699.00 689.00 694.00 690.00 543.00 616.50 
1 ask-Jabal Ess Saudi Arabia 834.00 810.00 822.00 782.00 767.00 774.50 Jabal W
1 Bir Umq Saudi Arabia 848.00 828.00 838.00 720.00 640.00 680.00 
1 Al Amar Saudi Arabia 702.00 686.00 694.00 663.00 660.00 661.50 
1 Onib & Gerf Sudan 822.00 794.00 808.00 762.00 720.00 741.00 
1 Nakasib Sudan 840.00 760.00 800.00 760.00 700.00 730.00 
1 Onib Sol Hamed Sudan 735.00 735.00 735.00       

 36
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The Halaban-Ithilal ophiolite complex [1.01] part of the Al-Amar-Idas suture in 

Saudi Arabia formed in the Late Proterozoic between 699 and 689 Ma (Coleman, 1984; 

Stacey & Stoeser, 1983).  This complete complex is thought to be a contine

accretion of an island arc onto the Arabian plate around 690 to 543 Ma (Colem

1984).   

Figure 3.3 shows many of the ophiolites in the Arabian-Congo area.  On the 

western coast of Saudi Arabia, the Jabal Wask-Jabal Ess ophiolite [1.02] formed around 

834 to 810 Ma and obducted onto the Arabian continental margin around 782 to 767 

Ma.  The tectonic environment for this complex is an intra-ocean system related

island arcs and marginal basins (Kemp et al., 1980; Coleman, 1984).   

Blasband et al., (1997; 2000) and Berhe, (1990) describe the Al Amar ophiolite 

[1.09] in Saudi Arabia which falls along the Al Amar suture zone.  This ophiolite is a 

complete ophiolitic sequence, with a completeness score of 6, forming around 702 to 

686 Ma and was obducted onto the Arabian plate around 663 to 660 Ma.  

Bir Umq [1.05], another Late Proterozoic ophiolite in northwest Saudi Ara

formed around 848 to 828 Ma and was obducted around 720 to 640 Ma.  This virtually 

complete ophiolite sequence, with a completeness score of 5, is part of the Proterozoic 

cratonization and backarc basin of the Arabian plate (Kemp et al., 1980; Al-Shanti & 

Roobol, 1979; Coleman, 1984).   

Fawakhir, an Egyptian ophiolite complex [1.03], also formed during the Late 

Proterozoic around 900 to 800 Ma.  It was emplaced onto the continental margin shortly 

after formation around 800 to 780 Ma (El-Sayed et al., 1999; Coleman, 1984).   

ntal 

an, 

 to 

bia, 



 

 
Figure 3.3 Proterozoic ophiolite locations along the Congo and Arabian region plotted 

on a 750 Ma paleogeographic reconstruction (Scotese, 20
 

04) 

 

Wadi Ghadir [1.06], another Egyptian ophiolite currently in the Central Eastern 

Desert, formed around 765 to 726 Ma.  This ophiolite was obducted around 746 to 727 

Ma onto the continental margin of the east African plate (Kröner, 1985, 1992; El Akhal, 

1993; Blasband et al., 2000).   

Blasband et al. (1997; 2000) along with Pallister et al. (1988) and Claesson et al. 

(1984) also report that the Quift Quseir Ophiolite [1.07] in Egypt was formed around 
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800 ±10 Ma.  This ophiolite was emplaced shortly after forming at 790 ±10 Ma along 

the eastern side of the African plate.  

 Ries et al. (1983) describe the Quseir Marsa Alam ophiolite [1.10] in the 

Central Eastern Desert of Egypt as mostly complex suite forming around 800 to 780 Ma 

as part of the African plate.  Although the emplacement age is not implicitly known, it 

can be inferred that it was emplaced in the Late Precambrian (Ries et al. 1983; Blasband 

et al., 2000).   

The Meatiq Dome ophiolite [1.11] in Egypt formed around 589 to 587 Ma.  It 

was emplaced sometime during the Late Precambrian onto the east African continental 

margin (Sturchio et al., 1983; Loizenbauer et al., 2001; Greiling et al., 1994; Blasband 

et al., 1997, 2000).   

The Wadi Hafafit ophiolite [1.12] in Egypt is known to be part of an island arc 

s

e inferred to the Late 

roterozoic (Greiling et al., 1994; Blasband et al., 1997; Blasband et al., 2000).   

nd to have been obducted onto the African plate in the 

Late Pr

lies in the southern regions of Egypt.  Ren and Abdelsalam (2005) report it to have 

ystem and formed around 800 ±100 Ma.  The emplacement age is not known but can

have obducted onto the African continental margin in 

 

b

P

The Wadi Lawi - Wadi Lawai ophiolite [1.15], part of the Wadi-Lawai 

Ophiolite Mélange in Egypt, is a rather poorly understood sequence thought to be 

formed in the Late Proterozoic around 900 to 543 Ma.  It is thought to have formed as a 

result of the Hijaz island arc a

ecambrian (Ahmed et al., 2001).   

Another Egyptian ophiolite is the Wadi 'Allaqi-Heiani complex [1.16] which 
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r ophiolite in Sudan, the Nakasib ophiolite [1.13], formed along the 

Nakasib

nce in 

Kenya, 

formed around 710 Ma and was obducted onto the continental margin sometime during 

the Late Precambrian. 

The Onib and Gerf ophiolite [1.08] in Sudan along the Onib and Gerf suture 

zone are dated with formation age of around 822 to 794 Ma.  It was obducted onto the 

African plate around 762 to 720 Ma (Stern et al., 1990; Kröner et al., 1987; Blasband et 

al., 2000).   

Anothe

 suture in an arc – arc environment around 840 to 760 Ma.  It was emplaced 

onto the continental margin with arc – continental collision around 760 to 700 Ma 

(Abdelsalam, 1994; Abdelsalam & Stern, 1996; Schandelmeier et al., 1994; Blasband et 

al., 2000).   

The Onib Sol Hamed ophiolite complex [1.14], also in Sudan, formed in a back 

arc basin around 735 Ma.  It is thought to have emplaced during the Late Cambrian due 

to arc-arc collision (Bishady et al., 1994; Shackleton, 1994).   

The Baragoi complex [1.19], a complete and typical Penrose seque

formed at around 796 Ma.  It was emplaced around 609 Ma and is thought to 

have a tectonic affinity for mid-ocean ridge and a suprasubduction zone based on the 

ophiolite complex.  This sequence reflects crustal shortening in Sudan and Kenya and 

shows evidence of nappe-folds and thrusts as part of the emplacement structure (Berhe, 

1990).  

The Abdola-Moyale ophiolite complex [1.17] in Kenya and Ethiopia is a mostly 

complete ophiolite sequence, a completeness score of 5, with the formation dating 
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e Balkans, the Balkan-Carpathian ophiolite [5.60] outcrops in parts of 

Bulgari

Alps, Turkey, and the Arabian-Nubian shield, it has been proposed that 

these se

pu complex [2.32] in eastern Finland is another Proterozoic 

ophiolit

around 700 Ma.  It is thought to be a part of the mid-ocean ridge or island arc accretion 

(Berhe, 1990).   

The Yubdo Complex [1.18] in Ethiopia yields an emplacement age of 800 Ma.  

Though the formation age is not known, it is reported to show evidence of arc-arc 

collision (Berhe, 1990).  

In th

a, Serbia, and Romania and has been reported to have a formation age of about 

568 to 558 Ma forming along a mid-ocean ridge.  Although an exact emplacement age 

is not known, it is thought to have been emplaced along the Tracian suture during the 

Late Precambrian.  Along with many of the other European ophiolites in places such as 

the Eastern 

quences represent the Proto-Tethys (Savov, 1999; Savov et al., 2001). 

 

3.1.1.2 Laurentian and Siberian Ophiolites 

The Purtuniq complex [2.15-2.17] in northern Quebec, Canada is composed of 

three ophiolites that date from the early Proterozoic (2000 to 1960 Ma).  More research 

is needed to more accurately pinpoint the age of emplacement for this ophiolite.  

Scientists agree that it was emplaced sometime during the Late Precambrian (Scott et 

al., 1991; 1992).   

The Outokum

e with a formation date of around 1970 Ma and is possibly of mid-ocean origin.  

This ophiolite is also thought to have been emplaced during the Late Precambrian 
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.  

y using U-Pb zircon dating techniques with a sample of the 

gabbroi

ages for 

ophiolites dated at 2500 to 2400 Ma (Gornova & Petrova, 1999).  The Itmurunda zone 

[3.19], ation ages of around 820 to 775 

Ma.  A

er Notable Late Proterozoic Ophiolites  

although a precise emplacement age is not known (Anderson et al., 1990; Zhou, 1996; 

Koistinen, 1981)

The Jormua ophiolite [2.38] in northeastern Finland is thought to have formed 

along a slow spreading center around 1956 to 1950 Ma.  The formation age of the 

ophiolite was obtained b

c rock that cut across the mantle tectonite.  The emplacement age is not known, 

but Furnes et al. (2005) suggest that is was obducted sometime during the Late 

Precambrian.  (Peltonen et al., 2003). 

There are a few Precambrian ophiolites from Russia.  In the northern Baykal 

(also known as Baikal) Mountains [3.20], Grudinin and Demin (1994) report ophiolites 

of Riphean age (1400 to 800 Ma).  In the southwest Baykal Mountains, the 

Sharyzhalgay Block [3.21] yields somewhat questionable Proterozoic 

part of southern Kazakhstan, yields zircon form

lthough the exact emplacement age is not well understood, it is thought that this 

ophiolite was part of the extensive rifting events in Siberia (Avdeev, 1984; Koralenko et 

al., 1994).  

 

3.1.1.3 Oth

The Dongwanzi ophiolite [6.12] lies just north of the Great Wall in the North 

China Craton near Quinlong (Li et al., 2002).  This ophiolite is Archean in age as 

reported by Kusky et al. (2001) dating to around 2505±2.2 Ma.  This extremely old 
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lite in the greenstone belt by Kusky et al. (2001) and is corroborated 

by Li et

 formed and old ocean basins began to close providing for both the 

formation and emplacement of ophiolites.  Many locations in the Arabian-Nubian 

Shield .12] represent the closing 

ocean a

ophiolite, controversial as mentioned previously, is reported to be part of a 

dismembered ophio

 al. (2000).   

In eastern China, a few ophiolites are reported from the Kunlun Mountains.  The 

ophiolite sequence [6.38] along the eastern section of the mountains has an age of 

formation in the Late Proterozoic around 900 to 543 Ma.  As the orogeny continued 

northward, other ophiolites were formed and emplaced at younger geologic times 

(Laurent-Charvet et al., 2005).   

In Marlborough, Australia near the northeastern coastline, an ophiolite sequence 

[8.34] with an age of formation of 560 Ma has been reported (Spaggiari et al., 2004).  

Spaggiari et al. suggest that it may have formed along a spreading ridge and was 

emplaced along the continental margin during the latest Precambrian (Spaggiari et al., 

2004; Bruce & Niu, 2000).   

 

3.1.2 Proterozoic Tectonics 

After the break up of Rodinia in the Late Proterozoic (750 Ma), new ocean 

basins were

[1.01, 1.02, 1.03, 1.05 – 1.19, 5.60, 6.38, and likely 6

nd back arc basins that were thrust onto adjacent continental margins (Kröner et 

al., 1992).  Many of the Egyptian-Arabian ophiolites were likely emplaced along the 

Hijaz suture between the Arabian-Nubian Shield and East Gondwana around 800 to 700 
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, 2.17, 2.32, 2.38, 3.19, 3.20, and 3.21] (Laurent, 1980).  As the 

Panthal

c data to provide evidence for repeated Archean rifting 

events t

Ma (Ren & Abdelsalam, 2005).  In the Precambrian as Siberia, Laurentia, and Baltica 

rifted apart, sea floor spreading created new ocean floor which would later become 

ophiolites [2.15, 2.16

assic Ocean rifted Laurentia from Australia and Antarctica, the Marlborough 

ophiolite [8.34] formed (Spaggiari et al., 2004; Bruce & Niu, 2000).   

Undoubtedly, Ren and Abdelsalam’s (2005) model of the tectonic evolution of 

this area during the Precambrian is not the only accepted hypothesis.  Claesson et al. 

(1984) believe there is Pb isotopi

hat yielded formation and closure of several small ocean basins (Berhe, 1990).   

 

3.2 Cambrian ~545 – 500 Ma 

 

3.2.1 Cambrian Ophiolites 

The Cambrian was a relatively quiet time for the production and emplacement 

 Table 3.2 depict the two locations identified in this study.  

Further

of ophiolites.  Figure 3.4 and

 research is still needed in this time period to uncover any other ophiolite 

localities during the Cambrian. 

The Primorye ophiolite [3.17] currently sits on the border of Manchuria and 

eastern Siberia along the remnants of the Sikhote – Alin mountains.  Vyosotsky (1994) 

reports the ophiolite was formed in the early to middle Cambrian (543 – 512 Ma) and 

implies it was emplaced shortly after its origin (Vyosotsky, 1994; Ishiwatari & 

Tsujimori, 2003).   
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uction zone.  The 

emplac

The Tyennan-Delamerian ophiolite [8.35] lies on the northwestern outskirts of 

the Great Diving Range in southwest Australia.  The Great Diving Range, part of the 

Tasman Fold Belt, is a series of plateaus and mountains that roughly parallels the 

eastern and southeastern coast of Australia.  This ophiolite is reported to have formed 

between 530 and 515 Ma in a forearc setting above an island arc subd

ement of the Tyennan-Delamerian ophiolite is thought to have been emplaced 

sometime in the mid to late Cambrian after 515 Ma (Audet et al., 2004; Spaggiari et al., 

2004).  
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Table 3.2 Cambrian Ophiolites 
        Age of Formation Age of Obduction 

Ophiolite 
ID# Map # Name Country 

Old 
Age 

Young 
Age 

Best 
Estimate 

Old 
Age 

Young 
Age 

B
Esti  

est 
mate

8.35 2 Tyennan - Delamerian Australia 530.00 515.00 522.50 515.00 515.00 515.00 
3.17 2 Primorye Russia 543.00 512.00 527.50       

 

 

3.2.2 Cambrian Tectonics 

The Tyennan – Delamerian ophiolite probably formed in an early Cambrian 

back arc basin along the eastern margin of the Australia craton.  The ophiolite was 

obducted soon after it was formed, presumably as a consequence of the collapse of the 

back arc basin.  This event produced some uplift from repeated fault block reactivation 

and allowed for basement rocks to be exhumed (Comacho et al., 2002).   

The Primorye ophiolite [3.17] is juxtaposed between younger (Late Paleozoic to 

Early Mesozoic) ophiolitic sequences.  Recent research suggests that the ophiolites 

formed within a collisional zone along the eastern extension of the Kipchuk arc.  This 

region of eastern Mongolia consists of the island arc, back arc basin material, and 

accreted crustal and mantle sequences (Ishiwatari & Tsujimori, 2003). 

 



 

 49

3.3 Early Ordovician to Late Devonian ~500 – 360 Ma 
 

3 ly ovician te Dev Op lit

he th y phiolites ibe

areas; the Laurentian borders and the Urals.  These ophiolites, shown in Figure 3.5, are 

emplaced as a result of tectonic events along regions of the circum-Iapetus, the Urals, 

Russia, Australia, Canada, and Europe. 

 

3.3.1.1 Ordovician to Devonian Ophiolites of the Urals  

Ophiolites of the Urals were emplaced during the Ordovician to Devonian.  In 

the southern Urals several complete ophiolitic sequences make up an allocthonous 

ophiolitic belt.  This area represents the collision zone between the Russian platform to 

the west and the Uralides to the east.  The ages given by Savelieva et al. (1997) come 

from conodonts that occur in the lavas and sediments intercalated with the ophiolites. 

The somewhat incomplete sequence of the Nurali ophiolite [3.01] is thought to 

have formed at 472 to 443 Ma.  The emplacement of the Nurali ophiolite occurred 

between 410 and 348 Ma.  This ophiolite is closely related to the Main Uralian Fault or 

suture zone (Savelieva et al., 1997; Pertsev et al., 1997; Ruzhentsev & Samygin, 1979). 

.3.1 Ear  Ord  to La onian hio es 

T irt -seven o descr d in this section are located in two principal 
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Table 3.3 Ordovician, Silurian, and Devonian Ophiolites 
        Age of Formation Age of Obduction 

Ophiolite 
ID# 

Map 
# Name Country 

Old 
Age 

Young 
Age 

Best 
Estimate 

Old 
Age 

Young 
Age 

 
te 

Best
Estima

2.18 3 
Scandinavian 
Caledonides 1 Norway 443.00 443.00 443.00 443.00 428.00 .50 435

2.19 3 
Scandinavian 
Caledonides 2 Norway 437.00 437.00 437.00 443.00 428.00 .50 435

2.20 3 
Scandinavian 
Caledonides 3 Norway 497.00 497.00 497.00 443.00 428.00 .50 435

2.21 3 
Scandinavian 
Caledonides 4 Norway 478.00 478.00 478.00 443.00 428.00 .50 435

2.22 3 
Scandinavian 
Caledonides 5 Norway 443.00 443.00 443.00 425.00 425.00 .00 425

2.23 3 
Scandinavian 
Caledonides 6 Norway 485.00 485.00 485.00 443.00 428.00 .50 435

2.24 3 
Scandinavian 
Caledonides 7 Norway 485.00 485.00 485.00 443.00 428.00 .50 435

2.25 3 
Scandinavian 
Caledonides 8 Norway 466.50 466.50 466.50 443.00 428.00 .50 435

2.33 3 Karmøy Norway 500.00 489.00 494.50     
2.34 3 Gullfjellet Norway 492.00 486.00 489.00     
2.35 3 Leka Norway 499.00 495.00 497.00     

2.36 3 
Solund-
Stavfjord Norway 446.00 440.00 443.00 426.00 400.00 413.00 

2.07 3 Hare Bay Canada 488.00 479.00 483.50 471.80 464.00 467.90 
2.26 3 Mt. Albert Canada 460.00 456.00 458.00     
2.27 3 Mt. Orford Canada 480.00 460.00 470.00     
2.29 3 Thetford Mines Canada 494.00 478.00 486.00 482.00 472.00 477.00 
2.30 3 St. Anthony Canada 488.00 479.00 483.50 471.80 464.00 .90 467
2.37 3 Asbestos Canada 480.00 460.00 470.00 377.00 377.00 .00 377
6.35 3 Hongguleleng China 443.00 418.00 430.50     
6.36 3 Tianshan China 443.00 418.00 430.50     
6.37 3 Mishigou China 458.00 419.00 438.50 391.00 354.00 .50 372
2.03 3 Bay of Islands 1 Newfoundland 515.00 475.00 495.00 485.00 454.00 .50 469
2.04 3 Bay of Islands 2 Newfoundland 508.00 504.00 506.00 469.00 469.00 .00 469
2.05 3 Bay of Islands 3 Newfoundland 489.00 486.00 487.50 469.00 463.00 .00 466
2.10 3 Limousin France 440.00 400.00 420.00     
2.08 3 Hoch Grossen Austria 545.00 455.00 500.00     
3.01 3 Nurali Russia 472.00 443.00 457.50 400.00 400.00 .00 400
3.02 3 Mindyak Russia 415.00 410.00 412.50     

3.04 3 
Kempersay 
Massif Russia 470.00 428.00 449.00 423.00 391.00 .00 407

3.05 3 Sakmara Massif Russia 490.00 470.00 480.00 428.00 391.00 .50 409
3.06 3 Voykar Russia 417.00 391.00 404.00 391.00 380.00 .50 385
3.18 3 Khabarny Russia 490.00 430.00 460.00     
2.02 3 Ballantrae Scotland 487.00 479.00 483.00 482.00 474.00 .00 478
2.06 3 Gibbs Islands Scotland 479.00 465.00 472.00     
8.36 3 Lachlan Australia 505.00 495.00 500.00     
8.23 3 Tasmania Tasmania 512.00 490.00 501.00 500.00 490.00 .00 495
4.07 3 Trinity USA 480.00 450.00 465.00 470.00 443.00 .50 456
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The mo  the Southern 

U m round 415 to 410 Ma.  S lieva et al. (1997) and Ruzhentsev & 

Samygin (1979) suggest that the ophiolit 0 and 348 Ma.  

This ophiolite is part of th entinit la on t s ur  

paleo inen l rt l. 199

The Kem ssif [3.04] in the Urals consists of ophiolitic material formed 

at around 470 to 428 Ma.  Like the Mindyak ophiolite, it is reported to have been 

empl  ont t  m betwe 0 48 S v l., ; 

Ruzh ev & a 79

oyk [ anot ssian U e lex that has a formation date of 

417 to 391 M . eport ave b m e a 3  38  

durin  ear p Mou uildin e ern s (Saveliev et al., 1999; 

Shark t al. 9

he K a iol .18] in u  U f Rus a is a complete 

ophio  seq  0 (Sa a l. 7).  

Sakm com e o a m  a 4  a.  

empl ent for Sakmara dat ween 4 d a o p es  

Uralide belt seem  formed in the Early to middle Ordovician (490 – 430 Ma) and 

were obducted in the Devoni  Early o us -3 a eli t 

al., 1997; Ruzhentsev & Samygin, 1979).   

re complete section of the Mindyak ophiolite [3.02] in

rals for ed a ave

e was emplaced between 41

e Serp e Mé nge z e on he Ea tern E opean

cont ta  margin (Pe sev et a 7). 

persay Ma

aced o he Russian argin en 41  and 3  Ma ( avelie a et a  1997

ents  S mygin, 19 ). 

V ar 3.06] is her Ru ralid  comp

a   It is r ed to h een e placem nt at round 91 to 0 Ma

g an ly hase of ntain b g in th  north  Ural

ov e , 1 99).   

T h barny oph ite [3 the so thern rals o si  

litic uence formed around 490 to 43  Ma veliev  et a , 199   The

ara pl x [3.05] als  in the Ur ls, for ed at round 90 to 470 M   The

acem ed bet 10 an  348 M .  All f the o hiolit in this

 to have

an and  Carb nifero (410 48 M ) (Sav eva e
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ely represent remnants of those island 

arcs and

rnes et al, 2003; Andersen et al., 1990). 

3.3.1.2 Ophiolites of the Iapetus Ocean 

Ophiolites are found on both sides of the Iapetus Ocean, Figure 3.6.  On the east 

coast of Iapetus, ophiolites were emplaced along the length of the Scandinavian 

Caledonides as a result of several island arcs forming above eastward and westward 

dipping subduction zones.  These ophiolites lik

 the ocean basins between them (Furnes et al., 2003). 

Solund-Stavfjord complex [2.36] in Norway formed between 495 and 440 Ma.  

The area is suspected to be an island arc subduction zone that was obducted during the 

closure of the Iapetus Ocean (Fu

 

 
Figure 3.6 Laurentian, Baltic, and Siberian ophiolites from the Ordovician to Devonian 

plotted on a 440 Ma paleogeographic reconstruction (Scotese, 2004) 
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ay, formed between 495 and 440 Ma.  

This op

ceanic lithosphere, which 

formed

tes [2.18–2.25] 

that document the opening during the early Paleozoic and closure of the Iapetus Ocean 

during the Late Silurian.  The formation ages range from 497 to 437 Ma and 

emplacement ages range from 436 to 425 Ma.  All of these outcrops appear to be part of 

the Solund-Stavfjord Complex and are overlain by pelagic sediments from the Herland 

group (Sturt et al., 1984; Sturt & Roberts, 1991; Furnes et al., 2001; Furnes et al., 1982; 

Andersen et al., 1984).  

The Mt. Orford [2.27] Canadian ophiolite formed as part of Laurentia.  This 

ophiolite is reported to have a formation age of around 480 to 450 Ma and was 

emplaced as the Iapetus Ocean basin closed (Van Staal, 2005; Dunning et al., 1986; 

Dunning & Krough 1985; Lux, 1986; Coish & Sinton, 1992).  Thetford Mines ophiolite 

[2.29] also formed as part of Laurentia.  The Thetford Mines ophiolite formed around 

(Feininger, 1981; Van Staal, 2005; Dunning et al., 1986; Lux, 1986; Schroetter et al., 

The Karmøy ophiolite [2.33], also in Norw

hiolite is also thought to be a result of the rifting of Laurentia and Baltica.  It 

was emplaced during the closure of the Iapetus as portions of the down going slab of 

Baltica were accreted in the late Silurian (Andersen et al., 1990; Zhou, 1996).  The Leka 

ophiolite [2.35] along with the Gullfjellet ophiolite [2.34] is part of the Sunnfjord 

Mélange in Norway (Prestvik, 1980).  These ophiolites have o

 between 495 and 440 Ma along the Iapetus mid-ocean ridge (Andersen et al., 

1990; Boyle, 1980; Mason, 1980; Pedersen & Malpas, 1984; Sturt et al., 1979).   

The Scandinavian Caledonides in Norway have many ophioli

480 to 450 Ma and is thought to have been emplaced as a result of the basin closure 
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2005; C

 area.  

Elthon,

nto the North American continental margin at about 472 to 464 

Ma.  Th

oish & Sinton, 1992).  The Asbestos complex [2.37], near the Thetford Mines, 

has a formation age around 480 to 460 Ma and an emplacement age of 377 Ma based on 

(Van Staal, 2005).   

Mt. Albert [2.26] ophiolite located in the Gaspé Peninsula of Quebec, Canada 

formed as part of Laurentia.  This sequence is dated to have formed around 480 to 450 

Ma (Dunning et al., 1986; Lux, 1986; MacGregor et al., 1979; Gagnon & Jamieson, 

1985; Coish & Sinton, 1992).   

Eastern Canada has another suite of ophiolites in the Bay of Islands

 et al. (1982) notes three ophiolite sections [2.03-2.05], which are part of the 

Lewis Hills massif as tectonically associated with mid-ocean ridge systems and date 

formation between 506 and 488 Ma.  Obduction dates show to be Early Ordovician, 

around 470 to 466 Ma (Girardeau & Mevel, 1982; Dallmeyer & Williams 1975; 

McCaig, 1983; Suhr & Cawood, 2001; Casey & Dewey, 1984).   

The St. Anthony complex [2.30] in Canada formed around 488 to 479 Ma.  This 

ophiolite was obducted o

is ophiolite is also thought to be a result of the Northern Appalachian orogeny 

as the Iapetus Ocean basin closed (Girardeau & Nicolas, 1981; Jamieson, 1980).   

The Hare Bay ophiolite [2.07] complex in Newfoundland was formed in an arc 

or ocean floor around 488 to 479 Ma.  This ophiolite was obducted around 472 to 464 

Ma as a result of the closure of Iapetus and emplacement onto the continental margin 

(Dunning & Krough, 1985; Talkington and Malpas, 1980; Malpas et al., 1973; Cawood, 

1989).   
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l margin (Bluck et al., 1980; Thirwall & Bluck, 1984).  Gibbs 

Island o

phiolites of the Ordovician to Devonian 

assif dates from Late 

Ordovic

olites 

resultin

hern region Tianshan ophiolite [6.36] was formed between 443 and 418 Ma 

The Ballantrae Complex [2.02] in Southwest Scotland formed in an arc and/or 

ocean floor environment around 487 to 479 Ma.  It was emplaced around 482 to 474 Ma 

along the continenta

phiolite complex [2.06] on the Shetland Islands of Scotland formed around 479 

to 465 Ma along the mid-ocean ridge (Spray, 1984; DeWit et al., 1977).   

 

3.3.1.3 Other Notable O

Austria’s Hochgrössen ophiolite [2.08] has a formation date around 545 to 455 

Ma.  This ophiolite is thought to be part of the Speik Complex (east of the Tauern 

Window), which is thought to be a fragment of the Variscan oceanic lithosphere 

subducted under Baltica (Ageed et al., 1980; Crowley et al., 2000; Faryad and Hoinkes, 

2004).  

The Limousin ophiolite [2.10] in the western French M

ian to Early Silurian.  This ophiolite location is found along the Bohemian 

massif embedded along the mélange (Crowley et al., 2000; Girardeau et al., 1986; 

Berger et al., 2005). 

Laurent-Charvet et al., (2005) report several the Chinese Tianshan ophi

g from the Bogeda Arc.  Research has shown these ophiolites to be of 

Ordovician to Silurian age in the north and east and Permian in the southern regions.  

The Tianshan orogen separates the Tarim and Junngar blocks and with the ophiolitic 

rock sequences and their ages implies a northward deformation event in central Asia.  

The sout
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and lik

d most central 

location for the Tianshan Range is the oldest ophiolite forming around 458 and 419 Ma.  

Laurent ian to Early 

Carbon

tal margin (Brown et al., 1988).   

ely emplaced during the Permian.  The Hongguleleng ophiolite [6.35] in 

Xinjiang Uygur eastern region of Tianshan, was formed in the Silurian around 443 and 

418.  The ophiolite was likely emplaced during the Permian as a result of multiple 

accretions onto the Asian continental margin North of Paleo-Tethys (Peng et al., 1995; 

Laurent-Charvet et al., 2005).  The Mishigou ophiolite [6.37] the third an

-Charvet et al., (2005) report it was likely emplaced in the Devon

iferous between 391 and 354 Ma. 

The Tasmanian ophiolite [8.23] in the Dundas trough was formed sometime 

during the middle to Late Cambrian as part of a continental rift.  This ophiolite was 

obducted in the Late Cambrian as a result of collision of the backarc along the 

continen

The Lachlan ophiolite [8.36] in Australia also formed during the Late Cambrian 

around 505 to 495 Ma.  Although no explicit emplacement age is known, obduction is 

thought to have resulted from forearc – backarc collapse (Fergusson & Coney, 1992; 

Audet et al., 2004). 

The Trinity ophiolite [4.07] lies within the Klamath Mountains in Northern 

California.  This sequence was thought to have formed between 480 and 450 Ma.  

Although no metamorphic sole age is known, it is thought to have been emplaced along 

the continental (Davies et al., 1965, Spray, 1984, Wright & Wyld, 1986, and Wallin et 

al., 1988). 
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l, 2005).  The Urals also began to form during 

this tim

ed in marginal back arc basins that collapsed during the Tasman 

orogeny

3.3.2 Early Ordovician to Late Devonian Tectonics   

Laurentia and Baltica rifted apart in the latest Precambrian generating ocean 

floor that would later become ophiolites as the Iapetus Ocean closed during the late 

Silurian to early Devonian.  These ophiolites are preserved in the northern Appalachians 

and Scandinavian Caledonides [2.02 – 2.07, 2.26, 2.27, 2.29, 2.30, 2.37].  It is 

interpreted that the Avalonian terrane of the Canadian Appalachians was accreted to 

Laurentia after it rifted away from the North African margin of Gondwana (Furnes et 

al., 2001, Coish et al., 1991, and Van Staa

e interval.  The ophiolite belt [2.18 – 2.25, 2.34 – 2.36, 3.01 – 3.06, and 3.18] 

likely formed as a consequence of island arc collision and the collapse of back arc 

basins along the eastern margin of the Russian platform (Baltica) (Furnes et al., 2001, 

Ivanov et al., 1990, and Van Staal, 2005). 

As the Paleo-Tethys subducted along the northern and eastern coast of 

Gondwana a few other remnants of the ocean were preserved as ophiolites [2.08, 2.10, 

6.35, 6.36, and 6.37].  Ophiolites along the eastern margin of Australia [8.23 and 8.36] 

were probably form

 during the Silurian and Devonian (Fergusson & Coney, 1992; Audet et al., 

2004). 
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ous ~360 – 310 Ma3.4 Late Devonian to Early Carbonifer  

 

he Kraka ophiolite is thought to be part of an allocthonous ophiolite belt in the 

Southern Uralides.  It was emplaced along the southeast continental margin of the 

Russian platform in the Late Devonian between 348 and 410 Ma (Savelieva et al., 1997; 

Ruzhentsev & Samygin, 1979). 

3.4.1 Late Devonian to Early Carboniferous Ophiolites  

Although this time seems to be a tectonically quiet time period, there are a few 

ophiolites worth mentioning (Figure 3.8 and Table 3.4).  In England, the Lizard 

ophiolite [2.11] was formed in a back arc basin during the Devonian (403 to 350 Ma).  

This ophiolite is reported by Clark et al. (1998) to be part of the Rhenohercynian zone 

of the External Variscides.  It is thought to have been emplaced along the collision zone 

between Euramerica and North Africa during the early Carboniferous (377 to 337 Ma).  

Clark et al. (1998) used zircon U – Pb dating to corroborate previously published dates 

for the Lizard ophiolite (Green, 1964; Styles & Kirby, 1980; Clark et al., 1998; Barnes 

& Andrews, 1984).   

The Munchberg Gneiss Complex [2.14] in Germany has a formation date of 

around 525 Ma.  This ophiolite has an emplacement age of Famennian (about 380 to 

336 Ma) and was likely formed near a slow spreading ridge and obducted during the 

collision of Euramerica and North Africa (Franke et al., 1993; Clark et al., 1998).   

The Kraka ophiolite [3.03] in Russia formed during the Ordovician (490 to 417 

Ma).  T
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Table 3.4 Early Carboniferous Ophiolites 
        Age of Formation Age of Obduction 

Ophiolite 
ID# 

Map 
# Name Country 

Old 
Age 

Young 
Age 

Best 
Estimate 

Old 
Age 

Young 
Age E te 

Best 
stima

6.39 4 Kunlun China 354.00 327.00 340.50     
2.11 4 Lizard England 403.00 350.00 376.50 377.00 337.00 .00 357
2.14 4 Munchberg Germany 525.00 525.00 525.00 380.00 336.00 .00 358
3.03 4 Kraka Russia 490.00 417.00 453.50 370.00 327.00 .50 348

 

In China’s south Kunlun block, the northern section of ophiolite [6.39] ed 

around 354 to 327 Ma.  This ophiolite probably formed in Paleo-Tethys Ocean that 

separated the Cathaysian continents of North and South China from the Cimmerian 

continents (Turkey, Iran, Afghanistan, Tibet, Lhasa, Burma, and Qiantang) that were 

adjacent to the Indo-Australian margin of northern Gondwana.  Although no precise 

emplacement age is known, this ophiolite may have been emplaced during th  

Carboniferous orogenic event described by Laurent-Charvet et al., (2005) and Yuan et 

al. (2003). 

 

3.4.2 Late Devonian to Early Carboniferous Tectonics 

 As Gondwana collided with Euramerica, the super continent of Pangea 

began to assemble.  This collision is characterized by tectonic mélanges, and obducted 

ophiolites such as the Lizard complex [2.11] in southwestern England and the 

Munchberg site [2.14] in Germany (Clark et al., 1998). 

Early and Middle Ordovician ophiolites (Kraka) that originally for  in 

volcanic back arc basins associated with the Magnitogorsk island arc, were emplaced 

during the late Devonian as the back arc basin collapsed against the eastern margin of 

form

e Early

med
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e Russian platform (Puchkov, 1997; Savelieva et al., 1997; Ruzhentsev & Samygin, 

1979). 

e lun Range ophiolite [6  is reted to be part o ar nd 

Kunlu ock Y t al., 2   Th on  hav ergon

separation of Cathaysia from ria en rvet , 2  

 

3.5 Late Carboniferous to Permian ~310 – 250 Ma

th

Th  Kun .39]  interp f the T im a

n bl s ( uan e 003). is regi  may e und e rifting during the 

Cimme  (Laur t-Cha  et al. 005).

 

3.5.1 Late Carboniferous to Permian Ophiolites  

assembled (Figure 3.9).  The seven ophiolites described in this section encircle Pangea 

and are part of the circum-Panthalassic subduction zone (Table 3.5). 

3.5.1.1 Late Carboniferous to Permian Southwest Pacific Ophiolites  

ngland Fold belt of Australia formed 

during the Late Devonian – Early Carboni

emplaced around 290 to 248 Ma (Offler & Shaw, 2006; Kawachi, 1991).   

Manning fault) formed sometime during the Middle to Late Devonian.  It was obducted 

s overthrust with the New 

England fold belt during collision with the continental margin (Aitchison et al., 1994).   

 

By the late Carboniferous – early Permian, the western half of Pangea had 

 

The Yarras ophiolite [8.09] in the New E

ferous (Aitchison et al., 1994) and was 

The Attunga ophiolite [8.10] in the Great Serpentine Belt of Australia (Peel-

sometime during the Permian as the Lachlan Fold Belt wa
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a, formed sometime between Middle to Late Devonian.  This ophiolite is 

reported

   

The Port Macquarie ophiolite [8.11], also in the Great Serpentine Belt of 

Australi

 to be part of the serpentinite matrix mélange formed along the Peel-Manning 

fault system.  The Port Macquarie ophiolite was obducted sometime during the Permian 

and appears to be a dismembered sequence (Aitchison et al., 1994).  
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Table 3.5 Late Carboniferous to Permian Ophiolites 

        Age of Formation Age of Obduction 

Ophiolite 
ID# 

Map 
# Name Country 

Old 
Age 

Young 
Age 

Best 
Estimate 

Old 
Age 

Young 
Age 

est 
mate 

B
Esti

8.09 5 Yarras Australia 391.00 354.00 372.50 290.00 248.00 00 269.
8.10 5 Attunga Australia 391.00 290.00 340.50 290.00 248.00 00 269.

8.11 5 Port Macquarie Australia 370.00 323.00 346.50 290.00 248.00 00 269.
8.28 5 Yakuno Japan 426.00 409.00 417.50 287.00 280.00 50 283.

8.15 5 Dun Mt 
New 
Zealand 290.00 256.00 273.00 256.00 248.00 00 252.

8.19 5 Red Hills 
New 
Zealand 280.00 280.00 280.00 256.00 248.00 00 252.

4.04 5 Canyon Mt USA 278.00 265.50 271.75       

 

 

The Dun Mountain ophiolite [8.15] in New Zealand includes the Lee River 

Group and Red Hills ultramafic body, each having distinct tectonic affinities.  This 

sequence was formed between 290 and 256 Ma (Late Carboniferous – Early Devonian) 

along a mid-ocean ridge or back-arc basin and was emplaced during the late

(256 and 248 Ma) (Coombs et al., 1976).   

The Red Hills ultramafic complex [8.19], also part of the Dun Mountain 

ophiolite and Lee River Group in New Zealand, was formed around 280 Ma (Early 

Permian).  This ophiolite sequence was emplaced during the Late Permian in an island 

arc environment (Sano et al., 1997; Coombs et al., 1976). 

Herzig et al. (1997) reports that the Yakuno ophiolite [8.28] in Japan formed 

between 426 and 409 Ma (Silurian – early Devonian) based on Rb-Sr, K-Ar, and Sm-

Nd dating methods.  The emplacement age from Koide et al. (1987) reported by Rb-Sr 

whole rock dating is 287 to 280 Ma.  This early Permian date is corroborated by U-Pb 

zircon dating by Herzig et al. (1997).  The tectonic environment for the Yakuno 

 Permian 
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phiolite is consistent with transitional type MORBs and immature island arc oceanic 

crust (Ishiwatari, 1985; Ishiwatari, 1990a; 1990b; Sano, 1992; Herzig et al., 1997).    

 

In North America, the mostly complete Canyon Mountain ophiolite sequence 

[4.04] occurs in eastern Oregon around the Blue Mountains Baker terrane is reported to 

be a dismembered complex, which was uplifted during subduction.  This ophiolite was 

likely formed from an island arc between 278 and 265 Ma and emplaced as a result of 

intra-oc

iscussed in this section.  The Dun Mountain 

and Red

 time (Coombs et al., 1976).  

o

3.5.1.2 Other Notable Late Carboniferous to Permian Ophiolites 

eanic subduction (Nicolas, 1989). 

 

3.5.2 Late Carboniferous to Permian Tectonics 

The circum-Panthalassic subduction zone of the Late Carboniferous to Permian 

likely facilitated emplacing the ophiolites d

 Hills [8.15 and 8.19] ophiolites are thought to have formed and been emplaced 

in collapsing back arc basins along the continental margin of Australia.  These arc – 

continent collisions formed the New England Fold Belt and the other Australian 

ophiolites [8.09, 8.10, and 8.11] that were emplaced at this

 In Japan, the Sangun-Renge Terrane and the Maizuru Terrane ophiolite 

[8.28] likely formed as the Panthalassic plate was subducted westward beneath North 

and South China (Ishiwatari, 1990a & 1990b).   



 

In North America, the Baker Terrane which formed the Canyon Mountain 

ophiolite likely formed in a far traveled terrane that collided with the North American 

plate (Nicolas, 1989). 

 there was 

tectonic

The ophiolites of the Proterozoic and Paleozoic are evidence that

 activity that reorganized the plates.  The lack of the ultramafic boundary is 

evidence that there may have been different dynamics, which fostered this movement 

and is a principal debate among modern researchers of these rocks.  However, these 

ophiolites are still considered a part of the story that ophiolites tell us about the tectonic 

history of the earth.  
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om the Middle to Late Jurassic, and seventeen ophiolites from the 

Middle Cretaceous.  These Mesozoic ophiolites occur primarily in Coastal California, in 

the East Siberian Koryak Mountains, and throughout the Eastern Mediterranean and 

Middle Eastern regions.   

 

4.1 Triassic to Early Jurassic ~250 – 190 Ma

CHAPTER 4  

MESOZOIC OPHIOLITES 

Late Mesozoic ophiolites (Late Jurassic and Cretaceous) are more abundant than 

Early Mesozoic ophiolites (Triassic and Early – Middle Jurassic).  This chapter 

investigates seventy ophiolites: three ophiolites from the Triassic to Early Jurassic, fifty 

ophiolite locations fr

 

 

The ophiolites described in the Triassic to Early Jurassic are found in Iran and 

the Kunlun Mountains of China.  These ophiolites are plotted on Figure 4.1 and 

individually listed in Table 4.1 and described in detail within this section. 

 

4.1.1 Triassic to Early Jurassic Ophiolites  

The Mashad [5.04] ophiolite lies near the Shahr-Babak ophiolite in northeast 

Iran.  This ophiolite formed sometime before the late Triassic (210 Ma) and is thought 
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to have originated in a small ocean basin between the Lut block and the adjacent 

continent, probably Afghanistan or Central Iran (Ghazi & Hassanipak, 2000b).  Another 

hypothesis, suggested by Chatterjee and S

originally occupied a location adjac  Somalia and southeastern Arabia.  

In this case, the Mashad and y have formed in pull-apart 

basins r

cotese (2000), proposes that the Lut block 

ent to Northern

 Shahr–Babak ophiolites ma

elated to the rifting of India away from East Africa in the middle Jurassic. 

The Rasht ophiolite [5.15] is located in the northwestern part of Iran near the 

Caspian Sea.  This ophiolite is located along the Nain fault Zone and lies within the 

Alborz Belt.  The ophiolite is of pre-Jurassic age forming sometime before 210 Ma.  No 

emplacement age is known; it is thought to have been emplaced along the collision zone 

between the Cimmerian continent and the southern Caspian region (Ghazi & 

Hassanipak, 2000a).  
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Table 4.1 Triassic to Early Jurassic Ophiolites 
        Age of Formation Age of Obduction 

Ophiolite 
ID# Map # Name Country 

Old 
Age 

Young 
Age 

Best 
Estimate 

Old 
Age 

Young 
Age 

Best 
E te stima

6.40 6 Kunlun China 260.00 227.00 243.50       
5.04 6 Mashod Iran 210.00 210.00 210.00     
5.15 6 Rasht Iran 210.00 210.00 210.00       

 

 

A Triassic to Early Jurassic ophiolite sequence [6.40] is formed along the 

southern part of the Kunlun Mountains in western China.  This ophiolite is thought to be 

part of the Tarim craton and is separated from the Tibetan Plateau by the Altyn Tagh 

fault.  Formed during the late Paleozoic or Early Triassic (260 to 227 Ma), this ophiolite 

started as an island chain, hot spot or volcanic arc.  This ophiolite was likely em  

during the Triassic as the Paleo-Tethys was subducted beneath Central Asia (Fig  

(Yuan et al., 2003; Laurent-Charvet et al., 2005).   

 

4.1.2 Triassic to Early Jurassic Tectonics 

The Paleo-Tethys Ocean separating the Cimmerian continent from south-central 

Asia closed during the Triassic and Early Jurassic.  The Rasht and Kunlun ophiolites 

were probably formed in Paleo-Tethys and were emplaced during the pie ise 

collision of Cimmeria with Asia during the early Mesozoic.  The Rasht and Mashad 

ophiolites, though not far apart today, represent different ocean basins, and were once 

widely separated.  The original location of the Lut block is not known.  Various 

reconstructions place it somewhere along the Indo-Arabian margin of Gondwana.  This 

placed

ure 4.1)

ce-w
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ocean basin, howeve 997; Şengör, 1990; 

Yuan et al., 2003). 

4.2 Middle to Late Jurassic and Earliest Cretaceous ~190 – 140 Ma

r, had closed by the early Cretaceous (McCall, 1

 

 

 

olites of western North America are 

found in California.  These ophiolites can be divided into five groups, which from west 

3) the C

This section describes fifty ophiolites, which are reported to have been 

emplaced during the middle to late Jurassic.  The main areas of emplacement were the 

North American western continental margin, the Apennines, and the Alps.   

 

4.2.1 Middle to Late Jurassic Ophiolites 

4.2.1.1 North American and South American Middle and Late Jurassic 
Ophiolites 

 
Most of the Middle and Late Jurassic ophi

to east are: 1) the Franciscan Complex, 2) the Round Mountain Serpentinite Mélange, 

oast Range ophiolites, 4) the Great Valley forearc province, and 5) the Sierra 

Nevada Foothills.   

The Franciscan Complex, the northern section of the Coast Range Ophiolites, is 

an accretionary prism, which formed the Sierra Nevada foothills.  It is one of the best-

known subduction complexes (Saha et al., 2005; Coleman, 2000).  This sequence has 

several dismembered ophiolites: New Idria, Burro Mountain, Cazadero, and Red 

Mountain.  
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Table 4.2 Middle to Late Jurassic Ophiolites 
        Age of Formation Age of Obduction 

Ophiolite 
ID# 

Map 
# Name Country 

Old 
Age 

Young 
Age 

Best 
Estimate 

Old 
Age 

Young 
Age 

B
Es  

est 
timate

4.01 7 NW Alaska USA 180.00 144.00 162.00       
4.02 7 Brooks Range USA 186.00 168.00 177.00 169.00 163.00  166.00
4.05 7 Sparta  USA   0.00 157.00 157.00  157.00

4.06 7 
Josephine (Smith 
River) USA 180.00 162.00 171.00      

4.08 7 
Franciscan New 
Idria USA 180.00 159.00 169.50 140.00 140.00  140.00

4.09 7 
Franciscan Burro 
Mt USA 180.00 159.00 169.50 140.00 140.00  140.00

4.10 7 
Franciscan 
Cazadero USA 180.00 159.00 169.50 140.00 140.00  140.00

4.11 7 Franciscan Red Mt USA 180.00 159.00 169.50 140.00 140.00  140.00

4.12 7 
Coast Range Del 
Puerto USA 168.00 154.00 161.00 140.00 140.00  140.00

4.13 7 
Coast Range Point 
Sal USA 159.00 144.00 151.50      

4.14 7 
Coast Range Black 
Mountain USA 164.00 154.00 159.00      

4.15 7 
Coast Range 
Stonyford USA 172.00 166.00 169.00 161.00 161.00  161.00

4.16 7 
Coast Range 
Paskenta USA 163.00 159.00 161.00 161.00 161.00  161.00

4.17 7 
Coast Range 
Llanada USA 170.00 164.00 167.00 161.00 161.00  161.00

4.18 7 
Coast Range 
Hospital Canyon USA 170.00 170.00 170.00 161.00 161.00  161.00

4.19 7 
Great Valley Cuesta 
Ridge USA 151.00 144.00 147.50      

4.20 7 Great Valley 2 USA 151.00 144.00 147.50      
4.21 7 Great Valley 3 USA 151.00 144.00 147.50      
4.22 7 Great Valley 4 USA 151.00 144.00 147.50      
4.23 7 Great Valley 5 USA 151.00 144.00 147.50      

4.24 7 
Sierra Nevada 
Foothills 1 USA 162.00 156.00 159.00 150.00 140.00 145.00 

4.25 7 
Sierra Nevada 
Foothills 2 USA 162.00 156.00 159.00 150.00 140.00  145.00

4.26 7 
Sierra Nevada 
Foothills 3 USA 162.00 156.00 159.00 150.00 140.00  145.00

4.27 7 
Sierra Nevada 
Foothills Smartville USA 162.00 156.00 159.00 150.00 140.00 145.00 

4.28 7 Stanley Mountain USA 168.00 164.00 166.00      

4.29 7 

Sierra Nevada 
Foothills Kings 
River USA 165.00 155.00 160.00 150.00 140.00  145.00

4.32 7 Elder Creek USA 172.00 165.00 168.50      
4.31 7 Baja Alta Terrane Mexico 221.00 220.00 220.50 156.00 135.00  145.50
4.33 7 Cedros Island Mexico 175.00 171.00 173.00 156.00 135.00  145.50
4.34 7 Vizcaino Mexico 223.00 219.00 221.00 156.00 135.00 145.50 
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Table 4.2 Continued 
        Age of Formation Age of Obduction 
Ophiolite 

Name Country 
Old Young Best 

E
Old Young Best 

EID# 
Map 

# Age Age stimate Age Age stimate 

5.41 7 Albani vica A     a-Brezo lbania 227.00 180.00 203.50 174.00 160.00 167.00 
2.09 7 Kraubath Austria 354.00 327.00 340.50 175.00 175.00 175.00 
5.57 7 Cretan Nappe Crete 156.00 140.00 148.00      
5.59 7 Mamonia Cyprus 00 210.00 2248. 29.00 208.00 104.00 156.00 
5.45 7 Montgenevre France 190.00 180.00 185.00 200.00 180.00 190.00 
5.36 7 Pindos Greece 176.00 168.00 172.00 168.00 163.00 165.50 
5.37 7 Vourinos  Greece 180.00 164.00 172.00 175.00 167.00 171.00 
5.38 7 Greece 180.00 160.00 170.00 180.00 160.00 170.00 Othris 
5.39 7 Euboea Greece 180.00 159.00 169.50 180.00 160.00 170.00 
5.40 7 Agelona Greece 227.00 210.00 218.50 180.00 160.00 170.00 
5.62 7 Hellinic Greece 208.00 144.00 176.00      
5.47 7 Zermatt-Saas-Fee Italy 166.70 161.70 164.20 161.00 152.00 156.50 

5.48 7 
Internal Liguride 
(Ligurian) Italy 178.00 150.00 164.00 159.00 145.00 152.00 

5.44 7 Corsican Italy/France 181.00 165.00 173.00 187.00 175.00 181.00 
5.42 7 Yugoslavia 180.00 159.00 169.50 180.00 145.00 162.50 Krivaja-Kanjuh 
5.43 7 Zlatibor Yugoslavia 180.00 145.00 162.50 180.00 159.00 169.50 

5.64 7 
Dinaride (Cen
Zone) 

tral 
lavia Yugos 206.00 144.00 175.00      

3.07 7 Chersky Russia 430.00 370.00 400.00 174.00 170.00 172.00 
5.63 7 Kure Turkey 208.00 144.00 176.00      
2.31 7 Shulaps Canada 242.00 121.00 181.50       
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Figure 4.3 Middle to Late Jurassic ophiolite locations in North America plotted on a 

160 Ma paleogeographic reconstruction (Scotese, 2004) 
 

 

As depicted in Figure 4.3, the New Idria [4.08] ophiolite is made up of oceanic 

crust that formed in the Middle Jurassic (180 to 159 Ma) in an early stage island arc 

setting (Shervais et al., 2005).  This sequence yields an obduction age of around 140 Ma 

and was emplaced as a result of subduction beneath the North American continental 

margin (Saha et al., 2005; Coleman, 2000).  Burro Mountain [4.09], another ophiolite 

form the Franciscan complex, was also formed in an island arc setting.  Saha et al. 

(2005), Shervais et al. (2005), and Coleman (2000) report that the Burro Mountain 

ophiolite formed between 180 to 159 Ma and was obducted around 140 Ma as a result 
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of subduction of the island arc.  The Cazadero ophiolite [4.10] is another ophiolitic suite 

of the Franciscan complex, which formed during the Middle Jurassic (180 to 159 Ma) 

(Shervais et al., 2005).  This sequence yields an obduction age of around 140 Ma and is 

reported to have been a result of accretion due to subduction along the continental 

margin (Saha et al., 2005; Coleman, 2000).  Red Mountain [4.11], the last Franciscan 

ophiolite noted in this study, formed around 180 to 159 Ma (Shervais et al., 2005).  This 

sequence also yields an obduction age of around 140 Ma.  Most of the geologic ages of 

the ophiolites were determined using 40Ar/30Ar radiometric and U-Pb zircon age dating 

methods in recent work.  These studies imply emplacement was due to accretion from 

subduction along the margin of North America (Shervais et al., 2005; Saha et al., 2005; 

Coleman, 2000). 

The Coast Range Ophiolite complex in California is closely related to th

Franciscan com  Coast Range 

ophiolites are thought to be a part of oceanic lithosphere formed at the mid-ocean ridge 

that was obducted as a whole slab onto the North American continental margin.  Del 

Puerto [4.12] formed at a mid-ocean ridge during the middle Jurassic (168 to 154 Ma).  

This ophiolite was obducted during the earliest Cretaceous (140 Ma) as an oceanic plate 

was subducted under the continental margin (Shervais et al., 2005; Coleman, 2000).  

The Josephine ophiolite (or Smith River) [4.06] in northern California, has a 

formation age of 180 to 162 Ma and may have formed within the back arc basin as part 

of the Coast Range ophiolites (Gillis & Banerjee, 2000; Harper, 1984).  Radiolarian 

data from Pessango et al. (1993) also dated the pelagic sediment which overlays the 

e 

plex.  It is reported by Shervais et al. (2005) that the
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sequence to mid-Oxfordian (157 Ma).  Although no emplacement age is given, it is 

thought to have been emplaced in the Middle to Late Jurassic (Gillis & Banerjee, 2000). 

The Point Sal ophiolite [4.13], another Coast Range ophiolite, formed at a mid-

ocean ridge during the late Jurassic.  This sequence was obducted onto the continental 

margin sometime during the late Jurassic (Shervais et al., 2005; Coleman, 2000).  The 

Black Mountain ophiolite [4.14], also part of the Coast Range ophiolites, formed at a 

mid-ocean ridge around 164 to 154 Ma.  This sequence was obducted onto the 

continental margin sometime shortly after formation during the late Jurassic (Shervais 

et al., 2005; Coleman, 2000).  Stonyford [4.15], an ophiolite complex in the northern 

region of California’s Coast Range ophiolite, formed at a mid-ocean ridge during the 

middle Jurassic (172 to 166 Ma).  It is thought that this less complete sequence was 

emplac

art 

of the s

ed due to the collision and subduction along the margin of California around 161 

Ma (Shervais et al., 2005; Coleman, 2000).   

The Elder Creek ophiolite [4.32] sequence is one of the best preserved 

ophiolites in the Coast Ranges of northern California (Shervais et al. 2005).  The 

oceanic lithosphere, which formed the complex, was formed between 172 and 165 Ma.  

Geochemical data from the serpentinite matrix mélange, suggest an arc environment for 

emplacement for the Elder Creek ophiolite.  Stanley Mountain ophiolite [4.28], also p

outhern Coast Range ophiolites, formed during the middle Jurassic (168 to 164 

Ma) and is thought to have been emplaced at the same time as many other ophiolitic 

sequences during the Middle to Late Jurassic (Shervais et al., 2005).   
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The Paskenta ophiolite [4.16] of the Coast Range complex formed at the mid-

ocean ridge around 172 to 164 Ma.  It is reported to have been obducted around 161 Ma 

as a re

 yields a mid-Jurassic ophiolite.  These 

ophiolit

 as a consequence 

sult of subduction along the continental margin during the Nevadan orogeny 

(Shervais et al., 2005; Coleman, 2000).  The Llanada ophiolite [4.17], another Coast 

Range ophiolite, formed at the mid-ocean ridge around 170 to 164 Ma.  This ophiolite 

was also obducted around 161 Ma onto the continental margin (Shervais et al., 2005; 

Coleman, 2000).  Another ophiolite from the Coast Range complex is Hospital Canyon 

ophiolite [4.18], which formed at the mid-ocean ridge around 170 Ma.  This ophiolite 

was obducted around 161 Ma along the continental margin as a result of subduction and 

the orogenic processes during the Middle to Late Jurassic (Shervais et al., 2005; 

Coleman, 2000).   

The Great Valley forearc province [4.20–4.23] of California is thought to be the 

basement of the Coast Range sequence and

es are thought to have been emplaced due to the same subduction processes that 

emplaced the Coast Range ophiolites (Shervais et al., 2005).   

A sequence of the incomplete Great Valley ophiolites includes the Cuesta Ridge 

ophiolite [4.19], which has a formation date of around 151 to 144 Ma.  This ophiolite is 

also thought to have been emplaced in the Middle to Late Jurassic as a result of 

subduction of the Farallon plate beneath western North America (Shervais et al., 2005).   

The Sparta complex [4.05] on the northern edge of the Great Valley sequence, 

was likely formed in a mid-ocean ridge.  This ophiolite was emplaced
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of the s

 the Kings River complex [4.29].  This ophiolite also formed around 

165 to 

e Cedros Island ophiolite 

[4.33], 

dated a

ubduction along the North American continent around 157 Ma (Phelps & Ave' 

Lallemant, 1980). 

The Sierra Nevada Foothills has several unnamed ophiolite complexes [4.24-

4.26] that yield mid-Jurassic ages.  The ophiolites in this area formed around 162 to 156 

Ma along the mid-ocean ridge that was west of the continental margin of North 

America.  These were subsequently emplaced sometime between 150 and 140 Ma (Day 

& Bickford, 2004; Saleeby et al., 1989).  The Smartville complex [4.27] also part of the 

Sierra Nevada Foothills, formed around 162 to 156 Ma.  This ophiolite was emplaced 

along the continental margin of North America at around 150 to 140 Ma (Day and 

Bickford, 2004; Beard, 1998; Saleeby et al., 1989).  Another ophiolite from the Sierra 

Nevada Foothills is

155 Ma and was emplaced sometime between 150 and 140 Ma (Day and 

Bickford, 2004; Saleeby et al., 1989). 

The Baja Alta Terrane in Mexico and southern California has produced a few 

ophiolites dating back to the Late Triassic (Busby, 2004).  Th

also known as the Gran Canon Formation, formed in the backarc basin during 

the middle Jurassic (175 to 171 Ma) and was obducted around 156 to 135 Ma 

(Kimbrough & Moore, 2003; Moore & Kimbrough, 2005; Busby, 2004).  

The oceanic lithosphere which formed the Baja Alta ophiolite [4.31] has been 

t 221 to 220 Ma using zircon U-Pb data.  The Baja Alta ophiolite is thought to 

have formed in a backarc basin during the Middle to Late Jurassic (Busby, 2004). 
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The Vizcaino Peninsula ophiolite [4.34] dates from 223 to 219 Ma and was 

obducted during the Late Jurassic (Busby, 2004).  The Vizcaino Peninsula ophiolite is 

interpre

agment of the 

Varisca

ted by Moore (1985) and Kimbrough (1984) to have formed in an intra-arc or 

backarc environment.  This ophiolite is also part of the southern sequence of 

California’s Coast Range ophiolites (Kimbrough & Moore, 2003).   

The Shulaps ophiolite [2.31] near Bridge River in southwestern British 

Columbia, is part of the Canadian Cordillera, see Figure 4.2.  It lies between Yalakom 

fault and the Insular superterranes at the southern end of the Stikine terrane.  This 

ophiolite formed around 242 to 121 Ma in an ocean basin that collapsed prior to the 

collision of the Stikine terrane with North America.  It was probably emplaced as a 

result of the subduction event along the western margin of North America sometime 

during the middle Jurassic to late Cretaceous (Potter, 1983; Calon et al., 1989).   

 

4.2.1.2 European – Arabian Middle to Late Jurassic Ophiolites 

As seen in Figure 4.4, the Kraubath Massif [2.09] is an ophiolite in the Eastern 

Alps of Austria and is thought to have formed around 354 to 327 Ma.  This ophiolite 

has an emplacement age from Ar-Ar data of 175 Ma, and is part of the Speik Complex 

(east of the Tauern Window and Hochgrössen), which is thought to be a fr

n oceanic lithosphere originally subducted under Baltica during the Devonian 

(Ageed et al., 1980; Crowley et al., 2000; Faryad and Hoinkes, 2004).  

 81



 

 
Figure 4.4 Middle to Late Jurassic ophiolite locations around the European-African 
Paleo-Mediterranean plotted on a 160 Ma paleogeographic reconstruction (Scotese, 

2004) 

 

In Greece the dismembered Agelona ophiolite [5.40] formed sometime between 

227 and 210 Ma along a mid-ocean ridge in western Tethys.  This complex is a part of 

the Hellenic Alpine orogenic belt within the Hellenides.  It is reported to have been 

emplaced during subduction along the continental margin of Europe around 180 to 160 

Ma (Danelian et al., 2000).   

The Hellinic ophiolite in the Grecian Alps [5.62] was formed sometime between 

208 and 144 Ma along a mid-ocean ridge.  This ophiolite is thought to have been 
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emplaced along a subduction zone sometime shortly after formation (Dilek & Flower, 

2003; Spray et al., 1984).   

Greece has several fairly complete ophiolites that formed during the middle to 

late Jurassic.  The Pindos ophiolite in northern Greece [5.36] formed in a backarc basin 

during the Middle Jurassic (176 to 168 Ma).  This sequence was emplaced into an 

accretionary prism mélange around 168 to 163 Ma (Jones et al., 1991; Rassios & Smith, 

2000).  The Vourinos ophiolite [5.37] in Northern Greece formed between 180 and 164 

Ma.  It is reported to have been emplaced along the southern margin of the Eurasian 

plate around 175 to 167 Ma (Rassios & Smith, 2000).   

The Othris ophiolite [5.38] in central Greece, formed around 180 to 160 Ma.  

This ophiolite was emplaced immediately along the continental margin as a result of 

subduction (Rassios & Smith, 2000).  The Euboea ophiolite [5.39] in southern Greece

al d 

to have been obducted shortly after forming as a result of subduction along the 

continental margin of Eurasia (Marinos, 1980).   

The Cretan Nappe ophiolite [5.57] in Crete has been interpreted to be a slab of 

oceanic lithosphere that formed around 156 to 140 Ma.  This ophiolite sequence is 

reported to have formed in an island arc and was emplaced along the continental margin 

of Eurasia shortly after they were created (Borradaile & Lucas, 2003). 

The Mamonia ophiolite [5.59] in western Cyprus (south of the Troodos site), is 

thought to have formed around 248 to 210 Ma as a result of Triassic rifting in the 

Tethys-Mediterranean region.  This ophiolite is reported to have been emplaced 

 

so formed during the Middle Jurassic (180 to 159 Ma).  This sequence is also believe
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sometime during the Jurassic to Early Cretaceous (Borradaile & Lucas, 2003; Dietrich, 

1979).   

The Corsican ophiolite [5.44] of Italy, formed sometime around 181±6 Ma.  

This ophiolite was obducted between 181 and 165 Ma onto the margin of Corsica 

(Desmons, 1989).  The Internal Liguride (or Ligurian) ophiolite in northern Italy [5.48] 

formed along a mid-ocean ridge approximately 178 to 150 Ma.  This complex was 

emplaced between 159 to 145 Ma in the accretionary prism that now makes up part of 

the Northern Apennines (Borsi et al., 1996; Rampone et al., 1998; Rampone & 

Piccardo, 2000).   

The Zermatt-Saas-Fee ophiolite complex [5.47] is dated by Rubatto et al. (1998) 

to be 166.7 to 161.7 Ma and is thought to have formed at the same time as the opening 

of the Atlantic.  The obduction age is controversial and ranges from 161 to 152 Ma 

(Rubatto et al., 1998) to 40 Ma or younger based on eclogite zircon dating (Amato et 

al., 1999).  These Tethyan ophiolites are thought to be part of the Jurassic oceanic 

lithosphere created in the Mediterranean that was later largely destroyed during the 

Alpine 

rt of the Central 

Zone o

Orogeny (Miller & Cartwright, 2000).   

The European Alpine–Apenninic area as well as Albania, Yugoslavia, and 

Austria has produced many outcrops of ophiolites for scientists to study over the last 

several decades.  The Dinaride ophiolite in Yugoslavia, which is pa

f Ophiolites, [5.64] formed in an island arc environment between 208 and 144 

Ma.  This sequence was emplaced sometime during the Late Jurassic (Pamić, 1977; 

Dilek & Flower, 2003). 
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The Brezovica ophiolite [5.41] in north-central Albania formed along a Tethyan 

mid-ocean ridge around 227 to 180 Ma.  It was emplaced as part of an accretionary 

mélang

Yugoslavia also formed in the early-middle Jurassic.  It is reported to 

have be

d Arctic Alaska Superterrane (Wirth et al, 1993).  These blocks 

e onto the continental margin of Europe around 174 to 160 Ma (Vergely et al., 

1998; Robertson & Shallo, 2000).   

The Krivaja-Kanjuh ophiolite [5.42] in southwest Yugoslavia lies within the 

Krivaja ultramafic massif and formed during the middle Jurassic around 180 to 159 Ma.  

It was emplaced shortly there after (180 to 145 Ma) and is thought to have been thrust 

onto the Dinaride massif (Pamić et al., 1998; Okrusch & Seidel, 1978).  The Zlatibor 

ophiolite [5.43] in 

en emplaced around 180 to 145 Ma as part of the fold and thrust belt that 

developed in the northeastern Adriatic as a result of the collision of the Apulian prong 

along the southern margin of Europe (Pamić et al., 1998; Okrusch & Seidel, 1978).   

The Montgenevre ophiolite [5.45] in Eastern France formed sometime between 

200 and 180 Ma.  This ophiolite was obducted shortly thereafter, around 190 to 180 Ma 

(Costa & Caby, 2001).   

 

4.2.1.3 Other Notable Middle to Late Jurassic Ophiolites 

Alaska also has several ophiolite belts in its northwestern, central, and southern 

regions.  The Brooks Range [4.02] ophiolite Alaska, as reported by Wirth et al. (1993) 

and Moore (1997), yields formation ages around 186 to 168 Ma.  This ophiolite formed 

in the Augayucham Ocean of the Chukotka-Arctic Alaska block and lies within the 

Hammond Subterrane an
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are beli

around 174 to 170 Ma during the collision of the Omolon 

Terrane (Oxman et al., 1995).   

4.2.2 M

eved to have collided with the continental margin of the North Slope block and 

resulted in subduction and accretion of the ophiolitic rocks.  The emplacement of the 

Brooks Range ophiolite dates from the middle Jurassic (169 to 163 Ma) (Moore et al., 

1997).   

In northwest Alaska, an ophiolite [4.01] lies within the Misheguk Mountains.  

This ophiolite is closely related to the Brooks Range ophiolite and has a formation age 

around 180 to 144 Ma.  It is thought to have been emplaced shortly after formation, 

sometime during the Middle to Late Jurassic (Foley, 1992).  

The Kure ophiolite [5.63] in northeastern Turkey formed between 208 and 144 

Ma.  This complex lies within the Central Pontides and is thought to have been 

emplaced sometime during the Middle to Late Jurassic at the same time as many of the 

other Tethyan ophiolites (Bortolotti & Principi, 2005).   

The Chersky complex [3.07] lies within Yakutia in northeastern Russia and was 

derived from backarc basin and oceanic crustal fragments around 430 to 370 Ma.  This 

complex was obducted 

 

iddle to Late Jurassic Tectonics 

During the middle to late Jurassic, Pangea divided into the three main regions 

(Laurasia, East Gondwana, and West Gondwana).  The Pacific plate, Gulf of Mexico 

and Mediterranean basin also formed during the middle to late Jurassic.  Other 

important tectonic events during the middle to late Jurassic were the start of the North 
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America Rockies (Nevadan orogeny), the formation of the Greater Antilles (Cuban) 

island arc, and the closure of the Armurian (Asian) seaway (Fonsec et al., 1985; 

Nekrasov et al., 1989).  As a result of these diverse tectonic events, many ophiolites 

were formed and emplaced during the middle to late Jurassic.  Subduction of the 

Farallon

4.08-4.11 and 4.32], Sierra 

Nevada

gion represents an accretionary 

zone ch

uction of the Farallon plate under the Coast Range and 

squeezing up some of the lighter lithospheric material.  Further south in the Baja Alta 

 also formed as a result of the Farallon plate 

subduct

 plate beneath the western coast of the North American resulted in the 

emplacement of many of the Californian and Alaskan ophiolites (Shervais et al., 2005; 

Dietrich, 1979; Moore & Kimbrough, 2005; Zhou et al., 2001; Busby, 2004).  The 

Coast Range Ophiolites [4.12-4.18], Franciscan ophiolites [

 Foothills [4.24-4.27], and Great Valley ophiolites [4.19-4.23] all formed at mid-

ocean ridges and were emplaced along the western margin of North American as a 

result of east dipping subduction (Miller, 1985; Saha et al., 2005).  The Great Valley 

province represents a forearc basin and the Franciscan re

aracterized by a chaotic tectonic mélange (Shervais et al., 2005).  The granites 

of the Sierra Nevadas represent the batholiths beneath the continental volcanic arc along 

the western margin of North America.  The Sierra Nevada foothills ophiolites were 

emplaced as a result of the subd

region, ophiolites [4.31, 4.33, 4.34] were

ing under the North American plate.  In Alaska, subduction beneath the southern 

margin of the North Slope block resulted in the emplacement of ophiolites [4.01 and 

4.02] (Busby, 2004; Moore et al., 1997). 
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In the Mediterranean region, the western Tethys Ocean was developing as a 

result of the breakup of Pangea.  As the Tethys began to close the seaward Alpine 

ophiolites [2.09, 5.36-5.48, 5.57, 5.59, and 5.62,] were emplaced in a successively 

younger pattern from the northwest (Alps, Apennines, and Dinarides) to southeast 

(Taurides, Zagros, Himalayas) (Schuster & Kurz, 2005; Spray et al., 1984; Pamić et al., 

1979; Dilek & Flower 2003). 

 

4.3 Early Cretaceous ~140 – 100 Ma 

 
 

4.3.1 Early Cretaceous Ophiolites  

This section presents seventeen ophiolites which were emplaced during the 

middle Cretaceous.  These middle Cretaceous ophiolites are primarily located in the 

regions of the Siberian Koryak Mountains, a few in Europe, and a few in the Caribbean 

region.  These ophiolites can be seen on Figure 4.5 and are listed individually in Table 

4.3. 

4.3.1.1 Siberian Cretaceous Ophiolites 

Several complexes of ophiolites are exposed in the Koryak Mountains of 

northeast Siberia.  The Mainitis Zone [3.08] in the central Koryak Mountain region 

seems to have formed in an island arc environment between 159 to 121 Ma and was 

emplaced around 144 to 99 Ma (Palandzhjan, 1986).   

The Ust’–Belaya ophiolite section [3.09] in the northern region of the Koryak 

Mountains formed during the middle Paleozoic (417 to 323 Ma).  This sequence was 
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emplaced much later in the early Cretaceous (137 to 132 Ma) as a result of accretion 

along the continental margin of northeastern Siberia (Palandzhjan, 1986).  

The Uga-Murugal ophiolite complex on Porotory Cape [3.14] also lies within 

the Koryak Mountains in northern Siberia.  This complex was formed around 129 Ma 

and was emplaced shortly there after (Palandzhjan et al., 1999). 
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Table 4.3 Early Cretaceous Ophiolites 
        Age of Formation Age of Obduction 

Ophiolite 
ID# Map # Name Country 

Old 
Age 

Young 
Age 

Best 
Estimate 

Old 
Age 

Young 
Age 

B
Esti

est 
mate 

5.58 8 Akamas Cyprus 144.00 65.00 104.50       
5.50 8 Tuscany Italy 156.00 148.00 152.00 144.00 65.00  104.50
5.01 8 Masirah Oman 158.00 124.00 141.00 132.00 121.00  126.50

5.30 8 
Ispendere-
Komurhan Turkey 144.00 65.00 104.50      

5.61 8 Honaz Turkey 144.00 65.00 104.50      
3.08 8 Mainitis Zone Russia 159.00 121.00 140.00 144.00 99.00 121.50 

3.09 8 
Ust' - Belaya 
Mts Russia 417.00 323.00 370.00 137.00 132.00  134.50

3.10 8 
Kuyul 
Mélange Russia 155.00 121.00 138.00 121.00 99.00  110.00

3.11 8 
Upper 
Khatyrka Russia 248.00 206.00 227.00 144.00 112.00  128.00

3.14 8 Porotory Cape Russia 159.00 99.00 129.00      

3.15 8 
Elistratova 
Complex Russia 210.00 144.00 177.00 121.00 99.00  110.00

3.16 8 Aluchin Russia 374.00 231.00 302.50 144.00 112.00  128.00
3.22 8 Koryak Russia 144.00 121.00 132.50 121.00 99.00  110.00

3.23 8 

Taigonos 
Peninsula 
(Uga-
Murugal) Russia 129.00 129.00 129.00      

7.12 8 Bermeja Puerto Rico 146.00 142.00 144.00 112.00 99.00  105.50

7.10 8 
Cordillera 
Central Hispaniola 137.00 132.00 134.50 112.00 99.00  105.50

7.15 8 Siquisique Venezuela 176.00 164.00 170.00 159.00 99.00  129.00

 

 

Taigonos Peninsula [3.23], another ophiolite found in the Koryak Mountains, 

formed as part of an island arc around 129 Ma.  It was emplaced onto the conti l 

margin due to subduction and accretion probably in the late Cretaceous (Palandzh t 

al., 1999). 

In Russia, the Aluchin ophiolite [3.16] or Anyui ophiolite, part of the Northeast 

margin of the Kolyma Omolon Block is believed to have formed sometime during the 

Permian to Triassic (374 to 231 Ma) (Ishiwatari et al., 1999).  Sokolov et al., (2002) 

nenta

jan e
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report that the oceanic b t one time connected to 

the Polar Urals basin and the Taimyr basin.  This ophiolite was emplaced during the 

Earl ta  ult o nt l c o  ou nyu  

(Soko et al. 0 chag 85; C v  al. )  U Kh  

ophiolite complex [3.11] in the Koryak Mountains of northeastern Siberia is Middle 

Triassic in age (248 to 206 Ma).  This ophiolite is thought to have formed as a result of 

sea floor spreading in a forearc setting.  The accreting island arcs were emplaced onto 

the co ental ma etim th y C o la an,  

Sokol t al., 0 v  al., 1999).  The Kuyul Mélange [3.10] is part of the 

Kuyu ssif in the Koryak Mountains of Siberia.  It form n slan  

environment arou   It is reported to have been emplaced during the 

early to mid-Cretaceous (121 t a) ( z 198

plex [3.15] is a com

Taigonos Peni u e K ou s, ed im rin  Ju  

(210 to 144 Ma) in an island arc environment.  This ophiolite was emplaced as part of 

an accretion complex between 121 and 99 Ma (Ishiwatari et al., 1998).   

In the Northeast region of the Koryak Mountains, another ophiolite [3.22] has 

been described by Palandzhjan (1986) that yields ages of 144 to 121 Ma for formation.  

It appears to have been emplaced around 121 to 99 Ma as the result of the accretion of 

an island arc. 

 

 

asin that this ophiolite formed in was a

y Cre ceous as a res f the co inenta ollisi n along the S th A i suture

lov , 2 02; Ly in, 19 hekho ich et , 1999 .  The pper atyrka

ntin rgin of Siberia som e in e Earl retace us (Pa ndzhj  1986;

ov e 20 2; Chekho ich et

l ma ed i  an i d arc

nd 155 to 121 Ma.

o 99 M Paland hjan, 6).  

The Elistratova com plete ophiolite sequence found in the 

ns la of th oryak M ntain  form somet e du g the rassic
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4.3.1.2 European – Arabian Cretaceous Ophiolites 

The tectonic evolution of Iran and Turkey during the middle to Late Jurassic is 

complex.  Oman has many well-studied ophiolite complexes that date from the middle 

to late Jurassic.  A complete ophiolite sequence, the Masirah Island [5.01] complex, in 

eastern Oman formed on the Indian plate between 158 and 124 Ma at a mid-ocean 

ridge.  It is reported to be made up of two nappe structures and was obducted onto the 

Arabian continental margin during the early Cretaceous (132 to 121 Ma) (Gealey, W.K., 

1977; Gnos & Perrin, 1996; Marquer et al., 1998; Peters & Mercolli, 1997). 

The southeastern area of Turkey has many ophiolites that formed during the 

mid-Cretaceous.  The Ispendere-Komurhan ophiolite [5.30] probably formed during the 

early Cretaceous and was obducted onto the continental margin around 92 to 90 Ma 

(Dilek et al., 1999; Yilmaz, 1993; Juteau et al., 1980).  The Honaz ophiolite [5.61] in 

the Lyc

ous along the 

contine

ly lie atop the Troodos sequence and implies that it was emplaced in one 

of the last thrust sheets.  Many researchers link the Mamonia, Troodos, and Akamas 

ophiolites to the same series of tectonic events (Borradaile & Lucas, 2003).   

ian regions of Turkey was also formed during the Cretaceous.  It is also reported 

to have been obducted shortly after formation (Dilek & Flower, 2003).   

The Tuscany ophiolite [5.50] in central Italy formed around 156 to 148 Ma 

along the mid–ocean ridge.  It was emplaced during the Cretace

ntal margin of Italy (Tribuzio et al., 2000).  The Akamas ophiolite [5.58] in 

western Cyprus, is thought to have formed sometime during the Cretaceous.  This 

ophiolite is also part of the Troodos Complex in Western Cyprus.  It is reported to 

stratigraphical
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4.3.1.3 Caribbean Cretaceous Ophiolites 

The Siquisque ophiolite [7.15] in western Venezuela was formed around 176 to 

164 Ma.  It is though to be formed as a part of the spreading event that opened up the 

proto-Caribbean and Atlantic during this time.  It is believed to have been emplaced in 

the Late Jurassic to Early Cretaceous, as the proto-Caribbean was subducted beneath the 

Greater Antilles island arc (Bartok et al., 1985).   

The Cordillera Central ophiolite [7.10] in central Hispaniola, is thought to have 

formed between 137 and 132 Ma.  It was emplaced between 112 and 99 Ma (Wadge et 

al., 198

4.3.2 C

4; Haldemann et al., 1980).   

The Bermeja ophiolite [7.12] in southwest Puerto Rico was formed in 146 to 

142 Ma.  It is thought to have been emplaced around 112 to 99 Ma as the Proto-

Caribbean ocean floor was subducted beneath the overriding Greater Antilles Arc 

(Mattson, 1974).   

 

retaceous Tectonics 

During the Middle Cretaceous western and eastern Gondwana divided, South 

America separated from Africa as well as India and Madagascar separated from 

Australia and Antarctica.  Pangea also continued to break apart in the Middle 

Cretaceous around 120 Ma as the Proto-Caribbean was forming (Scotese, 2001).  The 

rifting of the Caribbean formed ophiolites such as the Central in Hispaniola and the 

Bermeja in Puerto Rico (Wadge et al., 1984).  The Akamas, Honaz, and Ispendere-
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Komurh on of Turkey as Anatolia subducted 

onto the

Taigonos Peninsula were formed in 

subduct

002; Lychagin, 1985).  In the Northeast Pacific, 

subduct

rc from northeast Asia (Morozov et al. 2004).  The Koryak region 

iberia) was undergoing subduction along the continental margin which likely resulted 

nd Koryak complexes to be emplaced (Ishiwatari et al., 

1998).  

movement of the plates and the role ophiolites portray in understanding those 

an were the ophiolites produced in the regi

 continental margin (Dilek & Flower, 2003).  

The Koryak Mountains, the Mainitis, Taigonos Peninsula, Ust’- Belaya, and 

Porotory Cape ophiolites formed as a result of the accretion along the southeastern 

continental margin of Northeast Siberia (Ishiwatari et al., 1999).  Most of the rocks of 

these ophiolites indicate that the Koryak and 

ion zones (Ishiwatari et al., 1999).  The subduction beneath the Siberian and the 

North American margin of the circum-Panthalassic “ring of fire” likely resulted in the 

Aluchin ophiolite [3.16] (Sokolov, 2

ion of Panthalassic ocean floor beneath northeast Asia continued through the 

Triassic and Jurassic.  The Upper Khatyrka ophiolite also found in the Koryak mountain 

range in northeastern Siberia probably formed in a small ocean basin that separated the 

Olutorsky island a

(S

in the Kuyul, Elistratova, a

  

As the Indian and African plates moved northward, the Tethys Ocean began to 

close and allow for mid-ocean rifting events to form new crustal sequences.  In this 

environment, the Masirah ophiolite of Oman is thought to have formed (Gnos & Perrin, 

1996; Gealey, 1977).  

The Mesozoic ophiolites described in this section clearly illustrate the active 
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movements.  From North America to Siberia and the Mediterranean, the ophiolites 

depict the active tectonics during periods of global reorganization. 
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CHAPTER 5 

LATE CRETACEOUS AND CENOZOIC OPHIOLITES 

This chapter is divided into two sections.  The first section covers the late 

Cretaceous and early Cenozoic (Paleocene).  For this time period, sixty-four ophiolites 

are found emplaced in the regions of the Caribbean and in the Indo-Arabian-European 

zone.  In the second half of this chapter, fifty-two ophiolite localities are described that 

range in age from Eocene to Miocene.  These ophiolites are found in Southwest Pacific 

and India-Indonesia regions. 

 

5.1 Late Cretaceous and Early Cenozoic ~100 – 50 Ma 

 

There are sixty-four ophiolites presented in this section.  These ophiolites are 

primarily located in Iran, Turkey, Eastern Europe, Pakistan, and the Middle Americas 

Caribbean region.  This section discusses 14 Caribbean ophiolites and 43 Tethyan 

ophiolites with sub-regions discussed in each section along with ophiolites at eight other 

localities.   
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5.1.1 Late Cretaceous and Early Cenozoic phiolites 

5.1.1.1 Late Cretaceous to Paleocene Ophiolites of North America and 
South America 

 
The fourteen ophiolites in this section are located primarily in three sub regions 

of North America and South America: Cuba, Central America, and the remainder of 

North America and South America.  These ophiolites are the result of the collision of 

the Cuban island arc with the Bahamas platform, the collapse of the Chortis backarc 

basin, and the advance of the Caribbean plate into the Central Atlantic.   

The Western Belt ophiolite [7.06] in central Cuba formed during the Aptian 

(112 Ma) and were emplaced during the Paleocene to mid-Eocene (65 to 34 Ma).  The 

ophiolite is a result of the collision of Cuban island arc with the Bahamas platform 

(Wadge et al., 1984; Fonsec et al., 1985; Mossakovskiy & Albear, 1978).   

O
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Table 5.1 Late Cretaceous and Early Cenozoic Ophiolites 
        Age of Formation Age of Obduction 

Ophiolite 
ID# 

Map 
# Name Country 

Old 
Age 

Young 
Age 

Best 
Estimate 

Old 
Age 

Young 
Age E te 

Best 
stima

7.14 10 Tinaquillo Venezuela 89.00 85.80 87.40 85.00 65.00 0 75.0
7.16 10 Villa de Cura Venezuela 100.00 100.00 100.00 99.00 55.00 0 77.0
7.19 10 Rio Calima Columbia 112.00 66.00 89.00      
7.20 10 Esperanza Costa Rica 99.00 83.50 91.25 84.00 84.00 84.00 
7.18 10 Matapolo Costa Rica 164.00 93.50 128.75 84.00 84.00 84.00 
7.02 10 Nipe-Cristal Cuba      65.00 61.00 63.00 
7.01 10 Purial Cuba      65.00 54.80 59.90 
7.06 10 Western Belt Cuba 112.00 112.00 112.00 65.00 50.00 57.50 
7.08 10 Sierra de Las Minas Guatemala 132.00 112.00 122.00 85.80 65.00 75.40 
7.07 10 Sierra de Santa Cruz Guatemala 132.00 99.00 115.50 83.50 65.00 74.25 
7.09 10 North Coast Hispaniola 93.50 89.00 91.25 65.00 55.00 60.00 
7.13 10 Blue Mountains Jamaica 83.50 71.30 77.40 71.00 55.00 63.00 
7.17 10 Xolopa Mexico 165.00 128.00 146.50 99.00 33.70 66.35 
5.02 10 Semail Oman 97.90 93.50 95.70 95.00 90.00 92.50 
5.03 10 Sabzevar Iran 99.00 65.00 82.00 65.00 65.00 65.00 
5.05 10 Tchehel Kureh Iran 99.00 65.00 82.00 65.00 65.00 65.00 
5.06 10 Iranshahr Iran 99.00 65.00 82.00 65.00 65.00 65.00 
5.07 10 Fanuj Maskutan Iran 99.00 65.00 82.00 65.00 65.00 65.00 
5.08 10 Kahnuj Iran 144.00 121.00 132.50 89.00 66.00 77.50 
5.09 10 Esfandagheh Iran 99.00 65.00 82.00 65.00 65.00 65.00 
5.10 10 Shahr-Babak Iran 144.00 65.00 104.50 65.00 65.00 65.00 
5.11 10 Baft Iran 99.00 65.00 82.00 65.00 65.00 65.00 
5.12 10 Neyriz Iran 95.00 93.00 94.00 89.00 89.00 89.00 
5.13 10 Nain Iran 144.00 65.00 104.50 65.00 65.00 65.00 
6.08 10 Makran Pakistan 95.00 95.00 95.00 93.50 89.00 91.25 
5.14 10 Kermanshah Iran      71.00 65.00 68.00 
5.16 10 Khoy Iran 103.00 98.00 100.50 96.00 95.00 95.50 
5.17 10 Baër-Bassit Syria 144.00 65.00 104.50 100.00 86.00 93.00 
5.18 10 Kizildag Turkey 99.00 74.00 86.50 86.00 65.00 75.50 
5.19 10 Mersin Turkey 96.00 91.50 93.75 90.00 61.00 75.50 
5.20 10 Aladaj Turkey 99.00 93.50 96.25 93.50 89.00 91.25 
5.21 10 Kiziltepe Turkey 92.00 90.00 91.00 78.30 65.00 5 71.6
5.22 10 Ali Hoca Turkey 152.00 132.00 142.00 90.00 87.00 88.50 
5.23 10 Yuksekova Turkey 248.00 144.00 196.00 68.00 55.00 61.50 
5.24 10 Yayladag Turkey 248.00 144.00 196.00 68.00 55.00 61.50 
5.25 10 Berit Turkey 248.00 65.00 156.50 68.00 55.00 61.50 
5.26 10 Pozanti-Karsanti Turkey 94.00 70.00 82.00 78.30 65.00 71.65 
5.28 10 Sarikaramn Turkey 93.50 90.00 91.75 85.80 80.00 82.90 
5.29 10 Antalya-Tekirova Turkey 144.00 65.00 104.50 92.00 90.00 91.00 
5.31 10 Cilo Turkey 248.00 65.00 156.50 99.00 65.00 82.00 
5.32 10 Gevas Turkey 248.00 65.00 156.50 68.00 55.00 61.50 
5.33 10 Guleman Turkey 144.00 65.00 104.50 99.00 55.00 77.00 
5.34 10 Beysehir Turkey 144.00 65.00 104.50 95.00 80.00 87.50 
5.56 10 Lesser Caucasus Turkey 208.00 159.00 183.50 99.00 86.00 92.50 
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Table 5.1 Continued 
        Age of Formation Age of Obduction 

Ophiolite 
ID# 

Map 
# Name Country 

Old 
Age 

Young 
Age 

Best 
Estimate 

Old 
Age 

Young 
Age 

Best 
Estimate 

6.01 10 Bela Pakistan 70.00 65.00 67.50 66.00 64.00 65.00 
6.02 10 Muslim Bagh Pakistan 87.00 65.00 76.00 70.00 65.00 67.50 
6.03 10 Waziristan Pakistan 115.00 100.00 107.50 70.00 68.00 69.00 
6.11 10 Zhob Pakistan 150.00 65.00 107.50 70.00 65.00 67.50 
6.15 10 Dras Sangeluma Pakistan 99.00 55.00 77.00      
5.35 10 Troodos Cyprus 00 90.00 91.092. 0 75.00 65.00 70.00 
5.46 10 Monviso 6.00 00 175.0Italy 20 144. 0 99.00 65.00 82.00 

5.49 10 
External Liguride 
(Piedmont) Italy 185.00 145.00 165.00 84.00 65.00 74.50 

5.51 10 Calabria Italy 206.00 144.00 175.00 106.00 65.00 85.50 
5.52 10 Platta Switzerland 206.00 144.00 175.00 99.00 65.00 82.00 
5.53 10 Tauern Austria 206.00 144.00 175.00 99.00 65.00 82.00 
5.54 10 Apuseni (Romario)  Romania 206.00 180.00 193.00 144.00 55.00 99.50 
6.04 10 Spontang  Ladakh 99.00 65.00 82.00 68.00 55.00 61.50 
6.06 10 Tuensang India      99.00 55.00 77.00 
6.14 10 Shyok Pakistan 144.00 99.00 121.50 99.00 15.00 57.00 

4.36 10 
Resurrection 

 Peninsula USA     57.00 57.00 57.00 
4.03 10 Ingalls Complex USA 180.00 144.00 162.00 99.00 99.00 99.00 
8.27 10 Poroshiri Japan 100.00 100.00 100.00      
3.13 10 Goven Peninsula a Russi 83.00 65.00 74.00      
3.12 10 Vyvenka a Russi 95.15 95.15 95.15       

 

 

 

The P a 1] ophioli sout er ba o by dge et al. 

(1984) av e laced ar 65 w pla n 

thrust ts  o h an d it  Ba s 

platfor ob l obiella et al., 1977).   

e- s .02] ophio hic r e ta

Cuba, ed  rifting e f th to bb t o y W e 

et al. (1984) to have been emplaced around 65 to 54.8 Ma (Cobiella et al., 1977; 

Cobiella, 1978; Bortolotti & Principi, 2005).   

uri l [7.0 te of heast n Cu is rep rted  Wa

 to h e b en emp ound to 54.8 Ma.  This complex as em ced i

shee that formed during the collisi n of t e Cub  islan arc w h the hama

m (C iel a, 1978; C

Nip Cri tal [7 lite, w h is pa t of th Place s Belt of southeastern 

form  during the vent o e pro -Cari ean.  I is rep rted b adg
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Figure 5.2 shows the Blue Mountains ophiolite [7.13] of eastern Jamaica that 

fo a nd arc system between 83.5 and 71.3 Ma.  This ophiolite was obducted 

betwe 1 5 a and wa lace p f t m N gua e 

subdu  co adge et al., 1982; Draper, 1986).   

e N t t ophiolit 9], in pa  wa m et  93 d 

89 Ma hi o em d as tra si ri p m n 

between Cuba and Hispaniola between 65 and 55 Ma (Wad al 4

e it ] i  o  ya plex in 

northw rn s ca was for etw 9 3.  ( lo  Pr i, 

2005) wa m nd a (Bo

[7.18] in northwest Costa Rica was formed on the Farallon plate around 164 to 93.5 Ma 

and was emplaced onto the Caribbean plate during the Upper Santonian about 84 Ma 

(Bourgois et al., 1982; Wadge et al., 1984). 

he Sierra de Las Minas ophiolite [7.08] in southeastern Guatemala was formed 

in a bac

 Ma, in a Cretaceous back arc basin.  

This co

hbacher, 1994). 

rmed in n isla

en 7 to 5 M s emp d as art o he Ja aica- icara  Ris

ction mplex (W

Th or h Coas e [7.0  His niola s for ed b ween .5 an

.  T s c mplex was place a result of nsgres ve st ke-sli otio

ge et ., 198 ). 

Th Esperanza ophiol e [7.20 that s part f the Nico  com

este  Co ta Ri med b een 9 and 8 5 Ma Borto tti & incip

and s e placed arou 84 M urgois et al., 1982).  The Matapolo ophiolite 

T

k arc basin between 132 and 112 Ma.  It was emplaced as a result of the collapse 

of that back arc basin around 85.8 and 65 Ma (Muller, 1979; Williams, 1975; Wadge et 

al., 1984).  The Sierra de Santa Cruz ophiolite in Guatemala [7.07] lies along the 

Montagua fault.  It was formed, around 132 to 99

mplex was emplaced between 83.5 to 65 Ma (Rosenfeld, 1981; Wadge et al., 

1984).  The Xolopa ophiolite [7.17] in Southern Mexico formed sometime between 165 

to 128 Ma.  This complex was obducted sometime around the Late Cretaceous to Early 

Tertiary around 99 to 33.7 Ma (Nelson & Ratsc
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Figure 5.2 North American and South American ophiolites plotted on a 70 Ma 

paleogeographic reconstruction (Scotese, 2004) 
 

 

The Tinaquillo ophiolite [7.14] in the Cojedes region of northern Venezuela 

formed between 89 and 85.8 Ma.  It is reported to have been obducted around 85 to 65 

Ma onto the South American continental margin (Seyler, et al., 1998 and Mackenzie, 

1960).  The Villa de Cura ophiolite [7.16] in eastern Venezuela formed around 100 Ma.  

This ophiolite was emplaced around 99 to 55 Ma onto the South American margin due 

to the eastward motion of the Caribbean plate (Gealey, 1980).   
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The Rio Calima [7.19] is part of the Buga-Buenaventura transverse in the 

Western Cordillera in western Columbia.  This Andean ophiolite formed sometime 

between Albian and Maastrichtian time (112 to 66 Ma).  This ophiolite complex is 

reported to have been obducted onto the South American plate sometime during the 

Paleocene (Bourgois et al., 1982).   

 

5.1.1.2 Late Cretaceous to Paleocene Ophiolites of the Central Iran and 
India Regions 

 
There are many ophiolitic complexes of Late Cretaceous and Early Cenozoic 

age in Iran and the surrounding regions (Figure 5.3).  The Shahr-Babak [5.10] complex 

in central Iran was formed sometime between 144 and 65 Ma and obducted around the 

end of the Cretaceous (65Ma) (Ghazi & Hassanipak, 2000a).   

In Iran, the Kahnuj ophiolite [5.08] is a well-studied complete ophiolite 

seque  Ma 

along the mid-ocean ridge and was emplaced along the passive continental margin 

between 89 and 66 Ma (Kananian et al., 2001). 

nce with a completeness score of 6.  The complex formed around 144 to 121

Esfandagheh [5.09] an ophiolite in south-central Iran formed around 99 to 65 

Ma.  It is was emplaced shortly before the Paleocene, around 65 Ma, when the small 

ocean basin around the Lut block closed as the Central Iranian microcontinent  and the 

Sanandaj-Sirjan block collided (Ghazi & Hassanipak, 2000a; Pamić et al. 1979). 
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Figur

map 

st Iran formed around 99 to 65 Ma and 

was em

tal 

block (Ghazi & Hassanipak, 2000a; Pamić et al. 1979). 

man has some of the best examples of obducted ophiolites in the world and the 

Semail ophiolite complex [5.02] in Oman is one of the more thoroughly studied 

e 5.3 Ophiolites from the India and Central Iran regions illustrated on a modern 

 

 

The Sabzevar [5.03] ophiolite in northea

placed shortly before the Paleocene around 65 Ma.  This ophiolite is thought to 

be a result of the ocean basin forming between the Lut block of Iran and the southern 

terranes of Afghanistan.  It is suggested to have traveled northward as the block was 

emplaced during the late Paleocene as part of the Sanandaj-Sirjan micro-continen

O
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ophiolite sequences.  This sequence formed at a fast spreading mid-ocean ridge around 

97.9 to 93.5 Ma (Nicolas, 1989) and was obducted along the passive continental margin 

between 95 and 90 Ma (Cox et al., 1999; Nicolas & Boudier, 2000; Gray et al., 2000).  

Tchehel Kureh [5.05] an ophiolite in eastern Iran, formed around 99 to 65 Ma.  

It is thought to have been emplaced shortly before the Paleocene around 65 Ma as a 

result of the ocean basin closing between the Lut block and Asia north of the Tethyan 

subduction zone (Ghazi & Hassanipak, 2000a; Pamić et al. 1979). 

The Fanuj Maskutan [5.07] ophiolite in southeastern Iran formed around 99 to 

65 Ma.  It is reported to have been emplaced shortly before the Paleocene around 65 Ma 

as a result of the collapse of a backarc basin (Ghazi & Hassanipak, 2000a; Pamić et al. 

1979). 

A few ophiolite sequences are also found in western Pakistan.  The Iranshar 

[5.06] ophiolite in the Makrãn Range of s rn Pakistan formed around 99 to 65 Ma.  

It is reported to have been emplaced shortly before the Paleocene around 65 Ma as a 

result of the collapse of a backarc basin along the southern margin of Asia, prior to the 

collision of India (Ghazi & Hassanipak, 2000a; Pamić et al. 1979). 

The Makrãn ophiolite [6.08] is located in the Central Makrãn Range in southern 

Pakistan along the Makrãn coast.  It was formed in a spreading center around 95 Ma 

and was obducted onto the continental margin shortly thereafter, between 93.5 to 89 Ma 

(McCormick, 1991).   

The Bela ophiolite [6.01] in Pakistan was emplaced between 70 and 65 Ma as 

part of a thrust sheet with Eurasia preceding the collision of India and is thought to have 

outhe
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formed along a spreading center.  It was emplaced within the accretionary prism of the 

Sunaro Massif around 66 to 64 Ma in the North-South Axial zone of the Sulaimãn 

Range (Gnos et al., 1998; Ahmed & Ernst, 1999; Sarwar, 1992; Zaigham & Mallick, 

2000; M

999).   

Himalaya Range of 

Pakista

Range.  This complex was formed in a mid-ocean ridge around 

144 to 9

cCormick, 1991).   

Muslim Bagh [6.02] is another ophiolite located in the Central Makrãn Range of 

Pakistan.  This sequence also formed at the Cretaceous-Tertiary boundary as a result of 

the subduction event (McCormick, 1991; Gnos et al., 1998).     

The Waziristan ophiolite [6.03] is located in the Sulaimãn Range of Pakistan.  It 

formed at a spreading center around 115 to 100 Ma.  This complex was emplaced 

around 70 to 68 Ma along the North-South Axial Zone (Moores et al., 1980; Shah & 

Khan, 1

The Zhob ophiolite [6.11] lies within the Sulaimãn Range in Pakistan.  It is 

reported to have formed between 150 and 65 Ma in the backarc basin.  This ophiolite 

was accreted around 70 to 65 Ma onto the western Indian margin before India’s 

collision with Tibet (Gnos et al., 1997).  

The Dras Sangeluma ophiolite [6.15] lies in the Great 

n.  This ophiolite formed between 99 and 55 Ma and is part of the Indus Yarlung 

Zangbo suture (Robertson & Degnan, 1994).   

The Shyok ophiolite [6.14] near the Nanga Parbat in northeastern Pakistan lies 

in the Great Himalaya 

9 Ma and was obducted onto the continental margin during the Eocene (Pêcher 

et al., 2002).  The Spontang ophiolite [6.04] in Ladakh (western Himalayas) along the 
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Pakistan Zanskar zone formed around 99 to 65 Ma as part of the Tethyan ocean crust in 

a forearc basin and was obducted along the Dras island arc near the continental margin 

around 68 to 55 Ma (Mahmood et al., 1995; Searle & Stevens, 1980).   

The Nagaland (Tuenshang) ophiolite [6.06] in India was obducted sometime 

during 

Eastern Turkey 

As seen in Figure 5.4, the Baft [5.11] ophiolites in south central Iran formed 

around 99 to 65 Ma within a mid-ocean ridge.  It is reported to have been emplaced 

shortly before the Paleocene around 65 Ma as a result of the closing of a small ocean 

basin around the Lut block as the Central Iranian microcontinent and the Sanandaj-

Sirjan block collided (Ghazi & Hassanipak, 2000a; Pamić et al. 1979). 

The Neyriz complex [5.12] is located in the Zagros region of Southern Iran.  

This ophiolite formed between 95 and 93 Ma and was obducted around 89 Ma.  It is 

thought to have been emplaced as part of the Central Iranian microcontinent collided 

with the Sanandaj-Sirjan block (Adib & Pamić, 1980; Pamić et al., 1979; Ghazi & 

Hassanipak, 2000a). 

The Nain complex [5.13] in Iran lies within the eastern outskirts of the Zagros 

range.  It formed sometime during the Cretaceous (144 – 65 Ma) and was obducted at 

the end of the Cretaceous period, 65 Ma (Ghazi & Hassanipak, 2000a).  

the Late Cretaceous to earliest Paleocene.  It was obducted when the Indian plate 

collided with the Burmese plate (Agrawal & Kacker, 1980).   

 

5.1.1.3 Late Cretaceous to Paleocene Ophiolites of Western Iran and 

 

 108



 

The southeastern region of Turkey has many outcrops of ophiolites.  The 

Kizildağ ophiolite [5.18] with a completeness score of six, formed on the Afro-Arabian 

plate along the mid-ocean ridge around 99 to 74 Ma.  It was obducted between 86 and 

65 Ma o

placed as a result of the 

Central Iranian microcontinent and the Sanandaj-Sirjan block colliding after being 

separate

2000a).   

The Baër-Bassit ophiolite [5.17] is located along the coastline in western Syria.  

It formed sometime between 144 and 65 Ma and was emplaced around 100 to 86 Ma.  It 

is reported that sections of the oceanic crust began to slice off as the plate was emplaced 

onto the Arabian margin (Thuizat et al., 1981).   

The Cilo ophiolite [5.31] in the Anatolia region of Turkey has been loosely 

dated as forming sometime from the Triassic to Cretaceous (248 to 65 Ma) (Dilek & 

Flower, 2003).  An obduction age is reported by Yilmaz (1993) as between 99 and 65 

Ma.  

The Guleman ophiolite [5.33] lies within the Güneydogu Toraslar range of the 

Zagros Mountains.  It formed during the Cretaceous and was obducted around 92 to 90 

Ma onto the margin as the Arabian plate (Dilek et al., 1999; Yilmaz, 1993; Juteau et al., 

1980).   

nto the continental margin (Dilek & Delaloye, 1992).   

The Kermanshah ophiolite [5.14] in the Zagros region of western Iran was 

obducted around 71 to 65 Ma.  It is thought to have been em

d by a small ocean basin (Ghazi & Hassanipak, 1999; Ghazi & Hassanipak, 
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The Yuksekova ophiolite [5.23] is located in the south-central region of Turkey 

and is part of the Southern section of the Taurus Mountains.  It formed in an island arc 

environment around 248 to 144 Ma and was obducted onto the Arabian platform 

between 68 and 55 Ma (Yilmaz, 1993).   

 

 
Figure 5.4 Ophiolites from the Arabian region illustrated on a modern map 
 

 

The Yayladağ ophiolite [5.24] lies on the south central coastline of Turkey very 

near the border to Syria.  This sequence formed around 248 to 144 Ma and was 

emplaced around 68 to 55 Ma (Yilmaz, 1993).   
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Gevas ophiolite [5.32] in eastern Turkey is part of the Anatolian orogenic belt.  

The ophiolite is near Lake Van in the Güneydogu Toraslar region of the belt.  The 

formation of this sequence dates loosely between Triassic and Cretaceous (248 to 65 

Ma) (Dilek & Flower, 2003).  Yilmaz (1993) dates obduction at around 68 to 55 Ma and 

considers it part of the nappe within the orogenic belt.   

The Lesser Caucasus ophiolite [5.56] lies within the Lesser Caucasus mountain 

range along the eastern Turkey border.  It formed around 208 to 159 Ma and was 

emplaced between 99 and 86 Ma as the Afro-Arabian and Eurasian plates collided.  

This complex is considered a nappe sequence that has been thrust over the island arc 

along the Sevano-Akera zone (Knipper, 1991). 

The Khoy ophiolite [5.16], in northwestern Iran, is located near the Bitlis-

Zagros suture zone.  It formed between 103 to 98 Ma obducted between 96 and 95 Ma.  

This is a complete sequence that likely formed at a spreading center as the Central 

Iranian microcontinent later combined with the southern Sanandaj-Sirjan block 

(Hassanipak & Ghazi, 2000b).  

One of the well-studied sites in southern Turkey is the Ali Hoca ophiolite [5.22] 

formed s and 

was obducted around 90 to 87 Ma (Alabaster et al., 1982; Dilek & Whitney, 1997).   

The Berit ophiolite [5.25] in south-central Turkey lies in the southern regions of 

the Taurus Mountains.  It has been given a more broad range of formation ages from 

248 to 65 Ma.  A more precise age for emplacement is reported to be of Paleocene age, 

between 65 and 55 Ma (Yilmaz, 1993).   

 between 152 and 132 Ma.  This sequence lies along the Taurus Mountain
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The Antalya–Tekirova ophiolite [5.29] in southwestern Turkey lies along the 

coastline near the city of Antalya.  It formed around 144 to 65 Ma and was obducted 

around 92 to 90 Ma along the continental margin.  This ophiolite suite is unique in that 

it represents several sequences piled on top of one another (Juteau et al., 1980; Dilek et 

al., 1999; Yilmaz, 1993).   

The Beysehir ophiolite [5.34] is located in the central region of Anatolia of 

Turkey.  It formed during the Cretaceous and was obducted around 92 to 90 Ma as a 

result of the collision of the Arabian and Eurasian plates (Dilek et al., 1999; Yilmaz, 

1993; Juteau et al., 1980).   

The Troodos ophiolite [5.35] in Cyprus is probably one of the better-studied 

comple

19] lies in the southern region of the Taurus Mountains 

along t

tes 

(Parlak

e intra-oceanic subduction zone in the eastern 

te ophiolite sequences with a completeness score of 7.  This ophiolite formed 

during the Late Cretaceous (92 to 90 Ma) and was emplaced around 75 to 65 Ma in a 

collapsing back-arc basin (Borradaile & Lucas, 2003; Robinson et al., 1983; Robertson 

& Woodcock, 1980).   

The Mersin ophiolite [5.

he coast of south-central Turkey.  This is a fairly complete sequence, with a 

completeness score of four.  It formed around 96 to 91.5 Ma.  It was emplaced between 

90 and 61 Ma as a consequence of the collision of the Arabian and Eurasian pla

 & Delaloye, 1999).   

The Kiziltepe ophiolite [5.21] formed along the northern region of the Taurus 

Mountains in central Turkey.  The age of formation is around 92 to 90 Ma.  It was 

emplaced around 78.3 to 65 Ma along th
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Mediter

Ma in a forearc environment.  It was 

emplac

on zone as the Arabian plate was pushed northward (Yaliniz 

et al., 2

aleocene.  Some of these ophiolites have been instrumental in 

defining

eous onto Alpine Europe (Rampone et al., 1998).  The 

Externa

ranean (Dilek & Whitney, 1997).  The Aladaj ophiolite [5.20] is located near the 

Kiziltepe ophiolite in Turkey.  This suite of ophiolitic rocks formed around 99 to 93.5 

Ma and was emplaced around 93.5 to 89 Ma because of the Arabian and Eurasian plate 

collision (Dilek & Whitney, 1997).  The Pozanti-Karsanti ophiolite [5.26], also in the 

Taurides of Turkey, formed around 94 to 70 

ed around 78.3 to 65 Ma along the subduction zone as Arabia collided with 

southern Turkey (Palat et al., 1996).  The Sarikaramn ophiolite [5.28] in central Turkey 

formed around 93.5 to 90 Ma in the oceanic lithosphere.  It was emplaced around 85.8 

to 80 Ma along the subducti

000). 

 

5.1.1.4 Late Cretaceous to Paleocene Ophiolites of the Alpine Belt 

As seen in Figure 5.5, there are many Eurasian ophiolites that formed during the 

Late Cretaceous and P

 the classic ophiolite suite.  There are six ophiolite locations in this sub-region.  

The Monviso ophiolite [5.46] in northwestern Italy is reported by Lombardo et 

al. (1978) to be of Jurassic formation age (Figure 5.5).  This ophiolite sequence has it’s 

origin in the ocean to the north of the formation of the Apennine terrane and was 

obducted in the Late Cretac

l Liguride (or Piedmont) ophiolite [5.49] in Italy formed between 185 and 145 

Ma along a slow oceanic spreading center as the Mediterranean opened between the 

Eurasian plate and Africa.  This suite of rocks was obducted sometime in the Late 
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Cretaceous (84 to 65 Ma) as the Adria plate thinned along the continental margin (Borsi 

et al. 1996; Marroni et al. 1998; Rampone & Piccardo, 2000).   

The Platta ophiolite [5.52] in southeastern Switzerland located in the Lepontine 

region of the Alps.  This suite formed along the slow spreading center sometime during 

the Jurassic.  It is reported to have been obducted in the Late Cretaceous (Desmons, 

1989).  The Tauern Window complex [5.53] lies within the Hohe Tauern range in 

southwestern Austria.  It is part of the Lower Austroalpine nappe system in the along 

the rim of the Penninic Tauern region.  This complex formed in the Jurassic around 206 

to 144 Ma.  It was obducted sometime between 99 and 65 Ma along the continental 

margin as the crust began to thin (Desmons, 1989; Zimmerman et al., 1994; Raith et al. 

1977). 
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Figure 5.5 Ophiolites from the regions of Western Iran, Eastern Turkey, and      

Nujiang-Co plotted on a 70 Ma paleogeographic reconstruction (Scotese, 2004) 
 

 

The Apuseni (Romario) ophiolite [5.54] in central Romania lies on the northern 

edge of the Transylvanian Alps.  It was formed around 206 to 180 Ma due to the rifting 

event and was obducted onto the Eurasian continental margin sometime during the 

Cretaceous (Herz and Savu, 1974; Nicolae & Saccani, 2003).   

The Calabria ophiolite [5.51] in central Italy is in the southern end of the 

Apennine belt.  It formed sometime in the Jurassic also likely as a result of the rifting 
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event.  It was obducted in the Late Cretaceous as part of the collisional event with the 

Eurasian margin (Beccaluva et al. 1980; Desmons, 1989). 

 

5.1.1.5 Other Notable Later Cretaceous to Early Cenozoic Ophiolites 

In Alaska, the Kenai Peninsula (also called the Resurrection Peninsula) an 

ophiolite [4.36] is reported by Cole et al. (2006) to have been emplaced between 70 and 

57 Ma.  This complex lies along the Sanak-Baranof belt as part of the Kula-

Resurrection ridge and was emplaced due to the Aleutian megathrust accreted terrane 

(Cole et al., 2006; Kusky et al., 1997; Kusky & Young, 1999).   

In North America, the Ingalls Complex [4.03] forms a belt around the southern 

region of Mount Stuart Batholith in the North Cascades of Washington.  It was formed 

around 180 to 144 Ma at a spreading ridge.  This ophiolite was accreted onto the 

cont le 

Cretaceous (99 Ma) (Nicolas, 1989; Miller & Mogk, 1987; Southwick, 1974; Miller, 

1985).  

sin environment as the 

Pacific 

around 95 Ma.  This ophiolite has no emplacement age but is assumed to have been 

inental margin of North America around the Navaho Divide fault in the Midd

The Poroshiri ophiolite [8.27] in Hokkaido Japan formed around the Albian 

Cenomanian boundary (99Ma).  This ophiolite is a complete complex, completeness 

score of 7, and is part of the nappe structure and mélange of Northeastern Japan and is 

reported to have been obducted in an island arc-marginal ba

plate subducted beneath the Eurasian plate (Ishiwatari, 1990a; 1990b).  

The Vyvenka ophiolite [3.12] in the Koryak Mountains of Russia formed 
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emplaced along the margin as a result of subduction beneath northeast Siberia (Suren, 

1986; Palandzhjan, 1986).  The Goven Peninsula ophiolite [3.13], also in the Koryak 

Mountains, formed in the Campanian between 83 and 65 Ma.  This ophiolite is part of 

the Eas e late 

Paleoce

ciple tectonic events in 

western

 margin of Eurasia.   

s Arabia 

collided

t Kamchatka Belt and is assumed to have been accreted sometime in th

ne (Suren, 1986; Palandzhjan, 1986). 

 

5.1.2 Late Cretaceous to Paleocene Tectonics 

Most of the ophiolites described in this section were formed in the western part 

of Tethys and were emplaced as Tethys closed.  The five prin

 Tethys were: 1) the collision of the Apulian prong, (Greece and Turkey with 

Northern Europe), 2) the collision of an island arc with Northern and Eastern Arabia 

(the Oman ophiolites), 3) the rifting and collapse of back arc basins around the Central 

Iranian micro-continent, 4) the collision of India with the island arcs fringing south-

central Asia, and 5) the collapse of the Bangong–Nujiang–Co back arc basin along the 

southern

As Arabia collided with Eurasia and Tethys closed, modern-day Greece and 

Turkey also collided with the Balkans resulting in the Hellenides and Dinarides 

Mountains, which resulted in many ophiolitic emplacements (Pamić, 1977).  Ophiolites 

[5.46, 5.49, 5.51 – 5.54] formed during the subduction zone that resulted from the 

Balkan collision (Dilek & Flower, 2003; Scotese, 2001).  Further south a

 with Iran [5.11 – 5.14, 5.16 – 5.26, 5.28, 5.29, 5.31 – 5.35, and 5.56].  These 
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were emplaced due to subduction and accretion onto Eurasia along the Zagros and 

Taurus Mountains (Hassanipak and Ghazi, 2000b). 

The other group of ophiolites described in this chapter is associated with Late 

Cretaceous to early Cenozoic tectonic events in the circum-Caribbean regions.  These 

tectonic events include: 1) the collision of Cuba with the Bahamas platform, 2) the 

ollapse of the Chortis back arc basin, and the 3) emplacement of ophiolites along the 

uence of the intrusion of the Caribbean 

plate an

ddle to Late Cenozoic ~50 – 0 Ma

c

northern margin of South America as a conseq

d subduction of the proto-Caribbean.  The ophiolites [7.01, 7.02, 7.06 – 7.09, 

7.13, 7.14, 7.16 – 7.20, and 4.03] are expressions of these tectonic events (Pindell et al., 

1982; Wadge et al., 1984).   

In the Late Cretaceous, the Izangi plate was subducting under the eastern 

margin of Northeast Siberia.  The remnant ophiolites [8.27 in Japan, 3.12 and 3.13 in 

Russia], were emplaced during this tectonic episode (Lytwyn et al., 1997).  

 

5.2. Mi  

5.2.1 Eocene, Oligocene, and Miocene Ophiolites 

During the Miocene, Oligocene and Eocene, ophiolites (Figure 5.6 and Table 

5.2) were obducted primarily in three regions: 1) the Southwest Pacific and Southeast 

Asia with twenty-three localities, 2) India and Tibet with twenty-two localities, and 3) 

seven other localities worldwide. 
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5.2.1.1 Indian – Tibetan Collisional Ophiolites  

The Indus Yarlung Zangbo suture zone is well known for the numerous 

ophiolites that occur along the coliision zone between India and Tibet.  In this study, 17 

of ophiolite localities stretch along the Himalayan front from 75° E to 92° E.  Eight 

ophiolites [6.23-6.25, 6.27-6.31] are described as being part of the southern range in the 

Himalayas.  These were obducted along the suture zone (Dupuis et al., 2005) that closed 

in the mid-Tertiary, 65 to 34 Ma (Rowley, 1996 & 1998).  The age of the ocean floor 

that makes up these ophiolites is more difficult to pinpoint but the best age range, is late 

Jurassic to early Cretaceous (178 to 123 Ma and 163 to 150 Ma) (Dupuis et al., 2005; 

Rowley, 1996).  
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Table 5.2 Eocene, Oligocene, and Miocene Ophiolites 
        Age of Formation Age of Obduction 

Ophiolite 
ID# 

Map 
# Name Country 

Old 
Age 

Young 
Age 

Best 
Estimate 

Old 
Age 

Young 
Age 

Best 
Estimate 

6.16 10 
Indus - Yarlung 
Zangbo China 130.00 110.00 120.00 65.00 34.00 49.50 

6.17 10 
Indus - Yarlung 
Zangbo China 130.00 110.00 120.00 65.00 34.00 49.50 

6.18 10 
Indus - Yarlung 
Zangbo China 130.00 110.00 120.00 65.00 34.00 49.50 

6.19 10 
Indus - Yarlung 
Zangbo China 130.00 110.00 120.00 65.00 34.00 49.50 

6.20 10 
Indus - Yarlung 
Zangbo China 130.00 110.00 120.00 65.00 34.00 49.50 

6.21 10 
Indus - Yarlung 
Zangbo China 130.00 110.00 120.00 65.00 34.00 49.50 

6.22 10 
Indus - Yarlung 
Zangbo China 130.00 110.00 120.00 65.00 34.00 49.50 

6.23 10 
Indus - Yarlung 
Zangbo China 163.00 150.00 156.50 65.00 34.00 49.50 

6.24 10 
Indus - Yarlung 
Zangbo China 163.00 150.00 156.50 65.00 34.00 49.50 

6.25 10 
Indus - Yarlung 
Zangbo China 163.00 150.00 156.50 65.00 34.00 49.50 

6.26 10 
Indus - Yarlung 
Zangbo China 163.00 150.00 156.50 65.00 34.00 49.50 

6.27 10 
Indus - Yarlung 
Zangbo China 163.00 150.00 156.50 65.00 34.00 49.50 

6.28 10 
Indus - Yarlung 
Zangbo China 163.00 150.00 156.50 65.00 34.00 49.50 

6.29 10 
Indus - Yarlung 
Zangbo China 178.00 123.00 150.50 65.00 34.00 49.50 

6.30 10 
Indus - Yarlung 
Zangbo China 178.00 123.00 150.50 65.00 34.00 49.50 

6.31 10 
Indus - Yarlung 
Zangbo China 178.00 123.00 150.50 65.00 34.00 49.50 

6.32 10 
Indus - Yarlung 
Zangbo China 178.00 123.00 150.50 65.00 34.00 49.50 

6.33 10 
Indus - Yarlung 
Zangbo China 178.00 123.00 150.50 65.00 34.00 49.50 

6.34 10 
Indus - Yarlung 
Zangbo China 178.00 123.00 150.50 65.00 34.00 49.50 

6.07 10 Moreh India 85.00 75.00 80.00 49.00 42.00 45.50 
6.13 10 Nanga Parbat Pakistan 144.00 65.00 104.50 23.00 6.00 14.50 
6.05 10 Xigaze Dagzhuka Tibet 110.00 100.00 105.00 50.00 40.00 45.00 
4.35 10 Taitao Chile 11.20 5.30 8.25     
7.11 10 Southern Peninsula Hispaniola 93.50 71.30 82.40 55.00 5.00 30.00 
7.04 10 Camaguey Cuba 112.00 112.00 112.00 54.80 41.30 48.05 
7.03 10 Holguin-Gibara Cuba 121.00 121.00 121.00 54.80 41.30 48.05 
7.05 10 Las Villas Cuba 112.00 112.00 112.00 49.00 34.00 41.50 
1.04 10 Tihama - Asir Saudi Arabia 24.00 20.00 22.00     
5.66 10 Cyclades (Evia) Greece 99.00 65.00 82.00 25.00 17.00 21.00 
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Table 5.2 Continued 
        Age of Formation Age of Obduction 

Ophiolite 
ID# 

Map 
# Name Country 

Old 
Age 

Young 
Age 

Best 
Estimate 

Old 
Age 

Young 
Age 

Best 
Estimate 

8.12 10 Baryulgil Australia 65.00 34.00 49.50 34.00 23.80 28.90 
8.13 10 Macquarie Island Australia 12.00 9.50 10.75 5.00 0.00 2.50 
8.38 10 Cyclops E Indonesia 43.00 29.00 36.00 23.00 5.00 14.00 
8.06 10 Fiji Fiji 33.70 23.80 28.75 14.00 7.00 10.50 
8.14 10 Obi (E Indonesia) Indonesia 99.00 33.70 66.35 25.00 25.00 25.00 
8.22 10 Izu Bonin Izu Bonin 41.80 40.80 41.30     
8.24 10 Hayama Mineoka Japan 65.00 24.00 44.50     
8.37 10 Koniambo Massif New Caledonia 54.00 42.00 48.00 49.00 34.00 41.50 
8.07 10 New Caledonia New Caledonia 65.00 55.00 60.00 37.00 34.00 35.50 
8.08 10 Northland Allochthon New Zealand 144.00 65.00 104.50 40.00 20.00 30.00 
8.20 10 Tonga New Zealand 49.00 41.30 45.15     

8.03 10 April Ultramafic 
Papua New 
Guinea 54.80 33.70 44.25 33.00 24.00 28.50 

8.04 10 Marum 
Papua New 
Guinea 121.00 65.00 93.00 37.00 17.00 27.00 

8.05 10 
Papua Ultramafic 
Belt 

Papua New 
Guinea 144.00 65.00 104.50 55.00 34.00 44.50 

8.17 10 Solomon Islands 1 
Papua New 
Guinea 54.80 33.70 44.25 37.00 34.00 35.50 

8.18 10 Solomon Islands 2 
Papua New 
Guinea 54.80 33.70 44.25 37.00 34.00 35.50 

8.39 10 Palawan Philippines 248.00 144.00 196.00 23.00 5.00 14.00 
8.25 10 Zambales Philippines 37.00 33.70 35.35     
8.21 10 East Sulawesi Sulawesi 144.00 65.00 104.50 65.00 23.80 44.40 
8.33 10 Taiwan Ophiolite Taiwan 5.00 1.80 3.40 1.80 1.00 1.40 
8.02 10 E Timor Island Timor      8.00 5.00 6.50 
8.26 10 W Timor Island Timor 23.00 1.80 12.40 11.00 0.10 5.55 
8.16 10 New Hebrides Vanuatu 54.80 33.70 44.25 37.00 34.00 35.50 

 

 

Another section of the Indus-Yarlung Zangbo complex [6.16-6.22] Lies along 

the Karakorum Range of the Himalayas along the northwestern collision zone between 

India and Tibet.  They are reported to have formed in a back arc tectonic environment 

(Rowley, 1996) and are reported by Dupuis et al. (2005) to have formed around 130 to 

110 Ma for the locations at 90° E to 94° E.  These ophiolites were obducted sometime 

during the Paleocene to Eocene (Hébert et al., 2003; Dupuis et al., 2005). 
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Figure 5.7 Late Cenozoic ophiolites along the Tibet – India collision zone illustrated on 

a modern map 
 

 

Ophiolites, that are not formally named, occur along the Indus-Yarlung Zangbo 

suture (Figure 5.7).  These ophiolites were obducted as a result of the Indian and 

Eurasian plate collision during the Cretaceous, as previously mentioned.  The Xigaze 

Dagzhuka ophiolite [6.05] in Tibet lies along the Himalayan suture within the Lhasa 

block of Tibet.  It formed in a forearc basin sometime between 110 and 100 Ma.  This 

sequence was obducted around 50 to 40 Ma as a result of collision of the Indian plate 

and the Eurasian plate (Hébert et al., 2003; Nicolas, 1989).   
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Another the collision of 

In  sia and lies within the Himala .  This section of ophiolites was formed 
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by R  e l. to have ed in a d nt in  ceo t 

was em lace as  isla  sometim  

(Rangin et al., 1990; Parkinson et al., 1998). 

mor has two ophiolitic locations.  The West Timor Island 

ophiolite [8.26] is associated with the subduction zone that includes the Banda Arc.  

section of ophiolites [6.26, 6.32-6.33] is a result of 

dia and Eura yas

een 8 a d 123 Ma  resu e rift g in a urassic ocea  basin These

ere emplaced s time  the P eocene o Eocene (6 – 34 ) as a

t of t  Hi alayan sutu Dupu ., 2005 . 

In aki tan, the Nan Parba olite [ 13] pa of the Hima
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rted b  Vidy haran t al. 1989  have
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n (M ely  2001; Vidy ran e 989).  
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This ophiolite sequence formed sometime during the Miocene and was emplaced in the 

l m n years (Pleistocene) (Sopahelu a l., ).  tio te 

for t ast m  [8.0 ill deb an esti a ee sed  

whether it is really a true ophiolite.  The “ophiolitic sequence” on East Timor does 

follo e i e se but s fe s are not analogous.  What is 

clear is that the East Timor ophiolite was em e ng the Australian contin  

margin around 8 to 5 Ma as the southern part of the Banda arc (Harris & Long, 2000).  

m  Ph

of Luzon Island isting of the Coto Block and 

Aco loc n the c Massif, the Cabangan Massif, and the San 

Anto M i for uring t at ene as part of an island

back sy bducte ery t g gic Z e 000

ast few illio wak n et a 1989  The forma n da

he E  Ti or ophiolite 2] is st ated d qu ons h ve b n rai  as to

w th typ cal Oman-typ quence ome ature

plac d alo ental

The Za bales ophiolite [8.25] in the ilippines lies along the western margin 

.  It is a two-part complete sequence cons

je B k a d comprises  Masinlo

nio ass f.  This suite med d he L e Eoc -arc-

-arc stem.  It was o d in the v  recen eolo  past ( hou t al. 2 ).   
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on a modern map 
Figure 5.8 Southwest Pacific late Cenozoic ophiolites illustrated 
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The April Ultramafic ophiolite [8.03] in the western Sepik plains of Papua New 

Guinea is an incomplete complex, missing the mafic component, with a completeness 

score of 4.  It is reported to have formed during the Eocene and was emplaced during 

the Oligocene as a consequence of the arc-continental collision of the Bismark arc with 

the Australian plate (Milsom, 1984; 2003).   

Closely related to the April Ultramafic complex is the Marum ophiolite [8.04], 

of the Maoke Mountains of Papua New Guinea.  Marum is a mostly complete sequence, 

with a completeness score of five, which formed around 121 to 65 Ma.  This suite was 

emplaced as part of the Bismark arc – Australian collision in the Late Eocene to Early 

Miocen

nos & Peters, 1997).   

he Southwest Pacific ophiolite referred to as the Papua Ultramafic Belt [8.05] 

lies wi

Cretaceous as a result of seafloor spreading in the Woodlark basin.  These were 

emplaced during the Eocene arc collision with New Guinea (Spray, 1984).   

The Solomon Islands have two ophiolite locations [8.17 & 8.18], which lie, 

along the southern region of the Ontong-Java plateau.  These were later emplaced in the 

Late Eocene (37 to 34 Ma) (Coleman, 1966; Parrot & Dugas, 1980). 

e (Milsom, 1984).   

 The Cyclops ophiolite [8.38] in Indonesian Irian Jaya lies in between 

Australia’s northeastern border and the New Guinea Islands.  This complex formed 

between 43 and 29 Ma in the backarc basin environment.  It was emplaced between 23 

to 5 Ma along the Australian continental margin (G

T

thin the Owen Stanley Range.  These rocks formed sometime during the 
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The ophiolite found in New Caledonia [8.07], which lies off the northeastern 

coast of Australia, is part of the nappe system of the Massif du Sud.  It was formed 

around 60±5 Ma in the Paleocene backarc basin.  It was emplaced along the subduction 

zone around 37 to 34 Ma as part of Tangihua complex (Audet et al., 2004; Nicholson et 

al., 2000a; Prinzhofer et al., 1980).   

The Koniambo massif in New Caledonia [8.37] lies in the northern region of the 

Norfolk ridge.  It formed between 54 and 42 Ma in a backarc basin environment.  It was 

emplac

he New Hebrides ophiolite [8.16] in Vanuatu was formed between 54.8 and 

33.7 Ma during the Eocene.  It was emplaced between 37 and 34 Ma along the arc as 

the plate subducted under the Pacific (Coleman, 1970; Parrot & Dugas, 1980).   

  The Tonga ophiolite [8.20] lies in the Southwest Pacific Tonga Trench.  It was 

formed sometime between 49 and 41.3 Ma in a forearc environment, and is thought to 

have been emplaced as a result of subduction (Fisher & Engel, 1968; Banerjee et al., 

2000).  

Several theories have been proposed to explain the Northland ophiolite [8.08] in 

New Zealand (Malpas et al., 1992).  Whattam et al. (2005) date formation of this 

ophiolite, with 206Pb/238U ages obtained from zircon analysis, between 29 and 26 Ma 

ed along the subduction zone between 49 and 34 Ma (Audet et al., 2004).   

The Fiji ophiolite [8.06] in Viti Levu was formed sometime around 33.7 to 23.8 

Ma in the south Fiji backarc basin.  It was emplaced sometime between 14 and 7 Ma in 

the arc.  Colley (1984) reports paleomagnetic data suggests that the Fiji ophiolite rotated 

180-degrees during the interval between formation and obduction.  

T
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with emplacement occurring shortly thereafter.  A very different date is given by Davis 

(1971) who dates the ophiolite forming between 144 and 65 Ma with emplacement in 

the Oligocene around 30 Ma.  It is also not clear what the tectonic environment of 

formation for the Northland ophiolite was.  Hopper & Smith (1996) and Whattam 

(2005) suggest the Northland ophiolite forming in a suprasubduction, or island arc 

subduction, environment whereas Cande & Kent (1995) suggest that it formed along an 

oceanic spreading center.  On the other hand, Nicholson et al. (2000b) used zircon from 

diorite to analyze the suite of rocks, and suggested that the ophiolite may have formed 

in a back-arc basin environment, 32 to 28 Ma.  With eastern Gondwana undergoing 

extension and fragmentation during the Late Cretaceous (Hall, 2002) it is possible both 

of these theories are correct and that there may have been multi-phase ophiolite 

formation in this region.   

The Baryulgil ophiolite [8.12] in eastern Australia lies along the Great Dividing 

Range.  This suite was formed sometime during the Early to Middle Paleogene and was 

obducted during the Oligocene around 33.7 to 23.8 Ma, although the mechanism of 

emplacement is not clear (Aitchison et al., 1994).  

An ophiolite [8.13] occurs on Macquarie Island, south of New Zealand that has 

dated at 12 to 9.5 Ma.  It is thought to have formed as a result of the spreading between 

the Australian and Pacific plate.  The emplacement occurred around 5 Ma and likely 

contributed to the formation of the island itself (Hopper & Smith, 1996, Malpas et al., 

1994, and Varne et al., 2000).   
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The Obi ophiolite [8.14] in eastern Indonesia along the Sorong fault formed on 

the Philippine plate as part of an intra-ocean-arc around Late Cretaceous to Paleogene.  

This sequence was emplaced during the Banda arc-continent collision with Australia 

around 25 Ma (Hall, 2002).   

The Philippines Palawan ophiolite [8.39] is reported by Gealey (1980) to have 

formed

rc of these islands.  This region is reported to be a result of 

the rapi

, 1989).   

amaguey ophiolite 

[7.04] in Cuba formed during Pre-Aptian time (112 Ma).  It was emplaced during the 

 between 248 and 144 Ma.  It was emplaced around 23 to 6 Ma as fragments of 

the Asian continent collided with a forearc in the South China Sea.   

The Izu-Bonin ophiolite [8.22] in the Pacific lies along the convergent plate 

margin.  It is part of the Izu-Bonin-Mariana system and was formed between 41.8 and 

40.8 Ma as part of the forea

d growth of the plates in the last 50 million years (Taylor, 1992).  

The Taiwan ophiolite [8.33] is an example of an ophiolite that has formed very 

recently (in the last 5 million years).  This ophiolite is suggested to have been emplaced 

between 1 and 2 million years ago (Bor-ming, 1996; Sopaheluwakan et al.

In central Japan, the Hayama Mineoka ophiolite [8.24] was formed between 65 

and 24 Ma.  It is thought to be emplaced as a result of the subduction event along the 

continental margin of northeast Eurasia (Ogawa & Taniguchi, 1987).   

 

5.2.1.3 Other Notable Middle to Late Cenozoic Ophiolites 

South America and Cuba have a few ophiolites that likely formed during the 

Early Cretaceous and were emplaced later during the Eocene.  The C
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Paleoce

 

art of thrusted slabs that were emplaced during 

Caribbe

etime 

before t

).  This sequence is 

thought

.3 Ma.  

The da

olitic mélange, in Evia, Greece, which formed 

during 

ne to mid-Eocene.  The ophiolite was carried by mélange-bearing thrusts onto 

the Bahamas platform around 65 to 34 Ma as the Caribbean plate collided with the 

southern margin of North America (Wadge et al., 1984; Mossakovskiy & Albear, 1978).  

The Southern Peninsula ophiolite [7.11] in southern Hispaniola was formed 

around 93.5 to 71.3 Ma.  It was p

an subduction sometime during the Eocene to Miocene (Wadge et al., 1984 and 

Maurasse et al., 1979).   

The Holguin-Gibara ophiolite [7.03] in southeastern Cuba formed som

he Aptian (121 Ma).  It was emplaced as imbricated recumbent thrusts over the 

Bahamas platform around 54.8 to 41.3 Ma (Kozary, 1968; Wadge et al., 1984).   

The Las Villas ophiolite complex [7.05] was also formed Pre-Aptian (112 Ma) 

was emplaced during the Paleocene to Mid Eocene (65 to 34 Ma

 to have a mélange at the base and to have been emplaced in thrust sheets that 

overlay the Bahamas platform (Wadge et al., 1984; Mossakovskiy & Albear, 1978).   

In Chile, the Taitao sequence [4.35] yields formation ages of 11.2 to 5

ta indicates that it formed in a forearc rift above the ridge along the western 

margin of the South American plate.  It was eventually obducted as the Pacific plate 

subducted beneath the South American plate (Nelson et al., 1993). 

The Cyclades [5.66] is ophi

the Upper Cretaceous in an oceanic basin.  It is part of the Attic-Cycladic Massif 

in Southern Evia, which was derived from protoliths of Mesozoic age.  This sequence 
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was emplaced in the Late Oligocene to Early Miocene due to accretion during 

subduction events of the Eocene (Katzir et al., 2000; Dilek & Flower, 2003).   

Tihama – Asir [1.04], an ophiolite complex near Jizar, Saudi Arabia along the 

eastern coastal plains of the Red Sea, was formed in the Neogene around 22 to 20 Ma.  

It is thought to be the result of tectonic crustal attenuation between the Arabian plate 

and the African plate as the Red Sea opened (Schmidt & Brown, 1982; Coleman, 1984). 

 

5.2.2 Eocene, Oligocene, and Miocene Tectonics 

The tectonics of the Late Cenozoic in Southeast Asia and the Southwest Pacific 

is complex and a coherent plate tectonic model has yet to be proposed (Milsom, 2003).  

However, there are good regional models describing the tectonic evolution of Southeast 

Asia (Rangin et al, 1990; Hall, 2002) and the southwest Pacific (Pubellier et al., 1999).  

No sing

unds for the formation of the Indus-

Yarlung

egion of ophiolites was reported for the collision of 

Australia with Southeast Asia [8.03 – 8.08, 8.12, 8.13, 8.16 – 8.18, 8.20, and 8.37].  The 

le model unites all these regional models in one grand synthesis. 

This chapter gives a review of the ophiolites that formed and were emplaced in 

four principal regions.  First, the collision of India with Tibet (Eurasian plate) just 

before 50 Ma is likely to have been the nursery gro

-Zangbo suture and many of the noted ophiolites [6.05, 6.07, 6.13, and 6.16 – 

6.34]  (Nicolas, 1989; Laurent-Charvet et al., 2005).  The Indus Yarlung Zangbo suture 

formed as the Northwest Himalayas began to form and the Tethys subducted with 

Eurasia, (Gnos et al., 1997; Nicolas, 1989). 

The second principal r
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third re

 Flower, 2003).   

1984).  The Taitao 

ophiolit

ozoic and the 

comple

ven 

from th

gion was the assembly of the Philippines and its collision with Southeast Asia 

[8.02, 8.14, 8.22, and 8.26].  The last region described was the recent back arc basin 

formation in the Western Pacific [8.21, 8.24, 8.25, 8.33, and 8.39] (Hall, 2002; Scotese, 

2001; Rangin, 1990; Dilek, &

Other Cenozoic ophiolites from other parts of the world include the Tihama-

Asir ophiolite in Saudi Arabia, and are a result of the Arabian plate rifting with the 

African Plate and the continued opening of the Red Sea (Coleman, 

e in Chile was a result of the Pacific plate subducting beneath the South 

American plate (Nelson et al., 1993) 

The Cenozoic ophiolites portray the active tectonics of the earths recent past.  

The Southwest Pacific region has been particularly active during the Cen

x nature of its origin and tectonics has been the focus of much modern research 

in the Geoscience community.  The evidence clearly shows that there is much more 

research yet to be done to understand the complex nature of global reorganization e

e earths recent Cenozoic past. 
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CHAPTER 6  

DISCUSSION AND CONCLUSIONS 

If I have seen farther than others, it is because I was standing on the shoulder of giants...  
-Sir Isaac Newton 

ltering 

and res

ic 

process

ce that supports this 

conclus

 

The final chapter of this thesis discusses the temporal pattern of ophiolite 

formation and emplacement.  Not all ophiolite localities are equivalent.  In order to 

eliminate errors due to poor age constraints or geographic clustering, several fi

ampling techniques were used to remove unreliable or redundant data.  The 

questions raised in the first chapter will be revisited; namely: 1) what are the temporal 

and spatial patterns of ophiolite formation and obduction?  and 2) what does the spatial-

temporal pattern of ophiolite formation and obduction imply about plate tecton

es?  The data collected from this study indicates that the temporal pattern of 

ophiolite formation and obduction have followed global reorganization of the plates and 

that Peak ophiolite formation and emplacement events occurred during the Ordovician, 

Jurassic, and Late Cretaceous.  This chapter will present the eviden

ion. 
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6.1 Introduction to Ophiolite Analysis Methods 

 

The following section presents several methods of analysis to understand the 

ophiolite data and their pattern through time.  These are separated into two subsections, 

Paleozoic and Mesozoic - Cenozoic, with each section having separate discussions on 

formation data and emplacement data.   

The ophiolite data compiled in these sections are presented as histograms with 

ge along the horizontal axis.  This 

present

ters.  Next is a 

discuss

e found at the time of this research.   

frequency along the vertical axis and ophiolite a

ation of the data is in raw form with no biases removed.  This raw data set is 

useful for comparison to the filtered and declustered results, as well as presenting a 

comparison to other research in the literature.  The data was then filtered by removing 

age data that was poorly constrained.  After presentation of the filtered data, the 

ophiolite frequency histogram is shown by removing the geographic clus

ion of tectonic environments.  Lastly, there is a combined analysis, which 

includes the filtered and declustered methods. 

Table 6.1 shows a synthesis of the information contained within the ophiolite 

database.  A total of 280 ophiolite localities described in this study.  However, only 

92% had an age of formation and 71% had an age of emplacement, with 14 localities 

with no verifiable age of formation or emplacement.  As previously mentioned, this 

study included as many ophiolites as could b

The reliability of data is key to interpreting the validity of the maps for this 

study.  As seen in Table 6.1 the data can be filtered in many ways and assumptions and 
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conclusions can be made from those statistics.  As the data is filtered, there are fewer 

localities that comprise each filtered set; yet the data becomes more accurate after 

removing the bias.  The data was sorted to depict an accurate illustration of the geologic 

events in which the ophiolites were forming and being emplaced.  Within these filters, 

the statistics speak for themselves. 
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Table 6.1 Summary of Distribution of Ophiolites 
Summary of Ophiolite Data 

 
Formation Emplacement 

  
Category Number Percentage Number Percentage 

Ophiolites with Age Data 2 2% 198 71% 58 9

Ophiolites with Reliability of 1 135 20% 132 67% 

Ophiolites with Reliability 44 22%  of 2 60 23% 

Ophiolites with Reliability of 3 63 24% 22 11% 
Ophiolites with Tectonic 

Environment Data 177 69% 138 70% 

Filtered Ophiolites 180 70% 123 62% 

Declustered Ophiolites 165 64% 122 62% 

Combined 'Refined’ Data 121 47% 84 42% 
     

Category Number Percentage   

Difference Between Formation 
and Emplacement age <20 MA 72 27%   
Difference Between Formation 
and Emplacement age >20 and 

<41 MA 34 13%   

Ophiolites with Completeness 
Score of 6-7 28 25%   

Ophiolites with Completeness 
Score of 4-5 58 51%   

Ophiolites with a Completeness 
Score 3 or less 28 25%   

Ophiolites with no Specific 
Rock Reference for 
Completeness Score 166 59%   

Ophiolites with No Age Data 14 5%   

Total Num
Found 

ber of Ophiolites 
for this study 280 100%   
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6.2 Analysis of Raw Ophiolite Data 

 

6.2.1 C

ive and ten million years (Figures 6.1, 6.2, 6.3, 

6.4).  T

g method.  In the following section, the 

Paleozo

ombining Ophiolite Mean Ages Using Variable Time Intervals 

In order to visually determine how robust the temporal patterns of ophiolite 

formation and emplacement are, the mean ophiolite ages of formation and emplacement 

were resampled using time windows of f

here is inherent bias in the raw data in the form of an over abundance of data in 

certain well studied geographic locations such as California.  In addition, some of the 

age data may be considered less reliable; some literature sources cited a wide range for 

ophiolite age of formation or emplacement depending on the various dating techniques.  

This yielded large differences in the maximum and minimum age estimates, especially 

among Paleozoic and Precambrian ophiolites.  Some ophiolite data may be considered 

less reliable if the ophiolite is an incomplete sequence, see ‘Completeness Score’ field 

in Appendix A.  Only ophiolites for which there were assigned ages of formation and or 

emplacement were included in this resamplin

ic ophiolite data is reviewed in the next section as well as the ophiolite data for 

the Mesozoic and Cenozoic.  
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6.2.2 Temporal Distribution of Paleozoic Ophiolites 

6.2.2.1 Paleozoic Ages of Ophiolite Formation  

The temporal distribution of 54 Paleozoic ophiolite locations, defined by the 

formation age, is shown in Figures 6.1 and 6.2.  These data display a few marked peaks.  

The peaks noted as 4 and 5 in Figures 6.1 and 6.2 are likely to be ophiolites that formed 

in association with the breakup of the late Proterozoic Pangea, Pannotia, and the 

opening of the Iapetus Ocean during the Cambrian as seen in Figure 3.4.  The group of 

peaks including those marked 2 and 3 are likely due to the basins forming in the Proto-

Tethys, Paleo-Tethys, Rheic Oceans as noted in Figure 3.5.  The Early Carboniferous, 

peak 1, is likely to be ophiolites, which resulted from the Paleo-Tethys opening, and the 

separation of Siberia and Euramerica as noted on Figure 3.8.  Figure 6.2 shows the same 

distribution of data, which has been filtered at 10 million year intervals, and yields 

peaks at the same geologic times.  Comparison of these two figures shows there is very 

little change in the overall pattern of the distribution of the ophiolite formation ages 

over time when sorted either at 5 million or 10 million intervals.  Of the 54 ophiolites, 

35 occur between 510 and 435 Ma comprising about 65% of the Paleozoic ophiolites. 

Figures 6.1 and 6.2 illustrate that there are several ‘quiet’ times in which there is 

a lack of ophiolite data, namely the late Carboniferous and Permian (340 to 255 Ma).  

There are also significantly less ophiolites forming in the Early Carboniferous and 

Devonian when compared to the Ordovician and Silurian.  
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Paleozoic Raw Ophiolite Formation Distribution (5 Ma Intervals)
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Figure 6.1 Paleozoic ophiolite formation  
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Figure 6.2 Paleozoic ophiolite formation raw data (10 Ma) 
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6.2.2.2 Paleozoic Ag

The temporal distribution of the age of emplacement of 34 Paleozoic ophiolites 

e in Figure 6.3 

general

illion year intervals.  In addition, 50% of Paleozoic 

emplacement events occur during a relatively brief 60 million year time interval during 

the Ordovician and Silurian.  Obduction events between 480 and 350 Ma making up 

about 76% of all of the Paleozoic ophiolites that were emplaced in the raw data set. 

es of Ophiolite Emplacement 

is depicted in Figures 6.3 and 6.4.  The peaks noted as two and thre

ly depict the Caledonian ophiolites which were emplaced as a result of the 

subduction events along the eastern margin of Laurentia and the western borders of 

Baltica, as well as the subduction between the Proto-Tethys and the northern margin of 

Baltica occurring during the early Ordovician through late Devonian.  The ophiolites 

emplaced during the peak, marked as one in Figure 6.3, are Permian ophiolites which 

were emplaced during the formation of Pangea.  These Paleozoic ophiolites show an 

average rate of emplacement at about two ophiolites per 5 million years.  Notable times 

of an absence of Paleozoic ophiolite emplacement occur during most of the 

Carboniferous (350 to 295 Ma).  This is unusual because this was the time during which 

western Pangea was being assembled and more evidence of ophiolite obduction would 

have been expected  

Figure 6.4 depicts the same obduction events grouped in 10 million year 

intervals.  26 of the 34 Paleozoic ophiolite emplacement ages are similar when plotted 

at either 5 million or 10 m
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Paleozoic Raw Ophiolite Emplacement Distribution (5 Ma Intervals)
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Figure 6.3 Paleozoic ophiolite emplacement raw data (5 Ma) 
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Figure 6.4 Paleozoic ophiolite emplacement raw data (10 Ma) 
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6.2.3 Temporal Distribution of Mesozoic and Cenozoic Ophiolites 

6.2.3.1 Mesozoic and Cenozoic Ages of Ophiolite Formation 

Figures 6.5 and 6.6 show the distribution of 175 ophiolites which formed during 

the Mesozoic and Cenozoic.  The pattern of ophiolite formation is distinctly bimodal 

with broad peaks centered on 165 million years, 105 million years, and to a lesser 

degree 45 million years.  The ophiolites, which are noted at peaks 6, 7, and 8 on Figure 

6.5, formed in the Pacific Ocean basin during the middle to late Jurassic.  Peak 5 

represents ophiolites that formed during the Early Cretaceous in the Pacific Ocean, as 

well, within the ocean floor in the Tethys Ocean, north of India.  Peaks 2, 3, and 4 are 

from a diverse set of regions and tectonic environments.  Many, however, are associated 

with the closure of back arc basins that the Tethys and

Pacific Oceans.  Figure 6.6 shows the sam neral trend in the data with a few areas 

where the data have been amalgamated.  Notable pauses in ophiolite formation are the 

near present (35 to 0 Ma) and 55 to 75 Ma.  

Mesozoic ophiolites formed at an average rate of 7 ophiolites per 10 million 

year interval.  The ophiolites from 130 to 70 Ma, mostly Cretaceous, seen in peaks 2 – 5 

of Figure 6.5 and peaks 2 – 4 in Figure 6.6, comprise 68 of the 175 ophiolites.  This 

translates to approximately 39% of the total raw data plotted for ophiolite formation in 

the Mesozoic to Cenozoic.  Between the times of 180 to 140 Ma, earliest Cretaceous to 

Late Jurassic, there are 72 ophiolites that comprise about 41% of the total 175 

ophiolites. 

formed around the perimeter of  

e ge
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Mesozoic and Cenozoic Raw Ophiolite Formation Distribution 
(5 Ma Intervals)
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Figure 6.5 Mesozoic – Cenozoic ophiolite formation raw data (5 Ma) 

 
Mesozoic and Cenozoic Raw Ophiolite Formation Distribution 
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Figure 6.6 Mesozoic – Cenozoic ophiolite formation raw data (10 Ma) 
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6.2.3.2 Mesozoic and Cenozoic Ages of Ophiolite Emplacement 

Figures 6.7 and 6.8 show 151 raw ophiolite emplacement dates for the Mesozoic 

through Cenozoic.  These ophiolites show a consistent average rate of emplacement of 

about 5 ophiolites emplaced every 5 million years.  The ophiolite emplacement data for 

the Mesozoic and Cenozoic yields two distinct peaks in Figure 6.7.  One peak occurs at 

50 million years and the other at 65 million years.  Of the 151 ophiolites referenced for 

this chart, 21% occur between 40 and 55 Ma and 21% are from the interval of 60 and 75 

therefore making the Eocene, Paleogene, and late Cretaceous significant time events in 

the emplacement of Mesozoic ophiolites.  The 10 million year interval chart depicts the 

same distribution with a heavy emphasis on the late Cretaceous and early Cenozoic.  In 

addition, two notable gaps in oph between 115

nd 125 million years and a longer gap between 250 and 190 million years. 

 

iolite emplacement occur at the interval  

a
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Mesozoic and Cenozoic Raw Ophiolite Emplacement Distribution 
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Figure 6.7 Mesozoic – Cenozoic ophiolite emplacement raw data (5 Ma) 
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Figure 6.8 Mesozoic – Cenozoic ophiolite emplacement raw data (10 Ma) 
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6.2.3.3 Combined Paleozoic, Mesozoic, and Cenozoic Ophiolite Ages of 
Formation and Emplacement 

 

Figure 6.9 depicts the combined analysis of the distribution of the raw formation 

and emplacement data.  Obvious peak events of both formation and emplacement occur 

at 50 and 180 Ma, as well as a large cluster of formation and emplacement during the 

middle Jurassic and middle and late Cretaceous.  Other peak events appear in the 

Paleozoic with less intensity, likely due to the reduction of data available for that time 

period.  As previously mentioned, the evidence for an ophiolite sequence can get 

recycled and is likely the cause for the fewer number of Paleozoic localities.  A 

noticeable gap of ophiolite data appears at the interval between 340 and 220 Ma.  As 

previousl ring this

time and the reorganization of Pangea. 

 

y reported, this is likely due to the quiescence of tectonic activity du  
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6.3 Analysis of Ophiolite Data by Removing Bias 

The following section presents several techniques that have been used to reduce 

geographical and temporal bias.  To reduce geographical bias a “declustering” 

technique was used to eliminate temporal bias a filtering technique was used which 

eliminated poorly dated ophiolites. 

 

6.3.1 Temporal Distribution of Declustered Ophiolites 

This section of analysis describes the declustering method used to improve the 

quality of the data.  This method is an attempt to eliminate the geographic bias found in 

regions such as California where many ophiolites with the same geologic age of 

formati e data

was analyzed manually on the maps, seen in Appendix C, and any tightly clustered 

geographic data, which represented similar geologic and or tectonic events, were 

reduced in number.  For example, in Region 4 of California and the Caribbean, there are 

36 ophiolites in the raw dataset for this region and time period but with the declustering 

method; this number was reduced to 19 ophiolites.  Table 6.2 shows the declustered 

data and lists the ophiolite localities that were combined to form new localities.  This 

method reduced the raw ophiolite data from 280 locations to 165.  The following 

discussion is the analysis of the declustered dataset. 

on and emplacement were geographically clustered tightly together.  Th  
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Table 6.2 Data from Decluster Analysis of Ophiolites 

Map 
# 

Cluster 
Group 

Best Estimate 
Formation 

Best Estimate 
Emplacement 

# Name Group Ophiolite Represents  (Ma) (Ma) 
1 1l Halaban-Ithilal 1.01 694.00 616.50 
1 1i Jabal Wask-Jabal Ess 1.02 822.00 774.50 
1 1q Fawakhir 1.03, 1.16 850.00 790.00 

10 10h Tihama - Asir 1.04 22.00  
1 1m Bir Umq 1.05 838.00 680.00 

1 1o Wadi Ghadir 1.15 745.50 736.50 
1.06, 1.08, 1.10, 1.12, 1.14, 

1 1p Quift Quseir 1.07, 1.11 800.00 790.00 
1 1j Al Amar 1.09 694.00 661.50 
1 1t Meatiq Dome 1.11 595.00 588.00 
1 1r Nakasib 1.13 800.00 730.00 
1 1n Abdola-Moyale  1.17, 1.18 700.00  
1 1s Baragoi  1.19 796.00 609.00 
3 3m Ballantrae  2.02 483.00 478.00 
3 3o Bay of Islands 1 2.03, 2.04, 2.05 495.00 469.50 
3 3l Gibbs Islands 2.06 472.00  
3 3n Hare Bay 2.07, 2.30 483.50 467.90 
3 3b Hoch Grossen 2.08 500.00  
7 7i Kraubath 2.09 340.50 175.00 
3 3a Limousin 2.10 420.00  
4 4b Lizard Ophiolite 2.11 376.50 357.00 
4 4c Munchberg gneiss 2.14 525.00 358.00 
1 1b Purtuniq 2.15, 2.16, 2.17 1980.00  
3 3k Scandinavian Caledonides 1 2.18 443.00 435.50 
3 3j Scandinavian Caledonides 2 2.19 437.00 435.50 
3 3i Scandinavian Caledonides 3 2.20, 2.21, 2.25, 2.35 497.00 435.50 

3 3h Scandinavian Caledonides 5 
2.22, 2.23, 2.24, 2.33, 2.34, 

2.36 443.00 425.00 
3 3p Mt. Albert 2.26 458.00  
3 3g Mt. Orford 2.27, 2.29, 2.37 470.00  
7 7d Shulaps 2.31 181.50  
1 1c Outokumpu  2.32, 2.38 1970.00  
3 3r Nurali 3.01 457.50 400.00 
3 3s Mindyak 3.02 412.50  
4 4d Kraka 3.03 453.50 348.50 
3 3v Kempersay Massif 3.04 449.00 407.00 
3 3t Sakmara Massif 3.05 480.00 409.50 
3 3q Voykar 3.06 404.00 385.50 
7 7a Chersky 3.07 400.00 172.00 
8 8k Ust' - Belaya Mts 3.09 370.00 134.50 
8 8l Kuyul Mélange 3.10 138.00 110.00 
8 8j Upper Khatyrka 3.11 227.00 128.00 
9 9c Vyvenka 3.12 95.15  
9 9d Goven Peninsula 3.13 74.00  
8 8n Elistratova Complex 3.15 177.00 110.00 
8 8m Aluchin 3.16 302.50 128.00 
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Table 6.2 Continued 

Map 
# 

Cluster 
Group 

# Name Group Ophiolite Represents  

Best 
Estimate 

Formation
(Ma) 

Best Estimate 
E ment

) 
mplace

(Ma
2 2b Primorye 3.17 527.50  
3 3u Khabarny 3.18 460.00  
1 1d Itmurunda 3.19 797.50  
1 1e Northern Baykal 3.20 1100.00  
1 1f Sharyzhalgay 3.21 2450.00  
8 8i Koryak 3.08, 3.22 132.50 00 110.
8 8o Taigonos Peninsula (Uga-Murugal) 3.14, 3.23 129.00  
7 7c NW Alaska 4.01 162.00  
7 7b Brooks Range 4.02 177.00 00 166.
9 9b Ingalls Complex 4.03 162.00 99.00 
5 5f Canyon Mt 4.04 271.75  
7 7e Sparta  4.05   00 157.
7 7z Josephine (River) 4.06 171.00  
3 3w Trinity 4.07 465.00 50 456.
7 7y Franciscan Burro Mt 4.08, 4.09, 4.18 169.50 140.00 
7 7r Coast Range Point Sal 4.13 151.50  
7 7s Coast Range Black Mountain 4.14 159.00  
7 7v Coast Range Paskenta 4.16, 4.12 161.00 161.00 
7 7q Great Valley 3 4.19, 4.20, 421 147.50  

7 7t Sierra Nevada Foothills Smartville 4.24, 4.25, 4.26, 4.27 159.00 145.00 
7 7w Stanley Mountain 4.17, 4.28 166.00  

7 7u Sierra Nevada Foothills Kings River 4.29 160.00 0 145.0
7 7f Baja Alta Terrane 4.31, 4.33, 4.34 220.50 145.50 

7 7x Elder Creek 4.32, 4.10, 4.11, 4.15 168.50  
10 10b Taitao 4.35 8.25  

9 9a Resurrection Peninsula 4.36   57.00 
8 8h Masirah 5.01 141.00 50 126.
9 9y Semail 5.02 95.70 92.50 
9 9z Sabzevar 5.03 82.00 65.00 
6 6b Mashod 5.04 210.00  
9 9gg Tchehel Kureh 5.05 82.00 65.00 
9 9ee Iranshahr 5.06, 5.07 82.00 65.00 
9 9ff Kahnuj 5.08, 5.09 132.50 77.50 
9 9hh Shahr-Babak 5.10 104.50 65.00 
9 9v Baft 5.11 82.00 65.00 
9 9u Neyriz 5.12, 5.13 94.00 89.00 
9 9t Kermanshah 5.14   68.00 
6 6c Rasht 5.15 210.00  

9 9ll Mersin 
5.19, 5.20, 5.21, 5.22, 5.26, 

5.28 93.75 75.50 

9 9ii Yayladağ 5.24, 5.23, 5.17, 5.18 196.00 61.50 
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Table 6.2 Continu

Map 
# 

C

# Name Group Ophiolite Represents  

Best 

(Ma) (Ma) 

ed 

luster 
Group 

Estimate 
Formation 

Best Estimate 
Emplacement 

9 9mm Berit 5.25 156.50 61.50 
8 8g Ispendere-Komurhan 5.30 104.50  
9 9s Cilo 5.31 156.50 82.00 
9 9jj Guleman 5.33 104.50 77.00 
9 9kk Troodos 5.29, 5.34, 5.35 91.00 70.00 
7 7o Pindos 5.36, 5.37, 5.38 172.00 165.50 
7 7p Albania-Brezovica 5.41 203.50 167.00 
7 7j Krivaja-Kanjuh 5.42, 5.43, 5.64 169.50 162.50 
7 7k Zermatt-Saas-Fee 5.45, 5.47 164.20 156.50 
7 7l Internal Liguride (Ligurian) 5.48, 5.44 164.00 152.00 
9 9n External Liguride (Piedmont) 5.46, 5.49 165.00 74.50 
8 8d Tuscany 5.50 152.00 104.50 
9 9q Calabria 5.51 175.00 85.50 
9 9o Tauern 5.52, 5.53 175.00 82.00 
9 9p Apuseni (Romario) 5.54 193.00 99.50 
9 9r Lesser Caucasus 5.56, 5.16, 5.32 183.50 92.50 
7 7m Cretan Nappe 5.57 148.00  
8 8f Akamas 5.58 104.50  
7 7h Mamonia 5.59 229.00 156.00 
1 1h Balkan-Carpathian 5.60 563.00  
8 8e Honaz 5.61 104.50  
7 7n Hellinic 5.62, 5.40, 5.39 176.00  
7 7g Kure 5.63 176.00  

10 10g Cyclades (Evia) 5.66 82.00 21.00 
9 9aa Bela 6.01 67.50 65.00 
9 9bb Muslim Bagh 6.02, 6.03, 6.11 76.00 67.50 
9 9w Spontang 6.04, 6.14 82.00 61.50 

10 10dd Xigaze Dagzhuka 6.05 105.00 45.00 
9 9x Tuensang 6.06   77.00 

10 10gg Moreh 6.07 80.00 45.50 
9 9dd Makran 6.08 95.00 91.25 
1 1k Dongwanzi 6.12 2505.00  

10 10y Nanga Parbat 6.13, 6.16 - 6.21 104.50 14.50 
9 9cc Dras Sangeluma 6.15 77.00  

10 10aa Indus - Yarlung Zangbo 6.22 120.00 49.50 
10 10z Indus - Yarlung Zangbo 6.23 156.50 49.50 
10 10bb Indus - Yarlung Zangbo 6.24, 6.25 156.50 49.50 
10 10cc Indus - Yarlung Zangbo 6.26, 6.27, 6.30 156.50 49.50 
10 10ee Indus - Yarlung Zangbo 6.28, 6.29, 6.31 156.50 49.50 
10 10ff Indus - Yarlung Zangbo 6.32, 6.33, 6.34 150.50 49.50 

3 3c Hongguleleng 6.35 430.50  
3 3d Tianshan 6.36 430.50  
3 3e Mishigou 6.37 438.50 372.50 
1 1g Kunlun 6.38 721.50  
4 4a Kunlun 6.39 340.50  
6 6a Kunlun 6.40 243.50  
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Table 6.2 Contin

N

Best 

ued 

Map 
# 

Cluster 
Group 

# ame Group Ophiolite Represents  

Estimate 
Formation 

(Ma) 

Best Estimate 
Emplacement 

(Ma) 
9 9h Purial 7.01, 7.02   59.90 

1 10 0e Holguin-Gibara 7.03 121.00 48.05 
1  0 10c Camaguey 7.04 112.00 48.05 
10 10f Las Villas 7.05 112.00 41.50 

9 9i Western Belt 7.06 112.00 57.50 
9 9k Sierra de Santa Cruz 7.07, 7.13 115.50 74.25 
9 9m Sierra de Las Minas 7.08, 7.17 122.00 75.40 
9 9j North Coast 7.09 91.25 60.00 
8 8b Cordillera Central 7.10 134.50 105.50 

1 1 sula 0 0d Southern Penin 7.11 82.40 30.00 
8 8a Bermeja 7.12 144.00 105.50 
9 9g Tinaguilla 7.14, 7.16 75.0087.40  
8 8c Siquisique 5 7.1 170.00 129.00 
9 9l Matapolo 7. 0 18, 7.2 128.75 84.00 
9 9f Rio Calima 7.19 89.00  

1 1 8.02, 8. 6.500 0o East Timor 21, 8.26    

1 1 afic 8.03, 8.0 0q April Ultram 04, 8.05, 8.12 44.25 28.50 
1 1 6 10.50 0 0u Fiji 8.0 28.75 
1 1 onia 8.0 0w New Caled 07. 8.37 60.00 35.50 
1 1 Allochthon 30.00 0 0a Northland 8.08 104.50 

5 5a Yarras 8. 1 09, 8.1 372.50 269.00 
5 5b Attunga 8.10 340.50 269.00 

1 1 Island 3 2.50 0 0x Macquarie 8.1 10.75 
10 10l Obi (E Indonesia) 8.14 66.35 25.00 

5 5d Dun Mt 8.15 273.00 252.00 
1 10 0v New Hebrides 8.16 44.25 35.50 
10 10r Solomon Islands 1 8.17 44.25 35.50 
1  35.500 10s Solomon Islands 2 8.18 44.25  

5 5e Red Hills 8.19 252.00 280.00 
10 10t Tonga 8.20 45.15  
1 1 2 0 0k Izu Bonin 8.2 41.30  

3 3f Tasmania 8. 6 23, 8.3 501.00 495.00 
1 ineoka 0 10i Hayama M 8.24 44.50  
1 1 es 0 0n Zambal 8.25 35.35  

9 9e Poroshiri 8.27 100.00  
5 5c Yakuno 8.28 417.50 283.50 

1 olite 8.33 0 10j Taiwan Ophi 3.40 1.40 
1 1a Marlborough 4 8.3 560.00  
2 2a Tyennan - Delamerian 8.35 522.50 515.00 

1 10 0p Cyclops 8.38 36.00 14.00 
10 10m Palawan 8.39 196.00 14.00 
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6.3.1.1 Temporal Distribution of Paleozoic Declustered Ophiolites 

es 6.10 illustrates the Paleozoic ophiolite formation da  the decluster 

analysis with 39 ophiolite values used.  Figure 6.11 depicts the temporal distribution of 

the 23 Paleozoic ophiolite emplacement events.   

The notable events in both of these distributions occu in rly Siluria  

to Ordovician as also seen in the raw dataset.  A significant ophiolite pulse of formation 

occ red i dle to late Ordovician followed b aks mplace t 

arou d 20 illion years later during the early to late Silurian. the ifican  

in o ioli o s at the intervals of 250 t on y nd ag t 

290 to 340 mi

Figur ta from

r dur g the ea n

ur dur ng the mid y pe  of e men

n  m  Ano r sign t lapse

ph te f rmation occur o 280 milli ears a ain a

llion years. 
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Paleozoic Declustered Ophiolite Formation (10 Ma Intervals)
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Figure 6.10 Decluster analysis of Paleozoic ophiolite formation (10 Ma) 
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Figure 6.11 Decluster analysis of Paleozoic ophiolite em em  Ma) 

23

plac ent (10
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6.3.1.2 Temporal Distribution of Mesozoic and Cenozoic Declustered 
Ophiolites 

2 and 6.13 illustrate  C  f 

declustered ophiolites.  There are 87 ophiolite emplacement events and 106 ophiolite 

for tion  peak formation events occurred du  th le to  

Jurassic and Late Cretaceous to Albian.  A noteworthy n o e form  

occ s at  r 210 million years.  Notable peaks of em ent, Figure 

6.12, occurred at 110, 70, and 50 Ma.  It is noticeable that the distribution of ophiolite 

emplacem t ed to formation shows an offset of 0 m  years  

for tion e ent, which might imply that mo s empla d, bega  

million years after formation.  Figure 6.13 shows significant emplacement events 

occurring at 50 and 70 Ma.  A noticeable absence of ophiolite empla nts be t 

190 Ma. 

 

 
Figures 6.1 the Mesozoic and enozoic pattern o

ma  events.  The ring e midd early

 lapse i phiolit ation
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en compar  20 to 3 illion  from
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Mesozoic-Cenozoic Declustered Ophiolite Formation 
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Figure 6.12 Mesozoic and Cenozoic declustered ophiolite formation (10 Ma) 
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Figure 6.13 Mesozoic and Cenozoic declustered ophiolite emplacement (10 Ma) 
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6.3.1.3 Combined Declustered Ophiolite Analysis  

Figure 6.14 depicts the decluster analysis for ophiolites from the Cenozoic 

through the Paleozoic.  Noticeable peak events are visible at 50, 70 – 100, 160 – 180, 

and 440 Ma.  It is also noteworthy that there is a significant gap between 190 to 340 

Ma.  Figure 6.9 (raw data) has also been included for visual comparison with the 

declustered data. 

The declustered ophiolite data is combined into one illustration seen in Figure 

6.23 with Cenozoic, Mesozoic and Paleozoic ophiolite formation and emplacement 

shown.  The noteworthy peak events seen in the raw data, Figure 6.9, also appear in the 

declustered data.  The peak events of ophiolite formation and emplacement during the 

Cretace  figure

6.23 but compared to the raw data is more evenly distributed during the peak events.  

This analysis clearly illustrates the formation episodes followed by emplacement 

episodes particularly in the interval between 180 and 90 million years.  The declustered 

data is clearly a more accurate representation of ophiolite formation and emplacement 

during the Cenozoic, Mesozoic, and Paleozoic. 

 

ous, Jurassic, and Silurian-Devonian is evident in the declustered data in  
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Figure 6.9 (repeated) Combined Cenozoic, Mesozoic, and Paleozoic ophiolite formation 

and emplacement raw data, distributed at 10 million year intervals 
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6.3.2 Temporal Distribution of Filtered Ophiolites  

 

The reliability of an ophiolite description is most clearly correlated with the 

precision of its age assignment.  It should be noted that for each ophiolite locality, an 

attempt was made to define both the oldest possible age and the youngest possible age 

of both ophiolite formation and emplacement (Appendix A).  The “Best Age Estimate” 

is the average of these two ages.  In this study, on average, the age of formation was 

known to within ±35 million years, and the age of emplacement, on average, was 

known to within ±19 million years.  In order to improve the quality of the dataset, the 

data was filtered by the precision of the ‘Best Estimate’ age assignment.  Any ophiolites 

with cted

from the database.  Similarly, an ophiolite with an uncertainty in the age of 

emplacement greater that ±19 million years was rejected from the database.  After 

applying this filter, the number of ophiolite localities used to describe the age of 

formation was reduced from 258 to 180.  Similarly, the number of ophiolite localities 

used to describe the ages of emplacement was reduced from 198 to 123. 

 

an uncertainty in the age of formation greater than ±35 million years, was reje  
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6.3.2.1 Paleozoic Filtered Ophiolite Formation and Emplacement 

hereas, formation appears to be more distributed through the time 

interval

t. 

Paleozoic formation and emplacement of ophiolites is generally more sparse 

than the data for the Mesozoic and Cenozoic.  Figure 6.15 and 6.16 show the Paleozoic 

distribution of ophiolites based on formation and emplacement ages after the 

application of the age filter.  It is notable that there are more emplacement events during 

the Ordovician, w

 510 and 430 Ma.  A significant peak event occurs at 490 Ma for formation and 

440 and 470 Ma for emplacement.  It is also noticeable that these peak events for 

formation are earlier when compared to emplacement (20 to 30 million years).  This is 

more or less the expected pattern as noted by many ophiolite researchers.  Noteworthy 

gaps also occur in the formation of ophiolites during the interval from early Permian to 

Devonian (260 to 400 Ma).  Similarly, there is a gap in emplacement of ophiolites 

during the interval from 260 to 370 Ma.  The ophiolites, which formed during the 

interval from 440 to 510 Ma makeup in 73% of the 40 ophiolites, formed during the 

Paleozoic.  In the same way, of the 23 ophiolites that were emplaced during the interval 

from 440 to 480 Ma comprise 65% of the datase
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re 6.15 Paleozoic filtered ophiolite formation data (10 M
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Figure 6.16 Paleozoic filtered ophiolite emplacement data (10 Ma) 
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6.3.2.2 Mesozoic and Cenozoic Filtered Ophiolite Formation and 

The Mesozoic and Cenozoic data was filtered using the same criteria described 

in section 6.3.2.1.  In Figure 6.17, 123 ophiolite formation localities are noted.  The 

peaks labeled 5–7 depict the ophiolites, which formed during the Middle to Late 

Jurassic, peaks 2–4 depict Cretaceous ophiolites, and peak 1 depicts Eocene ophiolites.  

The interval from 120 to 80 Ma includes 42 ophiolites, approximately 34% of the 

filtered ophiolites.  The interval from 50 to 40 Ma consists of 10 out of the 123 

ophiolites and corresponds to about 8% of the Mesozoic and Cenozoic filtered 

ophiolites.  Significantly less ophiolite formation occurs before 190 Ma. 

There were 94 ophiolites emplaced during the Mesozoic and Cenozoic.  Figure 

6.18 shows the temporal distribution of these ophiolites.  In figure 6.17, peaks 5 – 7 

occur during the Middle to Late Jurassic, and peaks 2 – 4 comprise Cretaceous 

ophiolites.  In Figure 6.18, there are 25 ophiolites from 180 to 140 Ma, or 27%, and 

there are 20 ophiolites noted in the interval from 110 to 80 Ma, which equates to 21% of 

the total used in this analysis.  The interval from 70 to 60 Ma yields 25 ophiolites, also 

27%, and the interval from 50 to 40 Ma shows 10 ophiolites which make up about 11% 

of the total.  Few ophiolites were emplaced before 200 Ma and the same 20 to 30 

million-year shift in the age of formation followed by emplacement, is notable. 

Emplacement 
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Figure 6.17 Mesozoic and Cenozoic filtered ophiolite formation data (10 Ma) 
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Figure 6.18 Mesozoic and Cenozoic filtered ophiolite emplacement data (10 Ma) 
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6.3.2.3 Combined Filtered Ophiolite Distributions 

The ophiolite data that was filtered by age precision has been plotted together to 

in combined formation and emplacement diagrams (Figures 6.19).  The distribution, 

Figure 6.19, depicts the same ophiolite formation and emplacement trends as previously 

mentioned in the raw and clustered datasets.  A significant lack of formation and 

emplacement takes place during the Permian to late Devonian, as seen in the previous 

methods of analysis.  In Figure 6.19, there is notable formation at the time interval of 

120 Ma when there is an apparent lack of ophiolite emplacement.  Another obvious 

difference is at the interval of 70 Ma in which many ophiolites were emplaced and yet 

had few forming.  Likely, this is a result of the multitude of ophiolites that formed from 

120 to 80 previously

mentioned, there is a lapse of formation and emplacement during the interval from 200 

Ma and older.  Figure 6.9 (raw dataset) was included again for comparison purposes. 

Figures 6.1 – 6.9 depict the ophiolite data as raw resampled data over 5 and 10 

million year intervals.  Figure 6.19 shows the filtered ophiolite data combined with 

formation and emplacement as well as including all for Cenozoic, Mesozoic and 

Paleozoic data.  Figure 6.19 compares to Figure 6.9 and it is evident that the filtered 

data represents a more concise representative dataset.  With much of the age error 

removed in Figure 6.19 it is still clear that there is significant ophiolite formation and 

emplacement occurring during the late Cretaceous, Jurassic, and Silurian Devonian.  

Removing the bias did not shift any of the peak events although it is clear that there is a 

more even e filtered 

Ma that were finally coming to their ‘resting’ place.  As  

 distribution over the Cretaceous and Jurassic in the filtered data.  Th
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data an

representation of the overall distribution of ophiolite formation and emplacement since 

the Precambrian. 

d illustration is preferable over the raw dataset as it depicts a more accurate 
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6.4 Refined Ophiolite Data 
 

After individually reviewing the raw, declustered, and filtered data, the 

ophiolites were combined into a ‘refined’ dataset that utilized ophiolite data that had 

geographical “declustered” and temporally filtered (Figure 6.20).  The data from the 

declustered method was used to start this refined analysis.  The data was then 

temporally filtered and data with differences between old and young ages of formation 

(>35) and emplacement (>19), were removed from the decluster dataset.  This 

combining of the two resampling techniques resulted in a new dataset, which is called 

the ‘refined’ data.  121 ophiolites localities used for formation and 84 being used for 

emplacement met both sampling criteria.  The data shows a more or less shifted pattern 

of formation and emplacement occurring at approximately 20 to 30 million year 

intervals.  The previously mentioned lapse in formation and emplacement of ophiolites 

is apparent in this illustration as well.  Figure 6.9 (raw dataset) was included again for 

comparison purposes. 
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6.5 Comparison of Ophiolite Analysis Methods 

The ophiolite distributions in this study have been analyzed from raw data, 

filtered data, and declustered data.  The analysis methods were then combined resulting 

in a refined dataset.  A comparison of these various results is discussed in this section.   

 

 
6.5.1 Comparison of Refined Ophiolites with Raw, Filtered, and Declustered  

The analysis of the ophiolites formation and emplacement for this study was 

comprehensive and it is notable to compare the different techniques.  Figures 6.9, 6.21, 

6.22, and 6.23 are all useful for comparison of the analysis methods.  The raw 

distribution, Figure 6.9, is obviously biased yet still depicts a useful representation of

the overall distribution of ophiolite formation and emplacement.  Comparing the raw 

data in Figure 6.9 to the filtered data in Figure 6.22 and declustered data in Figure 6.23, 

it is clear that the removal of bias put the ophiolite data into a more accurate illustration 

of temporal distributions over time.  However, the declustered method is preferable 

when compared to the raw and filtered analysis datasets.  The declustered analysis 

shows more clearly the trend of formation followed by 20 to 30 million year later 

emplacement and illustrates the episodic events that seem apparent in the data.  In the 

declustered analysis, Figure 6.23, the formation events occur at the intervals of 90 to 

180 Ma followed by the formation events.   

The refined dataset also illustrates, Figure 6.21, this same event with an even 

ophiolite formation and emplacement events over the last 540 million years and is the 

 

more accurate dataset.  Clearly, the refined data illustrates the episodic events of the 
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best representation of the trends ation and emplacement 

events are obviously episodic and seem to be tied to global plate reorganization. 

 therein.  The ophiolite form
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C- Declustered Ophiolites   D- Filtered Ophiolites 

Figure 6.21 Comparison of ophiolite distributions based on analysis 
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6.6 Ophiolite Tectonic Environments 

 

The tectonic environments of formation and emplacement for the ophiolites in 

this study have distinctly characteristic percentages.  Figures 6.22 and 6.23 are pie 

charts showing the percentages of the known environments (see Table 2.4 for the 

complete list) found in the literature for these ophiolites.  In the ophiolite formation data 

(Figure 6.1), there are seven main environments that were found in the literature.  

of the 280 ophiolites cited, 140 of the locations had verifiable tectonic environments of 

formation cited in the literature (summary in Table 6.2).  In this study mid-ocean rid

island arc, and back-arc basin make up the largest percentage of types of geologic and 

tectonic environments in which the ophiolites form, yielding 34%, 22.7%, and 23.4 % 

respectively.  This observation parallels what many geoscientists already know; that the 

rocks which make up the ophiolite suites are generally present at mid-ocean ridges, 

back-arc basins, and island arcs.  These are typically identified by the rocks and mineral 

assemblages, as well as any structures within them.  These assemblages have been 

identified by many petrologists (Coleman, 1977) as belonging to certain tectonic 

environments and will not be covered in this paper as that extends beyond the scope of 

the study.   

Out 

ge, 
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Table 6.3 Ophiolite Tectonic Environments 

Formation Environment Number Percentage 
Island Arc (ARC) 30 17% 
Mid-Ocean Ridge (MOR) 100 57% 
Intra-continental Rift (ICR) 2 1% 
Back-arc Basin (BAB) 24 14% 
Forearc Basin (FAB) 12 7% 
Intra-arc Basin (IAB) 3 2% 
Andean (AND) 1 1% 
Continental Strike Slip Zone (CSS) 1 1% 
Mid-Ocean Island-Hotspot (MOI) 2 1% 
total 175 63% 
null 105 38% 

Emplacement Environment Number Percentage 
Island Arc-Island Arc Collision (AAC) 3 2% 
Island Arc-Continent Collision (ACC) 27 21% 
Continent-Continent Collision (CCC) 30 23% 
Accretionary Prism (ACP) 41 32% 
Back-arc Basin Collapse (BAC) 20 15% 
Intra-Arc Basin (IAB) 3 2% 
Andean Margin (AND) 2 2% 
Passive Continental Margin (PCM) 3 2% 
Pull Apart Basin (PAB) 1 1% 
total 130 46% 
null 150 54% 
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Figure 6.22 Tectonic environments of ophiolite formation 
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Figure 6.23 Tectonic environments of ophiolite emplacement 
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In the ophiolite emplacement environments, Figure 6.34, there are only 70 of 

the 280 ophiolite locations that cited the tectonic environments.  These are typically 

more ambiguous in ascertaining as the rocks become metamorphosed and structurally 

dismembered over time.  The major environments noted here (Figure 6.2) are continent-

continent collision, island arc-continent collision, and accretionary prism which yield 

36.8%, 20.6%, and 11.8% respectively.  These emplacement environments are the 

expected result most researchers agree in which ophiolites are emplaced. 

 
 

6.7 Conclusions 

 

It is clear from the three different methods of analysis of the ophiolite data 

presented in this study, it is clear that there have been several significant formation and 

emplacement events.  The data shows that the Paleozoic had greater tectonic activity 

during the Devonian through Cambrian and the Mesozoic and Cenozoic Eras had 

increased formation during the early Jurassic, early Cretaceous, and early Cenozoic.  

Dilek (2003b) presented a similar study on the distribution of ophiolites and when 

compared to the raw formation data in this study is an almost identical frequency 

distribution seen in Figures 6.26 and 6.27.   

It is also clear that the ophiolite distribution though the geologic record is tied to 

major orogenic events, at least in the last 540 million years.  Dilek’s illustration is  
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Figure 6.25 Major ophiolite occurrences (modified from Dilek, 2003b) 
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intended to be more of an overview of the pulses of ophiolitic events through time.  

Dilek suggests the link between the Wilson cycle and the stages of ocean sea floor 

spreading is a key factor to ophiolite formation (Dilek, 2003b) while Ishiwatari (1999a) 

links ophiolite pulses to major orogenic belts.   

Abbate et al. (1985) also discussed the topic of ophiolite distribution over time 

and came to the same general conclusions with increased ophiolites occurring during 

the Jurassic and Ordovician due to general tectonic events.  It is clear from the work of 

Dilek (2003b), Ishiwatari (1999a), and Abbate et al. (1985) as well as this thorough 

study of formation and emplacement that raw formation data is useful for general 

assumptions but more rigorous analysis present the specific distributions by region, time 

and type of env isodic 

ophiolite formation and emplacement, is the refined data seen in Figure 6.21.  The 

modern world map with ophiolites, Figure 1.1 or Plate 11 in Appendix C, shows these 

events as they are continuing to be studied today. 

ironments.  The best analysis, which depicts the trend of ep
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APPENDIX A 
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E DATABASE 

 

 

 

 

 

 

 

 

Note: All ophiolite ages, mean ages, and differences in ages are given in millions of 
years (Ma).  All Latitude and Longitude values are in decimal degrees.  For further 
descrip

 
tions, see chapter two describing the structure of the database 
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1.03 1 Fawakhir Egypt Central Eastern Desert 34.30 22.83 

300 
km
2 Egypt  

1.04 10 Tihama - Asir Saudi Arabia 
Jizar, Eastern coastal pl
Red Sea 43.00 17.33   Saudi Arabia 

ains of 
 

1.05 1 Bir Umq Saudi Arabia NW Saudi Arabia 23.00 23.83   Sudan  

1.06 1 Wadi Ghadir Egypt Central Eastern Desert 35.00 25.00   Egypt  

1.07 1 Quift Quseir Egypt Central Eastern Desert 32.33 26.75   Egypt  

1.08 1 Onib & Gerf Sudan 
Oniband Gerf Suture Zo
Coast) 36.25 22.83   Sudan 

ne (E. 
 

1.09 1 Al Amar Saudi Arabia Al Amar Suture zone 47.70 26.75   Saudi Arabia  

1.10 1 Quseir Marsa Alam Egypt Central Eastern Desert 35.25 24.83   Egypt  

1 Meatiq Dome Egypt Central Eastern Desert 34.00 27.33   Egypt 1.11 

1.12 1 Wadi Hafafit Egypt Central Eastern Desert 35.55 24.00   Egypt  

1.13 1 Nakasib Sudan Nakasib Suture zone (E 36.00 20.00   Sudan coast)  

1.14 1 Onib Sol Hamed Sudan   35.83 23.83   Sudan  

1.15 1 Wadi Lawi - Wadi Lawai Egypt South of Eastern Desert 34.82 24.78   Egypt  

1.16 1 Wadi 'Allaqi-Heiani Egypt S Egypt 32.90 22.90   Egypt  

1.17 1 Abdola-Moyale  
Ethiopia-
Kenya S-NE 39.07 3.52   Ethiopia  

1.18 1 Yubdo  Ethiopia  W 38.35 4.00   Ethiopia  

1.19 1 Baragoi  Kenya   36.50 1.70   Kenya  

1.20 Ingessana Complex Sudan   34.02 11.50   Sudan    

2.01   Addie-Webster USA N. Carolina -83.16 35.41      

2.02 3 Ballantrae  Scotland SW Scotland -4.80 55.20   UK  

2.03 3 Bay of Islands 1 Newfoundland W. Newfoundland 58.00 49.40   Canada  - 

2.04 3 Bay of Islands 2 Newfoundland W. Newfoundland 58.25 49.00   Canada  -

2.05 3 Bay of Islands 3 Newfoundland W. Newfoundland 58.50 48.70   Canada  -
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1.01 NP 699.00 689.00 694.00 10.00  0.00 5 50 1 ARC Saudi Arabia NP 69 43.00 616.

1.02 NP 834.00 810.00 822.00 24.00  2.00 7 50 2 IAB Saudi Arabia NP 78 67.00 774.

1.03 NP 900.00 800.00 850.00 100.00  pt 0.00 7 00 3   Egy NP 80 80.00 790.

1.04 e Mioc 24.00 20.00 22.00 4.00 1 R 00 MO         0.

1.05 NP 848.00 828.00 838.00 20.00  0.00 6 00 1 BAB Sudan NP 72 40.00 680.

1.06 NP 765.00 726.00 745.50 39.00  pt 6.00 7 50 2   Egy NP 74 27.00 736.

1.07 NP 810.00 790.00 800.00 20.00  pt 0.00 7 00 1   Egy NP 80 80.00 790.

1.08 NP 822.00 794.00 808.00 28.00  2.00 7 00 2   Sudan NP 76 20.00 741.

1.09 NP 702.00 686.00 694.00 16.00 1 Saudi Ar  P 3.0 6 50   abia N 66 0 60.00 661.

1.10 NP 800.00 780.00 790.00 20.00  pt 0.00 7 00 1   Egy NP 80 80.00 790.

1.11 NP 596.00 594.00 595.00 2.00  pt 9.00 5 00 1   Egy NP 58 87.00 588.

1.12 NP 900.00 700.00 800.00 200.00 3  00 ARC         0.

1.13 NP 840.00 760.00 800.00 80.00  0.00 7 00 3 ARC Sudan NP 76 00.00 730.

1.14 NP 735.00 735.00 735.00 0.00 1  an   00 BAB Sud      0.

1.15 NP 900.00 543.00 721.50 357.00 3  pt   00 ARC Egy     0.

1.16 NP 710.00 710.00 710.00 0.00 1   00         0.

1.17 NP 700.00 700.00 700.00 0.00 1 R hiopia   00 MO Et     0.

1.18       0.00 0.00 0  hiopia P 0.0 800.00 00 ARC Et N 80 0 800.

1.19 NP 796.00 796.00 796.00 0.00 1  ya 9.00 609.00 00 MOR Ken  NP 60 609.

1.20       0.00 0.00 0    00 ARC       0.

2.01       0.00 0.00 0   00         0.

2.02 e Ord 487.00 479.00 483.00 8.00 1  Or 2.0 474.00 00 ARC UK e d 48 0 478.

2.03 Camb 515.00 475.00 495.00 40.00 2 R  l 5.0 454.00 50 MO Canada e - Ord 48 0 469.

2.04 Camb 508.00 504.00 506.00 4.00 1  Ord 9. 469. 00MOR Canada m 46 00 00 469.  

2.05 e Ord 489.00 486.00 487.50 3.00 1 R Or 9.0 463.00 00 MO Canada m d 46 0 466.
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1.01 147.0 P 77.50 Halaban-Ithilal     1 0 0 1 1 1 1 5 0 3 AC

1.02 15.0 C 47.50 Jabal Wask-Jabal Ess     1 1 1 1 1 0 1 6 0 1 AA

1.03 20.0 60.00 Fawakhir     1 0 1 1 0 0 0 3 0 1   

1.04 0.0 22.00 Tihama - Asir     1 0 0 1 1 0 1 4 0 0   

1.05 80.0 158.00 Bir Umk    0 0 1 1 1 1 1 5 0 3   

1.06 19.0 9.00 Wadi Ghadir    0 0 1 1 1 1 1 5 0 1   

1.07 20.0 10.00 Quift - Quseir    1 0 1 1 1 1 1 6 0 1   

1.08 42.0 67.00 Onib and Gerf    0 0 1 1 1 1 0 4 0 3   

1.09 3.0 32.50 Al Amar    1  1 1 1 1 1 6 0 1   0

1.10 20.0 0.00 Quseir Marsa Alam    1  1 1 1 1 0 5 0 1   0

1.11 2.0 7.00 Meatiq    0  0 0 0 0 1 1 0 1   0

0.00 0   800.00 Wadi - Hafafit                  0 1.12 

1.13 60.0 C 70.00 Nakasib     0  1 1 0 0 1 3 0 3 AC 0

1.14 0.0 C 735.00     1  1 1 1 1 1 7 0 0 AA 1

1.15 0.0 C 721.50 
Wadi Lawi - Wadi Lawai  
Melange   0 0 1 1 0 0 0 2 0 0 AC

1.16 0.0 710.00                   0 0 0   

1.17 0.0 P 700.00     0 1 1 1 0 1 1 5 0 0 AC

1.18 0.0 C -800.00     0 1 1 1 0 1 0 4 0 1 AA

1.19 0.0 187.00     1 1 1 1 1 1 1 7 0 1   

1.20 0. 0.00     0 1 1 1 1 1 1 6 00 0   

2.01 0.00 0.00                   0 0   

2.02 8.00 5.00                   0 1   

2.03 31.00 25.50 Lewis Hills Massif                 0 2   

2.04 0.00 37.00 Lewis Hills Massif                 0 1   

2.05 6.00 21.50 Lewis Hills Massif                 0 1   
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2.06 3 Gibbs Islands Scotland Shetland Islands 30 50 UK -1. 60.   

2.07 3 Hare Bay Canada Newfoundland -   Canada 56.80 51.20 

2.08 3 Hoch Grossen Austria   14.20 4 ia 47. 0   Austr

2.09 7 Kraubath Austria   14.80 47. Austria 30   

2.10  France 3 Limousin France   -2.00 45.50  

2.11  lite 20 9   4 Lizard Ophio England   -5.  49. 0 UK 

2.12   entral 50 5     Massif C France   4. 45. 0 

2.13   ricain  00 4     Massif Amo France   -3. 48. 0 

2.14  gneiss any 80 2   Germany 4 Munchberg Germ   11. 50. 0 

2.15 1 Purtuniq 1 Canada -73.00 62.00 5 sq deg Canada N Quebec 

2.16 50 0 5 s Canada 1 Purtuniq 2 Canada N Quebec -75. 62. 0 q deg 

2.17 00 0 5 s1 Purtuniq 3 Canada N Quebec -78. 62. 0 q deg Canada 

2.18 1 ay nides 00 7   Norway 3 
Scandinavian 
Caledonides Norw N Scandinavian Caledo 20. 69. 0 

2.19 
 

ay 20   Norway 3 
Scandinavian
Caledonides 2 Norw N Scandinavian Caledonides 16. 67.20 

2.20 3 
avian 

ay 00 10   Norway 
Scandin
Caledonides 3 Norw N Scandinavian Caledonides 12. 65.  

2.21 ay nides 00 2   Norway 3 
Scandinavian 
Caledonides 4 Norw N Scandinavian Caledo 10. 63. 0 

2.22 3 
Scandinavian 
Caledonides 5 Norway N Scandinavian Caledonides 80   Norway 4. 61.10 

2.23  ndinavian Caledonides 25 7   Norway 3 
Scandinavian 
Caledonides 6 Norway N Sca 5. 59. 5 

2.24 
navian 

ides 7 y N Scandinavian Caledonides 25 2   Norway 3 
Scandi
Caledon Norwa 5. 59. 5 

2.25 3 ay N Scandinavian Caledonides 50   Norway 
Scandinavian 
Caledonides 8 Norw 11. 63.10 

2.26 3 Mt. Albert Canada 92   Canada Quebec -66.20 48.

2.27  33   Canada 3 Mt. Orford Canada Quebec -72.40 45.

2.29 3 Thetford Mines Canada Black Lake -71.30   Canada 46.10 

2.30 3 St. Anthony Canada   - 37   Canada 55.58 51.

2.31 7 Shulaps Canada Bridge River - 30 180 2 Canada 120. 50.80 km
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2.06 e - m Ord 00 .00 .00 4.00 M     479. 465 472 1 1 OR     0.00 

2.07 e Ord 00 .00 .50 9.00 M  m Ord 471.80 0 488. 479 483 1 OR Canada e - 464.0 467.90 

2.08 Camb-Ord 00 .00 .0 0.00        545. 455 500 0 9 3     0.00 

2.09 e Carb 354.00 .00 .50 7.  Austria m Jur 175.00 175. 0 175.00 327 340 2 00 2 MOR 0

2.10 e Sil - e Dev 00 .00 .00 0.00     440. 400 420 4 2       0.00 

2.11 e Dev - e Carb 00 .00 .50 3.00  BA UK Dev - e Carb 377.00 0 403. 350 376 5 3 B m 337.0 357.00 

2.12       0.00 0.00           0   0.00

2.13       0.00 0.00        0     0.00 

2.14 Camb 00 .00 .00 0.00  M y Dev - e Carb 380.00 0 525. 525 525 1 OR German m 336.0 358.00 

2.15 PP 2000.00 .00 .00 0.00         1960  1980  4 2     0.00 

2.16 PP 2000.00 .00 .00 0.00         1960  1980 4 2     0.00 

2.17 PP 2000.00 .00 .0 0.00         0. 1960  1980 0 4 2   00 

2.18 e Sil 00 .00 .00 0.00 M orway Sil 443.00 0 443. 443 443 1 OR N e 428.0 435.50 

2.19 e Sil 00 .00 .00 0.00 M orway e Sil 443.00 428. 0 435.437. 437 437 1 OR N 0 50 

2.20 Camb 00 .00 .0 0. M Norway e Sil 443.00 428. 0 435.50 497.  497  497 0 00 1 OR 0

2.21 e Ord .00 .00 8.00 0.00 MO Norway e Sil 443.00 428. 0 435.478 478 47 1 R 0 50 

2.22 e Sil 00 .00 .00 0.00 way e Sil 425.00 425. 0 425.443. 443 443 1 MOR Nor 0 00 

2.23 e Ord 485.0 485.00 5.00 0.00 MO rway Sil 443.00 0  0 48 1 R No e 428.0 435.50

2.24 e Ord 00 .00 .00 0.00 orway Sil 443.00 0 485. 485 485 1 MOR N e 428.0 435.50 

2.25 m Ord 466. 466.50 .50 0. M  Norway e Sil 443.00 428. 0 435.50 50 466 00 1 OR 0

2.26 m Ord 460.0 456.00 .00 4.00            0.0 458 1 00 

2.27 e - m Ord 00 .00 .00 0.00 Canada     480. 460 470 2 1     0.00 

2.29 Camb - e Ord 00 .00 .00 6.00 nada 482.00 0 494. 478 486 1 1   Ca e Ord 472.0 477.00 

2.30 e Ord 488.00 .00 .50 9.00 nada  Ord 471.80 0 479 483 1   Ca e - m 464.0 467.90 

2.31 m Tr - e K 00 .00 .50 1.00 R     242. 121 181 12 3 A C     0.00 
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2.           06 0.00 0 472.00             0 

2.07 7.80 1            BAC 15.60         0 

2.08 0.             00 0   500.00         0 

0.             00 1 BAC 165.50 Speik      2.09   0 

2.10 0.   ench Massif 1 1 1 0 0 00 0   420.00 Variscan  Fr   1  0 4 

2.11 40.00 2 CCC  1 1 1 0 1 19.50     0  1 5 

2.12 0.             00 0   0.00         0 

2.13 0.             00 0   0.00         0 

44             .00 3 CCC 167.00       2.14   0 

2.15 0.             00 0   1980.00         0 

2.16 0.  1            00 0   980.00         0 

2.17 0.             00 0   1980.00         0 

2.18 15.  B  d  erland group         1 00 1 BA 7.50 Solund - Stavfjor H     1 

15.    Stavfjord  erland group         1 00 1 BAB 1.50 Solund - H   2.19   1 

2.20 15. Herland group         1 00 1 BAB 61.50 Solund - Stavfjord      1 

2.21 15.    Stavfjord  erland group         1 00 1 BAB 42.50 Solund - H     1 

2.22 0.  BAB  Solund - Stavfjord  erland group 0 1 0 1 1 1 5 00 1 18.00 H 1 

2.23 15.   Solund - Stavfjord  erland group 1 0 1 1 1 00 1 BAB 49.50 H 0  1 5 

2.24 15.   Solund - Stavfjord  erland group 1 0 1 1 1 00 1 BAB 49.50 H 0  1 5 

2.25 15.   Solund - Stavfjord  erland group         1 00 1 BAB 31.00 H     1 

2.26 0.             00 0   458.00         0 

2.27 0.  BAC   0 1 1 1 1 0 5 00 0 470.00    1 

2.29 10.  BAC   1 1 1 1 1 0 6 00 1 9.00    1 

2.30 7.             80 1   15.60         0 

2.31 0.   0 0 1 1 1 1 5 00 0   181.50     1 
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2.32 1 d 29.01  Outokumpu  Finlan East 62.43   Finland 
2.33 3 ay   5.25  Norway Karmøy Norw 59.25   
2.34 3 Gu ay   6.00  Norway llfjellet Norw 60.40   
2.35 3 Le ay   11.70  Norway ka Norw 65.10   
2.36 3 o ord ay   4.80  Norway S lund-Stavfj Norw 61.10   
2.37 3 Asbestos Canada near Thetford -71.90 45.80   Canada 
2.38 1 o nd NE 29.00  Finland J rmua Finla 64.50   
2.39   N Carolina -83.50    Buck Creek USA 35.00   
3.01 3 S Urals 59.70  Russia Nurali Russia 54.80   

3.02 3 Mindyak Russia S Urals 58.00 00 53.
300 
km Russia 

3.03 4 Kraka Russia S Urals 57.50 50  52.  Russia 
3.04 3 ssif  58.00  Kempersay Ma Russia S Urals 50.00   Russia 
3.05 3 Sa  57.00  Russia kmara Massif Russia S Urals 52.00   
3.06 3 V 62.00 00  Russia oykar Russia Polar Urals 66.  

3.07 7 C 161.83 68.83 Russia hersky Russia 
E Sakha Republic 
(Yakutia)   

3.08 8 M  175.83  Russia ainitis Zone Russia Koryak Mt Central 63.83   

8  173.00  
1000 

Russia Ust' - Belaya Mts Russia Koryak Mt North 65.83 km2 3.09 
3.10 8 K Russia Koryak Mt Peninsula 165.00 62.90   Russia uyul Mélange 
3.11 8 172.83 Russia Upper Khatyrka Russia Koryak Mt Central 62.67   
3.12 9 Vyvenka Russia 169.00  Russia   61.50   

3.13 9  163.00  Russia Goven Peninsula Russia Koryak Mt 59.00
900 
km2 

3.14 8  161.83  Russia  Porotory Cape Russia
Taigonos Peninsula 
(Uga - Murugal) 61.75   

3.15 8 Elistratova Complex  Mt) 163. 00 Russia Russia 
Taigonos Peninsula (S 
Koryak 00 62.

120 
km2 

3.16 8 Al a 
argin of Kolyma 

lock 165.50  Russia uchin Russi
NE M
Omalon B 66.50   

3.17 2 Primorye Russia 131.33  Russia E Russia 43.03   
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2.32 PP 1 1 1   0970.00 970.00 970.00 0.00 1 MOR       0. 0 

2.33 Camb - e Ord R N way       00 500.00 489.00 494.50 11.00 1 IC or 0.

2.34 Camb - e Ord   0492.00 486.00 489.00 6.00 1 MOR       0. 0 

2.35 Ord 499.00 495.00 497.00 4.00 1 MOR         00 0.

2.36 l Ord - e Sil 446.00 440.00 443.00 6.00 1 ARC N ay 0.orw
l Sil - e 
Dev 426.00 40 00 413.00 

2.37 e - m Ord 480.00 460.00 47 2 Canada 
m Dev - e 
Carb 377. 7.00 0.00 0.00 1   00 37 377.00 

2.38 PP 1 1 1   0956.00 950.00 953.00 6.00 1 MOR       0. 0 

2.39       0.00 0.00 0           00 0.

3.01 m - l Ord B e Dev 400.00 0.00 00 472.00 443.00 457.50 29.00 2 IA Russia 40 400.

3.02 e Dev       00 415.00 410.00 412.50 5.00 1   Russia 0.

3.03 Ord-Sil 7 R
v - e 
 370. 7.0 .5490.00 417.00 453.50 3.00 3 IAB ussia 

l De
Carb 00 32 0 348 0 

3.04 m Ord - e Sil 42 3   R
- e 
 423. 91.0 7.00470.00 428.00 449.00 .00  ussia 

l Sil 
Dev 00 3 0 40  

3.05 e Ord 490.00 470.00 480.00 2 R
 - e 
 428. 1.0 .50.00 1   ussia 

e Sil
Dev 00 39 0 409 0 

3.06 e Dev 2 R ev 391. 0.0 .5417.00 391.00 404.00 6.00 2   ussia m D 00 38 0 385 0 

3.07 e Sil - m Dev 6 R r 174. 0.0 .0430.00 370.00 400.00 0.00 3 BAB ussia m Ju 00 17 0 172 0 

3.08 l Jur - e K 3 R 144. 99.0 .5159.00 121.00 140.00 8.00 2 ARC ussia e K 00 0 121 0 

3.09 e Dev - e Carb 9 R 137. 2.0 .5417.00 323.00 370.00 4.00 3   ussia e K 00 13 0 134 0 

3.10 l Jur - e K 3 e - l K 121.00 99.00 00 155.00 121.00 138.00 4.00 2 ARC Russia 110.

3.11 Tr 248.00 206.00 227.00 42.00 3 FAB Russia e K 144.00 2.00 11 128.00 

3.12 l K 95.15 95.15 95.15 0.00 1   R 0ussia       0. 0 

3.13 l K 83.00 65.00 74.00 1 R 08.00 1   ussia       0. 0 

3.14 l Jur  l K 159.00 99.00 129.00 60.00 3 ARC         00 0.

3.15 l Tr - l Jur 210.00 144.00 177.00 66.00 3 ARC ussia e - l K 121.00 99.00 110.00 R

3.16 m Dev - m Tr 374.00 231.00 302.50 143.00 3 MOR Russia e K 144.00 112.00 128.00 
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2.32 0.00 0   1970.           0 00         

2.33 0.00 0 ACP 494.           0 50         

2.34 0.00 0   489.           0 00         

2.35 0.00 0   497.         0 00           

2.36 26.00 2 BAB 30. n jord Mélange   0 1 1 1 1 5 00 Su nf 0 1 

2.37 0.00 1 BAC 93.0   0 1 1 1 0 5 0   1 1 

2.38 0.00 0   1953.0   1 0 1 1 1 1 0 5 0   

2.39 0.00 0   0.00             0       

3.01 0.00 1   5   1 1 0 1 1 1 1 6 7.50   

3.02 0.00 0 CCC 41 i ak     1 1 0 1 1 1 1 6 2.50 M ndy

3.03 43.00 3 ACP 10 r Fila ormation 1 1 0 1 1 1 5 5.00 K aka   ir F 0 

3.04 32.00 2   42.0 e   1 1 0 1 1 1 6 0 K mpersay   1 

3.05 37.00 2   70.5   1 1 0 1 1 1 6 0   1 

3.06 11.00 1   18.           0 50         

3.07 4.00 1 CCC 228. h   1 0 1 0 1 1 5 00 C ersky   1 

3.08 45.00 3   18.           0 50         

3.09 5.00 1 ACP 235.           0 50         

3.10 22.00 2 ACP 28. u           0 00 K yul Massif       

3.11 32.00 2 ACP 99.           0 00         

3.12 0.00 0 ACP 95.           0 15         

3.13 0.00 0 ACP 74.           0 00         

3.14 0.00 0   129.0 g Murugal     1 0 1 0 1 4 0 U a - 0 1 

3.15 22.00 2 ACP 67. i atova     1 0 1 1 1 1 6 00 El str 1 

3.16 32.00 2 CCC 174 lu in     1 0 1 1 0 4 .50 A ch 1 0 

3.17 0.00 0   527.50 Primorye                   0 
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3.18 3 Khabarny Russia rals 57. 51.   Russia S U 80 00 

3.19 1 Itmurunda zone   ussia Russia 67.50 46.50   R

3.20 1 Northern Baykal N Ba al 10 ssia Russia yk 4.79 51.88   Ru

3.21 1 Sharyzhalgay SW kal 10 ssia Russia Bay 3.97 55.00   Ru

3.22 8 Koryak Russia Kory  Mt NE Russia 1 ssia ak 73.00 63.00   Ru

3.23 8 
Taigonos Peninsula (Uga-

Cape ussia Murugal) Russia  Povorotny 161.50 61.12   R

4.01 7 NW Alaska Mi Mt -   US USA sheguk 161.00 68.00  

4.02 7 Alas -  US Brooks Range USA ka 152.25 68.20  

4.03 9 Ingalls Complex Wa - US USA shington 121.95 41.68   

4.04 5 Canyon Mt 
E Or e Mts 
Bake -1 m2 US USA 

egon, Blu
r terrane 19.00 44.40 200 k

4.05 7 Sparta  USA 
E ts 
Wall ne -1 US 

 Oregon, Blue M
owa terra 17.60 44.80   

4.06 7 Josephine (Smith River) Nort California -1 US USA hernmost 24.00 41.80   

4.07 3 T Klam -   US rinity USA ath Mt 122.50 41.10  

4.08 7 Franciscan New Idria Calif -  US USA ornia 120.60 36.40  

4.09 7 Franciscan Burro Mt Calif -  US USA ornia 121.33 36.80  

4.10 7 Franciscan Cazadero Calif -1 3  US USA ornia 23.10 8.60  

4.11 7 Franciscan Red Mt Calif -1 3   US USA ornia 23.70 9.85 

4.12 7 Coast Range Del Puerto West - US USA ern California 121.40 37.40   

4.13 7 Coast Range Point Sal West n California - US USA er 120.75 35.40   

4.14 7 Coast Range Black Mountain USA Western California -122.50 38.50  US  

4.15 7 Coast Range Stonyford West - US USA ern California 122.60 39.00   

4.16 7 Coast Range Paskenta West - US USA ern California 122.60 39.80   

4.17 7 Coast Range Llanada USA West - US ern California 120.40 36.40   

4.18 7 Coast Range Hospital Canyon West -   US USA ern California 121.30 37.30 

4.19 7 Great Valley Cuesta Ridge Cent -  US USA ral California 121.30 38.00  
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3.18 e Ord -  490. 430. 460.       0.00 Sil 00 00 00 60.00 3     

3.19 NP 820.00 775.00 797.50 4       0.00 5.00 3 MOR   

MP 3.20 14 8 1 6       0.00 00.00 00.00 100.00 00.00 3 MOR   

3.21 PP 25 24 2 10       0.00 00.00 00.00 450.00 0.00 3 MOR   

3.22 e K 1 1 1 2 Russia e - 12 00 .00 0.00 44.00 21.00 32.50 3.00 2 ARC  l K 1. 99 11

3.23 e K 129.00 129.00 129.00 0.00 1 ARC Russia       0.00 

4.01 m - l Jur 180.00 144.00 162.00 36.00 2   US   0.00     

4.02 e - m Jur 1 1 m J 00 . 6.00 86.00 68.00 177.00 18.00 1   US ur 169. 163 00 16

4.03 m - l Jur 3 l K 9 00 .00 9.00 180.00 144.00 162.00 6.00 2 MOR US 9. 99 9

4.04 e Perm 78.00 5.50 27 1       0.00 2 26 1.75 2.50 1 ARC   

4.05       l Jur 00 . 7.00 0.00 0.00 0 MOR US  - e K 157. 157 00 15

m Jur 4.06 1 1 1 1       0.00 80.00 62.00 71.00 8.00 1 BAB   

4.07 Ord 4 4 4 3 2 m - 00 3.0 6.50 80.00 50.00 65.00 0.00  BAB US  l Ord 470. 44 0 45

4.08 m Jur 180.00 159.00 169.50 21.00 2 ARC US e K 00 00 140. 140.00 140.

4.09 m Jur 1 1 1 e K 00 . 0.00 80.00 59.00 69.50 21.00 2 ARC US 140. 140 00 14

4.10 m Jur 1 1 1 e K 00 . 0.00 80.00 59.00 69.50 21.00 2   US 140. 140 00 14

4.11 m Jur 1 1 1 e K 00 . 0.00 80.00 59.00 69.50 21.00 2   US 140. 140 00 14

4.12 m - l Jur 1 1 1 e K 00 . 0.00 68.00 54.00 61.00 14.00 1 MOR US 140. 140 00 14

4.13 l Jur 1 1     0.00 59.00 44.00 151.50 15.00 1 MOR     

4.14 m - l Jur 1 1 OR   0.00 64.00 54.00 159.00 10.00 1 M       

m Jur 4.15 1 1 1 m J 00 . 1.00 72.00 66.00 69.00 6.00 1 MOR US ur 161. 161 00 16

4.16 m - l Jur 1 1 1 m J 00 . 1.00 63.00 59.00 61.00 4.00 1 MOR US ur 161. 161 00 16

4.17 m Jur 17 16 16 OR m J 16 00 00 1.00 0.00 4.00 7.00 6.00 1 M US ur 1. 161. 16

4.18 m Jur 17 17 17 OR m J 16 00 00 1.00 0.00 0.00 0.00 0.00 1 M US ur 1. 161. 16

4.19 l Jur 1 14       0.00 51.00 4.00 147.50 7.00 1     
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3.18 0.00 0      1 1 0 1 460.00  1 1 1 6 

3.19 0.00 0                 0   797.50   

3.20 0.00 0   1100.                 0 00   

3.21 0.00 0   2450.                 0 00   

3.22 22.00 2 22.               0 ACP 50     

3.23 0.00 0 129.                 0 ACP 00   

4.01 0.00 0 ACP    1 0 1 1 162.00  1 0 0 4 

4.02 6.00 1 ACP 11.                 0 00   

4.03 0.00 1 ACP 63.    1 0 1 1 1 0 0 4 00  

4.04 0.00 0    1 0 1 1   271.75  1 0 0 4 

4.05 0.00 1 -                 0   157.00   

4.06 0.00 0   171.  Galice formation 1 0 1 1 1 1 1 6 00  

4.07 0.00 1   465.  Carbonifer seds 1 0 0 0 1 1 0 3 00  ous 

4.08 0.00 1   29.                 0 50   

4.09 0.00 1                 0 ACP 29.50   

4.10 0.00 1 ACP 29.                 0 50   

4.11 0.00 1                 0 ACP 29.50   

4.12 0.00 1 21. Upper Jurassic & Great Valley Sequence               0   00   

4.13 0.00 0 151. Upper Jurassic & Great Valley Sequence               0   50   

4.14 0.00 0 159. Upper Jurassic & Great Valley Sequence               0   00   

4.15 0.00 1 Upper Jurassic & Great Valley Sequence               0   8.00   

4.16 0.00 1    Jurassic & Great Valley Sequence               0 0.00   Upper

4.17 0.00 1 Upper Jurassic & Great Valley Sequence               0   6.00   

4.18 0.00 1 Upper Jurassic & Great Valley Sequence               0   9.00   

4.19 0.00 0                   0 147.50   
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4.20 7 Great Valley 2 Central California 1 .75   USA -12 .75 38 US 

4.21 7 Great Valley 3 USA Central California 2 .00   -12 .25 40 US 

4.22 7 Great Valley 4 USA Central California 0 .80   -12 .25 36 US 

4.23 7 Great Valley 5 USA Central California 19. 6.00   -1 60 3 US 

4.24 7 Sierra Nevada Foothills 1 USA Eastern California 121.40 39.80   - US 

4.25 7 Sierra Nevada Foothills 2 alifornia 1 .00   USA Eastern C -12 .30 39 US 

4.26 7 Sierra Nevada Foothills 3 A  California 1 .00   US Eastern -12 .00 38 US 

4.27 
Sierra Nevada F
Smartville 7 

oothills 
A Eastern California 1 .25   US -12 .40 39 US 

4.28 7 Stanley Mountain USA rnia 00   Eastern Califo -120.50 35. US 

4.29 7 
Sierra Nevad
River 

a Foothills Kings 
rnia USA Eastern Califo -118.50 36.80   US 

4.30   Sarmiento le 74. - .05   Chi Southern - 00 51   

4.31 7 Baja Alta Terrane Mexico la 4 .50   xico California peninsu -11 .20 27 Me

4.32 7 Elder Creek A rnia 2 .00   US Califo -12 .60 40 US 

4.33 7 Cedros Island Mexico fornia 5 .50   xico Cali -11 .25 28 Me

4.34 7 Vizcaino Mexico  4 .50   ico NW -11 .50 27 Mex

4.35 10 Taitao Chile 73. - .00   e S - 00 46 Chil

4.36 9 Resurrection Peninsula A laska 2 .50   US S A -15 .00 57   

5.01 8 Masirah Oman 58. .46   an E 70 20 Om

5.02 9 Semail Oman 57. .00 
60,000 
km2 an N 50 24 Om

5.03 9 Sabzevar Iran 57. .25    NE 66 36 Iran

5.04 6 Mashod Iran 59. 6.16    NE 16 3 Iran

5.05 9 Tchehel Kureh Iran   58. .00    00 30 Iran

5.06 9 Iranshahr Iran 60. 6.16    SE 40 2 Iran

5.07 9 Fanuj Maskutan Iran 59. .75    SE 75 26 Iran

5.08 9 Kahnuj Iran S 57.75 27.67 
600 
km2 Iran 
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4.20 l Jur 1           0.00 151.00 144.00 147.50 7.00 

4.21 l Jur 151.00 144.00 147.50 7.00 1           0.00 

4.22 l Jur 1           0.00 151.00 144.00 147.50 7.00 

4.23 l Jur 151.00 144.00 147.50 7.00 1       0.00     

4.24 m - l Jur 6. 1 A U l Jur - e K 150.00 00 145.00 162.00 156.00 159.00 00 RC S 140.

4.25 m - l Jur 162.00 156.00 159.00 6.00 1 U l Jur - e K 150.00 00 145.00 ARC S 140.

4.26 m - l Jur 162.00 156.00 159.00 6.00 1 U l Jur - e K 1 00 145.00 ARC S 50.00 140.

4.27 m - l Jur 162.00 156.00 159.00 6.00 1 A U l Jur - e K 15 00 145.00 RC S 0.00 140.

4.28 m Jur 168.00 164.00 166.00 4.00 1           0.00 

4.29 m - l Jur 165.00 155.00 160. 10. 1   U  - e K 1 00 145.00 00 00 S l Jur 50.00 140.

4.30       0           0.00 0.00 0.00 

4.31 l Tr 221.00 220.00 220.50 1.00 1 B o  - e K 1 00 145.50 AB Mexic l Jur 56.00 135.

4.32 m Jur 172.00 165.00 168.50 7.00 1 A U     0.00 RC S   

4.33 m Jur 175.00 171.00 173.00 4.00 1 B o l Jur - e K 1 00 145.50 AB Mexic 56.00 135.

4.34 l Tr 223.00 219.00 221.00 4.00 1 o l Jur - e K 1 00 145.50 FAB Mexic 56.00 135.

4.35 l Mioc 11.20 5.30 8.25 5.90 1 C     0.00 FAB hile   

4.36       0   U l Paleoc 00 57.00 0.00 0.00 S 57.00 57.

5.01 l Jur - e K 3 2 O an e K 132.00 00 126.50 158.00 124.00 141.00 4.00 MOR m 121.

5.02 l K 97.90 93.50 95.70 4.40 1 O an l K 95.00 00 92.50 MOR m 90.

5.03 l K 99.00 65.00 82.00 34. 2 M I e Paleoc 00 65.00 00 OR ran 65.00 65.

5.04 l Tr 210.00 210.00 210.00 0. 1 B I     0.00 00 AB ran   

5.05 l K 99.00 65.00 82.00 34. 2 M I e Paleoc 00 65.00 00 OR ran 65.00 65.

5.06 l K 99.00 65.00 82.00 34. 2 B I e Paleoc 00 65.00 00 AB ran 65.00 65.

5.07 l K 99.00 65.00 82.00 34. 2 I e Paleoc 65.00 00 65.00 00 BAB ran 65.

5.08 e K 144.00 121.00 132.50 23.00 2 MOR Ir  l K 89.00 66.00 77.50 an
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4.20 0.00 0   147.50                   0 

4.21 0.00 0   147.50                   0 

4.22 0. 0   50                   0 00 147.

4.23 0. 0   50                   0 00 147.

4.24 10. 1 .00                   0 00 ACC 14

4.25 10. 1 .00                   0 00 ACC 14

4.26 1 1 A .00                   0 0.00 CC 14

4.27 10. 1 A .00                   0 00 CC 14

4.28 0. 0   00                   0 00 166.

4.29 10. 1   .00                   0 00 15

4.30 0. 0   00                   0 00 0.

4.31 21. 2   .00                   0 00 75

4.32 0. ACP 50     0 0 1 1 00 0 168. 1 0 0 3 

4.33 21. 2   .50                   0 00 27

4.34 21 2   .50   San Hipolito               0 .00 75

4.35 0. ACP 25 Bahia San Andres Fm   0 0 1 1 00 0 8. 1 1 1 5 

4.36 0. 1 A .00                   0 00 CP -57

5.01 11.   .50     1 1 0 1 00 1 14 1 1 1 6 

5.02 5. P 20     1 1 0 1 00 1 CM 3. 0 0 1 4 

5.03 0. 1   .00                 0 00 17   

5.04 0. 0 00                 0 00 PAB 210.   

5.05 0. 1   .00                 0 00 17   

5.06 0. 1 .00                 0 00 BAC 17   

5.07 0. 1 .00                 0 00 BAC 17   

5.08 23.  .00 Bond - 0 1 1 1 00 2 PCM 55  e Zeyarat   1 1 1 6 
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A
re

a

5.09 9 Esfandagheh  .25 28.   Iran Iran   57 67 

5.10 9 Shahr-Babak Iran a 55.25   Ir n Centr l Iran 30.66 a

5.11 9 Baft Iran South 56.66   Ir n Central 29.25 a

5.12 9 Neyriz Iran South 54.33   Ir n Central 29.55 a

5.13 9 Nain Iran Centra 53.00   Ir n l Iran 33.00 a

5.14 9 Kermanshah Iran W 47.25     34.50 

5.15 6 Rasht Iran NW 49.00   Ir n 37.00 a

5.16 9 Khoy Iran NW 44.75 
77
km  38.75 

0 
2 Iran

5.17 9 Baër-Bassit Syria NW 36.00   S ria 35.75 y

5.18 9 Kizildağ Turke SE 36.
90
km rkey y 00 36.25 

0 
2 Tu

5.19 9 Mersin Turke S 34.50 
900 
km rkey y 36.75 2 Tu

5.20 9 Aladaj Turke S 35.00   key y 38.00 Tur

5.21 9 Kiziltepe Turke S 34.33 
1.
km key y 38.20 

7 
2 Tur

5.22 9 Ali Hoca Turke S 34.33 
16
km key y 38.25 

1 
2 Tur

5.23 9 Yuksekova Turke SE 38.00   key y 37.00 Tur

5.24 9 Yayladağ Turke SE 36.   key y 08 35.83 Tur

5.25 9 Berit Turke SE 37.00   key y 37.50 Tur

5.26 9 Pozanti-Karsanti Turk SE 35.50 
30
km rkey ey 37.00 

00 
2 Tu

5.27   Ovacik Turke SE 32.92     y 39.23 

5.28 9 Sarikaramn Turke Centr atolia 34.25   key y al An 38.75 Tur

5.29 9 Antalya-Tekirova Turke S 30.50   key y 36.75 Tur

5.30 8 Ispendere-Komurhan Turke SE 38.52   key y 38.34 Tur

5.31 9 Cilo Turke SE 43.45   key y 37.30 Tur

5.32 9 Gevas Turke SE 43.00   key y 38.25 Tur

5.33 9 Guleman Turkey SE 39.90 38.42    Turkey
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5.09 l K 99. 65. 0 Iran e Paleoc 6 65.00 00 00 00 82. 0 34.00 2 MOR 5.00 65.

5.10 K  144. 65. 1 79. 3   Ir  e Paleoc 65.00 65.00 6 00 00 00 04.50 00 an 5.

5.11 l K 99. 65. 34 2 M R Ir  e Paleoc 65.00 65.00 6 00 00 00 82.00 .00  O an 5.

5.12 l K 95. 93. 2. 1   Ir  l K 89.00 89.00 8 00 00 00 94.00 00 an 9.

5.13 K  144. 65. 1 79. 3   Ir  e Paleoc 65.00 65.00 6 00 00 00 04.50 00 an 5.

5.14     0. 0   Ir l K 1.00 65.00 00   0.00 00 an 7 68.

5.15 l Tr 210. 210. 2 0. 1   Ir       00 00 00 10.00 00 an 0.

5.16 e - l K 103. 98. 1 5. 1 M Ir l K 6.00 95.00 50 00 00 00.50 00 OR an 9 95.

5.17 K  144. 65. 1 79. 3   S e - l K 0.00 86.00 00 00 00 04.50 00 yria 10 93.

5.18 l K 99. 74. 25 2 M R T key l K 86.00 65.00 7 50 00 00 86.50 .00  O ur 5.

5.19 l K 96. 91. 1   T  l K - e Pa 90.00 61.00 50 00 50 93.75 4.50 SSZ urkey leoc 75.

5.20 l K .00 50 96. 5. 1   T key l K 93.50 89.00 9 25 99 93. 25 50 ur 1.

5.21 l K 92. 90. 2. 1   T l K 8.30 65.00 65 00 00 91.00 00 urkey 7 71.

5.22 l Jur - e K 152. 132. 1 20. 1   T  l K 90.00 87.00 8 50 00 00 42.00 00 urkey 8.

5.23 Tr - Jur 248. 144. 1 104. 3 A T l K - l Pal 68.00 55.00 50 00 00 96.00 00 RC urkey eoc 61.

5.24 Tr - Jur 248. 144. 1 104. 3   T l K - l Pal 68.00 55.00 50 00 00 96.00 00 urkey eoc 61.

5.25  Tr - K 248. 65.0 156. 183. 3   T l K - l Paleoc 68.00 00 61.50 00 0 50 00 urkey 55.

5.26 l K .00 00 82. 24 2 FAB T  l K 78.30 65.00 65 94 70. 00 .00  urkey 71.

5.27     0           00   0.00 0.00 0.

5.28 l K 93. 90. 9 3. 1 M T l K 85.80 80.00 90 50 00 1.75 50 OR urkey 82.

5.29 K  144. 65. 10 7 3   T l K 92.00 90.00 00 00 00 4.50 9.00 urkey 91.

5.30 K  144. 65. 1 79. 3           00 00 00 04.50 00 0.

5.31  Tr - K 248. 65. 15 18 3   T l K 99.00 65.00 00 00 00 6.50 3.00 urkey 82.

5.32  Tr - K 248. 65. 15 18 3   T l K - l Pal 68.00 55.00 50 00 00 6.50 3.00 urkey eoc 61.

5.33 K  144. 65. 10 7 3   T l K - l Pal 99.00 55.00 00 00 00 4.50 9.00 urkey eoc 77.
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5.09 0.00 1   1               0 7.00     

5.10 0.00 1   3               0 9.50     

5.11 0.00 1   1               0 7.00     

5.12 0.00 1   5.00                 0   

5.13 0.00 1   39.               0 50     

5.14 6.00 1   -68.               0 00     

5.15 0.00 0 ACC 210.               0 00     

5.16 1.00 1   5.   1 1 0 1 1 1 1 00   6 

5.17 1 1               0 4.00 1 ACP 1.50     

5.18 21.00 2   11.   1 1 0 1 1 1 1 00   6 

5.19 2 CCC   0 0 1 1 1 0 1 9.00 2 18.25   4 

5.20 4.50 1 CCC   1 1 1 0 0 0 5.00     3 

5.21 1 1   1 1 0 0 0 0 0 3.30 1 ACC 9.35   2 

5.22 3.00 1   53.
Halkopinar 
formation 0 1 0 1 1 0 0 50   3 

5.23 13.00 1   134.           0 50         

5.24 1 134.5             3.00 1 ACP 0       0 

5.25 1 9               0 3.00 1 ACP 5.00     

5.26 13.30 1 ACP 10.   1 0 0 1 1 1 0 35   4 

5.27 0.00 0   0.0               0     0 

5.28 5.80 1 ACP 8.   0 0 0 1 1 1 1 85   4 

2.00 1   5.29 1 n ya                0 3.50 A tal   

5.30 0.00 0   104.               0 50     

5.31 3 74.               0 4.00 2   50     

5.32 1 95.               0 3.00 1   00     

5.33 44.00 3   27.             50       0 
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5.34 9 Beysehir Turkey SE 68   urkey 31.73 37. T

5.35 9 Troodos Cyprus 3.0 5.00 
3220 
km2 Cyprus W 3 0 3

5.36 7 Pindos Greece .0 .   Greece N 21 0 39 75 

5.37 7 Vourinos Greece 1.7 0.2    Greece N 2 5 4 5

5.38 7 Othris Greece Central .2 .   Greece 22 5 39 00 

5.39 7 Euboea Greece S 3.5 8.7    Greece 2 0 3 5

5.40 7 Agelona Greece S 23.00  Greece 36.75  

5.41 7 Albania-Brezovica Albania North central Albania 20.00 41.50   

5.42 7 Kr Kanjuh Yugoslavia SW 50   Yugoslavia ivaja- 18.00 44.

5.43 7 Zlatibor Yugoslavia SW .5 . oslavia 19 0 43 75   Yug

5.44 7 Corsican Italy/France SW island 9.00 42.  Italy 50  

5.45 7 Montgenevre ce E 5 . ce Fran 6. 0 45 00   Fran

5.46 9 M  NW   onviso Italy 7.33 44.50  Italy

5.47 7 Zermatt-Saas-Fee  N 7 .  Italy 7. 5 46 00   Italy

5.48 7 Internal Liguride (Ligurian) y N 9.5 4.  y Ital 0 4 25  Ital

5.49 9 External Liguride (Piedmont) y N 9.5 4.  y  Ital 0 4 75  Ital

5.50 8 Tuscany Italy Central - North 1.5 3.33   y 1 0 4 Ital

5.51 9 Calabria Italy Central 6.0 0.00   y 1 0 4 Ital

5.52 9 Platta Switzerland SE 9. Switzerland 50 46.50   

5.53 9 T ia SW ia auern Austr 12.50 47.25   Austr

5.54 9 Apuseni (Romario) ania Central 00   Romania Rom 22.50 46.

5.56 9 Lesser Caucasus Turkey   ey   45.00 40.00 Turk

5.57 7 Cretan Nappe Crete   25.00 35.20   Greece 

5.58 8 Akamas Cyprus W .2 .50   rus 32 5 35 Cyp

7 M onia us W 75   us am Cypr 32.60 34. Cypr5.59 
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5.34 K  144.00 00 50 00 urkey l K 87.50 65. 104. 79. 3   T 95.00 80.00 

5.35 l K 92.00 00 00 00 BAB yprus l K 70.00 90. 91. 2. 1 C 75.00 65.00 

5.36 m Jur 00 00 00 00 B Greece m Jur 165.50 176. 168. 172. 8. 1 BA 168.00 163.00 

5.37 m Jur 00 00 00 00 MOR Greece m Jur 171.00 180. 164. 172. 16. 1 175.00 167.00 

5.38 m Jur 00 00 00 00 MOR Greece m Jur 170.00 180. 160.  170. 20. 1 180.00 160.00 

5.39 m Jur 180.0 159.00 50 00 MOR Greece m Jur 170.00 0 169. 21. 2 180.00 160.00 

l Tr 2275.40 .00 00 50 00 reece m Jur 180.00 160.00 170.00  210.  218. 17. 1 MOR G

5.41 l Tr - e Jur 00 00 50 00 lbania m Jur 167.00 227. 180. 203. 47. 3 MOR A 174.00 160.00 

5.42 m Jur 00 00 50 00 MO goslavia m - l J 162.50 180. 159. 169. 21. 2 R Yu  ur 180.00 145.00 

5.43 m Jur 00 00 50 00 slavia m - l Jur 162.50 180. 159. 169. 21. 2 MOR Yugo   180.00 145.00 

5.44 e - m Jur .00 00 00 00 O m Jur 173.00 187 175. 181. 12. 1 M R Italy e -  181.00 165.00 

5.45 e - m Jur .00 00 00 00 MO ce e Jur 185.00 200 180. 190. 20. 1 R Fran 190.00 180.00 

5.46 e - l Jur 00 00 00 00 ARC l K 82.00 206. 144. 175. 62. 3 Italy 99.00 65.00 

5.47 m Jur 166.70 70 20 00 MO m - l Jur 156.50 161. 164. 5. 1 R Italy  161.00 152.00 

m - l Jur 178.5.48 00 00 00 00 ur - e 152.00 150. 164. 28. 2 MOR Italy l J  K 159.00 145.00 

5.49 e - l Jur 185.00 00 00 00 MO  74.50 145. 165. 40. 2 R Italy l K 84.00 65.00 

5.50 l Jur 156.00 00 00 00 MO 104.50 148. 152. 8. 1 R Italy K 144.00 65.00 

5.51 e - l Jur 00 00 00 00 O e - l K 85.50 206. 144. 175. 62. 3 M R Italy 106.00 65.00 

5.52 e - l Jur 206.0 144.00 00 00 MO Switzerlan l K 99. 82.00 0 175. 62. 3 R d 00 65.00 

5.53 e - l Jur 00 00 00 00 ria l K 82.00 206. 144. 175. 62. 2   Aust 99.00 65.00 

5.54 e - m Jur 00 00 00 00 MO ania e K - l P 99.50 206. 180. 193. 26. 2 R Rom aleoc 144.00 55.00 

5.56 l Tr - m Jur .00 00 50 00   Turkey l K 99. 92.50 208 159. 183. 49. 3 00 86.00 

l Jur - e 5.57 K .00 00 00 00 ARC ce   0.00 156 140.  148.  16. 1 Gree     

5.58 K  144.00 00 50 00   0.00 65. 104. 79. 3         

5.59 e Tr - l Tr 00 00 00 00 MO us r - e 156.00 248. 210. 229. 38. 2 R Cypr l T K 208.00 104.00 
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5.34 1 CC 1         0 5.00 1 C 7.00           

5.35 1 AB 2         1 1 1 7 0.00 1 B 1.00 1 1 1 1

5.36 5.00 1 ACP         1 1 0 4 6.50 0 1 1  

8.00 1   1.         1 1 0 4 00 0 1 15.37 0

5.38 2         1 1 0 4 0.00 1   0.00 0 1 1 0

5.39 2         1 1 0 4 0.00 1   -0.50 0 1 1 0

5.40 2         1 1 0 4 0.00 1   48.50 0 1 1 0

5.41 1 CP 36.         1 1 0 4 4.00 1 A 50 0 1 1 0

35.00 2   7.00         1 1 0 4 0 1 15.42 0

5.43 35.00 2   7.00         1 1 0 4 0 1 1 0

5.44 16.00 1   8.00         1 1 1 5 0 1 1 1

5.45 1 5.         1 1 0 4 0.00 1   00 0 1 1 0

5.46 34.00 2   9         1 1 0 4 3.00 0 1 1 0

5.47 9.00 1   7.70   1 0 0 1 1 1 1 5   

5.48 14.00 1 ACP       0 1 1 4 12.00   1 0 0 1

5.49 19.00 1     0 1 1 4   90.50 1 0 0 1 

5.50 79.00 3   47.50           0         

5.51 41.00 3   8           0 9.50         

5.52 34.00 2   93.00           0         

5.53 3 93.         0 4.00 2   00 Sepik          

8 93           0 9.00 3 ACC .50         5.54 

5.56 1           0 3.00 1   91.00         

5.57 0.00 0 ACC           0 148.00         

5.58 0.00 0   10         0 0 1 3 4.50 1 1 0 0

5.59 104.00 3     0 0 1 3   73.00 1 1 0 0 
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5.60 1 Balkan-Carpathian 
Bulgaria, Se

  1. 4  
,000 

km2 mania 
rbia, 

Romania 2 00 4 .00
50

 Ro

5.61 8 Honaz Turkey Lycian 29.50 37. Turkey 70   

5.62 7 Hellinic Greece Alps  Greece 23.00 38.00  

5.63 7 Kure Turkey NE 00   rkey 30.20 40. Tu

5.64 7 
Dinaride (Central Zone of 

tes) ia ps 8. 4    ugoslavia Ophioli Yugoslav Al 1 00 4 .60 Y

5.65     0. 1    Mirdita Albania 2 10 4 .90   

5.66 10 Cyclades (Evia)   5. 7    eece Greece 2 00 3 .20 Gr

6.01 9 Bela Pakistan   66. 6    istan 35 2 .20 Pak

6.02 9 Muslim Bagh Pakistan   67. 0    n 86 3 .86 Pakista

6.03 9 Waziristan   0. 3    n Pakistan 7 00 3 .25 Pakista

6.04 9 Spontang Ladakh Pakistan Zanskar Zone 6. 4  
20 
km2 Pakistan 7 78 3 .08  

6.05 1 uka   8.8 9. 8 
450 
km2 Nepal 0 Xigaze Dagzh Tibet 8 8 2 2

6.06 9 Tuensang India Nagaland 4. 6  
800 
km2   9 50 2 .00  

6.07 1 Manipur 4. 4    India 0 Moreh India 9 40 2 .50

6.08 9 Makran Pakistan   3. 6    Iran 6 00 2 .00

6.11 9 Zhob Pakistan   68. 2    Pakistan 50 3 .00

6.12 1 Dongwanzi China - Qinglong 8. 0    China China N 11 67 4 .50

6.13 10 Nanga Parbat Himalayas 76. 5    n Pakistan 50 3 .00 Pakista

6.14 9 Shyok Pakistan NW Himalayas 6. 4    kistan 7 40 3 .85 Pa

6.15 9 Dras Sangeluma Pakistan NW Himalayas 5. 4    stan 7 73 3 .43 Paki

6.16 1 angbo NW Himalayas 4. 5    ina 0 Indus - Yarlung Z China 7 00 3 .50 Ch

6.17 1  Zangbo NW Himalayas 5. 5    ina 0 Indus - Yarlung China 7 00 3 .00 Ch

6.18 1 arlung Zangbo NW Himalayas 5. 4    ina 0 Indus - Y China 7 50 3 .00 Ch

6.19 1 lung Zangbo Ladakh 7. 3    ina 0 Indus - Yar China 7 50 3 .40 Ch

6.20 10 Indus - Yarlung Zangbo China Ladakh 78.00 33.00   China 
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5.60 NP 568.00 5 OR     58.00 563.00 10.00 1 M     0.00 

5.61 K  1 1     44.00 65.00 04.50 79.00 3   Turkey   0.00 

5.62 l Tr - l Jur 208.00 144.00 176.00 64.00 3 MOR         0.00 

5.63 l Tr - l Jur 208.00 144.00 176.00 64.00 3           0.00 

5.64 e - l Jur 206.00 144.00 175.00 62.00 3 ARC         0.00 

5.65       0.00 0.00 0           0.00 

5.66 l K 99.00 65.00 82.00 34.00 2 BAB Greece 
l Olig - e 
Mioc 25.00 17.00 21.00 

6.01 l l K 70.00 65.00 67.50 5.00 1 MOR Pakistan l K - l Paleoc 66.00 64.00 65.00 

6.02 l K 87.00 65.00 76.00 00 R 00 00 50 22. 2 MO Pakistan l K 70. 65. 67.

6.03 e K 115.00 100.00 107.50 15.00 1 MOR Pakistan l K 70.00 68.00 69.00 

6.04 l K 99.00 65.00 82.00 34.00 2 FAB Pakistan l K - l Paleoc 68.00 55.00 61.50 

6.05 e K 110.00 100.00 105.00 10.00 1 FAB Nepal Eoc 50.00 40.00 45.00 

6.06   

201

    - l Paleoc 0.00 0.00 0   India l K 99.00 55.00 77.00 

6.07 l K 85.00 75.00 80.00 10.00 1 MOR India m Eoc 49.00 42.00 45.50 

6.08 l K 95.00 95.00 95.00 0.00 1 MOR Iran l K 93.50 89.00 91.25 

6.11 l Jur - l K tan 150.00 65.00 107.50 85.00 3 BAB Pakis l K 70.00 65.00 67.50 

6.12 PP 2 2 2507.20 502.80 505.00 4.40 1 FAB         0.00 

6.13 K  144.00 65.00 104.50 79.00 3 MOR Pakistan Mioc 23.00 6.00 14.50 

6.14 e K 144.00 99.00 121.50 45.00 3 MOR Pakistan l K - m Mioc 99.00 15.00 57.00 

6.15 K - Paleoc 99.00 55.00 77.00 44.00 3           0.00 

6.16 e K 130.00 110.00 120.00 20.00 1 MOR China Paleoc - Eoc 65.00 34.00 49.50 

6.17 e K 130.00 110.00 120.00 20.00 1 MOR oc - Eoc China Pale 65.00 34.00 49.50 

6.18 e K 130.00 110.00 120.00 20.00 1 MOR China Paleoc - Eoc 65. 34.00 00 49.50 

6.19 e K 130.00 1 OR hina aleoc - Eoc 65.00 34.00 10.00 120.00 20.00 1 M C P 49.50 

6.20 e K 130.00 110.00 120.00 20.00 1 MOR China Paleoc - Eoc 65.00 34.00 49.50 
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5.60 0.00 0 5    1 1 1 1 1 1 7   63.00  1 

5.61 0.00 1               0 0 pcm 04.50     

5.62 0.00 17               0 0   6.00     

5.63 0.00   17               0 0 6.00     

5.64 0.00 0  17    1 0 1 1 0 0 4  5.00   1 

5.65 0.00                 0 0 0.00     

5.66 8.00 ACP cladic Blueschist Unit   1     1 1 1 4 1 61.00 Cy   

6.01 2.00  o massif             1 1 1 ACP 2.50 Sunar   

6.02 5.00 ACP             1 1 1 8.50     

6.03 2.00 ACP 3             1 1 1 8.50     

6.04 13.00 ACC 2               0 1 0.50     

6.05 10.00 1 ACC 6 Xigaze massif Xigaze Group Fly  1 1 1 1 1 1 7 0.00 sch   1 

6.06 44.00  CCC - Fm Disang Flysch 1 1 1 1 1 1 7 3 77.00 Zepuhu   1 

6.07 7.00 1 CCC 3    1 1 1 1 1 1 7 4.50    1 

6.08 4.50               0 1   3.75     

6.11 5.00 1 ACP    0 0 0 0 0 1 2 40.00    1 

6.12 0.00 0  25    1 1 1 1 1 1 6  05.00  0 

6.13 17.00 1 ACC thys  belt   1 1 0 1 0 0 3 90.00 Te 0 

6.14 84.00                 0 3 64.50     

6.15 0.00 0     0 0 0 1 1 1 4  77.00  1 

6.16 31.00   
I  Yarlung Zangbo 

e zone               0 2 CCC 70.50 
ndus -

sutur   

6.17 31.00 2  
us - Yarlung Zangbo 

e zone                 0 CCC 70.50 
Ind
sutur

6.18 31.00  CCC 
ndus - Yarlung Zangbo 

e zone               0 2 70.50 
I
sutur   

6.19 31.00 2 CCC 
us - Yarlung Zangbo 

e zone               0 70.50 
Ind
sutur   

6.20 31.00 2 CCC 70.50 
Indus - Yarlung Zangbo 
suture zone                 0 
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6.21 10 Indus - Yarlung Zangbo NW Himalayas 80.00 31.80   ina China Ch

6.22 10 Indus - Yarlung Zangbo NW malayas 80.0 0 ChinChina Hi 0 31. 0   a 

6.23 10 Indus - Yarlung Zangbo NW s 81.0 5 ChinChina Himalaya 0 31. 0   a 

6.24 10 Indus - Yarlung Zangbo NW as 82.0 0 ChinChina Himalay 0 30. 0   a 

6.25 10 Indus - Yarlung Zangbo China NW layas 82. China Hima 50 29.80   

6.26 10 Indus - Yarlung Zangbo China NW yas 84.0 0 ChinHimala 0 29. 0   a 

6.27 10 arlung Zangbo NW alayas 85.0 5 ChinIndus - Y China Him 0 28. 0   a 

6.28 10 Indus - Yarlung Zangbo NW alayas 88.0 7 ChinChina Him 0 28. 0   a 

6.29 10 Indus - Yarlung Zangbo NW alayas 90.0 8 ChinChina Him 0 28. 0   a 

6.30 10 Indus - Yarlung Zangbo NW alayas 86.0 5 ChinChina Him 0 27. 0   a 

6.31 10 Indus - Yarlung Zangbo NW alayas 91.0 3 ChinChina Him 0 28. 0   a 

6.32 1 rlung Zangbo NW H 92.50 .00 Chin0 Indus - Ya China imalayas  29    a 

6.33 10 Indus - Yarlung Zangbo NW 93.00 00 China China Himalayas 29.   

6.34 10 Indus - Yarlung Zangbo  NW alayas 94.0 8 ChinChina Him 0 29. 0   a 

6.35 3 Hongguleleng  Xinji 83.0 0 China China ang Uygur 0 40. 0   

6.36 3 Tianshan  S 87.0 0 ChinChina 0 41. 0   a 

6.37 3 Mishigou Ti 88.5 5 ChinChina anshan 0 42. 0   a 

6.38 1 Kunlun E 84.0 0 ChinChina 0 36. 0   a 

6.39 4 Kunlun China N 84. 0 Chin00 36. 0   a 

6.40 6 Kunlun China S 84.0 0 Chin0 36. 0   a 
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6.21 e K 130.00 110.00 120.00 20.00 1 MOR China leoc - Eoc 65.00 34.00 Pa 49.50 

6.22 e K OR leoc - Eoc 65.00 34.00 130.00 110.00 120.00 20.00 1 M China Pa 49.50 

6.23 m - l Jur 163.00 150.00 156.50 13.00 1 MOR China leoc - Eoc 65.00 34.00 Pa 49.50 

6.24 m - l Jur 163.00 150.00 156.50 13.00 1 MOR ina leoc - Eoc 65.00 34.00 Ch Pa 49.50 

6.25 m - l Jur 163.00 150.00 156.50 13.00 1 MOR China leoc - Eoc 65.00 34.00 Pa 49.50 

6.26 m - l Jur 163.00 150.00 1 OR ina leoc - Eoc 65.00 34.00 56.50 13.00 1 M Ch Pa 49.50 

6.27 m - l Jur 163.00 150.00 156.50 13.00 1 MOR China oc 65.00 34.00 49.50 Paleoc - E

m - l6.28  Jur  Eoc 163.00 150.00 156.50 13.00 1 MOR China Paleoc - 65.00 34.00 49.50 

6.29 m Jur - e K 178.00 123.00 150.50 55.00 3 MOR China Paleoc - Eoc 65.00 34.00 49.50 

6.30 m Jur - e K c - Eoc 178.00 123.00 150.50 55.00 3 MOR China Paleo 65.00 34.00 49.50 

6.31 m Jur - e K  Eoc 178.00 123.00 150.50 55.00 3 MOR China Paleoc - 65.00 34.00 49.50 

6.32 m Ju

204 r - e K 178.00 123.00 150.50 55.00 3 MOR China Paleoc - Eoc 65.00 34.00 49.50 

6.33 m Jur - e K  Eoc 178.00 123.00 150.50 55.00 3 MOR China Paleoc - 65.00 34.00 49.50 

6.34 m Jur - e K 178.00 123.00 OR 150.50 55.00 3 M China Paleoc - Eoc 65.00 34.00 49.50 

6.35 Sil 443.00 418.00 430.50 25.00 2   China       0.00 

Sil 443.00 418.00 430.50 25.00 2   China     6.36   0.00 

6.37 l Ord - l Sil 458.00 419.00 438.50 39.00 2   China m - l Dev 391.00 354.00 372.50 

6.38 NP 900.00 543.00 721.50 357.00 3 MOR         0.00 

6.39 e Carb 354.00 327.00 340.50 27.00 2 ARC         0.00 

6.40 e Perm - m Tr 260.00 227.00 243.50 33.00 2 MOI         0.00 
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6.21 31.00 2 70.50 
Ind

CCC 
us - Yarlung Zangbo sutu

                0 
re 

zone 

6.22 31.00 2 CCC 
us - Yarlung Zangbo sutu

ne                 0 70.50 
Ind
zo

re 

CCC 
ndus - Yarlung Zangbo sutu

ne                 0 107.00 
I re 

6.23 31.00 2 zo

6.24 31.00 2 CCC 10
us - Yarlung Zangbo sutu

                0 7.00 
Ind
zone 

re 

6.25 31.00 2 CCC 10
tu

                0 7.00 
Indus - Yarlung Zangbo su re 
zone 

6.26 31.00 2 CCC 107.00 
I angbo sutur

                0 
ndus - Yarlung Z e 

zone 

31.00 2 CCC 6.27 1
us - Yarlung Zangbo sutu

ne                 0 07.00 
Ind
zo

re 

6.28 31.00 2 CCC 1
ndus - Yarlung Zangbo sutu

              0 07.00 
I re 
zone   

6.29 31.00 2 CCC 101.00 
Indus - Yarlu
zone 

ng Zangbo sutu
              0 

re 
  

6.30 31.00 2 CCC 10
us - Yarlung Zangbo sutu

ne                 0 1.00 
Ind re 
zo

6.31 31.00 2 CCC 101.00 
I dus - Yarlung Zangbo sutur

                0 
n e 

zone 

6.32 31.00 2 CCC 1
us - Yarlung Zangbo sutu

                0 01.00 
Ind re 
zone 

6.33 31.00 2 CCC 1
ung Zangbo sutu

ne                 0 01.00 
Indus - Yarl re 
zo

6.34 31.00 2 CCC 
us - Yarlung Zangbo sutu

                0 101.00 
Ind re 
zone 

6.35 0.00 0 ACP 4                 0 30.50   

6.36 0.00 0 A 4                 0  CP 30.50   

6.37 37.00 2 ACP 66.00                 0   

6.38 0.00 0   721.50                   0 

0.00 0   3                 0 40.50   6.39 

6.40 0.00 0   243.50                 0   
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7.0 -7 2  1 9 Purial Cuba SE 5.00 0.50    

7.0 -7 2   2 9 Nipe-Cristal Cuba SE 5.75 0.50  Cuba

7.0 -7 2   3 10 Holguin-Gibara Cuba SE 6.50 1.00  Cuba

7.0 -7 2   4 10 Camaguey Cuba Central 7.75 1.50  Cuba

7.0 -8 2   5 10 Las Villas Cuba Central 0.00 2.25  Cuba

7.0 -8 2   6 9 Western Belt Cuba W 2.00 3.00  Cuba

7.0  ala -8 1 715 km2 emala 7 9 Sierra de Santa Cruz Guatem NE 9.00 5.75 Guat

7.0 ala -8 1 emala 8 9 Sierra de Las Minas Guatem SE 9.00 5.25   Guat

7.0 -7 1 inican Republic 9 9 North Coast Hispaniola N 1.00 9.75   Dom

7.1 -7 1 inican Republic 0 8 Cordillera Central Hispaniola Central 1.00 9.00   Dom

7.1 -7 1 inican Republic 1 10 Southern Peninsula Hispaniola S 1.00 8.25   Dom

7.1 ico -7 1  ica 2 8 Bermeja Puerto R SW 7.00 8.00  Jama

7.1 J -7 1  ica 3 9 Blue Mountains amaica S 6.50 8.00  Jama

7.14 -6 1 km zuela 9 Tinaquillo Venezuela Central 8.50 0.00 72 2 Vene

7.15 ique -6 1  zuela 8 Siquis Venezuela W 9.50 0.50  Vene

7.16 e Cura -6 10.00 km2 zuela 9 Villa d Venezuela E 7.50 7000 Vene

7.17 opa -9 1  co 9 Xol Mexico S 9.00 6.67  Mexi

7.18 tapolo -8 1 m2 a Rica 9 Ma Costa Rica NW 5.75 0.75 250 k Cost

7.19 Calima ia -7  mbia 9 Rio Columb W 7.00 4.00  Colu

7.20 9 Esperanza Costa Rica NW -85.75 10.75   Costa Rica 

7.21   Las Palmas Puerto Rico SW -77.00 18.00     

8.01   Meratus Borneo SE Indonesia 115.50 -3.50   Indonesia 

8.02 10 East Timor Timor Hilimanu lherzolite 130.30 -3.10     

8.03 10 April Ultramafic 
Papua New 
Guinea W-Sepik plains 142.00 -4.25 100 km2 Papua New Guinea 

8.04 10 Marum Complex 
Papua New 
Guinea Bismark Range 145.00 -6.00   Papua New Guinea 
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7.01       0.00 0.00 0   Cuba Paleoc 65.00 54.80 59.90 
7.02       0.00 0.00 0 MOR Cuba e Paleoc 65.00 61.00 63.00 
7.03 e K 121.00 121.00 121.00 0.00 1   Cuba e - m Eoc 54.80 41.30 48.05 
7.04 e K 112.00 112.00 112.00 0.00 1   Cuba e - m Eoc 54.80 41.30 48.05 
7.05 e K 112.00 112.00 112.00 0.00 1   Cuba m - l Eoc 49.00 34.00 41.50 

7.06 e K 112.00 112.00 112.00 0.00 1   Cuba 
e Paleoc - e 
Eoc 65.00 50.00 57.50 

7.07 e K 132.00 99.00 115.50 33.00 2 BAB Guatemala l K 83.50 65.00 74.25 
7.08 e K 132.00 112.00 122.00 20.00 1 BAB Guatemala l K 85.80 65.00 75.40 

7.09 l K 89.00 91.25 4.50 1 CSS 
Domin

93.50 
ican 
ic Republ Paleoc 65.00 55.00 60.00 

7.10 e K 137.00 132.00 134. 1 R 
ican 

5.00 MO
Domin
Republic e - l K 112.00 99.00 105.50 50 

7.11 l K 93.50 71.30 82.40 22.20 2   
Domin
Repub

ican 
lic 

l Paleoc - e 
Plio 55.00 5.00 30.00 

7.12 l Jur - e K 146.00 142.00 144.00 4.00 1   Jamaic

207

a 1 1e - l K 12.00 99.00 05.50 
7.13 l K 83.50 71.30 77.40 12.20 1 MOI Jamaica l K - l Paleoc 71.00 55.00 63.00 
7.14 l K 89.00 85.80 87.40 3.20 1   Venezuela l K 85.00 65.00 75.00 
7.15 m Jur OR l Jur - e K 159. 99.176.00 164.00 170.00 12.00 1 M Venezuela 00 00 129.00 
7.16 e K 100.00 100.00 100.00 0.00 1   Venezuela K - l Paleoc 99.0 55.0l 0 0 77.00 
7.17 m Jur - e K 165.00 128.00 146.50 37.00 2 BAB  Mexico l K - l Eoc 99.00 33.70 66.35 
7.18 m Jur - l K osta Rica K 84.0 84.0164.00 93.50 128.75 70.50 3   C l 0 0 84.00 
7.19 e - l K 112.00 66.00 89.00 46.00 3 AND Columbia       0.00 
7.20 l K 99.00 83.50 91.25 15.50 1   Costa Rica K 84.0 84.0l 0 0 84.00 
7.21       0.00 0.00 0           0.00 
8.01       0.00 0.00 0 BAB       0.00   
8.02       0.00 0.00 0   donesia Mioc - Q 8.00 5.00 6.50 In
8.03 Eoc 54.80 33.70 44.25 21.10 2   pua New Guinea Olig 33.00 24.00 28.50 Pa
8.04 e - l K 121.00 65.00 93.00 56.00 3   pua New Guinea l Eoc - e Mioc 37.00 17.00 27.00 Pa
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7.01 10.20 1 AR .90     0 0 0 1 1 0 1 C -59 3 

7.02 4.00 1 ARC -63.0                 0 0   

7.03 13.50 1 ACP 72.9                 0 5   

7.04 13.50 1 CCC 63.9                 0 5   

7.05 15.00 1 ACP 70.5                 0 0   

7.06 15.00 1 ARC 54.5                 0 0   

7.07 18.50 1 ARC 41.2                 0 5   

7.08 20.80 2 BAC 46.6                 0 0   

7.09 10.00 1 ARC 31.2                 0 5   

7.10 13.00 1   29.0                 0 0   

7.11 50.00 3   52.4                 0 0   

7.12 13.00 1 ACP 38.5                 0 0   

7.13 16.00 1 ARC 14.4                 0 0   

7.14 20.00 1 ARC 12.4                 0 0   

7.15 60.00 3 ACC 41.0                 0 0   

7.16 44.00 3 ARC 23.0                 0 0   

7.17 65.30 3 ARC 80.1                 0 5   

7.18 0.00 1 ARC 44.75 Nicoya   Sabana Grande Fm 0 0 1 1 1 1 1 5 

7.19 0.00 0 ARC 89.0   0 0 0 1 0 1 0 2 0   

7.20 0.00 1 ARC 7.2                 0 5   

7.21 0.00 0   0.0                 0 0   

8.01 0.00 0   0.00    1 0 0 0 1 0 0 2  

8.02 3.00 1 ACC -6.50 Aileu  Schist belt ubisse fm 1 1 0 0 0 1 1 4 Ma

8.03 9.00 1 ACC 15.75   Sepik complex 0 1 1 1 0 0 1 4 

8.04 20.00 1 ACC   Asail shale 0 1 1 1 1 1 0 5 66.00 
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8.05 Ultramafic Belt 
Papua New 
Guinea Owen Staney Range 148. 80 3 Papua New Guinea 10 Papua 00 -7.

8.06  F  i Levu 00
400 
km2 New Guinea 10 iji Fiji Vit 178.00 -18.  Papua 

8.07  aledonia 00 
7000 
km2 New Guinea 10 New Caledonia New C   165.20 -21. Papua 

8.08 t hon ealand  00   ealand 10 Nor hland Allocht New Z N Island 174.00 -36. New Z

8.09 stralia 
rpentine belt 

18 -   lia 5 Yarras Au
Great se
zone A 152. 31.40 Austra

8.10 
at serpentine belt 
 b 55 Attunga Australia 

Gre
zone 150.80 -30.7    Australia 

8.11 P  
 serpentine belt 

e   5 ort Macquarie Australia 
Aust
zon 152.40 -31.50 Australia 

8.12 y rence - mareton 20   10 Bar ulgil Australia Cla 152.45 -29. Australia 

8.13 q  Zealand 58 
185 
km2 10 Mac uarie Island Australia S of New 158.91 -54. New Zealand 

8.14 ong Fault 25   10 Obi (E Indonesia) Indonesia Sor 127.75 -1. Indonesia 
8.15 00   ealand 5 Dun Mt New Zealand   169.00 -45. New Z
8.16  00   w Guinea 10 New Hebrides Vanuatu   169.00 -16. Papua Ne

8.17 m 1 00 Guinea 10 Solo on Islands 
Papua New 
Guinea   157.50 -7.   Papua New 

8.18 00 Guinea 10 Solomon Islands 2 
Papua New 
Guinea   160.00 -10.   Papua New 

8.19  land 0   and 5 Red Hills New Zea   175.00 -41.0  New Zeal
8.20 g d a Trench 00  10 Ton a New Zealan Tong 173.00 -20.   New Zealand
8.21  E t S ilippines 123.00 0010 as ulawesi Sulawesi Ph 14.    Philippines 
8.22 I B 80   10 zu onin     121.19 5.  Philippines 
8.23 m as trough 00   3 Tas ania Tasmania Dund 146.00 -42. Australia 
8.24 10 Haya al 139. 70   Japan ma Mineoka Japan Centr 60 36.
8.25 Z Indonesia 120.30   10 ambales Philippines W Pacific 15.40 Philippines 
8.26 t   donesia 10 Wes  Timor Timor Indonesia 128.40 -3.10 In
8.27  os 419 Por hiri Japan Hokkaido 142.52 42.    Japan 
8.28 Yakuno 30 5 Japan   135.00 35.   Japan 
8.29 o 50     Hov  Kanai Japan   142.00 43.   
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8.05 K  144.00 65.00 1 AB  New Guinea 04.50 79.00 3 F Papua Eoc 55.00 34.00 44.50 

8.06 l Eoc - e Olig 33.70 23.80  New Guinea  28.75 9.90 1 BAB Papua Mioc 14.00 7.00 10.50

8.07 Paleoc AB  New Guinea  65.00 55.00 60.00 10.00 1 B Papua l Eoc 37.00 34.00 35.50

8.08 K  144.00 65.00 104.50 79.00 3 MOR ealand ioc New Z l Eoc - e M 40.00 20.00 30.00 

8.09 m - l Dev ARC lia 391.00 354.00 372.50 37.00 2 Austra Perm 290.00 248.00 269.00 

8.10 
m D
Carb

ev - l 
 1 lia   391.00 290.00 340.50 01.00 3   Austra Perm 290.00 248.00 269.00

8.11 
l Dev - e 

 m  Carb 370.00 323.00 346.50 47.00 3   Australia Per 290.00 248.00 269.00

8.12 e m Pg 65.00 34.00 49.50 31.00 2   Olig 34.00 23.80 28.90 Australia 

8.13 m Mioc 00 9.50 75 R d 00 00 50 12. 10. 2.50 1 MO New Zealan Plio 5. 0. 2.

8.14 K-Eoc  99.00 33.70 66.35 65.30 3 ARC Indonesia l Olig 25.00 25.00 25.00 

8.15 e Perm OR d  290.00 256.00 273.00 34.00 2 M New Zealan l Perm 256.00 248.00 252.00

8.16 Eoc 54.80 33.70 44.25 21.10 2 F

210

AB ew Guinea Papua N l Eoc 37.00 34.00 35.50 

8.17 Eoc 54.80 33.70 44.25 21.10 2   Papua New Guinea l Eoc 37.00 34.00 35.50 

8.18 Eoc 54.80 33.70 44.25 21.10 2   Papua New Guinea c l Eo 37.00 34.00 35.50 

8.19 e Perm nd  280.00 280.00 280.00 0.00 1   New Zeala l Perm 256.00 248.00 252.00

8.20 m Eoc FAB 49.00 41.30 45.15 7.70 1         0.00 

8.21 K  144.00 65.00 104.50 79.00 3 MOR nes Philippi Paleoc - Olig 65.00 23.80 44.40 

8.22 m Eoc 41.80 40.80 41.30 1.00 1 FAB         0.00 

8.23 Camb 512.00 4 5  b    90.00 01.00 22.00 2 ICR Australia Car 500.00 490.00 495.00

8.24 PG 65.00 24.00 44.50 41.00 3           0.00 

8.25 l Eoc 37.00 33.70 35.35 3.30 1 BAB         0.00 

8.26 Ng 23.00 1.80 12.40 21.20 2   Indonesia Mioc - Q 11.00 0.10 5.55 

8.27 e K 100.00 100.00 100.00 0.00 1   Japan       0.00 

8.28 e Sil - e Dev OR 426.00 409.00 417.50 17.00 1 M Japan e Perm 287.00 280.00 283.50 

8.29       0.00 0.00 0         0.00   
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8.05 .0 .00    1 1 1 1 121 0 2 ACC 60 1 1 7

8.06 00 1 25  
Singatoka Sedimentary 
G 0 0 1 1 17. 1   8. p 0 1 4

8.07 3.0 .50Tangihua    10 1 ACP 24 1 0 1 0 0 0 3

8.08 .0 .50    0 0 1 1 020 0 1   74 1 1 4

8.09 42.00 103.50    03   0 1 1 1 0 0 3

8.10 7 50        042.00 3   1.    

8.11 42.00 3   77.50     0      

8.12 60     010.20 1   20.       

8.13 5.0 .25Macquarie Ridge    1 1 1 1 10 1   8 0 1 6

8.14 0.00 1 ACC 35          1 141.

8.15 .0 .00    1 0 1 1 08 0 1 ARC 21 0 1 4

3.00 1   8.75     0      8.16

8.17 75        03.00 1   8.    

3.00 1 Intra-oceanic 8.75    1 1 0 1 0 1 0 48.18

8.19 2 00        08.00 1 ARC 8.    

0.00 0   45.15     0      8.20

8.21    41.20 3 ACC 60.10        0

0.00 0   4 30       1.     08.22

8.23 .0 .00    110 0 1 BAC 6 1 0 1 1 1 0 5

8.24 4 50        00.00 0   4.    

8.25 00 35
U oc pelagic Limestone 

1 1 1 1 10. 0   .35  
 E

w/ tuff interbeds 1 1 7

8.26 .9    1 1 0 0 010 01 ACC 6.85  0 1 3

8.27 00 00 00    1 1 1 1 10. 0 ARC 1 . 1 1 7

8.28 00 134.00  M oup  07. 1 ACC aizur  Gru 0 0 1 1 1 1 4

8.29 0.00 0   0.00           0
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8.30   Horman Peridotite Massif Hindaka Main zone 143.10 42.20     Japan 

8.31   50 Mineoka Belt Japan   140.25 35.     

8.32   ogawa Belt an 0 20 Set Jap   137.2 35.     

8.33 0 lite 501 Taiwan Ophio Taiwan Taiwan 121.00 23.    China 

8.34 1 0 80 Marlborough Australia   149.9 -22.   Australia 

8.35 2 an 00 00   Tyennan - Delameri Australia   148. -32. Australia 

3 80   lia Lachlan Australia   147.05 -42.8.36 Austra

8.37  bo Massif edonia 7 03   New Guinea 10 Koniam New Cal   164.8 -21. Papua 

8.38 10 Cyclops Indonesia East 137.50 -5.00   Indonesia Irian Jaya  

8.39  es 0 0   ines 10 Palawan Philippin   124.0 11.0  Philipp
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8.30       00 0         0.00 0.00 0.   

8.31   00 00 0       0.00     0. 0.     

8.32     00 0       0.00   0.00 0.     

8.33 g 5.00 1.80   1.00 1.40 l N   3.40 3.20 1 China Q 1.80 

8.34  560.00 560.00 MOR     0.00 NP 560.00 0.00 1     

8.35 m 530.00 515.  1 SSZ Au C  00 515.00 515.00 Ca b 00 522.50 5.00 1 stralia arb 515.

8.36 m 00 495.00 .00 1 1 BAB Au     0.00 Ca b 505. 500 0.00 stralia   

8.37  54.00 42.00 1 Pa Guin m l Eoc 34.00 41.50 e m Eoc 48.00 2.00 1   pua New ea  - 49.00 

8.38 l 43.00 29.00 .00 1 1 BAB Ind M  0 5.00 14.00 m Pg 36 4.00 onesia ioc 23.0

8.39 - 248.00 144.00 .00 10 3 FAB Phi M  23.00 5.00 14.00 Tr  Jur 196 4.00 lippines ioc
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8.30 0.00 0 0.       0   00             
8.31 0.00 0 0.       0   00             
8.32 0.00 0   0.0         0 0           
8.33 0.80 1 2.00       0               
8.34 0.00 0 0.     0   56 00               
8.35 0.00 1 7.           50           0 
8.36 0 BAC 500.00                   0 0.00 
8.37 15.00 1 6.           50           0 
8.38 18.00 1 22. 1 0 1 1 1 0 ACC 00     1 5 
8.39 18.00 1 2.00         0 ACC 18            
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Ophiolite 
       # Name Primary Reference Secondary Reference Secondary Ref e erenc Secondary Reference Secondary Reference 

1.01 alaban-Ithilal an,  1984 Stacey & Stoeser,  1     H Colem 983  

1. b Colema    02 Ja al Wask-Jabal Ess n,  1984 Kemp et al., 1980  

1. a El-Say 999 Coleman,  1984    03 F wakhir ed et al., 1  

1. ih Colema Schmidt & Brown, 1982    04 T ama - Asir n,  1984  

1. ir Kemp et n,  1984 anti an 79    05 B  Umk  al.,. 1980 Colema Al-Sh d Roobol, 19

1. a Blasban  El Akhal, 1993 r, A., K 992.   06 W di Ghadir d et al., 2000 Kröne  1985.  roner et al., 1

1.0 ui Blasban 0 Blasband et al., 1997 ter et a   Cl ., 1984.    7 Q ft Quseir d et al., 200 Pallis l., 1988. aesson, et al

1.0 ni Blasban 0 Stern et al., 1990 er, et a    8 O b & Gerf d et al., 200 Krön l., 1987 

1.0 l A Blasban Blasband et al., 1997 e, S. M    9 A mar d et al., 2000 Berh , 1990.  

1. u Blasban Ries et al., 1983    10 Q seir Marsa Alam d et al., 2000  

1. e Blasban   al., 1983 enbauer G 994 El-Gaby et al., 1984 11 M atiq Dome d et al., 2000, 1997 Sturchio et Loiz , 2001 reiling et al., 1

1.12 Wad t Blasba Greiling et al., 1994 and et    i Hafafi nd et al., 2000 Blasb al., 1997 

1.13 Nakasib Blasband et al., 2000 Abde m, 1994 Abdelsalam & Stern, 1996  Schandelmeier et al., 1994   lala

1.14 Onib Hamed Bi y et al.,  Shac n, 19    Sol shad  1994 kleto 94   

1.1 Wad wi - Wadi La A  et al.,    5 i La wai hmed 2001    

1.16 Wadi i-Heian bdels     'Allaq i Ren & A alam, 2005    

1.17 Abd ale Com B 1990     ola-Moy plex erhe,    

1.1 Yubd plex 1990    8 o Com Berhe,    

1. Baragoi Comp  Berhe, 1990    19 lex    

1. Ingessana Com ex Berhe, 1990    20 pl    

2.01 Addie-Webster Coleman, 197 Steuher & Murthy, 196   7 6   

2. llantrae Comple it et al., Spray , 84 Bluck et al., 198 Thirwa uck,02 Ba x DeW  1977  et al.  19 0 ll & Bl  1984   

2. y of Islands 1  et Suhr 1 Girardeau & Me l, 1982 Dallmey Williams  & Dewey, 1984 03 Ba Elthon  al., 1982  & Cawood, 200  ve er &  1975 Casey

2. of Islands 2  et Suhr 001 irardeau & Me 82 Da W  & Dewey, 1984 04 Bay Elthon  al., 1982  & Cawood, 2  G vel, 19 llmeyer & illiams 1975 Casey

2. of Islands 3  et Suhr 01 irardeau & Me l, 1982 Dallmeyer Williams y & Dewey, 1984 05 Bay Elthon al., 1982  & Cawood, 20  G ve &  1975 Case

2. Islands  1984 DeW 977  19  06 Gibbs Spray, it et al., 1 DeWit et al., 77   

2.  Bay ton as, 19 Cawoo 9 unning & Kro 5 Malp 197907 Hare Talking & Malp 80 d, 1 89 D ugh, 198 as et al.,    

2. Grossen  et al Crowl t 0 ad & Hoink   08 Hoch Ageed ., 1980 ey e al., 200 Fary es, 2004   

2.09 Kraubath Ageed et al., 1980 Crowley et al., 2000 Faryad & Hoinkes, 2004    

2.10 Limousin Givardeau et al., 1986 Berger et al., 2005 Crowley et al., 2000    
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Ophiolite  
      # Name Primar

Secondary 
y Reference Reference Secondary Reference Secondary Reference Seco  Reference ndary

2.1  Op e 64 
Barnes & 
Andrews, 1984 Styles & y,  ar  11 Lizard hiolit Green, 19    Kirb  1980 Cl k et al, 998   

2.1  Ce l l., 1980 2 Massif ntra Barde et a      

2.13 Ma  Am in et al., 1980    ssif orica Barde   

2. b gneiss Fra  al 993 Cl k et al, 1998  14 Munch erg nke et ., 1 ar    

2.15 Purtuniq 1 Scot ., 1 Sc  et al., 1992 Laurent, 19t et al 199 ott 80    

2.16 Purtuniq 2 Scot ., 1 Sc  et al., 1992 Laurent, 19t et al 199 ott 80    

2.17 Purtuniq #3 Scot ., 1 Sc  et al., 1992 Laurent, 19t et al 199 ott 80    

2. na n Cal onides 1 01 St  et al., 1984 Andersen et ., 198  lek et ., 199 urt & Ro s, 1991 18 Scandi via ed Furnes et al., 20 urt  al 4 Di  al 8 St bert

2. na n Cal nides 2 Fu 01 St  et al., 1984 Andersen et ., 198  lek et ., 199 urt & Ro s, 1991 19 Scandi via edo rnes et al., 20 urt  al 4 Di  al 8 St bert

2. na n Cal s 3 01 St  et al., 1984 Andersen et ., 198  lek et ., 199 urt & Ro s, 1991 20 Scandi via edonide Furnes et al., 20 urt  al 4 Di  al 8 St bert

2. na n Cal es 4 Fu 01 St  et al., 1984 Andersen e ., 19  lek et ., 19 urt & Ro s, 1991 21 Scandi via edonid rnes et al., 20 urt t al 84 Di  al 98 St bert

2. na n Cal s 5 01 St  et al., 1984 Andersen et ., 198  lek et ., 199 urt & Ro s, 1991 22 Scandi via edonide Furnes et al., 20 urt  al 4 Di  al 8 St bert

2.  S na n Cal s 6  al 01 St  et al., 1984 Andersen et ., 1984  lek et ., 199  urt & Rob rts, 1991 23 candi via edonide Furnes et ., 20 urt  al Di  al 8 St e

2.24 Scandinavian Caledonides 7 Furnes et al., 2001 Sturt et al., 1984 Andersen et al., 1984  Dilek et al., 1998 Sturt & Roberts, 1991 

2.25 Scandinavian Caledonides 8 Furnes et al., 2001 Sturt et al., 1984 Andersen et al., 1984  Dilek et al., 1998 Sturt & Roberts, 1991 

2.26 Mt. Albert Coish & Stinton, 1992 
Dunning et al., 
1886 

MacGregor et al., 
1979 

Gagnon & Jamieson, 
1985   

2.27 Mt. Orford Van Staal, 2005 
Coish & Stinton, 
1992 

Dunning & Krough, 
1985 Lux, 1986   

2.28 Tauern Window Schuster & Kurz, 2005      

2.29 Thetford Mines, Black Lake Van Staal, 2005 Lux, 1986 Coish & Stinton, 1992 Feininger, 1981   

2.30 St. Anthony Girardeau & Nicolas, 1981 Jamieson, 1980     

2.31 Shulaps Calon et al., 1989 Potter, 1983      

2.32 
Outokumpu Ophiolite 
Complex  Andersen et al., 1990 Sturt et al., 1984     

2.33 Karmøy Andersen et al., 1990 Zhou, 1996     

2.34 Gullfjellet Andersen et al., 1990 Sturt, et al., 1979 Boyle, 1980 Pederson & Malpas, 1984   

2.35 Leka Andersen et al., 1990 Sturt, et al., 1979 Boyle, 1980 Pederson & Malpas, 1984   

2.36 Solund/Stavfjord Andersen et al., 1990 Furnes et al., 2003     

2.37 Asbestos Van Staal, 2005      

2.38 Jormua Furnes et al., 2005 
Peltonen et al., 
2003     

2.39 Buck Creek Berger et al., 2001      
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Ophiolite  
       # Name Primary Reference Secondary Reference Secondary Reference 

Secondary 
Secondary Reference Reference 

3.01 Nurali Pertsev et al.,1997 Savelieva et al., 1997 Ruzhentsev & Samygin, 1979    

3.02 Mindyak Pertsev et al.,1997 Savelieva et al., 1997 Ruzhentsev & Samygin, 1979    

3.03 Kraka Savelieva et al., 1997 Ruzhentsev & Samygin, 1979     

3.04 Kempersay Massif Savelieva et al., 1997 Ruzhentsev & Samygin, 1979     

3.05 Sakmara Massif Savelieva et al., 1997 Ruzhentsev & Samygin, 1979     

3.06 Voykar Saveliev et al., 1999 Sharkov et al., 1999     

3.07 Chersky Oxman et al., 1995      

3.08 Mainitis Zone Palandzhyan, 1986      

3.09 Ust' - Belaya Mts Palandzhyan, 1986      

3.10 Kuyul Mélange Palandzhyan, 1986      

3.11 Upper Khatyrka Palandzhyan, 1986 Sokolov et al., 2002 Chekhovich et al., 1999    

3.12 Vyvenka Palandzhjan, 1986 Suren, 1986     

3.13 Goven Peninsula Palandzhyan, 1986 Suren, 1986     

3.14 Porotory Cape Palandzhyan et al., 1999      

3.15 Elistratova Complex Ishiwatari et al., 1998       

3.16 Aluchin Block Ishiwatari et al., 1999 Sokolov et al., 2002 ychagi Chekhovich et al., 1999   L n, 1985 

3.17 Primorye Vyosotsky, 1994 Ishiwatari & Tsujimori, 2003     

3.18 Khabarny Savelieva et al., 1997      

3.19 Itmurunda zone Adveev, 1984 Koralenko et al.,  1994     

3.20 Northern Baikal Grudinin & Demin, 1994      

3.21 Sharyzhalgay Block Gornova & Petrova, 1999       

3.22 Koryak Palandzhjan, 1986      

3.23 Taigonos Peninsula (Uga-Muruga) Palandzhjan et al., 1999      

4.01 NW Alaska Foley, 1992 Gealey, 1980     

4.02 Brooks Range Wirth et al., 1993 Moore, 1997 Nicholas, 1989    

4.03 Ingalls Complex Nicolas, 1989  Miller, 1985 Miller & Mogk, 1987 Southwick, 1974   

4.04 Canyon Mt Nicolas, 1989       

4.05 Sparta Complex Phelps & Ave' Lallemant, 1980      

4.06 Josephine Gillis & Banerjee, 2000 Harper, 1984 Wright and Wyld, 1986 Pessango et al, 1993   

4.07 Trinity Spray, 1984 Wallin et al., 1988 Davies et al., 1965 Wright & Wyld, 1986   
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Ophiolite  
       # Name Primary Reference Secondary Reference Secondary Reference Secondary Referenc

Secondary 
e Reference 

4.08 Franciscan New Idria  al., 2005  Coleman, 2000    Shervais et Saha et al., 2005 

4.09 Franciscan Burro Mt Shervais et al., 2005  Coleman, 2000    Saha et al., 2005 

4.10 Franciscan Cazadero  2005  Coleman, 2000    Shervais et al., Saha et al., 2005 

4.11 Franciscan Red Mt  al., 2005  Coleman, 2000    Shervais et Saha et al., 2005 

4.12 Coast Range Del Puerto 00 05     Coleman, 20 Shervais et al., 20  

4.13 Coast Range Point Sal 005    Coleman, 2000 Shervais et al., 2   

4.14 Coast Range Black Mountain   Coleman, 2000 Shervais et al., 2005    

4.15 Coast Range Stonyford 5     Coleman, 2000 Shervais et al., 200  

4.16 Coast Range Paskenta    Coleman, 2000 Shervais et al., 2005   

4.17 Coast Range Llanada Coleman, 2000 Shervais et al., 2005      

4.18 Coast Range Hospital Canyon   Coleman, 2000 Shervais et al., 2005    

4.19 Great Valley Cuesta Ridge 2005    Shervais et al.,   

4.20 Great Valley 2 2005   Shervais et al.,    

4.21 Great Valley 3 Shervais et al., 2005      

4.22 Great Valley 4 Shervais et al., 2005      

4.23 Great Valley 5 Shervais et al., 2005      

4.24 Sierra Nevada Foothills 1 Saleeby et al., 1989 ay & Bickford, 2004    D  

4.25 Sierra Nevada Foothills 2  et al., 1989 ay & Bickford, 2004    Saleeby D  

4.26 Sierra Nevada Foothills 3  et al., 1989 ay & Bickford, 2004    Saleeby D  

4.27 Sierra Nevada Foothills Smartvill  et al., 1989 ay & Bickford, 2004 Beard, 1998    e Saleeby D

4.28 Sierra Nevada Foothills Kings Ri  al., 1989    ver Saleeby et Day & Bickford, 2004  

4.29 Stanley Mountain Shervais et al., 2005      

4.30 Sarmiento       

4.31 Baja Alta Terrane 005   Busby, 2004 Moore & Kimbrough, 2   

4.32 Elder Creek Shervais et al., 2005      

4.33 Cedros Island Busby, 2004 e, 2003 h, 2005    Kimbrough & Moor Moore & Kimbroug

4.34 Vizcaino Busby, 2004 Kimbrough & Moore, 2003   Moore , 1985 Kimbrough, 1984 

4.35 Taitao Nelson et al., 1993      

4.36 Resurrection Peninsula 006 9    Cole et al., 2 Kusky & Young, 199 Kusky et al., 1997 
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Name Primary Reference Se rence condary Refe Secondary Reference Secondary Reference Secondary Reference 

5.01 Masirah Gnos & Perrin, 1996 M ., 1998     arquer et al

5.02 Se Nicola  Gra 99 s, 1989 Robertson & Woodcock, 1980  mail s & Boudier, 2000 y et al., 2000 Cox et al., 19 Nicola

5.03 Sa Ghazi 00a Pa ic et al., 1979     bzevar & Hassanipak, 20 m

5.04 M Ghazi 00b Ch terjee & Scotese, 200  McCall, 1997 Şengör, 1990   ashad & Hassanipak, 20 at 0

5.05 Tc Ghazi 0a Pa    hehel Kureh & Hassanipak, 200 mić et al., 1979  

5.06 Ir Ghazi 00a Pa    anshahr & Hassanipak, 20 mić et al., 1979  

5.07 Fa n Ghazi 00a Pa    nuj Maskuta & Hassanipak, 20 mić et al., 1979  

5.08 Ka Kanan     hnuj ian et al., 2001  

5.09 Es Ghazi 0a Paphandagheh & Hassanipak, 200 mić et al., 1979     

5.10 Sh Ghazi 0a  ahr-Babak & Hassanipak, 200     

5.11 Ba Ghazi 0a Paft & Hassanipak, 200 mić et al., 1979     

5.12 Ne Ghazi 0a Pa ć, 1yriz & Hassanipak, 200 mić et al., 1979 Adib & Pami 980    

5.13 Na Ghazi 0a  in & Hassanipak, 200     

5.14 Ke Ghazi 0a  rmanshah & Hassanipak, 200     

5.15 Ra Ghazi 0a Mc  sht & Hassanipak, 200 Call, 1997 Şengör, 1990    

5.16 Khoy Hassa b   nipak & Ghazi, 2000     

5.17 Baër- Thui     Bassit zat et al., 1981  

5.18 K Dilek      izildag  & Delaloye, 1992  

5.19 M Parla      ersin k & Delaloye, 1999 

5.20 A ilek    ladaj D  & Whitney, 1997   

5.21 K Dilek      iziltepe  & Whitney, 1997 

5.22 A Dilek Al 982     li Hoca  & Whitney, 1997 abaster et al., 1

5.23 Y Yilma      uksekova z, 1993 

5.24 Y       ayladag 

5.25 B Yilma    erit z, 1993   

5.26 P Karsanti Palat    ozanti- et al., 1996   

5.27 O       vacik 

5.28 S Yalin      arikaramn iz et al., 2000 

5.29 Antalya-Tekirova Dilek et al., 1999 Yi Juteau et al., 1980    lmaz, 1993 

5.30 Isp omurhan Dilek Y  1993 Juteau et al., 198     endere-K et al., 1999 ilmaz, 0

5.31 Ci Dile Y az, 1993     lo k & Flower, 2003 ilm
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      # Name Primary Reference Secondary Reference Secondary Reference Secondary Reference Secondary Reference 

5.32 Gevas Dilek Yilmaz,   & Flower, 2003 1993    

5.33 Guleman Dilek Yilmaz, Juteau et    et al., 1999 1993 al., 1980  

5.34 Beysehir Dilek Yilmaz, Juteau et    et al., 1999 1993 al., 1980  

5.35 Troodos Borra Robertso nson l., 1983    daile & Lucas, 2003 n & Woodcock, 1980 Robi  et a

5.36 Pindos Rass Jones et    ios & Smith, 2000 al., 1991  

5.37 Vourinos Rass     ios & Smith, 2000  

5.38 Othris Rass      ios & Smith, 2000 

5.39 Euboea Marin      os, 1980 

5.40 Agelona Dane      lian et al., 2000 

5.41 Albania-Brezovica Robert Vergely , 1998     son & Shallo, 2000  et al.

5.42 Krivaja-Kanjuh Pami Okrusch idel, 1978     ć et al., 1998  & Se

5.43 Zlatibar Pami Okrusch    ć et al., 1998 & Seidel, 1978  

5.44 Corsican Desm Miller & 000     ons, 1989 Cartwright, 2

5.45 Montgenevre Costa       & Caby, 2001 

5.46 Monviso Ramp Lomb t al., 1978     one et al., 1998 ardo e

5.47 Zermatt-Saas Ruba Miller & artwright, 2000 Amato et ., 1999    tto et al., 1998 C al

5.48 Internal Liguride (Ligurian) Picca Rampon Borsi et al.rdo, 2000 e et al., 1998 , 1996    

5.49 External Liguride (Piedmont) Ramp 00 Marroni i et 96 Miller & Cartwrigh , 2000   one & Piccardo, 20 et al., 1998 Bors al. 19 t

5.50 Tuscany Tribu      zio et al., 2000 

5.51 Calabria Desm Beccaluv     ons, 1989 a et al. 1980 

5.52 Platta Desm      ons, 1989 

5.53 Tauern Desm Zimmer n et al., 1994 Raith et a 1977    ons, 1989 ma l., 

5.54 Apuseni (Romario) Nicol Herz and avu, 1974     ae & Saccani, 2003  S

5.56 Lesser Caucasus Knip      per, 1991 

5.57 Cretan Nappe Borra  2003      daile & Lucas,

5.58 Akamas Borra       daile & Lucas, 2003

5.59 Mamonia Borrad 003 Dietrich,  aile & Lucas, 2  1979    

5.60 Balkan Carpathians Savo Savov, 19 9     v et al., 2001 9

5.61 Honaz Dilek      & Flower, 2003  

5.62 Hellinic Dilek Spray et   & Flower, 2003 al., 1984    

5.63 Kure Borto , 2005   lotti & Principi    
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Primary Reference Secondary Reference Secondary Reference Secondary Reference Secondary Reference 

5.64 Dinaride Dilek & Pa     Flower, 2003 mic, 1977 

5.65 Mirdita Dilek &      Flower, 2003 

5.66 Cyclades (Evia) Katzir et Di 3      al., 2000 lek & Flower, 200

6.01 Bela McCorm Gn Ahme Sarwar, 199 Zaigham & Mallick, 2000 ick, 1991 os et al., 1998 d & Ernst, 1999 2 

6.02 Muslim Bagh Gnos et al M     ., 1998 cCormick, 1991 

6.03 Waziristan Shah & M Gnos  al., 1998    Khan, 1999 oores et al., 1980 et

6.04 Spontang Mahmoo Se     d et al., 1995 arle & Stevens 1980 

6.05 Xigaze Dagzhuka Hebert et Ni      al., 2003  colas, 1989 

6.06 Tuensang (Nagaland) Agrawal      & Kacker, 1980  

6.07 Moreh Morely 2 Vi     001 dyadharan et al., 1989 

6.08 Makran McCorm      ick, 1991 

6.09 Cyclops Gnos et al      ., 1997 

6.10 Palawan Gealey      1980 

6.11 Zhob Gnos et al      ., 1997 

6.12 Dongwanzi Kusky et Li  al., 2002 Li et a ., 2000     al., 2001  et l

6.13 Nanga Parbat Pecher et       al., 2002 

6.14 Shyot Pecher et       al., 2002 

6.15 Dras Sangeluma Robertso      n & Degnan, 1994 

6.16 Indus - Yarlung Zangbo Hebert et Du Rowl , 1996 Rowley, 19     al., 2003  puis et al., 2005 ey 98

6.17 Indus - Yarlung Zangbo Hebert et Du Rowl Rowley, 19     al., 2003  puis et al., 2005 ey, 1996 98

6.18 Indus - Yarlung Zangbo Hebert et Du Rowl , 1996 Rowley, 19     al., 2003  puis et al., 2005 ey 98

6.19 Indus - Yarlung Zangbo Hebert et Du uis et al., 2005 Rowl , 1996 Rowley, 19     al., 2003  p ey 98

6.20 Indus - Yarlung Zangbo Hebert et ., 2003  Du uis et al., 2005 Rowl , 1996 Rowley, 19     al p ey 98

6.21 Indus - Yarlung Zangbo Hebert et Du owl , 1996 Rowley, 19     al., 2003  puis et al., 2005 R ey 98

6.22 Indus - Yarlung Zangbo Hebert et Du uis et al., 2005 Rowl , 1996 Rowley, 19     al., 2003  p ey 98

6.23 Indus - Yarlung Zangbo Hebert et Du owl ey, 19     al., 2003  puis et al., 2005 R ey, 1996 Rowl 98

6.24 Indus - Yarlung Zangbo Dupuis e  owl  t al., 2005 R ey, 1996   

6.25 Indus - Yarlung Zangbo Dupuis e  Rowl , 1996    t al., 2005 ey

6.26 Indus - Yarlung Zangbo Dupuis et       al., 2005 

6.27 Indus - Yarlung Zangbo Dupuis et al., 2005  Rowley, 1996    
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Ophiolite 
      # Name Primary Reference Secondary Reference Secondary Reference Secondary Reference Secondary Reference 

6.28 Indus - Yarlung Zangbo Dupuis et al., 2005  Rowley, 1996    

6.29 Indus - Yarlung Zangbo Rowley, 1996 Dupuis et al., 2005     

6.30 Indus - Yarlung Zangbo  Dupuis et al., 2005  Rowley, 1996    

6.31 Indus - Yarlung Zangbo Rowley, 1996 Dupuis et al., 2005     

6.32 Indus - Yarlung Zangbo  Dupuis et al., 2005     

6.33 Indus - Yarlung Zangbo  Dupuis et al., 2005     

6.34 Indus - Yarlung Zangbo Rowley, 1996  Dupuis et al., 2005    

6.35 Hongguleleng Peng et al.,1995 Laurent-Charvet et al., 2005     

6.36 Tianshan Laurent-Charvet et al., 2005      

6.37 Mishigou  Laurent-Charvet et al., 2005     

6.38 Kunlun Laurent-Charvet et al., 2005      

6.39 Kunlun Yuan et al., 2003  Laurent-Charvet et al., 2005    

6.40 Kunlun Laurent-Charvet et al., 2005 Yuan et al., 2003     

7.01 Purial Wadge et al., 1984 Cobiella, 1978  ., 1977 Cobiella et al    

7.02 Nipe-Cristal Cobiella, 1978  Cobiella et al., 1977 Bortolotti & Principi, 2005    

7.03 Holguin-Gibara Kozary, 1968  Wadge et al., 1984    

7.04 Camaguey Mossakovskiy & Albear, 1978  Wadge et al., 1984    

7.05 Las Villas Mossakovskiy & Albear, 1978  Wadge et al., 1984    

7.06 Western Belt Mossakovskiy & Albear, 1978 Fonsec et al., 1985 Wadge et al., 1984    

7.07 Sierra de Santa Cruz Wadge et al., 1984  Rosenfeld, 1981    

7.08 Sierra de Las Minas Williams, 1975 Rosenfeld, 1981   Muller, 1979    

7.09 North Coast 984 McCulloch et al., 1982  Wadge et al., 1    

7.10 Cordillera Central Wadge et al., 1984 Haldemann et al., 1980     

7.11 Southern Peninsula 984  Maurasse et al., 1979  Wadge et al., 1    

7.12 Bermeja Mattson, 1974      

7.13 Blue Mountains Wadge et al., 1982 Draper, 1986     

7.14 Tinaquillo Seyler, et al., 1998  Gealey, 1980 MacKenzie, 1960    

7.15 Siquisique Bartok et al., 1985      

7.16 Villa de Cura Gealey, 1980      

7.17 Xolopa er, 1994  Nelson & Ratschbach     
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Ophiolite  
      # Name  Primary Reference Secondary Reference Secondary Reference Secondary Reference Secondary Reference 

7.18 Matapolo  984    Borgois et al., 1982 Wadge et al., 1  

7.19 Rio Calima    Borgois et al., 1982    

7.20 Esperanza    Bortolotti & Principi 2005 Borgois et al., 1982  

7.21 Las Palmas    Tobisch, 1968   

8.01 Meratus       

8.02 East Timor    Harris & Long, 2000   

8.03 April Ultramafic ilsom, 1984    Milsom, 2003 M  

8.04 Marum Complex    Milsom, 1984   

8.05 Papua U B Spray, 1984      

8.06 Fiji Colley, 1984      

8.07 New Caledonia P zhofer et al., 1980   Audet et al., 2004 Nicholson et al., 2000a  rin  

8.08 Northland Allochthon 005 Hopper & Smith, 1996 Cande & Kent, 1995 Ni lson et al., 2000b Whattam et al., 2 Malpas et al., 1992 cho

8.09 Yarras Offler & Shaw, 2006 Aitchison et al., 1994 i, 1991   Kawach  

8.10 Attunga    Aitchison et al., 1994   

8.11 Port Macquarie     Aitchison et al., 1994   

8.12 Baryulgil Aitchison et al., 1994      

8.13 Macquarie Island Malpas et al., 1994 Varne et al., 2000 Ho 96   pper & Smith, 19  

8.14 Obi (E Indonesia)    Hall, 2002   

8.15 Dun Mt 976    Coombs et al., 1   

8.16 New Hebrides  1980 oleman, 1970     Parrot & Dugas, C  

8.17 Solomon Islands 1  1980    Parrot & Dugas, Coleman, 1966  

8.18 Solomon Islands 2    Parrot & Dugas, 1980 Coleman, 1966  

8.19 Red Hills Sano et al., 1997 oombs et al., 1976    C  

8.20 Tonga Banerjee et al., 2000 Fisher & Engel, 1968     

8.21 East Sulawesi arkinson et al., 1998    Rangin et al., 1990  P  

8.22 Izu Bonin    Taylor, 1992   

8.23 Tasmania Brown et al., 1988      

8.24 Hayama Mineoka 987    Ogawa & Taniguchi, 1   

8.25 Zambales    Zhou et al., 2000   

8.26 W Timor Island    Sopaheluwakan et al., 1989   
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Ophiolite 
       # Name Primary Reference  Secondary Reference Secondary Reference Secondary Reference Secondary Reference 

8.27 Poroshiri 90b  Ishiwatari, 1990a Ishiwatari, 19    

8.28 Yakuno oide et al, 1987 Sano, 1992 hiwatari, 1990a; 1990b hiwatari, 1985 Herzig et al., 1997 K Is Is

8.29 Hovo Kanai       

8.30 Horman Peridotite Massif       

8.31 Mineoka Belt       

8.32 Setogawa Belt       

8.33 Taiwan Ophiolite 89  Bor-ming, 1996 Sopaheluwakan et al., 19    

8.34 Marlborough Spaggiari et al., 2004  000  Bruce & Niu, 2    

8.35 Tyennan - Delamerain udet et al., 2004 Comacho et al., 2002 Spaggiari et al., 2004  A    

8.36 Lachlan , 2004   Audet et al. Fergusson & Coney, 1992    

8.37 Koniambo Massif 04  Audet et al., 20     

8.38 Cyclops , 1997  Gnos & Peters     

8.39 Palawan 80   Gealey, 19       
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Map 1 Ophiolites 750 Ma 
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Map 2 Ophiolites 520 Ma 
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Map 3 Ophiolites 440 Ma 

 
 

 



 

Map 4 Ophiolites 340 Ma 
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Map 5 Ophiolites 280 Ma 
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Map 6 Ophiolites 220 Ma 
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Map 7 Ophiolites 160 Ma 
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Map 8 Ophiolites 100 Ma 
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Map 9 Ophiolites 70 Ma 

 

234

 

 



 

Map 10 Ophiolites 20 Ma 
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Map 11 Modern Ophiolite Locations 
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