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Liverpool Landis located in an interior position within tlast Greenland
Caledonides. Due to the remoteness of the field locality, very little work has been
published on the rocks and structures of Liverpool Land. The main focus of this thesis
work, thereforehasbeento aid in establishing emetamorphic and deformational
framework for rocks in the area. Southern Liverpool Land is divided b@tiedala
Shear Zone, a greenschiaties, ~B0 m thick, Ndipping highstrain zone with a
polyphasehistory, includirg topssouth (contraction) as well as tepsrth (extension)

displacemenfdiscovered and documented in this studifie hanging walto the north
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is characterized by thérummedal Sequenc&hich is intrudedy theCaledonian
SilurianHurry Inlet Grante and HodatorefjordMonzodiorite plutons. The
Krummedal Sequence and Monzodiorite unit are intruded by severalswart striking
lamprophyre dies that are herein dated to 262 and 2&dby “°’Ar/*°Ar methods
performed orcrystals ofphlogopite.

The footwall block of the Gubbedalen Shear Zone is characterized by a
migmatitic orthogneiss basement complexh felsic and mafic phasesncluded within
the felsic orthogneiss are eclogitgarnetpyroxenite, amphibolite, and ultramafic
bodies These mafic bodies occur &sudins and pods wrapped by crygtidstic
mylonites that overprint the gneissosity in the country ro€lesak temperature and
pressure conditions of eclogitization are herein constrained by geothermobarometry on
minerals forminghe eclogitefacies assemblage (i.e., garnet and omphacite), and are
~867C and a minimum pressure 8.2 kars Cutting across all lithologies in the
footwall is a stockwork of granitic veins and dikes.

Similarities between the orthogneiss complexheffootwall block and parts of
the Western Gneiss Region in Norway imply that the footwall block may in fact be an
orphaned crustal slice from the Baltic craton. This interpretation explains how the
eclogites of southern Liverpool Land occur within thpmosed upper plate of the

Caledonian collisional event.
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[. INTRODUCTION

GeneralGeologyof East Greenland

The Caledonia mountain belis the northern most continuationtbe
Appalachian mountain bethatstretches over 10,000 kiloees and represents the
suturing togetheof thePangaean supsontinent (Figure 1) This study focuses on East
Greenland, which compriséise western side of the Caledonian collisional mountain belt;
the eastern side of the mountain belt lies in Norway, Sweshetlthe United Kingdom.
The East Greenland Caledonides are dominatdfégsambrian and Paleozoic
metamorphic rockthataverage 300 kilometes wide andextendfor 1,400 kilometers
between 70- 82° N and 20 - 30° W, roughly paallel to the coast (Haller, 19Y.1

The classic model for the formation of tGaledonian orogeavokesthe Silurian
collision andpartialsubduction othe Baltic cratonbeneatthe Laurentian craton (Figure
2). The polarity of the collisional zone is documented by a Caledaaged calelkaline
plutonic arc in Bst Greenland arfigh presare and ultrehigh pressureaogites
exposed in the Western GagiRegion of coastal Norway (Hodges et al., 1982
collisionemplaced a westwatekrging thrust complex upon the ancient Laurentian
margin(Figures 2 and3). i T h-s & k n n e-directed/thrasting in coastal aress
East Greenlandrade into multip e ftkhinmedo f ol d and thrust
the forelandHiggins and Leslie, 2000)A mirror imageeastverging fold and thrust belt

is seen in th&candinavian CaledonideSigure 2;Roberts and Gee, 1985).
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Figure 1. Map showing the extent of the Caledonmppalachian mountain belt (blue
areas). The yelloworangeareas represent basement shield r¢8kampfli, 2004)
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Figure 2. Cartoon re}:lmsenting the subduction of Baltica beneath the Laurentian margin
(modified fromH. Fossenpersonal communication to Steltenpd005).
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Introduction to the Problem

LiverpoolLand is ahorstblock (Figure 3)of ArcheanCaledonian crystalline
basement that is intruded Baledonian pluton@igure 4) Eclogites have been known
to exist within the crystalli nédKranck,sement o
1935; Salstein, 1935) Eclogites are high temperature and (ujttagh pressure
metamorphic rocks formed under extreme crustal conditions, and are vital indicators of
plate tectonic processes. Classicadlglogite formation is predicted to occur kit the
subducting crustal slab. Contrary to this predictimwever Liverpool Land eclogite
occurwithin thesupposedipper platé€Laurentian) of thecollisional zoneposing a
problem to the model of wholesale asymmetric subduction of Baltica beneath Laurentia.

The LiverpoolLande c | ogi t es wer e r usinogemoradogernfir edi s c
analytical techniquedut all that is published is an abstract by Hartz et al. (2088jtz
et al. (2005) report a395 Madateon zircons from a Liverpool Land eclogitesing U-
Pb TIMSanalysis. Likewise, Hartz et al. (2005) report that thestogites were formed
underultra-high pressure (~850°C and >25kbarshe presence d@aledonian (~395
Ma) eclogitesposes another geologic problémthatan adjacenCaledonian gnaitic
plutonimprecisely dated to643 Ma(Hansen and Steiger, 191oe and Cheney, 1972;
Coe, 1975rompletely escaped tleelogitefaciesmetamorphism The goalof present
thesisresearchs to unravel theéectonic evolution of southern Liverpool Lamdan
attempt toexplainthe presence of Caledonianlogites possibly ultrahigh pressure
ones,within the supposed uppplateof thecollisionalorogen and to reconcile the
boundary between the ecloghearing basement terraaed itsadjacent terram
containing earlier intruded and metamorphose@aledonian plutons.

4



22°27'W

4‘

70° 32N

Istorvet

Legend

Hanging Wall Lithologies
/ / / Lamprophyres

- Devonian Sediments

Hodal-Storefjord
Monzodiorite

- Hurry Inlet Granite

Krummedal Sequence

Siliceous Gneiss

Gubbedalen
Shear Zone

Footwall Lithologies

Ice Cover

Marsh Land

5Km

Figure 4. Geologic map of the central portion of Liverpool Land East Greemli&hd
northern and southefield areas outlined with black boxgsodified fromFriderichsen

and Sulyk, 1976).



In the summer of 2006, field work was focused on two areas within Liverpool
Land (Figure 4) Theindividual objectives for the two field areas varied and more field
time was allotted to the southasne The southern field area, containihg Gubbedalen
Shear Zonewas thecenterof attention for my thesistudy and geologic mapping and
structural analysis was focused there. Thegfmlfield work inthe northerrarea were
to understand the intrusive relationships tmdharacterize #gllamprophyre dikes
present in thaarea.

Field investigations in Liverpool Land weperformed in conjunction with a
research expedition from the University of Oslo, Norwaiie research team consisted
of three Auburn University participants, Wesley Banan, Dannenadsvman, and Dr.
Mark Steltenpohland three University of Oslo workers, Lars Eivind Augland, Per Inge
Myhre, and Dr. Arild Andresen. Field and laboratory studies were divided among the
t hr ee Mast eindn®ffort ta piede tayeth tretectonicevolutionof the area.
As part of the expedition, | was charged to characterize the structural and kinematic
relationships ofhe different lithologic unitandcombine these observations with
previous work to define the deformation sequeefor southern Liverpool Land. | was
also charged with thgetrology and petrography of the eclogites and lamprophyre dikes.
Dannena Bowman was responsible for petrographically describing the country rocks of
the terrane and performifiAr/*°Ar thermodironologyto constrain their cooling history
(Bowman, 2008) Lars Eivind Auglad was charged with conductingRb isotopic
studies to determine ttadsolute ages of igneous cryBration and eclogitization

(Augland, 2007)



ThesisObjectivesand Methals of Investigation

Five objectiveof the present investigatioreededo resolve the tectonic
evolution of Liverpool Landre as follows(1) to map and describe thiéhologies and
structureswithin the regionj2) to characterize thstructural framewrk of the eclogites
(3) to estimatethe pressure and temperature dbgitization;(4) to constrain the timing
of the lamprophye dikes;and(5) to synthesize the results amitorporatehem with
those of the 2006 expediti@olleagues talevelop a teonic model for theegion

Standard structural mapping techniques were used in the field to characterize the
kinematic and geometric relationships of lithologic units. A Brunton compass was used
to obtain attitudes of pertinent rock features (fadiation planes and lineationsY.he
structural datavas analyzed using lowdsemisphere stereographic projection software to
characterize mes@nd macroscopic relationships.

Rock samples were collected franlogites, lamprophyrs, and mylonite for
laborabry analysis. Samplecaionswere recorded with a handheld GPS unit. Polished
thin sections of eclogite samples and standard thin sections of lamprophyre samples were
commercially made. Oriented samples of mylonites were collected and thin sections
commercially made in order to determine the kinematics of the samples. Using
petrographic microscopes at Auburn University, mineralogical, textural, kinematic, and
microstructural analyses were performed to characterize the metamorphic and structural
framework of the field area.

Microprobe analysis was performed on eclogite samples using the facilities at the
University of Oslo undethe direct supervision of Dr. Muri@rambert, an expert on
Caledonian eclogites. Further microprobe analysis was perforsiagithe facilities at
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the University of Kentuckywith the guidance of Dr. David Moecher. The chemical
compositions of garnet, pyrere, plagioclase, and amphibalere determinedsing
WavelengthDispersiveSystem(WDS) analysis. Othepreviouslyunknown minerals

were identified usingenergyDispersive $stem(EDS)analysis. The wavelength
dispersive system analysesre used to quantify the temperatarel pressuref eclogite
formation, using elemental partitioning geothebammetry and Exc&® worksheets
developed by the authoPhlogopite grains were separateain lamprophyre dikes and
dated using®Ar/*°Ar techniquesn the Auburn Noble Isotope Mass Analysis Laboratory

(ANIMAL), under thesupervision of Dr. WillisHames.



Il. GEOLOGY OF SOUTHERN LVERPOOL LAND

General Statement

Field investigations conducted in 2006, revealed the presence of a majwestst
trending, nortkdipping ductile shear zone bisecting southern Liverpool Land, hereafter
named the Gubbedalen Shear Zone (Figure 4; Bucletredn 2007). This shear zone
juxtaposes two vastly distinct ten@s both in terms of lithologgnd their structural and
metamorphic development. The hanging wall (Figure 4) is characterized by a partially
migmatized metasedimentary package (i.e., Knedal Sequence) and several
Caledonian plutons (i.e., Hurry Inlet Granite and Hdstalrefjord Monzodiorite). The
Caledonian plutons are in contact with the shear zone and are mostly undeformed except
where the margin of the shear zone is approached.

The footwall block (Figure 4) to the south is a highly deformed basement
orthogneiss complex that contains the eclogites reported by Hartz et al. (2005). Rocks
contained within the footwall block record peak and retrograde metamorphic events. An
eclogiteand granulitefacies event is recorded within the rarely preserved boudinaged
eclogites. Amphibolitdacies metamorphic minerals and textumesclearly retrograde
within the eclogites, and although it is less obvious in their encapsulating orthogneisses
the latter must have followed the same metamorphic path. Table 1 contains an outline of
the structural and metamorphic history of Liverpool Ldegleloped frm the results of

the 2006 expedition and provides the context of the structural nomenclatdre us



Zone dated by syntectonic granitic di
[l S; mylonitic foliation cutsS; and S
Formation of l; mineral stretching
lineation

Hanging Wall Block Age Footwall Block
Dolerite dikes and flood basalts 65Ma Dolerite dikes and flood basalts
Sedimentation in Jameson Land Jurassic and|Sedimentation in Jameson Land

Triassic

|intrusion of lamprophyre dikes 262, 264Ma"

Devorian sediments deposited on tof] 380-350Ma

the Hurry Inlet Granite

D,i1 Extensional Gubbedalen Shear 380Ma® |D.i Extensional Gubbedalen Shear
Zone dated b§’Ar/**Ar i S,mylonites Zore dated by°Ar/**Ar i S,mylonites
extend and cu$; 1 Formation of 4 extend and cu$; T Formation of 14
mineral elongation lineation mineral elongation lineation

D;1 Contractional Gubbedalen Shed 386Ma® [D;i Contractional Gubbedalen Shea|

Zone dated by syntectonic granitic di
I Sz mylonitic foliation cutsS; and S'i
Formation of l; mineral stretching
lineation

Joining of the hanging wall and footwall blocks along the Gubbedalear Sbee

388Ma’

Late D, Amphibolite-facies
retrogression Formation of $shear
zones around boudins, rogue shears
L, mineral stretching lineations

399-388Ma

[Middle D, 1 Granulitefacies
retrogression preserved in eclogites

399Ma’

EarlyD,1 Eclogitefacies
metamorphism

400410 Ma
(Caledonia)t*

D, i Formation of $migmatitic
foliation and Ly constrictional neosom
fold axes

Intrusion of HodaiStorefjord 424Ma°
Monzodiorite
Hurry Inlet Granite magma pulses 445 438Ma’
Amphibolite-facies metamorphism of 950Ma’
Krummedal Sequendeformation of
weak gneissic foliation
1660410Ma |Do i Formation of $gneissic foliation
(Relative) |and Ly mineral aligning lineations
within the orthogneiss Must postdate
protolith emplacemerdnd predate D
[Maximum age for the deposition of t{ 1100Ma°
Krummedal Sequence
1660Ma°  |Protolith age for eclogites

Table 1. Metamorphic and structural history of Liverpool Land comparing hanging wall

and footwall blocks to the Gubbedalen Shgame {This study?Bowman, 2008:
3Augland, 2007*personal communication tars E.Augland, 2008°Strachan et al.,

1995;°Kalsbeek et al., 1998).
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NorthernHanging WallBlock

The northern hanging wall block to the Gubbedalen Shear Zone is charakcterize
by the Krummedal Sequence, a supracrustal sequence containing Grenvillian and
Caledonian rocks and structures. Detrital zircon dates indicate a maximum age of
deposition of 1100 Ma, with a major amphiboliteies metamorphic event at 950 Ma
(Strachan tal., 1995; Kalsbeek et al. 1998). Multiple phases of deformation and
metamorphism have completely erasedgxisting sedimentary structures. The
sequence is known to be roughly 5 to 10 km thick (Higgins, 1988). Compositionally the
Krummedal Sequenda the northern study area is mostly a hornblepidéite-garnet
paragneiss folded together with layers of marbles, qpsaanmitic rocks (Figure 5A),
calcsilicates, and mafic gneisses. The Krummedal Sequence is vertically and laterally a
highly variablesequence and correlation between local successions is not possible
(Henriksen et al., 2000). Weak gneissic foliation planes measured within the paragneiss
record a roughly northwest strike and a moderate northeast dip, and are interpreted to be
of Grenvilian origin.

In the study area, the Krummedal Sequence has been intruded by two different
Caledonian plutons. The Hurry Inlet Granite (Figures 4 and 5B) is a batholith sized non
deformed pluton with two magma pulses occurring at 445 Ma and 438 Maahlgl
2007). Sediments of Devonian age are in unconformable contact with the Hurry Inlet
Granite (Figure 4). The fairly homogeneous He8adrefjord Monzodiorite (Figures 4
and 5C) has been dated to 424 Ma (Augland, 2007).

Cutting across both the Krunadal Sequence and thedal Storefjord
Monzodiorite in the northern study area are several {188V trending, vertical
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Figure 5. Images of rocks from the hanging wall of the Gubbedalen Shear Zone.
Krummedal Sequence showing weak gneissic foliatvith a metasedimentary biotite
schist inclusion.B. Boulder of Hurry Inlet Granite showing lighter felsic injections into a
mafic-rich phase with inclusion of coarggained granite in the top of boulde.
Photomicrograph in cross polars of Ho&dbrefjord Monzodiorite showing little internal
deformation.D. Lamprophyre dike located within the northern field area. Notice the
inclusions of country wall rock within the diké. Phlogopiteand plagioclase

phenocrysts contained within the lamprophgilee. F. Dolerite dike intruding the

Hodal Storefjord Monzodiorite with contact metamorphic areoles. Notice fining
(darkening) of igneous fabric in the dolerite as the contact (in red) is approached.
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lamprophyre dikes (Figure 4) ranging between 1 antters widewith prevalent

inclusions of host wall rociigure 5D). Théamprophyre dikes contain phenocrysts of

large (up to 3 cm across) phlogopite grains (Figure 5E). Mantle xenoliths were not
observed within the dikes. Cutting the same units athprophyre dikes are 4 meter

wide dolerite dikes (Figure 5F). The dolerite dikes have contact metamorphic areoles

that are 120 centimeters thick. These dikes are presumed to be related to Tertiary
basalts and can be seen across Hurry Inlet conaitydand discordantly intruding the

Jurassic sedimentary rocks of Jameson Land. Eocene flood basalts are the dominant rock
unit exposed south of Liverpool Land, across Scoresby Sund (Figure 3) and are known to

berelated to the opening of the modern Atiaf©cean.

Southern Footall Block

Figure 6 is a lithologic map of the southern field area illustrating rock units of the
southern footwall block to the Gubbedalen Shear Zénmafic gneiss unit (Figures 4,
6, 7A, and7B) is structurally the uppermagart of the orthogneiss complex and makes
up the lower region of the Gubbedalen Shear Zone. This mafic orthogneiss has a strong
gneissic compositional layeringdiSand a lineation (§) created by the alignment of
amphibole and biotite grains (Figure 7B\.felsic orthogneisanit (Figures 4, 6, 7C, and
7D) lies structurally below the mafic orthogneiss and is the main lithology of theigneiss
complex within the southern field area.

The felsic unit has the same gneissic banding and mialegainglineation of the

mafic unit and it carries identical fabrics and structuiredicating synchronous

formaton.The f el si ¢ unitds gneissosity is compc
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70°37°N

22°12’W

70°33'N

- Hurry Inlet Granite - Mafic Gneiss

Marsh

Gubbedalen
Shear Zone

Figure 6. General geologic map of the southern field ale@acting the location of the
Gubbedalen Shear Zone. Refer to Figure 4 for location of the field area within Liverpool

Land. Contour lines are represented as dashed lines (contour interval = 100 meters).

Blue lines represent rivers and strearBfue closeal polygons represehta k e s .

indicates the location of the cross section produced in Figure 16B.
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Figure 7. Rocks within the footwall of the Gubbedalen Shear ZokeMafic
orthogneiss near the bottom of the shear zone. Note the sheaiestfiglgers of quartz
and feldspar, sigma clasts indicating tops right in the pl&tmylonitic foliation
parallels pencil.B. Photomicrograph in plane light of mafic orthogneiss showing S
gneissic foliation composed of alternating biotite layers witartzfeldspar layersC.
Felsic orthogneiss preserving gheissic foliation (lookingerpendiculato foliation).
D. Photomicrograph in plane light of felsic orthogneiss showggn8issic foliation
composed of less mafic alternating biotite andhblende layers with quarfeldspar
layers. E. Highly folded and sheared felsiagmatite F. Blebby migmatite gneiss with
stretched cigar shaped neosomes (looking to the north, parallel to lineation). Note the
migmatite foliation $sheared into a psleft mylonitic shear zone in the top of the
image
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feldspar withbiotite and amphibole. Garnet is present within both light and dark layers
of the felsic orthogneiss (Figure 7D). The garnet + quartz + feldspar + biotite £
amphibole mineral assemblagkthe felsic orthogneiss is indicative of widespread
amphibolitefacies retrograde metamorphism within rocks of the footwall to the
Gubbedalen Shear Zone. Augland (2007) repotblzircon data frorpegmatites,

which based on field relations, he integfs to constrain the age of the amphibeiiteies
retrogression to 388 Ma.

Evidence of migmigzation is widespread within the felsic orthogneiss complex,
although none were observed within the mafic orthogneiss (Figures 7E and 7F). Ongoing
work by L. Augland (personal communication, 2008) indicates that migmatization was
relatedto the Caledonian event as welh some migmatites, constrictional strain has
elongated the felsic neosomes into cighaped ellipsoids, which are most prominently
developd in areas associated with early fold axes (Figure 7F). It was not possible to
confidently separate Caledonian metamorphic falea, gneissosity and schistosity),, S
from Precambrian folia,g5and thus the author has combined themyl8;Slikewise,
mineral lineations within the orthogneiss and migmatites are combinedoito L

Both the mafic and felsic phases of the orthogneiss complex have been cross cut
by several generations of granitic veins and dikes. These fine to-gpansed granitic
units have variable orientations and exhibit a stockwork intrusive pattern. These veins
and dikes are not observed within the hanging wall block of the Gubbedalen Shear Zone.

So/S; foliations measured within rocks of the southern field area are plaited o
Figure 8. The 8S, gneissic foliations are variably striking and have shallow to moderate
dips. Ly/L; lineations have mostly nor$outh orientations and mostly shallow to
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70°37'N

22°21°'W
22°12’W

70°33'N

- Hurry Inlet Granite - Mafic Gneiss Marsh
- Marble - Felsic Gneiss Gubbedalen

Shear Zone
1Km ™  Strike and Dip of Foliation

Figure 8. Geologic map illustratinge5s; foliation planes measured in teeuthern field
area. Insetis a lower hemisphere stereographic projection of polgSitanS= 22.
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moderate plunges (Figure 9) with a visually estimated point concentration trending due
north and plunging 9°. Stereographic projections document a fdosral, to weak
north-south trending partial girdle pattern (Figurargée) t hat deflaxsas a f o
N88CE, 5°NE; k/L; lineations lie l@sely within this great circleFrom the foliation and
lineation maps and the stereograms, the influence of the Gubbedalen Shear Zone can be
seen as all linear and planar fabrics inmoy rock units in the footwall block are
dragged into parallelism with increasing proximity to the shear zone.

Althoughrare mafic and ultramafic bodiegist within thefelsic gneissomplex,
the mainobjective of the presestudywas to clarifythe elationship between the country
rock hostsand the eclogite@~igures 10A and 108. Many small (15 meter) bodies of
pristine and variably retrograded eclogiwesre observed The eclogite podare
interpreted to have originated as maffiections or enlaves that were incorporatedo
theorthogneiss complex befoeelogite-facies metamorphismThe eclogite pods have
beeninternallydeformed in a brittle manneas evidenced by fractures occurring within
them (Figure 10A).Felsic melts with large (8m) euhedral amphibole crystase
observedill ing these fracture openings, and imterpreted to beecompressional melts
developed during the exhumation of the eclogites (FgLéA and 1B).

Mylonitic shears (9 outside of the Gubbedalen Sheang and within the
orthogneiss footwall block fall into two categories. The first type occur along the
margins of boudinaged mafic pods whereas t
shears, are not associated with mafic lenses at all but ooclaméy throughout the
foot wal l bl ock. These Arogueo shears are
that are documented to cufS foliations within both the mafic (Figure 7A) and felsic
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70°37'N

22°21T'W
22°12’W

70°33'N
- Hurry Inlet Granite - Mafic Gneiss Marsh
- Marble - Felsic Gneiss Gubbedalen
Shear Zone

s 1 Km f Bearing and Plunge of Lineation

Figure 9. Geologic map illustrating /L, lineations neasured in the southern field area.
Inset is a lower hemisphere stereographic projection/@f lineations; n = 11

19



Figure 10. Field images of eclogites and related mylonites within the footwall of the
Gubbedalen Shear Zon@A. Boudinaged eclogitpod within the felsic orthogneiss. Note
the mylonitization (9 of the migmatite around the boudin and the presence of felsic
veins interpreted to be decompressional mddts=clogite CRP52A with garnetrich

layers (S, eclogitefacies compositional la&ying) and felsidecompressional meleins
with large amphibole crystals.
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(Figure 7F) portions of the orthogneiss complex. They were also observed cutting across
granitic veins and dikes.

S; shears along the margins of the eclogite pods are ressigee norcoaxial
crystalplastic mylonitic sheazones that have comminuted minerals and obliterated
fabrics within their felsic orthogneiss hosts (Figures 10A, 11A, 11B, and 11C). These are
generally narrow, 130 cm wide shear zones. The mylonititdbon, S, is defined by
alternating layers of sheared figeained quartz, feldspar, and lesser amounts of
muscovite, biotite, and amphibole. Quartz and feldspar mostly occur in elongated
ribbons and sigma clasts, respectively (Figure 11C) definingerah stretching
lineation, Lp.

One particularly well exposed mafic boudin that provided good-tiraeensional
control of the upper, domahaped surface containing &d L, was carefully mapped
and analyzed and is illustrated in Figure 11. Thegonitic foliation that wraps over
the top of this eclogite boudin is variably striking and hashsuizontal dips (Figures
11D and 12), reflecting a domal geometry.elongation lineations measured are
subhorizontal and trend roughly N50°W/S50°E (FigiitB). When plotted together
with all L, lineation readings from shear zones wrapping n@dats and those measured
for Arogued shears throughout the southern fieldegFeégure 13B), a conical fold
distribution is documented with a coeagis plunging 2dtoward N27W.

Petrographic analysis of mylonites found wrapping the eclogite pods imply that
the original mylonite fabric has begpartiallyannealed (Figures 11E and 11F}CS
fabrics, however, are preserved within some of the mylonitgslai@es ee defined by
recrystallized, straifree quartz and feldspar ribbons, angl&nes are defined by biotite
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0.1 mm

Figure 11. A.View of a sigmoidal shaped crystalastic mylonite wrapping over the top
of a small mafic boudin (backpack for scal®).Line drawing ofa mylonite sheathed
boudin in A. Solid lines represent mineral elongation lineation and dashed lines represent
the vertical joint facesC. Mylonite (looking perpendicular to foliation and parallel to
lineation) from vertical face adboudin skeathing a mafic lens with large (2.5 cm)
potassium feldspar sigma clasts entrained and rotated withigbpsnovement.D.
Stereogram of data for outcrop shown in A, B, and C, witmy@onitic foliation in blue
and L, mineral elongation lineation in k. E. Photomicrograph in cross polarized light
of a mylonite wrapping an eclogite boudin-CSabric is preserved indicating dextral
movement. The shear fabric has been mostly recrystallized and anrfealed.
Photomicrograph of mynekite grains foundhroughouthe boudin wrappingylonites.
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22°21T'W
22°12’W

70°33'N

- Hurry Inlet Granite - Mafic Gneiss Marsh
- Marble - Felsic Gneiss Gubbedalen
Shear Zone

1Km ™ Strike and Dip of Foliation

Figure 12 Geologic map illustrating-Sand $/S, foliation planes measured in the
southern field area. Inset is a lower hemisphere stereographic projection of poles to
foliation planes.A. S3/S, foliations within the Gubbedalen Shear Zone; n = 24. Dashed
red line is an average/S; foliation plane. Small circle fit through data (nedrtial

circle) indicates a cone axis at N32°W, @R°B. S; foliations of mylonite shear zones
associated with eclogite boudiasnd Ar ogued shears; n = 14.
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Shear Zone

—— 1Km Bearing and Plunge of Lineation

Figure 13. Geologic map illustratingdand Ls/L 4 lineations. Inset is a lower

hemisphere stereographic projection of elongation lineatidn&.s/L 4 lineations within

the Gubbedalen Shear Zone; n = Bashed red line ian average &S, foliation plane.
B.L;lineationsof shear zones associated with ecl og
25. Small circle fit through data (red circle) indicates a cone axis at N27°W, 19°NW.
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and lesser amounts of muscovite. Amphilzoid garnet have grown within the
previously formed mylonitic fabric (Figure 11ERome feldspar grains have a
myrmekitic texture with quartz exsolved out of the interior of grains (Figure 11F).
Al t hough no petrographi c amed,€lthgysaresnterpratediir o g u
to have formed under the samgddustal and deformational conditions as the shears
encompassing the eclogite pods. This interpretation is based on their foitlaock
types that are derived from the same protoliths aeid tie-planar and cdinear fabrics.

Field relations combined with amphiboliacies conditions for Pmylonitization
(i.e., dynamic recrystallization of feldspar) require that this shearinedabestl
eclogitization. Microstructures indicate that thglonites stayed at elevated, annealing
temperatureduring the amphibolitéacies retrogression evethat Augland (2008) dated
at388 Ma. D shear zones are, therefore, interpreted to have formed in response to non
coaxial simple shearing during exhuimatfrom eclogitefacies conditions to midrustal
levels. The rigid eclogite bodies apparently were stretched and rotated along a present

day, shallow N50°W/S50°E axis during their ascent into the middle crust.

Gubbedalen Shear Zone

The GubbedaleBhear Zone (Figures 4) is the boundary between the northern
hanging wall and southern footwall blocks. The shear zone has amesadtend, dips
shallowly to moderately to the north, is approximately 500 meters thick, and records a
complex polyphase &iory. The main lithologies in tHewer 400 meters of th&hear

zone are footwall mafic gneisses and syntectonic felsic granites injected into the shear
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zone. In the structurallyhigher levels (upper 100 meters) protoliths are derived from the
Krummed& Sequence. The shear zone fabric comprises mylonites, ultramylonites,
phyllonites and in the structurally upper most parts cataclasites and breccias.

Shear sense indicators within the lower 400 meters of the Gubbedalen Shear Zone
record topaup-to-the-south reverse diglip motion. This contractional phase of the shear
zone produced mylonitic and ultramylonitic shear fabrigskfgures 14AC). SC
fabrics and rotated porphyroclasts are the most commonstese indicators within
mylonites. Myloiitic sheas in the Gubbedalen Shear Zamere observed to cut and fold
the previously formed gneissosityp]Smigmatitic foliation (), and mylonitic shears
(S) in the footwall block documenting tog®uth thrust movement (Figure 14C); i&
defined bypronounced quartz elongation lineations.

Microstructures within the mylonites unambiguously confirm the-gmgh
thrusting. Dextral mica fish with connecting trails of sheared pieces of mica are
prevalent within samples from the lower parts of theastzone (Figure 14D). Sigma
type porphyroclasts of single feldspar grains or aggregates of feldspars are common and
preserve stepping tp-the-right dextral geometries (Figure 14E). Feldspars have
deformed brittlely by internal fracturing. Slight birlg of grain boundaries within some
smaller feldspars and ceneantle structures in larger ones indicate some degree of
crystalplastic deformation. Most quartz within the mylonite has been dynamically
recrystallized. Quartz ribbons with prominent subtgare observed around the margins
of competent feldspar porphyroclasts. Mineral assemblages (i.e., quartz + feldspar +
biotite + muscovite) and microstructures (i@ystatplastic quartz [~300°C] and crystal
brittle feldspars [~450°C]; Scholtz, 1988mpson and Wintsch, 1989) support upper
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Figure 14. Images and photomicrographs of the contractional lower part of the
Gubbedalen Shear Zone. All photos perpendicular to foliation and parallel to lineation.
A. Mylonitized migmatitic gneiss and syntenic granie found within the lower padf

the shear zoneB. Mafic-rich ultramylonites with feldspar sigma clasts indicating tops
right (south) thrust movemen€. Ultramylonite (S3) cutting across a mylonitized
migmatite (S2), documenting topght (south) thrust movemenD. Photomicrograph in
cross polarized light from granitic mylonite in image A. Micafish and aighasts

indicate dextral (topsip and south) reverse slip movement. Note quartz has subgrains
and the shear fabric is dynamicallgingstallized. E. Photomicrograpln cross polars

from same thirsectionasD showing a dextral quartz and feldspar aggregate sigma clast.
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greenschistacies conditions within the contractional, lower 400 meters of the
Gubbedalen Shear Zone. These caoos contrast sharply with the higémperature
annealed mylonites in the footwall (1 .e.,
The upper 100 meters of the Gubbedalen Shear Zone is characterized by tops
north, downdip, extensional movement. Er&onal strains were accommodated in
several different fashions. In some places, new mylonites and ultramylonjtésrsed
that cut across the previoug8ylonitic foliation (Figure 15A). Previous structures have
been stretched by this extension.n@®gtonic granitic dikes, for instance are excellent
markers of this extensional strain (Figure 15B). Extension was largely accommodated
parallel to the previously formed contractional structures and fabrics such as those
preserved in the lower parts bt Gubbedalen Shear Zone away from the extensional
overprint. Numerousreversel i p crenul ations (Figure 15C)
in outcrops that document tepsrth extension of the previously formegylonitic
foliation. Like the structurajl lower parts of the shear zone,it defined by a
pronounced quartz elongation lineation. The uppermost 20 meters of the shear zone has
been chopped by several ksiage, brittle faults marked by carbon&td breccias
(Figure 15D).
Microstructuresn rocks collected from within the upper shear zone mylonites
also confirm topshorth extensional movement. Quartz ribbons have been pulled,
stretched, and rotated (folded) into tajmwvnto-the north reverse slip crenulations
(Figures 15E and 15F). Sgrains within quartz ribbons preserv&CSomposite fabrics
indicating downrdip directional movement (Figure 15F). Elongated mica fish are
stretched and shearedintoatops r t h r ot ati onal sense. Co
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Figure 15. Studies from thextensional overprint in the upper parts of the Gubbedalen
Shear Zone A. Ultramylonitic extensional shear zoneg)8utting across and
retrograding the prior contractional mylonitic fabrig)SB. S, extensional shear zone
cutting a granitic injectionC. Reverseslip crenulations documenting togown-to-the

left (north) extensionD. Carbonate breccia zone at the northern margin of the shear
zone in contact with the Hurry Inlet Granite. Photomicrograph in plane light of
extensional overprint um the  mylonitic fabric. Note the microfolds within the quartz
ri bbons, andF. Bhotorsidiograph in br@asspwlarized light of dextral mica
fish. Polycrystalline quartz ribbons contain Brajns and recrystallized grain shape
preferred aentationdocumenting sinistral extensional shear.
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topsnorth extensional shear indicators (Figure 15E). Brittle deformation of feldspar is
indicated by microfaults and fractures (Figures 15E and 15F). Much more biotite occurs
within the mylonites irthe upper parts of the shear zone, which is interpreted to reflect
incorporation of Krummedal Sequence metasedimentary rocks; Figures 15E and 15F
could be referred to as phyllonites. The presence of ciyistsiic quartz and crystal

brittle feldspar witim the upper part of the Gubbedalen Shear Zone documents a
deformational temperature around ~300°C, indicating lower greentatiss

conditions. The Bstructures and fabrics are interpreted to reflect further exhumation of
the footwall and its mylonit carapace into the upper crust and then to near Earth surface
conditions to form the latestage brittle faults and carbonate breccias.

The mylonitic and ultramylonitic foliations §&4) and mineral elongation
lineations (la/L4) measured within the @bedalen Shear Zone are plotted on Figure 12
and Figure 13, respectively. Stereographic projections/8f Bylonitic foliations
indicate that the shear zone is easst trending (Figure 12, Inset A), angll, mineral
stretching lineations are almastclusively dowrdip to the north (Figure 13, Inset A).

The Gubbedalen Shear Zone affects footwall block rocks for at least 1 kilometer
structurally beneath the main zone of mylonites. Figure 16 is a composite figure
including a profile across the sheane documenting its widespread affects. Gneissosity
(So), migmattitic foliations (), and the brittle stockwork of granitic veins have been
rotated into parallelism with the shear zone. Mineral lineatiog)s gtretched neosomal
A ci g ay) a@dmir(edl elongation lineations ¢). have been elongated and stretched

within the shear zone parallel t@/L..
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- Gubbedalen Shear Zone

i Basic Gneiss
i Felsic Gneiss
- Eclogites

| Young Granites

Figure 16. A.Photo mosaic of the Gubbedalen Shear Zone (outlined in red) looking to

the east along a valley wall. Extensional and contractimrdsare separated by the
blueline.B.Schematic cross section from A to A0
surrounding terranes (lodamh of cross section marked ingkre 6). Shear couples within

the shear zone represent the direction of shearigittanes represent the mylonitic

foliation and wavy lines represent the migmatitic foliati@.Felsic dikes within the

bottom of the shear zone (looking north) p
foliation. D. Unaffected felsic dikes from@anyon wall (looking east) well south of the

shear zone.
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Figure 17 is summarizes all the structural data that was collected within the
southern field area. Figure 17A plots gneissad$ty, migmatitic foliation (%), and
mylonitic foliation (S;). A great circle fits through the data, indicating that the
Gubbedalen Shear Zone is a monocline with an axis oriented N88°E, 4°NE (Figure 16B);
this monoclinal style for the hinge to the shear zone is expressed in the cross section in
Figure 16B. Figure 17B @écts mineral alignmerLg) , neos odfla)landici gar s
elongation lineationéLy). A small circle fits through the data indicating the axis of a
cone at N27°W, 21°NW. This cone axis likely reflects sheath fold geometries created by
the Gubbedalen SheZone as rock fabric and structures of the footwall are swept into it.
Another trend indicated in Figure 17B is that lineations trend progressively more toward
the northwest as the dip of foliation shallows. As described above for the investigated
shea zones illustrated in Figure 11A through 11D, it appears that the eclpgiteand
frogued shears initiated with a moeasterlywesterlytrend that was rotated about this
conical fold axis. Data amsoskewed toward a preponderance of readings frem t
domal crest of the Liverpool Land eclogitentaining core, as the Gubbedalen Shear
Zone projects just above the footwall block of the southern study area. In other words,
the data are skewed towards more contractional measurements from the bashtlparts
Gubbedalen Shear Zone reflecting the contractional history that may have been directed

more towards the southeast rather than due south.

32



Figure 17. A. Stereographic projection of poles to planes from all foliation date&(S
S, S, andSy) collected in the southern field are. Stereographic projection of all
lineations (lg, Ls, Lo, L3, and L) collected in the southern field area (n &guthe number
of measurements)
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lll. PETROLOGY AND PETROGRAPHY OF ECLOGITES
Petrography

Three eclgite samples (CR&7, CR52A, and CF92) were chosen fgretrologic
and petrographianalyss due to their differingevels of retrogression (Figure 18The
samplesontaintwo mineral assemblagesneequilibrated under eclogiiacies and then
alaterone that wasetrogressed to granulifacies conditions. The eclogitacies
assemblage contaigarnet + omphacite + quartz + zircon * rutildlmenite. The
granulitefacies assembigeis garnet + lowsodiumclinopyroxene + plagioclase +
amphibole + gartz. Samples GB7 and CP92 both include pyroxerglagioclase
amphibole symplectites. The symplectitesnedafterthe breakdown of omphacite
during decompression and canused to infer prigrpeakeclogitefacies conditions
(Anderson and Moeche2007). Some mafic pods within the field area contain an
amphibolitefacies retrogression assemblage, but this study focusempristine
eclogitesamples.

Sample CF52A (Figurel9A) is the most pristine and least retratgd eclogite
sample. CF52A contains light pink, heavily fractured, hypidioblastic garnets that have
inclusions of quartz, zircon, rutile, monazite, and sparse omph&ittz inclusions do
not exhibit radial fracture patterasound the inclusions, which might imelicative of

ultra-high pressure metamorphismypidioblastic omphacite grairigavea slight pale
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oossssssssmn KM . Eclogite Locality

Figure 18. Simplified geologic map showing the location of eclogite santplatsvere
petrographically and chemically analyzg&@P-4 7 : 70U 34 793DWMSACP2U 1
70U 34.6330N, 23Q2:15028b6W3620dN,CR2U 12.10
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100 pm !

Figure 19. A. Eclogite CRP52A in plane light, notice the thin rim of retrograde
hornblende growing on the omphacite grah.Eclogite CR92 in plane light with fine
grainedlamellar plagioclaselinopyroxenehornblende symplectige C. Zoomed in

Back Scatter Electron image thie area depicted in.BED. Eclogite CP47 in plane light
showing carse grained wormy plagioclasénopyroxenehornblende symplectite<.

Back Scatter Ectron image of sample & (field of view is ~1 cm) F. Quartz

exsolution rods within remnanimphacite grain and small legodiumclinopyroxene
nucleating in plagioclase within sample-@P in plane light.Abbreviations used in

figure. Grt = Garnet, @x = low-Na clinopyroxene, Qtz = quartz, Plag = Plagioclase, Zr =
Zircon, Omp = Omphacite, Hbl = Hornblende
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green pleochroism and are also heavily fractured. Omphacite cores are still pristine, but
grain boundaries are retrogressed into hornblende.

Sampe CR92 (Figure 19B and 1X9) is heavily retrogressed and contains few
relict grains from the prograde mineral assemblage. Garnets are light pink,
hypidioblastic,but not as heavily fractured aample CF52A. Garnets contain fewer
inclusions of zircongutile, and monazite than C52A. QOmphacite has been replaced by
fine grained symplectites ¢bbatelow-sodium clinopyroxene, plagioclase, and
hornblende, and have a slight lamellar texture. Each symplectite is rimmed with a corona
of quartz and plagidase. Prograde quartz is more abundant ir®€khan in CF2A.

Sampe CR47 has the same minerassemblagas sample CB2 butthe
symplectites hava very different texture. y@nplectiteshavea wormy texture and are
coarser grained than €¥2. Sympkecticgraincores still preserve rieln omphacite
compositions, buthe edges of the symplectites are dominated bysloshum pyoxenes
and amphiboles (Figure 19D andE)9 Pyroxene graingontainquartz rodghat have
exsolvedrom the pyroxene, and vefie grained pyroxendsave nucleateth the
plagioclase portiosof the symplectites (Figure ER Both of these features demonstrate

the mineral assemblagatemptedo reach equilibrium as the roekas retrograded

Mineral Chemistry

Mineral compodions for garnet, pyroxene, plagioclase, and amphibole were
determined using quantitative WavelendiispersiveSystem (WDS)nicroprobe
analysis Table 2contains averaged mineral compositions for garnet, pyroxene,
plagioclase, and amphibole for all edtegsamples. Data from all miggmobe analyses
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arein Appendix B. Garnet formulae wereecalculated based on 12 oxygemg,oxene
on 6 oxygensplagioclaseon 8 oxygensand amphibole on 23 oxygens. “Fand F&" of
garnet and pyroxene were estimatedstoychiometry (Doop, 1987) all Fe for

plagioclase and amphibole were assumed to be Fe

Garnet Pyroxene Plagioclase Amphibole
Sample CP-47 CP-52A CP-92 CP-47 CP-52A CP-92 CP-47 CP-52A CP-92 CP-47 CP-52A CP-92
n 10 9 5 14 11 12 17 1 10 5 1 5

Sio2 39.22 39.49 39.05 50.47 53.74 50.26 59.82 68.56 63.48 4372 4130 41.30
TiO2 0.06 0.08 0.07 0.29 0.28 0.31 0.00 0.01 0.00 1.38 0.51 1.33
AI203 22,17 2229 21.82 3.92 12.35 7.03 2523 19.88 23.09 11.45 15.47 14.32
Cr203 0.01 0.00 0.01 0.02 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.01
FeO 19.58 18.62 22.23 10.32 481 10.53 0.21 0.11 0.23 14.07 11.77 13.65
MnO 0.30 0.21 0.36 0.11 0.03 0.12 0.01 0.07 0.01 0.06 0.06 0.09
MgO 7.60 7.76 6.64 12.28 8.41 10.60 0.00 0.00 0.00 12.22 13.23 1221
CaO 11.17 1198 10.29 21.57 15.08 19.17 7.32 0.32 4.44 11.61 11.10 11.31
Na20 0.02 0.01 0.05 0.61 5.61 1.94 7.44 11.56 9.28 1.68 2.65 3.13
K20 0.01 0.00 0.00 0.01 0.00 0.00 0.23 0.06 0.01 0.54 0.90 0.02
Total 100.16 100.45 100.53 99.60 100.33 99.98 100.29 100.57 100.57 96.75 96.99 97.38
Si 2977 2980 2.983 1.893 1.917 1.865 2.663 2981 2.793 6.519 6.114 6.136
Ti 0.004 0.005 0.004 0.008 0.007 0.009 0.000 0.000 0.000 0.155 0.057 0.149
Al 1.983 1.983 1.964 0.173 0.519 0.307 1.324 1.019 1.198 2.013 2700 2.508
Cr 0.001 0.000 0.001 0.001 0.000 0.001 0.000 0.000 0.001 0.004 0.000 0.004
Total Fe 1.243 1.175 1.420 0.323 0.144 0.327 0.008 0.004 0.009 1.754 1456 1.696
Mn 0.019 0.013 0.023 0.003 0.001 0.004 0.001 0.003 0.001 0.008 0.007 0.011
Mg 0.860 0.873 0.756 0.686 0.448 0.587 0.000 0.000 0.000 2716 2921 2.704
Ca 0.909 0.968 0.842 0.867 0.577 0.762 0.349 0.015 0.210 1.854 1.760 1.800
Na 0.003 0.002 0.007 0.044 0.387 0.139 0.642 0975 0.791 0.487 0.762 0.902
K 0.001 0.000 0.000 0.000 0.000 0.000 0.013 0.003 0.000 0.104 0.170 0.004
Total 8.000 8.000  8.000 4.000 4.000  4.000 5.002 4.999 5.003 15.613 15.946 15.913
n - number of analyses averaged

Table 2 Table contains averaged weight percent oxides from mu(tigtenumber)
microprobe analyses of garnet, pyroxene, plagioclase, and amphibole.

The thre eclogite samples had garnets with very similar average compositions of
Alm+Sps,GrsoPrps for CP-47, AIm+SpseGrss Prppg for CP-52A, and
Alm+Sps7GrsgPrps for CP-92 (Figure 29 The differing garnet compositions between
samples can be contributedolk composition, as opposed to chemical changes due to
retrograde metamorphism. Elemental mapping of garnets show homogenous cores
without zoning, indicating complete equilibrium at eclodaeies conditions. There are
slight differences in the iron drmagnesium contents at grain boundaries with pyroxene

as a result of requilibration during the retrograde event.
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Sample CP-52A Ea 2*A1.Si-01. + MN<Al,Si-O
Sample Cp-47 ~ ° 27Tz TTRREIEEA2

Sample CP-92

30 Mol.%

55 Mol. %

CagAlzsigolz Mg3A|28i3012

Figure 20. End member compositions of analyzed garnet grains from ézlegmples
displayed on a ternary diagram (after Coleman £1865).
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Compositions of minerals other than garnet change dramatically between the
pristine and retrograde eclogites. Pyroxenes from the most pristine eclogb@ATP
plot in the omphacitéeld on the ternary diagram, whereas pyroxenes that make up the
symplectites (CRI7 and CF92) plot intheQuad end of the diagra(figure 2). As
omphacite chemically breaks down to form the symplectites, soditeteased from
pyroxene and is accomrdated byplagioclaseas seen in element maps whsodium is
depletecat the grain boundary (Figure)22The anphiboles are calcium and soditnch
and belong to the hornblende grodmphibole compositions were plotted on a silicon
versus sodium plusotassium diagram (Figure R3and are more Edenite and Pargasite

rich, which are higher temperature and pressure amphiboles.

Geothermobarometry

Eclogite sample CIB2A was chosen for geothermobarometric calculations
because the samptentainsthe most pistine eclogitefacies assemblage. Microprobe
analysis was performed on six pairs of garnet and omphacite grains. The cores of
adjacent grains we analyzed, because they shguidserve the peak pressure and
temperature conditionsf eclogitization. e following sections describe the calculations

necessary for determining theTRconditions.

Thermometry Calculations

The traditional Ellis and Gregdi979 calibration of the FéMg exchange
thermometer between garnet and clinopyroxene could natdze urhe grossular content
of the garnets being used for geothermometry was upwards of 30%. The calibration of
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Sample CP- 52A Wo. En. Fs
Sample CP- 47 t
Sample CP- 92

Quad

Omphacite Aegerine-Augite

Jadeite Aegirine

NaAlSi,O¢ (Jd) NaFe®*Si,0g (Ac)

Figure 21 End member compositions of analyzed clinopyroxene grains from eclogite
samples displayedn a ternary diagram (after Morimoto et 41988).
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Figure 22. Element maps of calcium (left) anddsum (right) of eclogite CIB2A, with

lighter colors being more enriched in the element. The central grain is an omphacite with
a garnégrain to the top left of each image. Notice the fine grained symplectite that is
forming along fractures within the omphacit@age is approximately 1 cm.

Sample CP- 52A 1.0
Sample CP- 47 -
Sample CP- 92 N
&
Edenite . Pargasite
4 -
*|
.y —_
. X
+
05 *
<
Tremolite Hornblende Tschermakite
0.0
8.0 7.5 7.0 . 6.5 6.0 55
Silicon

Figure 23. End member compositions of analyzed amphibole graioms éclogie
sampleon a Silicon versus Na+K diagram (after Deer et1&l92).
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the Ellis and Gree(1979 thermometer is not suited for calcium levels that high, and the
newer updted calibration of Krogh Ravr{@000 was used. The peak temperaturehef t
eclogitefacies event was estimated using the gacliropyroxene F&- Mg exchange
thermometer according to the following mineral reactibiis and Greenl979:

3 Diopside + Almandine = 3 Hedenbergite + Pyrope
The RT compositional relationship waketermined by the following equatigrogh

Ravna, 2000)

Grt Grt

Mn 3535)( Mn

Grt
Mg#

T("C) =[(19399+3270X o —1396 X o) +3319X )? +1105X

~3561 x‘;g#)z + 2324)(3'9‘#)3
+1694P(GPa))/(InK , +1.223] - 277

where K = (FE'/Mg)®"/(F€IMg)*™, X or = Cal(Ca + Man + F&+Mg) in gamnet,

Grt

XMn

Grt

= Mn/(Ca + Man + FE+Mg) in garnet, andX . . = Mg/(Mg+F€") in garnet.

Temperature calculations were based on the procedures outlined in Krogh(ZBzha

and further information on the fdg themometer can be found therein.

BarometryCalculations

Due to the absence of orthopyroxene in the ecldgitees assemblage, absolute
pressures of formatiocould not be estimated usingn pyroxene system. However,
minimum pressures of formation could be calculated using the Jadeite coitngionen
omphacite grains following the equilibrium reaction:

Albite = Jadeite + Quartz
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The RT compositional relationship was determined by the following equétohand

1980)
P = 0.35+ 0.0269 (“C) + AP

where pressure is in kbars an@ is a pressure correction based on the Jadeite content of

the clinopyroxene. The value of° is given by the equatiofiHolland, 1980)

AP =—(RT/AVHIna,,
where R is the gas constant, T is the absolute temperature of formatieolutine
change of the reactiomyV*, was found to be 1.734 J/bar, amg is the activity of

Jadeite in the pyroxene. The activity of Jadeite is givefiHoiland 1979)

Ayg = Xid 7 xd
where X, andy are the mole fraction and activity coefficient of Jadeite, respectively.
The activity of Jadeite was determined(biplland, 1979)
Vi =explW/RT)(1- X ,)°]
where the interaction energy, W, was found to be 24 KJ. Ureesalculations were

based on the previous equations and procedures outlined in HAl&#gl 1980) and

further information on the albite = jadeite + quartz reaction can be found therein.

Results
Calculations from the aforementioned thermamand baometry sections are
summarized in Table.3The Pressur@emperature equations wesinultaneously
solved using an ExcBlspreadsheet developed by the author using 100 iterations and a

tolerance of 0.001A mean temperature of ~88Z and a minimum pressiof 18.2
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kbars were estimated for the peak of eclogite formation. These condibiosisain the
metamorphism to highrpssureconditions, in contrast to the ultra higrepsure
conditionsreported in the abstract by Hartz et al. (2005). High pressiogitzation in
Liverpool Land also contrast with the ultra high pressure ed@riumented in the North

Eastern Greenland Eclogite Province (Gilatid Ravna2002), further to the north of the

study area.
Pressure - Temperature Calculations
Grt-Cpx Pair #1 #2 #3 #4 #5 #6
Grt
Xea 0.3220 0.3336 0.3244 0.3221 0.3266 0.3283
Grt
X 0.0043 0.0051 0.0042 0.0046 0.0055 0.0048
Grt
XMg# 0.4392 0.4330 0.4382 0.4329 0.4428 0.4556
Kb 4.8285 4.8927 4.5103 5.3906 5.4011 3.9290
Cpx
Jdp 0.3790 0.3702 0.3810 0.3861 0.3731 0.3792
Usg 2.7204 2.7815 2.6330 2.7584 2.8760 2.5215
934 0.3908 0.3812 0.3823 0.4113 0.4004 0.3626
P (kbar) 18.07 18.09 18.73 17.31 17.19 20.00
T (°C) 857.72 864.73 892.24 812.32 813.35 962.39

Table 3 Summary table of geothermobarometric calculations.
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IV. “°Ar/**Ar GEOCHRONOLOGY OF LAMPROPHYRE DIKES
Samples M14C and M21 are from two NNESSW trending lamprophyre dikes
in Figure 4. SampleM 4C (70U 52.64406N, 220 20.0916W)
the lamprophyre intruded the contact between the KredainSequence and the Hodal
Storefjord Monzodiorite pluton. SampleM1 (70U 52. 6966 N, 220 17.
collected where the lamprophyre intruded the Hegtarefjord Monzodiorite pluton.

The two lamprophyre sampling locations are approximately 0.7Bk&tlers apart.

Petrography

Sample M14C contains euhedral phenocrysts of plagioclase and phlogopite with
very sharp grain boundaries and little to no alteration (Figure 24A). Phlogopite crystals
are strongly pleochroic, changing from a-taown to cololess in plane light. Minor
inclusions of plagioclase within the phlogopite are common. Phlogopite grains have very
prominent mica cleavage traceéSome phlogopite grains may have a radial crystal form,
which can be explained by the crystal being cuthigythin section at an odd angle, due to
the large size of the phenocrystSompositional zoning is ubiquitous in plagioclase
phenocrysts (Figure 24B). The matrix comprises very fine grained phlogapmiiem
plagioclase, and opaque mineral3alcite @n be seen filling late stage cracks with the
matrix and in the interior portions of some mineral grai@ample M21 (Figure 24C)

contains the same mineral assemblage as thid®lamprophyre. The only difference
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Figure 24. A. Photomicrograph in planlight from sample ML4C of euhedral
phologopite and plagioclase phenocrysts within a matrix of phlogopite, plagioclase, and
opaques (in images Phl = phlogopite and Plag = plagiocl&s&)ptically zoned
plagioclase phenocryst within4#4C (crosspolarized light). Steel blue birefringence of
the plagioclase is believed to be a result of the thin section being slightly too @ink.
Phlogopite and plagioclase phenocrysts with#2M(plane light). Note the radiogenic
halo within the tarbrown phlogopie grain in contact with matrix feldspar (lower right).
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between théwo samples is the matrix of M1 contains less opaque minerals than M
14C and contains small amounts of chloritée presence gthlogopite phenocrysts and
sodiumplagioclase within te matrixmakes both of these lamprophyres of the Kersantite

variety.

4OAr/°°Ar Methods

The lamprophyre samples were crushed and approximately 50 phlogopite grains
were picked from each sample using a binocular microscope and were prepared for
“OAr/*°Ar analysis in theAuburn Noble Isotope Mass Analysis Laboratory (ANIMAL
Both Single Crystal Total Fusion (SCTF) and Incremental Heating (IH) techniques were
used to analyze the phlogopite grains in order to check for consistency b#teieen
methods. Ningrains from each sample were analyzed using SCTF angramefrom
each sample was analyzed using IFurther information concernin§Ar/**Ar methods

and raw data are includedAppendix C.

“Oar/°°Ar Results

The IH analyses for sample-M4C provide gplateau age of 261.56+0.38 Ma
(calculated with 14 error and a 95% confid
%Ark released. IH analysis was performed for sampilyiand the data yield a plateau
age of 263.93+0.93 Ma (Figure 26) with 97.1%td total®*°Ark included. The SCTF
analyses all yielded very consistent ages grouping around the plateau age dates. For both
samples, the probability that the SCTF data was part of a normal distribution was 0.00%,
showing that the age variations seethie data are due to differences in the age of
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400 Plateau steps are magenta, rejected steps are cyan box heights are 1c
_\ Prob = 0.00%
~—~~ 300 r |
g 256 258 260 262 264
~ — 1
(D)
(@)
<C 200 }
Plateau age = 261.56+0.38 Ma
(1o, including J-error of .0000001%)
MSWD = 1.7, probability=0.095
Includes 96.9% of the *°Ar
100 1 1 1 1 1 1 1 \
0.0 0.2 0.4 0.6 0.8 1.0
M-14C Cumulative ““Ar Fraction

Figure 25. Plateau diagram produced from the incremental heating data collected from
sample M14C. Inset. Probability density diagram created from ®8@TF data from

sanple M-14C. Individual crystal data represented as points with erro(é@os bars

a r e.1Piob. = the probability that the SCTF data could be part of a normal distribution.

49



400 Plateau steps are magenta, rejected steps are cyan box heights are 1c
Prob = 0.00%
~~ 300 r /
CG 258 260 262 264 266 268
= 0 -
D
(@)
< 200 r
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Figure 26. Plateau diagram produced frahe incremental heating data collected from

sample M21. Inset. Probability density diagram created from the SCTF data from

sample M21. Individual crystal data represented as points with error bars (error bars
areli). Prob. = CThdata gouldbipatiofialnormaldistriduteot. t h e
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individual crystas and not internal analytical error. Linear regression ob€Fdata
showed no correlation and a tight clustering of data. These results are taken to indicate
that extraneous argonmn®t present in the phlogopite mineral grains analyzed. The
results of the laser SCTF and IH analyses for sampted ®and M21 are interpreted to

indicate lamprophyre crystallization at ca. 262 and 264 Ma.
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V. DISCUSSION

To synthesizehe tectonieevoluion of rocks exposed ihiverpool Land results
from the present studyrecombined withdata from other members of the 2006
expedition summarized in Table. IThe Gubbedalen Shear Zone is herein interpreted to
be essentially a detachment fault alongadée@onia metamorphic core complex (Gan
1980). As such, the geologic history tife hanging wall i¢ess important to
understanishg the evolution of the metamorphic core; this is why work was concentrated
in the southern map area. Hanging wall bloetiletion during the Caledonian is linked
to the intrusion of the calalkaline Hurry Inlet Granite with pulses at 445 and 438 Ma,
and the intrusion of the Hod&torefjord Monzodiorite at 424 M#&ugland, 2007)

The orthogneiss terrane of the footwalthck to the Liverpool Land metamorphic
core complexhas anuch morevariedand significanthistoryin regards to Caledonian
evolution than the hanging wall blocKhe protolith ageof theorthogneiss in the
footwall is notwell dated. An upper intercepageof 1660 Maon zircons sepated from
one ofthe eclogitess interpretedasthetime of crystallizationfor mafic bodiesintruded
into the gneissic compleiugland, 2007) Likewise, he first deformatioal event (1)
recorded within the footwablock is not absolutely dated, must occur aftethe
emplacement of mafic bodiesthin the footwallat 1660 Ma, but before Caledonian
migmitization () that overprints the gneissic foliation] ®f the felsic orthogneiss

terrane placing minimum and maxum ages on the timing of deformation
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During Dy, the southern Liverpool Land orthogneisenplex was tectonically
buried as the Caledonian orogenic welt grewntializing migmdization of the
orthogneisgL. Augland,personal communication, 2008)s the footwall block
orthogneisses were brought deeper into the tiegtreached eclogitéacies conditions
(middle D, in Table 1)at 399 Ma (Augland, 2007)Results of the present study estimate
peak eclogiteacies conditions were achievet-86°C and>18.2 kbars, representing a
burial depth of approximately 70 kilometers.

Syn-collisional normal faultings a possible mechanism fexhumation of the
high pressure orthogneiss terrane dudagtinental subductio(Figure 27 Chemenda et
a., 1995;Chemenda et al., 1996 hecortinental slalis subducted to a maximum
depth, which is proportional to the strength of the crust and inversely por@dito the
pressuravithin the plate created by collisiorAt maximum depth, the crust fails and
imbricates allowing for buoyancy driven uplift af subducted crustal slice, as ttest of
the lithosphericlab continues to subduct. This uplifting creates reverseementlong
the bottom contact of the crustal slice awavn-going lithosphere and th@pearance of
normal movement along the contact of the crustal slice and overriditeg(Ghemenda
et al., 1995Chemenda et al., 1996). It appears that the orthogieeiase is an uplifted
crustal slice that delaminated from the degeing lithospherehowever, he normal fault
that brought theclogitecontaining orthogneiggrrane to the surface is not observed
within Liverpool Land. This normal fault would have bgmsitionedat a high structural
level and may have been cuttdy the Gubbedalerh®ar Zone or possibly by other post

Caledonian faulting that has segmented and chopped the orogen (Figure 3: Haller, 1985).
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The Liverpool Land eclogites share a great number of similarities with eclogites
of the Western Gneiss Region of Norwaydang the author to suggest that the former
may be an orphaned block of the latter that was sutured onto the Laurentian margin,
corroborating the idea that the orthogneiss footwall terrane is a crustal slice from the
downgoing Baltic slab. Paleogeographleconstructions (Blakey, 2007; Bowman, 2008)
depict the Western Gneiss Region adjacent to Liverpool Land during the Silurian
collision with Baltica. Eclogites in both regions occur as boudinaged mafic pods within a
felsic orthogneiss complex (Dunn ancetlaris, 1989). Protolith ages for the eclogites in
Liverpool Land and the Western Gneiss Region are comparable (~1660 Ma: Root et al.,
2004; Augland, 2007). Likewise, the country rocks of both terranes include ultramafic
rocks that are absent outsidfthe eclogitebearing terranes (Smith and Cheeney, 1981;
Brueckner, 1998). The timing of eclogitization in both regions is also of comparable age
(~399 Ma; Root et al., 2004; Augland, 2007). Liverpool Land eclogites are herein found
to have formed at tengpature and pressucenditions of approximately 867°C and >18.2
kbars. Dunn and Medaris (1989) report Western Gneiss Region eclogites found at
~800°C and > 189 kbars.Eclogitefacies mineral compositions also are comparable,
and they have very similaoarsegrained wormy symplectites of lesodium
clinopyroxene, plagioclase, and amphibole, after the decompression breakdown of
omphacite. All the above mentioned similarities lead the author to interpret that the
southern orthogneiss terrane of Liverpband isacrustal sice of the Western Gneiss
Regionleft behind in East Greenland.

During the exhumation of southern Liverpool Land, the orthogneiss terrane was
brought through granuliteacies conditions (middle fpas recorded by the eclogite
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symplectites. Upon furtheexhumationjate D, deformation producenhylonitic shears
wrappingthe eclogite poslas well as thérogued shears in the footwall blockThe

footwall terrane was brouglip rapidly to middle-crustal levels wheramphibolitefacies
metamorphisnmat approximately 388 Ma (Augland, 20@8usedartial aanealingof the
fabrics within the mylonitesWormy low-sodiumclinopyroxeneplagioclaseamghibole
symplectites like thosaithe Liverpool Laneclogites havéeen documented in other
continental eclogiteand interpreted to have formed due to rapid exhumation (Anderson
and Moecher, 2007).

D3 marksa renewed pulse of contractialong he Gubbedalen Shear Zane
which emplaced the orthogneiss footwall block against the hanging wal btmtaining
the Krummedal Sequence and the Caledonian plutdgsontraction likely cubut the
earliernormal faultthat exhumed the eclogitmntaining orthogneiss terrane
Syntectoit dikes within the Gubbedalen Sheamg dated to ~386 Ma (Auglan@007),
likely injected athe beginning otontractionaD3 shearing.

Extensionaimovement along the Gubbedalen Sheameds recorded by,
structures.Extensional faults commonly overprjoir reactivatepreviowsly formed
thrust faults and havaeeen documented in other parts of East Green{&t@dchan,
1994). last movements alongealGubbedalen Sheawde occurred at 38da asdated
by “°Ar/**Ar analysis of muscovite recovered from rocks within the shear zone (Bowman,
2008). This timing for extasionalfaulting issynchronous with other Devoniaged
detachment faults withiboththe East Greenlarahd NorwegiarCaledonidegFigure

28; Braathen et al., 2000; Hartz et al., 20BBbing et al., 2006and is compatible with
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Figure 28. Devonian detachment faults within the East Greenland and Scandinavian
Caledonides (Ebbing et al., 2006).
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Devonian Sediments having besggpositednto the Hurry Inlet Granite with the
hanging wall block of the Gubbedalen Shear Z@tigure4).

Lamprophyes in the northern field area record another pulse of extension within
East Greenlanthatoccured during the Late Permian (~262 and ~RG),
synchronously witldeposition of Permian clastsedimens in Liverpool Land Eigure
3). Paleogeographic plateconstructions position Liverpool Lanearthe Lofoten
region of north Norwayat this time (Figure 2Blakey, 2007) when the Lofoten
metamorpic core complex wafoming (Steltenpohl et al., 2004§°Ar/**Ar data from
both region®verlapon a probabity density diagranfFigure 30, implying thatPermian
extensionwvas occurring on bothdes of the orogen as well agthwer south (i.e., Oslo
Rift; Wilson et al., 2004).Sedimentation coituedto occur in the region, filling the
Triassic andlurassidasins of Jameson Land to the west of Liverpool Land (Figure 3).
Finally, Eocene rifting emplaced basaltic sills and dikes into the Jameson Land
sedimentary basins. This rifting covered the southern Scoresby Sund landscape with

large volumes of flood baks (Figure 3).

Alternate Explanation of Liverpool Larekcloqites

To explain the occurrence of eclogites in the Laurentian upper plate of th
Caledonian collisional zonélartz et al(2005 suggested that the Liverpool Land
eclogitescannot besimply attributed tometamorphic processes due to overburden (i.e.,
pressure to depth relationship). Later, Hartz et al. (2007) hypothes&estibgite
formation was due to the effects of tectonic overpressure, introducing a new theoretical
concept mfowviareparcgas sour e. 0
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Figure 29. Paleogeographic plate reconstruction during the Permian (~26 Ma) showing
the Liverpool Landegion (red staragainst Lofoten, Norwagblue starBlakey, 2007.

59



=
% M-14C
S — M-21
i a —— Lofoten
12 ' ()
‘(”«' 3 =
by ©
iy E
AN
4 B
F Pl , N 230 240 250 260 270 280 290 300
Age (Ma) C
Norwegian Sea o Lofoten Ridge Mainland
Rast Hig (Vaergy)  Vestfjorden basin
Sealevel 4
10
15
20 4
25 1
304 L 30
x B 2
_| Tertiary sediments Cretaceous sediments [II:D] Middle crust
- Oceanic crust Pre-Cretaceous sediments g Lower crust
D H]I[Imm]]] Eocene flood basalts Upper crust I:] Mantle
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crystallization age from Liverpool Land lamprophyne®lue and redD. Diagram

depicting the Permian metamorphic core complex of Lofoten (Steltenpohl et al., 2004).
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Tectonic overpressure is the concept that within a convergent tectonic setting,
pressure can be considerably higher than lithostatesgire = density x gravity xdepth)
Tectonic ovepressure isheoreticallycreated bylate tectonic derivedorizontal stresses
coupled withflexural vertical loadgaused by the deflection of thpper crust and lower
mantle during collisiorfPetrini andPodladchikov, 2000)i React i on asver pr ess
hypothesized by Hartz et al. (2007) is basedhe samerincipleas a pressure cooker.

It requires aockinclusion enclosed in a stronger rock container. As the inclusion is
heated, it will start to ex@nd creatingiltra-high pressures. When pressures exceed the
strength of the container, it will fracture, aHdrtz et al. (2007predicedthat the mafic
inclusion will show evidence of decompressional melting

Field observations from this studhydicat thattectonic overpressuis not
necessaryo account for thedrmation of the eclogites in Liverpool Lané&irst, the
concept of Areacti on o comsidpringhseslagitebearing an b e
hostrocks In the study areaheeclogitecortainer was thedisicorthogneisgs which
were not at alstrong and rigidluring eclogitization In allobservedtases, the
orthagneiss around the eclogite boudins belkamea plasticmanneyresulting in
migmatites and mylonitesThere are decomessional melts originatingithin the
eclogitepod themselvedyut theseare more parsimoniousgxplained by rapid tectonic
exhumatiorof the eclogite terraneSecondHartz et al(2007) presumedhat the
Liverpool Land eclogite terrane wassitioned m the overriding plate of the Caledonian
collision, a concept that is challenged by thedel for tectonic evolution of the

orthogneiss footwall terrane as described in this study.
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VI. CONCLUSIONS
Field studies and laboratory analysis on rocks in sontheerpool Land, East
Greenland provide new constraints on Caledonian tectonic evolution in an important area
where very little was previously known. Key contributions to this understanding that
resulted from the present study are summarized below.
A The elative deformational sequence contained in rocks of Liverpool Land (Table
1) has been constrained for the first time. By combining this relative sequence
with previous, ongoing, and new isotopic work reported herein, the absolute
sequencing of metamorghand deformational episodes has also been outlined for
the first time.
A The Gubbedalen Shear Zone was discovered and documented by the 2006
expedition team. Work presented herein documents that the Gubbedalen Shear
Zone is a greenschifdcies, eastvesttrending, shallowly to moderately nofth
dipping shear zone that is approximately 500 meters thick. The lower 400 meters
of the shear zone records tagsto-the-south reverse diplip motion, and the
upper 100 meters is characterized by topgh, downdip, extensional
movement.
A Little had been published about the petrography and pressuperature
conditions of eclogitéacies metamorphism within rocks of Liverpool Land.

Geothermobarometric calculations conducted using microprobe data determined
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thatpeak conditions of eclogitization occurred~-867C and >18.2 kbars.
Petrographic studies document grantil#eies symplectic replacement textures
formed after the decompressional breakdown of omphacite, aiding in our
understanding of the exhumatiorstary of these lowecrustal continental
basement rocks.

A Lamprophyre dikes in the northern field area were shown on the geologic map
(Friderichsen and Surlyk, 1976) but have never been described or dated. The age
of intrusion is particularly important faunderstanding their significance for the
extensional evolution of East Greenland; based loat was previously known,
thesedikes could have intruded at any point between the Middle Devonian and
the Eocene, 800 million year gap of timel usedAr/**Ar methods to separate
and date phlogopite grains from tlenprophyres. The resulting 262 Ma and 264
Ma dates are interpreted to record the time of intrusion, which helps us to
understand that the Permian was an important period of extension in East
Grealand and now must be considered together with related Permian extension

in Norway(i.e., Lofoten and the Oslo graben).

Through the course of this research, it has become evident that further research
needs to beonductedn rocks in Liverpool LandFirst, granulite and amphibolite
facies metamorphism was recognized to have variably retrograded theréggiure
assemblages in the eclogite pods but only amphib@idies assemblages were found
within the country rocks that encapsulate them. Mi@bgranalyses and
geothermobarometric information constraining the pressure and temperature conditions
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for both the granuliteand amphibolitdacies portions of this retrograde path would be
important to further understand their exhumation history. Ségoadditional

geochronologic and thermochronologic studies are needed on rocks from the orthogneiss
terrane to determine the timing of protolith emplacement and to further conséain th

timing of the Caledonian migrtiaation and subsequent exhumation stlyg in this

thesis, most of the field studies and laboratory analyses were focused on the Gubbedalen
Shear Zone and the eclogitentaining footwall terrane. The hanging wall block needs

to be mapped and characterized in much greater detail, espdwalbcks within the
Krummedal Sequence, which are lithologically variable and have uncertain

tectonostratigraphic affinities.
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APPENDIX A

STRUCTURAL DATA AND STATION LOCATIONS
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Appendix A contains structural data obtained from metamorphic and mylonitic
fabrics at specified stations. Station locations are given by latitude and longitude
coordinates. The structural data are divided based on deformation history using the
aforementioned nomenclature. The data are reported using azimuth directions and the

right hand rule.
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CP-2A Latitude N:| 70° 35.522]
Longitude W:| 22° 14.114
Fabric Strike Dip Lineation| Bearing| Plunge
So 273 19 Lo 174 13
So 76 26
CP-3 Latitude N:| 70° 36.046]
Longitude W:| 22° 14.530
Fabric Strike Dip Lineation| Bearing| Plurge
C Plane 273 21 Lo 8 37
S Plane 279 59
CP-4 Latitude N:| 70° 36.089]
Longitude W:| 22° 15.229
Fabric Strike Dip Lineation| Bearing| Plunge
So 273 19 Lo 3 18
CP-5 Latitude N:| 70° 35.086]
Longitude W:| 22° 14.245]
Fabric Strike Dip
So 218 38
CP-6 Latitude N:| 70° 35.216]
Longitude W:| 22° 14.191]
Fabric Strike Dip
S 223 40
CP-7 Latitude N:| 70° 35.210]
Longitude W:| 22° 14.256
Fabric Strike Dip Lineation| Bearing| Plunge
S 203 30 Ly 358 31
CP-9 LatitudeN: | 70° 35.078]
Longitude W:| 22° 14.001]
Lineation| Bearing| Plunge
L 143 14
L 358 29
L, 8 25
L 12 21
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CP-10 Latitude N:| 70° 35.044]
Longitude W:| 22° 13.872]

Fabric Strike Dip Lineation| Bearing| Plunge
S 23 24 L 168 3
S 310 12 L 346 2

L 158 24

L 353 11

L 348 4

L 358 13
CP-11 Latitude N:| 70° 34.978]
Longitude W:| 22° 13.767]

Fabric Strike Dip Lineation| Bearing| Plunge
S 57 6 Ly 175 11
S 84 12 Ly 186 11

Ly 354 15

CP-13 Latitude N | 70° 34.929]

Longitude W:| 22° 13.567]

Fabric Strike Dip
S 348 16

CP-14 Latitude N:| 70° 34.781]

Longitude W:| 22° 13.460

Fabric Strike Dip Lineation| Bearing| Plunge
S 203 7 Ly 354 2

CP-16 Latitude N:| 70° 34.669]

LongitudeW: | 22° 13.298;

Fabric Strike Dip Lineation| Bearing| Plunge
S 343 15 L 358 4

CP-18 Latitude N:| 70° 34.778]

Longitude W:| 22° 14.165]
Fabric Strike Dip Lineation| Bearing| Plunge
C Plane 213 42 L, 38 4
S Plane 278 40 L 30 15
S 208 40
CP-20 Latitude N:| 70° 34.583]
Longitude W:| 22° 14.295

Fabric Strike Dip Lineation| Bearing| Plunge

S 33 4 Ly 3 0
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CP-21 Latitude N:| 70° 34.478]
Longitude W:| 22° 14.586

Fabric Strike Dip
So 353 75

CP-22 Latitude N:| 70° 34.476]

Longitude W:| 22° 14.882]

Fabric Strike Dip Lineation| Bearing| Plunge
S 346 37 L 173 10
S 355 54
S 138 28

CP-23 Latitude N:| 70° 34.471]

Longitude W:| 22° 15.012]

Fabric Strike Dip
S 358 11
S 313 15
S 292 19

CP-24 Latitude N:| 70° 34.336]

Longitude W:| 22° 14.624

Fabric Strike Dip Lineation| Bearing| Plunge
S 278 20 L1 3 23

CP-25 Latitude N:| 70° 34.524]

Longitude W:| 22° 13.822]

Fabric Strike Dip Lineation| Bearing| Plunge
S 248 20 L 322 24

CP-27 Latitude N:| 70° 35.455]

Longitude W:| 22° 13.200]

Fabric Strike Dip Lineation| Bearing| Plunge
S 268 54 Lo 310 43

CP-28 Latitude N:| 70° 35.472]

Longitude W:| 22° 13.124]

Fabric Strike Dip
S 263 56

CP-30 Latitude N:| 70° 35.655]

Longitude W:| 22° 12.735]

Fabric Strike Dip

C Plane 232 56
S Plane 256 58
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CP-31 Latitude N:| 70° 35.644]
Longitude W:| 22° 12.763
Fabric Strike Dip
St 247 86
CP-32 Latitude N:| 70° 35.664]
Longitude W:| 22° 12.734
Fabric Strike Dip
S 256 74
S 274 51
CP-34
Fabric Strike Dip Lineation| Bearing| Plunge
C Plane 243 68 Lo 13 58
S Plane 278 59
CP-35 Latitude N:| 70° 35.653]
Longitude W:| 22° 13.486
Lineation| Bearing| Plunge
L 3 43
L 8 39
L 350 39
CP-36 Latitude N:| 70° 35.669]
Longitude W:| 22° 13.509
Fabric Strike Dip Lineation| Bearing| Plunge
S 253 63 L1 3 45
S 264 38 L 4 35
CP-40 Latitude N:| 70° 34.022]
Longitude W:| 22° 11.621]
Fabric Strike Dip Lineation| Bearing| Plunge
S 108 24 Lo 18 25
CP-42 Latitude N:| 70° 34.520]
Longitude W:| 22° 13.137]
Fabric Strike Dip
So 100 10
CP-50 Latitude N:| 70° 34.867]
Longitude W:| 22° 15.260]
Fabric Strike Dip Lineation| Bearing| Plunge
S 280 10 Ly 340 10

75



CP-56| Latitude N:| 70° 34.888]
Longitude W:| 22° 16.321]
Fabric Strike Dip Lineation| Bearing| Plunge
S 15 24 Lo 202 5
S 65 6 Ly 4 4
CP-58| Latitude N:| 70° 35.679]
Longitude W:| 22° 15.183
Fabric Strike Dip Lineation| Bearing | Plunge
S 192 30 Ly 325 24
S 208 45 Ly 312 47
CP-60| Latitude N:| 70° 35.864]
Longitude W:| 22° 16.333
Fabric Strike Dip Lineation| Bearing| Plunge
S 290 8 Ly 352 7
S 338 19 L, 190 10
CP-62| Latitude N:| 70° 35.707]
Longitude W:| 22°17.968'
Fabric Strike Dip
S 325 90
CP-65| Latitude N:| 70° 36.171]
Longitude W:| 22° 18.168
Fabric Strike Dip Lineation| Bearing| Plunge
S 245 52 Lo 358 51
CP-66| Latitude N:| 70° 36.463]
Longitude W:| 22° 18.190]
Fabric Strike Dip
S 270 50
CP-67| Latitude N:| 70° 36.455]
Longitude W:| 22° 17.954]
Fabric Strike Dip Lineation| Bearing| Plunge
S 270 40 L, 1 39
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CP-70 Latitude N:| 70° 35.779]
Longitude W:| 22° 13.477]

Fabric Strike Dip Lineation| Bearing| Plunge

S 271 24 L 2 5

Lo 10 24

L 9 32

L 2 25

L 358 15

L 1 26

Lo 4 11

L 4 30
CP-71 Latitude N:| 70° 35.892]
Longitude W:| 22° 13.357]

Fabric Strike Dip Lineation| Bearing| Plunge
S 273 38 L, 6 39

CP-72 LatitudeN: | 70° 35.892]

Longitude W:| 22° 13.357]

Fabric Strike Dip Lineation| Bearing| Plunge
S 278 31 Lo 2 31

CP-73| Latitude N:| 70° 36.039]

Longitude W:| 22° 12.995

Fabric Strike Dip Lineation| Bearing| Plunge
S 274 26 L, 4 27
S 280 22 Lo 14 10
S 280 24 L, 9 25

CP-74| Latitude N:| 70° 36.217]

Longitude W:| 22° 13.095]

Fabric Strike Dip Lineation| Bearing| Plunge
S 279 41 L, 6 33
S 272 15 Lo 12 12

CP-75| Latitude N:| 70° 36.255]

Longitude W:| 22° 13.267]

Fabric Strike Dip Lineaion | Bearing| Plunge

S 250 29 L, 5 30
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CP-76 Latitude N:| 70° 36.271]
Longitude W:| 22° 13.196]
Fabric Strike Dip
C Plane 250 35
S Plane 250 51
CP-77 Latitude N:| 70° 36.317]
Longitude W:| 22° 13.207/
Fabric Strike Dip Lineation| Bearing| Plunge
S 280 25 L 6 28
CP-78 Latitude N:| 70° 36.290]
Longitude W:| 22° 16.493
Fabric Strike Dip Lineation| Bearing| Plunge
S 283 42 L 2 44
L 356 6
CP-83 Latitude N:| 70° 36.323]
Longitude W:| 22° 15.390
Fabric Strike Dip Lineation| Bearing| Plunge
S 260 44 L 34 24
CP-84 Latitude N:| 70° 35.106]
Longitude W:| 22° 14.058}]
S Lo
Strike Dip Bearing| Plunge
84.1 58 11 84.1 138 15
84.2 85 12 84.2 139 15
84.3 45 16 84.3 140 19
84.4 82 18 84.4 146 15
84.5 40 17 84.5 154 17
84.6 8 30 84.6 120 24
84.7 344 34 84.7 148 9
84.8 5 20 84.8 144 19
84.9 16 15 84.9 136 14
84.10 340 34 84.10 141 11
84.11 342 14 84.11 140 4
84.12 310 25 84.12 338 8
84.13 270 17 84.13 323 14
84.14 200 30 84.14 312 17
84.15 196 6 8415 314 5

78




CP-85 Latitude N:| 70° 34.875]
Longitude W:| 22° 13.943
Fabric Strike Dip Fabric| Bearing| Plunge
S 243 7 L, 8 35
Lo 357 20
L, 355 22
L, 2 37
L, 0 44
Lo 4 38
Lo 340 4
CP-87| Latitude N:| 70° 34.976]
LongitudeW: | 22° 12.567]
Fabric Strike Dip Fabric| Bearing| Plunge
S 140 17 Lo 170 11
CP-88| Latitude N:| 70° 35.190]
Longitude W:| 22° 11.210]
Fabric Strike Dip Fabric| Bearing| Plunge
S 52 41 Lo 168 44
CP-89| Latitude N:| 70° 35.296]
Longitude W:| 22° 10.385'
Fabric Strike Dip Fabric| Bearing| Plunge
S 130 18 L, 155 4
M-10 Latitude N:| 70° 51.573]
Longitude W:| 22° 19.459]
Fabric Strike Dip
S 126 31
M-11 Latitude N:| 70° 52.378]
Longitude W:| 22° 19.255]
Fabric Strike Dip
S 150 82
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MINERAL CHEMISTRY DATA FROM MICROPROBE ANALYSIS
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PART I

Appendix B Part Icontains mineral chemical data obtained from microprobe
analysis performed at thestitute of Geoscienceblniversity of Oslo, Norway, under the
supevision of Dr. Muriel Erambert. The data were collected on tffe 29", and 3% of
May 2007. Pyroxene, garnglagioclaseand amphibole were analyzed from three
eclogite samples, C&87, CR52A, and CP92, which represented a spectrum of
retrogressin. The following tables are grouped by sample number and mineral type.
The number at the top of the column corresponds to the order of the analyses done in a
particular day.

Quantitativeanalyss were performed in WavelengiispersiveSystem(WDS)
modeon a Cameca Sx100 electron microprobe. Analytical conditions were: accelerating
voltage 15 kV, current 15 nA, and counting time 10 s on peak (and 5 s on each
background position). Na and K were analyzed first. Calibration standards were
wollastonite (Caand Si), MgO (Mg), AIOs (Al), Fe metal, pyrophanite (Mn and Ti),

Cr,03 (Cr), orthoclase (K), albite and omphacite. For pyroxene, garnet, and amphibole
analyses, a focused electron beam was used, but when analyzing feldspars a defocalized
electron beam ith a diameter of 10 micrometers was used, due to the sensitivity of
feldspar to the electron bear@Qualitative EnergyDispersive $stem (EDS) analysis was

used to quickly identify minerals prior to WDS analysis. The Cameca Sx100 is fitted

with an EDS sgtem from Princeton Gamma Tech.
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MICROPROBE ANALYSES OF PYROXENE FROM ECLOGITE SAMPLE CP -47
#1 #7 #8 #11 #14 #15 #24 #26 #31 #32 #33 #39 #43 #45

Weight % oxide

Si02 51.268 49.229 49.993 49.858 50.141 50.553 51.379 50.472 50.791 49.858 50.79 50.699 50.455 51.052
TiO2 0.244 0.344 0.367 0.432 0.375 0.305 0.255 0.289 0.227 0.240 0.235 0.259 0.275 0.217
Al203 2.632 4903 4.894 4988 4.244 3.866 2.949 4,542 3.376  4.036 4.147 3.412 4.040 2910
Cr203 0.009 0.038 0.000 0.000 0.016 0.022 0.058 0.000 0.016 0.018 0.000 0.016 0.003 0.025
FeO 10.895 10.364 10.127 9.198 9.914 9.283 9.717 13.903 10.534 10.917 9.950 9.975 9.710 9.928
MnO 0.142 0.147 0.121 0.111 0.099 0.044 0.085 0.118 0.068 0.165 0.116 0.142 0.103 0.068
MgO 12.875 12.069 12.043 12.339 12.094 12.475 12.625 12563 11.961 12.036 11.931 12.452 12.006 12.396
CaO 21.284 21.634 21.174 21.924 22.222 21.960 22.462 17.953 22.378 20.713 21.538 22.078 22.388 22.294
Na20 0.446 0.667 0.621 0.489 0551 0.623 0.739 0.613 0.821 0.710 0.790 0.474 0.642 0.373
K20 0.000 0.011 0.019 0.039 0.007 0.005 0.000 0.006 0.025 0.002 0.001 0.000 0.006 0.000

Total 99.799 99.411 99.363 99.383 99.667 99.142 100.274 100.463 100.203 98.700 99.512 99.512 99.633 99.268
o)
N Atoms per formula nit (4 cations, 6 oxygen:
Si 1.923 1.847 1.878 1.869 1.879 1.898 1.909 1.888 1.894 1.888 1905 1.903 1.890 1.924
Ti 0.007 0.010 0.010 0.012 0.011 0.009 0.007 0.008 0.006 0.007 0.007 0.007 0.008 0.006
Al 0.116 0.217 0.217 0.220 0.187 0.171 0.129 0.200 0.148 0.180 0.183 0.151 0.178 0.129
Cr 0.001 0.003 0.000 0.000 0.001 0.002 0.004 0.000 0.001 0.001 0.000 0.001 0.000 0.002
Fe3+ 0.056 0.116 0.052 0.056 0.073 0.059 0.088 0.052 0.110 0.080 0.051 0.061 0.072 0.036
Fe2+ 0.285 0.209 0.266 0.233 0.238 0.233 0.214 0.383 0.218 0.265 0.261 0.252 0.232 0.277
Mn 0.005 0.005 0.004 0.004 0.003 0.001 0.003 0.004 0.002 0.005 0.004 0.005 0.003 0.002
Mg 0.720 0.675 0.674 0.689 0.676 0.698 0.699 0.701 0.665 0.680 0.667 0.697 0.671 0.696
Ca 0.855 0.870 0.852 0.880 0.892 0.883 0.894 0.720 0.894 0.840 0.865 0.888 0.899 0.900
Na 0.032 0.049 0.045 0.036 0.040 0.045 0.053 0.044 0.059 0.052 0.057 0.035 0.047 0.027
K 0.000 0.001 0.001 0.002 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000

Sum 4000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4000 4.000 4.000 4.000 4.000
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MICROPROBE ANALYSES OF GARNET FROM ECLOGITE SAMPLE CP -47

#3 #4 #5 #17 #18 #28 #35 #36 #47 #48
Weight % oxide
Sio2 38.879 38.794 39.046 39.416 39.247 39.423 39.172 39.147 39.624 39.446
TiO2 0.058 0.078 0.067 0.063 0.038 0.053 0.068 0.073 0.085 0.063
Al203  22.108 22.337 22.205 22.250 22.084 22.008 22.271 22.494 22.014 21.966
Cr203  0.000 0.028 0.000 0.026 0.000 0.028 0.000 0.018 0.000 0.000
FeO 20.272 18.750 18.879  18.835 22.226 19.728 19.277 18.959 19.556 19.292
MnO 0.281 0.298 0.296 0.328 0.456 0.322 0.287 0.243 0.307 0.210
MgO 7.039 7.635 7.725 7.655 7.491 7.695 7.760 7.790 7.664 7.541
CaO 11.046 11.448 11.200 11.617 9.188 10.957 11.470 11.819 11556 11.441
Na20 0.020 0.000 0.000 0.000 0.042 0.000 0.000 0.000 0.129 0.047
K20 0.000 0.007 0.004 0.005 0.000 0.011 0.019 0.010 0.001 0.000
Total 99.709 99.380 99.425 100.201 100.777 100.228 100.329 100.555 100.939 100.012
Atomsper formula unit (4 cations, 6 oxygens)
Si 2.975 2.961 2.980 2.985 2.980 2.991 2.964 2.952 2.982 2.997
Ti 0.003 0.004 0.004 0.004 0.002 0.003 0.004 0.004 0.005 0.004
Al 1.994 2.009 1.997 1.986 1.976 1.968 1.986 1.999 1.952 1.967
Cr 0.000 0.004 0.000 0.004 0.000 0.004 0.000 0.003 0.000 0.000
Fe3+ 0.051 0.057 0.036 0.033 0.066 0.041 0.079 0.087 0.093 0.038
Fe2+ 1.246 1.140 1.169 1.160 1.345 1.210 1.141 1.108 1.138 1.188
Mn 0.018 0.019 0.019 0.021 0.029 0.021 0.018 0.016 0.020 0.014
Mg 0.803 0.869 0.879 0.864 0.848 0.870 0.875 0.876 0.860 0.854
Ca 0.906 0.936 0.916 0.943 0.747 0.891 0.930 0.955 0.932 0.931
Na 0.003 0.000 0.000 0.000 0.006 0.000 0.000 0.000 0.019 0.007
K 0.000 0.001 0.000 0.000 0.000 0.001 0.002 0.001 0.000 0.000
Sum 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
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MICROPROBE ANALYSES OF PLAGIOCLASE FROM ECLOGITE SAMPLE CP -47

#2 #6 #9 #10 #16 #19 #20 #21 #23 #27 #30 #34 #37 #40 #42 #44 #46
Weight % oxide
Si02 60.413 60.078 59.900 60779 60.625 60.51Z 55.611 59.964 62.063 61.312 59.968 60.655 58.535 59.117 58.229 59.954 59.194
TiO2 0.000 0.003 0.000 0.003 0.000 0.012 0.025 0.000 0.003 0.000 0.000 0.010 0.000 0.000 0.000 0.000 0.000
Al203 24.723 25.027 25.384 24.761 24.751 24.50¢ 27860 24.973 23.992 24523 25.046 24.408 26.101 25.827 26.441 25.156 25.492
Cr203 0.000 0.018 0.003 0.000 0.000 0.000 0.028 0.000 0.000 0.000 0.009 0.000 0.029 0.000 0.000 0.000 0.004
FeO 0.234 0.238 0.233 0.169 0.197 0.162 0.219 0.160 0.151 0.144 0.217 0215 0.311 0.244 0.219 0.198 0.259
MnO  0.022 0.050 0.001 0.009 0.030 0.040 0.000 0.036 0.012 0.021 0.000 0.017 0.012 0.000 0.000 0.000 0.000
MgO 0.000 0.000 0.018 0.000 0.000 0.000 0.000 0.000 0.010 0.000 0.000 0.008 0.000 0.000 0.000 0.000 0.018
CaO 6.908 7.113 7.291 6505 6.794 6.701 10.642 7.056 5773 6.044 7221 6566 8548 7.922 8464 7.357 7.568
Na20 7.633 7.666 7.695 7.926 7.778 7.784 5799 7.636 8264 8016 7.380 7.798 6.778 7.084 6.624 7.450 7.186
K20 0.196 0.178 0.169 0.205 0.242 0.223 0.116 0219 0.271 0.266 0.275 0.359 0.220 0.257 0.202 0.285 0.279
Total 100.135 100.375 100.699 100.361 100.420 99.945 100.303 100.047 100.543 100.331 100.121 100.040 100.537 100.453 100.181 100.404 100.005
Atoms per formud unit (5 cations, 8 oxygens)
Si 2,690 2.672 2658 2697 2692 2698 2501 2675 2742 2717 2673 2703 2610 2633 2602 2.667 2.646
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Al 1.297 1.312 1.327 1.295 1.295 1.288 1.477 1.313 1.249 1.281 1.316 1.282 1.371 1.356 1.393 1.319 1.343
Cr 0.000 0.002 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.001 0.000 0.003 0.000 0.000 0.000 0.000
Fe 0.009 0.009 0.009 0.006 0.007 0.006 0.008 0.006 0.006 0.005 0.008 0.008 0.012 0.009 0.008 0.007 0.010
Mn 0.001 0.002 0.000 0.000 0.001 0.002 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000
Mg 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.001
Ca 0.330 0.339 0.347 0.309 0.323 0.320 0.513 0.337 0.273 0.287 0.345 0.314 0408 0.378 0.405 0.351 0.362
Na 0.659 0.661 0662 0682 0670 0.673 0506 0.660 0.708 0.689 0.638 0.674 0586 0.612 0574 0.643 0.623
K 0.011 0.010 0.010 0.012 0.014 0.013 0.007 0.012 0.015 0.015 0.016 0.020 0.013 0.015 0.012 0.016 0.016
Sum 5.000 5.000 5.000 5000 5000 5.000 5.000 5.000 5.000 5000 5000 5000 5000 5000 5000 5000 5.000
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MICROPROBE ANALYSES OF AMPHIBOLE FROM ECLOGITE SA MPLES

A47-#12 47-#13 AT7-#22 A7-#38 47-#41 52A-#2 92-#65 92-#72 92-#73 92-#74 92-#80
Weight % oxide
Sio2 43.472 43.913 43.674 44.166 43.351 41.297 41.541 41.010 40.972 40.974 41.990
TiO2 1.551 1.691 1.473 0.839 1.368 0.509 1.276 2.173 0.961 0.761 1.480
AI203 11.431 11.871 11.295 10.843 11.826 15.473 13.670 14.203 15.374 14.925 13.441
Cr203 0.000 0.000 0.013 0.041 0.019 0.000 0.022 0.000 0.000 0.037 0.009
FeO 13.952 12.860 14.039 14.625 14.850 11.765 14.371 12.947 13.385 13.526 14.028
MnO 0.075 0.061 0.049 0.070 0.052 0.058 0.102 0.075 0.089 0.121 0.053
MgO 12.295 12.560 12.283 12.074 11.867 13.233 12.028 12.031 12.238 12.611 12.129
CaO 11.668 11.525 11.384 11.799 11.661 11.095 11.048 11.399 11.261 11.465 11.378
Na20 1.738 1.868 1.763 1.464 1.588 2.654 3.205 3.059 3.191 3.170 3.033
K20 0.428 0.473 0.512 0.635 0.673 0.902 0.027 0.027 0.022 0.025 0.017
Total 96.614 96.826 96.488 96.559 97.258 96.991 97.293 96.929 97.497 97.619 97.562
Atomsper formula unit (16 déons, 220xygens)
Si 6.492 6.502 6.527 6.612 6.460 6.114 6.195 6.108 6.070 6.073 6.231
Ti 0.174 0.188 0.166 0.094 0.153 0.057 0.143 0.243 0.107 0.085 0.165
Al 2.012 2.071 1.989 1.913 2.077 2.700 2.403 2.493 2.684 2.607 2.351
Cr 0.000 0.000 0.04 0.012 0.005 0.000 0.006 0.000 0.000 0.011 0.003
Fe 1.742 1.592 1.754 1.831 1.851 1.456 1.792 1.613 1.658 1.676 1.741
Mn 0.009 0.008 0.006 0.009 0.007 0.007 0.013 0.009 0.011 0.015 0.007
Mg 2.738 2.772 2.737 2.695 2.637 2.921 2.674 2.672 2.703 2.787 2.683
Ca 1.867 1.828 1.823 1.892 1.862 1.760 1.765 1.819 1.787 1.821 1.809
Na 0.503 0.536 0.511 0.425 0.459 0.762 0.927 0.883 0.916 0.911 0.873
K 0.082 0.089 0.098 0.121 0.128 0.170 0.005 0.005 0.004 0.005 0.003
Sum 15.620 15.587 15.615 15.604 15.638 15.946 15.923 15.846 15.941 15.991 15.865
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MICROPROBE ANALYSES OF PYROXENE FROM ECLOGITE SAMPLE CP -52A

#1 #3 #8 #10 #11 #12 #13 #16 #18 #20 #22
Weight % oxide
Sio2 54.864 50.314 53.696 53.876 54.055 53.007 53.557 54.719 54,239 54109 54.650
TiO2 0.187 0.255 0.285 0.354 0.420 0.402 0.374 0.202 0.209 0.165 0.207
Al203 12.196 9.309 12.551 13.026 13.007 13.266 13.118 12.334 12.661 12.022 12.406
Cr203 0.009 0.020 0.029 0.000 0.029 0.000 0.000 0.003 0.000 0.013 0.013
FeO 4.463 7.408 4.643 4.369 4.476 5.434 4.380 4.375 4.383 4.482 4.536
MnO 0.026 0.072 0.009 0.000 0.026 0.025 0.000 0.035 0.000 0.077 0.034
MgO 8.138 10.575 8.420 8.018 8.204 8.592 8.048 8.085 8.015 8.262 8.156
CaO 14.392 18.857 15.240 14.554 14.620 15.739 14.858 14.360 14.234 14.621 14.423
Na20 6.246 2.655 5.587 5.909 5.878 5.103 5.819 6.184 6.248 6.013 6.046
K20 0.002 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.027 0.001 0.010
Total 100.528 99.470 100.466 100.110 100.720 101.573 100.162 100.302 100.0D 99.771 100.484
Atoms per formula unit (4 cations, 6 oxygens)
Si 1.946 1.849 1.912 1.921 1.917 1.875 1.910 1.945 1.931 1.935 1.941
Ti 0.005 0.007 0.008 0.009 0.011 0.011 0.010 0.005 0.006 0.004 0.006
Al 0.510 0.403 0.527 0.547 0.54 0.553 0.551 0.517 0.531 0.507 0.519
Cr 0.000 0.001 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000
Fe3+ 0.019 0.074 0.019 0.000 0.003 0.025 0.011 0.008 0.027 0.031 0.003
Fe2+ 0.114 0.154 0.120 0.130 0.130 0.136 0.120 0.122 0.103 0.103 0.131
Mn 0.001 0.002 0.000 0.000 0.001 0.001 0.000 0.001 0.000 0.002 0.001
Mg 0.430 0.579 0.447 0.426 0.434 0.453 0.428 0.428 0.426 0.440 0.432
Ca 0.547 0.742 0.581 0.556 0.556 0.596 0.568 0.547 0.543 0.560 0.549
Na 0.429 0.189 0.386 0.409 0.404 0.350 0.402 0.4% 0.431 0.417 0.416
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000
Sum 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000
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MICROPROBE ANALYSES OF GARNET FROM ECLOGITE SAMPLE CP -52A

#5 #6 #9 #14 #15 #17 #19 #21 #23
Weight % oxide
Sio2 39.335 39.292 39.632 39.819 39.757 39.553 39.707 39.555  38.757
TiO2 0.083 0.083 0.075 0.085 0.080 0.070 0.107 0.098 0.062
Al203 22.373 22.348 22.237 22.469 22.180 22.443 22.322 22.235 22.036
Cr203 0.000 0.018 0.000 0.001 0.000 0.004 0.006 0.013 0.000
FeO 18.546 18.848 18.305 19.053 18.628 18.537 18.849 18.485 18.299
MnO 0.178 0.200 0.241 0.142 0.199 0.195 0.214 0.257 0.221
MgO 7.763 7.783 7.622 7.581 7.732 7.811 7.780 7.858 7.906
CaO 12.138 11.785 12.358 11557 12.047 11.984 11.963 12.078 11.887
Na20 0.000 0.036 0.000 0.066 0.004 0.000 0.000 0.000 0.003
K20 0.000 0.000 0.000 0.000 0.000 0.011 0.000 0.006 0.000
Total 100.420 100.398 100.475 100.777 100.630 100.612 100.952 100.589 99.175
Atoms per formula unit (8 cations, 12 oxygens)
Si 2.969 2.967 2.991 2.999 2.997 2.979 2.984 2.980 2.959
Ti 0.005 0.005 0.004 0.005 0.005 0.004 0.006 0.006 0.004
Al 1.990 1.989 1.978 1.994 1.970 1.992 1.977 1.974 1.983
Cr 0.000 0.001 0.000 0.0 0.000 0.000 0.000 0.001 0.000
Fe3+ 0.063 0.071 0.032 0.008 0.028 0.043 0.043 0.054 0.093
Fe2+ 1.107 1.119 1.123 1.192 1.146 1.124 1.142 1.111 1.075
Mn 0.011 0.013 0.015 0.009 0.013 0.012 0.014 0.016 0.014
Mg 0.873 0.876 0.858 0.851 0.869 0.877 0.872 0.883 0.900
Ca 0.981 0.953 0.999 0.932 0.973 0.967 0.963 0.975 0.972
Na 0.000 0.005 0.000 0.010 0.001 0.000 0.000 0.000 0.000
K 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.000
Sum 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000







