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RETEZAT GRANITOID PLUTON (SOUTH CARPATHIANS)
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A GEOCHEMICAL APPROACH
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Résumé: Le massif granitoide de Retezat, probablement intrns au Precambrien , est
constitué d'une masse prédominante de leucogranodiorites et leucotonalites & biotite,
muscovite et épidote, avec des bordures dioritiques et des zones centrales tonalitiques
ou granitiques. 157 analyses chimiques ont démontré une évolution limitée i caractére
calco-alcalin et, par 'analyse de tendance, une distribution plus ou moins centrifuge oun

centripéte des taux des principaux oxides.

1. Introduction

The highlands of Retezat Mts — one of the most
Alpine-like massifs of the South Carpathians — broadly
correspond to the outerop area of a granitoid body,
a lithologic feature readily naticeable in the typical
granitic geomorphology. With an exposed area around
180 km*, the Retezat Pluton is one of the important
cases of the petrographic province represented by a lot
of granitoid intrusions in the crystalline basements of
the Danubian Nappes, the lowest structural units of
the South Carpathians. -

Noticed as a granitic area by early geologists at the
beginning of this century, the first petrographic study
of Retezat granitoids was published by Gherasi (1937),
who mapped and described muscovite-epidote granites
in the southernmost part of the body. He was the first
to mention epidote as an important phase and to stress
the abundance of muscovite.

Pavelescu (1953a, 1953b) mapped the whole outcrop
area of the Relezat Pliton and separated "laminated
granodiorites” at the borders, "gneissic granodiorites”
on the limbs and ” massive granodiorites” in the central
area. He interpreted this zonal structure as a conse-
quence of the diapiric intrusion of the massif, the ex-
ternal effect being a retrogression of surrounding am-
phibolites to greenschists.

Lately, Macalet, (1983, 1991) has studied the north-
ern and central parts of the Retezal Plulon, presenting
detailed mineralogic and petrographic observations,
and Berza (between 1982-1086) has surveyed the

southern area; their samples constitule the material
basis for the present work.

2. Geological setting

Following the structural and lithostratigraphic ter-
minology used in recent papers devoled to this area
of the South Carpathians (Kriutner et al., in Zouhek
et al., 1988; Berza et al., 1988a, 1988b), the Retezat
Pluton is emplaced in metamorphic rocks belonging to
the Dragsan Group from the basement of the Lainici
Nappe - an unportant Alpine tectonic unit of the
Danubian Nappes, outcropping on large areas in the
Retezat, Valcan and Pardng Mts.

With a striking dominance of amphibolites, (& gar-
net), the Dragsan Group metamorphics are also rep-
resented by augen gneisses, biotite gneisses (£ gar-
net), mica gneisses (& kyanite & sillimanite & gar-
net), actinolitic schists and serpentinites. Clearly poly-
metamorphic, this sequence frequently bears a low-
grade look, expressed by abundant chlorite, epidote,
fine grained white mica, mostly connected with inten-
sive shearing induced by both pre-Alpine and Alpine
tectonics. K/Ar isotopic ages do not exceed 325 £ 9
Ma {Grinenflelder et al, 1983), but regional grounds
strongly suggest a late Precambrian age for the re-
gional medium-grade metamorphism of the Drigsan
Group. Due to young, post-nappe, folding in the
Retezat Mts, the pre-Alpine basement of the Lainici
Nappe outerops in the core of an E-W oriented an-
tiform, covered southwards and northwards by its



Alpine sedimentary cover (Lower Jurassic conglome-
rates and sandstones, Mid-Upper Jurassic - Lawer Cre-
taceous limestones, Bocretaceous flysch) and by upper
Danubian Units. Between Raul Barbat in the East and
Raul Mare in the West, the Driggan metamorphics
are intruded by a NE-SW oriented granitoid body, the
Retezat Pluton. With a NW-SE dimension of around
5-7 km, and a NE-SW length of around 30 km (visible
between southern and northern covers), the Relezat
Pluton covers ca 180 km?, being one of the main gran-
itold plutons from the South Carpathians. Cousider-
ing both the noticeable southwards broadening of the
pluton and the petrographic zonality, we assume an
at least equal development of the pluton, under the
Mesozoic cover and the overlying nappes, in the deep
underground of the Godeanu Mountains.

The NE-SW oriented borders of the body are gener-
ally sharp, only seldom granitoid apophyses or meta-
morphic roof pendants being noticed (Nucsoara brook,
Milsiesti brook). Gherasi et al. (1974) considered
this contact as tectonic, but Macalet (1983, 1991)
poinied to the existence of biotite rich schists in the
border zone, and inlerpreted them as "schistose horn-~
fels”..On the other hand, Berza (in Berza et al., 1989)
has mapped on the eastern border, inside the body,
a narrow (meters to tens of meters) strip of biotite
rich quartz diorites, much darker than normal biotite-
muscovite Retezat granodiorites or tonalites, and, on
the western border, a strip (tens of meters to 200m)
of hornblende-biotite dioriles. This fact enables us ta
consider these horders as true emplacement limits, all
the dynamic effects noticeable here (Pavelescu, 1953a,
b) being local effects of pre-Alpine tectonics at the con-
tact between two different rock bodies - the granitoid
pluton and enveloping metamorphic rocks. Only on
the right slope of the Lipusnicul Mare Valley (south-
ern part of the oulcrop area), the eastern contact is
represented by a young faull which crosses also the
Alpine cover.

The diapiric look noticed by Pavelescu (1953a, b)
arises, in our opinion, from the cffect of a large scale
post-nappe folding of the two pre-Alpine units included
in the basement of the Lainici Nappe (see Berza et al.,
1983), along a NE-SW axis, with the disposition of
the Dragsan Group and Retezat Pluton in a synform.
The underlying Lainici-Péiug Group outcrops to the
east and west (here known as "Raugoru Series”) from
beneath the Draggan belt. A similar situation was de-
scribed in the Valcan Mts by Berza et al. {1988b).

However, the most important effect of pre-Alpine
lectonics is the dynamic metamorphism undergone by
the granitoids. I in the central area of the body ig-
neous fabric and mueralogy are frequently preserved,
most. of the Retezat pranitoids from the surround-
ing zone shows a foliation (" gneissic granodiorites” of
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Paveclescu, 1953a, b) resulted both from preferential re-
orientation and deformation of igneous minerals (eye-

shaped K-feldspar, slipped micas), and from blaste-

sis of oriented sericite, chlorite or quartz layers. The
effects of dynamic processes are more evident in the
marginal (W and E) parts of the body ("laminated gra-
nodiorites” of Pavelescu, 1933 a, b), where sometimes
rocks are in fact true low-grade blastomylonites. The
dip of the foliation expresses some fluctuations (some-
times even centimetric microfelds), but generally it is
SE on the western flank and NW on the castern one,
suggesting the mentioned diapiric look.

In the northern end of the oulcrop area, the Retezal
granodiorites arc overlain by dynamo-metamorphosed
Jurassic (according to Berza et al., 1988a) conglomer-
ates, arkoses and limestones. In this area the granodi-
orites show a well expressed alpine foliation, disposed
E-W/N, parallel to the schistosity developed in the
cover rocks.

3. Petrography and mineralogy

The Retezat Pluton is striking among the grani-
toid bodies from the South Carpathians by the large
prevalence of biotite-muscovite-epidole granodioriles
and tonalites (Pavelescu, 1953 a, b; Macalet, 1683,
1991}, However, some granitic areas were mapped by
the authors of this study in the southern-central part of
the exposed pluton, and a narrow {tens of meters) strip
of hiotite rich quartz diorites was identified by Berza
at the eastern border of the massif. The gradual tran-
sition, from biotite-muscovite granodiorites, through
biotite granodiorites and biotite tonalites, to biotite
rich quartz diorites, strongly supports the interpreta-
tion of the latter as a more basic, first crystallised, bor-
der facies of the pluton (while mternal granitic facies
represent last consolidated zones)., A similar situation
was described in the Frumosu granitoid Pluton (also
from the basement of the Lainici Danubian Nappe of
the South Carpathians), by Berza et al. (1981). This
is not the case of a strip of hornblende-biotite diorites,
bardering westwards the Retezat Pluton in the right
slope of the Raul Mare Valley. From some tens to 200
m thick, this strip, noticed also by Gherasi (1937),
has castwards a neat contact with normal biotite-
muscovite granodiorites, representing clearly a distinct
(most probably older) intrusion, similar to the'small
basic precursory intrusions described at the western
border of the Varful Pietrii granitoid Pluton (from the
same Danubian province) by Gherasi (1937) and by
Andar (1991).

The modal composition of 157 samples of Relezat
granitoids is projected on a standard Streckeisen QAP
diagram (Fig. 1A). Most of the samples are projected
in the lower part of the granodioritic field, spreading
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Fig. 1-Q A P diagrams. A, Modal composition; B, CIPW norme; C, Rittmann norme; D, Mesonorme.

from it both to tonalitic and granitic fields; some
samples correspond also to quartzmonzodiorites and
quartzdiorites, but the main tendency of differentia-
tion goes almost horizontally, at the Q = 20-30 %
level. QAP-diagrams (Fig. 1B, 1C, 1D), resulted from
CIPW, Rittmann or mesconorme calculations based on
the chemical analyses of these samples, show the same
prevalence of the granodioritic composition, but also
sensible shifts of the cloud of projection points, each
shift being specific for the computation method used.

Hornblende-biotitediori-
t e s from the right slope of the RAul Mare Valley are
built from the millimetre euhedral plagioclase (too al-
tered to be determined) and hornblende crystals, with
some smaller interstitial biotite and quartz; biotite fre-
quently grows on hornhlende crystals, sometimes re-
placing them completely (an effect of the main, gra-
nodioritic, intrusion?). A pervasive fracture cleavage
gives the rocks a foliation, characteristic of the border
zones of the pluton.

Biotite-quartzdiorites border-
ing eastwards the Retezat Pluton are also foliated,

Lut igneous minerals (euhedral andesine and biotite),
1-5 mm large, can be recognized, even if plagioclase
suffers a transition to epidote + albite, or bictite is
chloritized. Quartz is here a major component and
hornblende was not yet found.

Biotite-muscovite-epidotegra-
nodiorites and tonaliteshave the same 1-5 -
mm large euhedral plagioclase (oligoclase) and biotite
crystals and intergranular quartz, but K-feldspar also
becomes a major component. However, its content is
difficult to estimate in hand specimen, only thin sec-
tion examination revealing the petrographic type. In
some areas there is a drop in the quartz content and
the rocks correspond to quartzdiorites. The main cha-
racteristic of this petrotype (which covers around 80 %
of the exposed area of the Retezat Pluton, giving its
specificity among the Danubian granitoid plutons) is
the constant presence of 1-3 mm large muscovite crys-
tals (3-7 %; sometimes also interlayered with fresh or
chloritized biotite} and 0.5-1 mm large euhedral epi-
dote crystals (1-3 %, exceptionally 8 %). These min-
erals may be easily distinguished from the usual fine-



grained white mica and epidote developed, especially
in sheared rocks, at the expense of plagioclase. Gherasi
(1937), Pavelescu (1953 a, b) and Macalet (1991) have
considered the large crystals of epidote and muscovite
as primary minerals, crystallized from the granitoid
magma. Epidote represent here the Ca-Fe-Mg min-
eral phase, taking the place of the usual hornblende
of Danubian granodiorites and tonalites; although fre-
quently epidote crystals grow around a small cuhedral
allanite crystal, no evidence of replacement of horn-
lilende by epidote has been found in ihe Retezat gra-
nodiorites and tonalites. This case supports an older
hypothesis of Mrazec and Giugca (1934) on the direct
crystallization of epidote from acid magima, but to the
question of the physical control of this unusual crys-
tallization path, we still have no answer. As regards
the color index of these rocks, the sum of epidote, bi-
otite and accessory minerals generally average 3-5 %
this means that most of the Retezat granodiorites and
tonalites are, in respect of the Streckeisen classifica-
tion, leucogranodiorites, respectively leucotonalites.

Biotile-muscovite-epidote grta-
nites differ from the rocks described above only
by a larger participation of K-feldspar. According to
the optical and X-ray study of this mineral done by
Macalet (1991), it is a perthitic, intermediary, crosst-
winned or untwinned, microcline with a D = 80 tri-
clinicity index. Both in granites and granodiorites,
microcline appears either intergranular or as up to 2
em wide ocelli, including more or less corraded former
euhedral plagioclase crystals, frequently surrounded by
muscovite crystals,

Dyke rocks arenot characteristic of the Retezat
Pluton. Clearly connected to it, as last acid products,
aplites and pegmatites are the most frequent. A large
(tens of meters) garnet-muscovile aplite outcrops in
the Piciorul Slaveiulul summit, just over the right an-
gle bent of the Lipugnicul Mare Brook. A few par-
phyric augite bearing microdioritic dykes are by no
way proved to be in genetic relation wilh the host gra-
nitoid body.

4. Geochemistry

The true aim of this paper is to present a geochem-
ical survey of the Retezat granitoid Pluton, filling by
this approach the last gap in the study of the Danubian
eranitoid bodies (besides a few old, scattered, analy-
the first 15 chemical analyses of Relezat grani-
totds have just heen published by Macalet, 1991; these
5 saples are incorporated in the 157 of the present
work). In this way, the work done (mainly in the Ge-
docical lnstitate of Romania) in the last twenty vears

che granitowds from the South Carpathians is com-
i with a contribution bringing both the highest

808,
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amount of analytical data and the highest ratio num-

ber of analysis on area of exposure. Following similar
studies published in many countries and introduced
in Romania by Andar (1991)), we have presented our
data also in the form of trend maps, picturing the areal
distributions of the main chemical components.

Knowing from previous authors the lithologic
monotony of the Retezat granitoid Pluton, we tried to
study its geochemistry using a one kilometer spaced
sample network, as geometrical as possible in a high
zone (mostly over 2000 m) as this, where Quaternary
morenae, boulder fields and debris cover important ar-
The standard wet chemical analyses of the 157
used samples are listed in table | and their trace el-
ement contents of 74 samples were determined using
emission-spectrometry (table 3).

€as.

From the data presented in table 1 and 3, the out-
sider nature of the western strip of hornblende-biotite
diorites is very clear, even if the two analyses show im-
portant differences in SiOy and MgO content between
them. For the main pluton, continuous increase in
5105 and K50, repectively continuous decrease in CaO
and MgO, FeO + Fe;03, TiOz, P20s, Zr, V, Cr, Nj,
S¢ and low variation in Al;Oz and Na,O, from quartz
diorites to granites, is typical of a moderately differen-
tiated sequence. The mean contents computed for the
analysed oxides and trace elements from tables 1 and 3
are presented, for the main petrotypes, in tables 2 and
4. From all these tables it results also a considerable
overlap in element contents of the four main petro-
graphic types (quartzdiorites, tonalites, granodiorites
and granites), the main element for discrimination be-
ing in such cases modal analysis (Fig. 1A), but this
one is also subject to the representativity of the thin
section in respect of the hand specimen.

These statements are confirmed by variation dia-
grams. Using the Nockolds-Allen differentiation in-
dex (Fig. 2), the limits between the mentioned rock-
types fall at 8.5, 10 and 12-13 of (1/3Si + K)-(Ca +
Mg), projection clouds and lines illustrating graphi-
cally the above described situation. In a ternary S5i0s-
CaO+MgO-Al;05+Fes035(y) Korjinski diagram (Fig.
3), projection points show also a clear differentiation
trend to higher silica rocks, {rom quartz diorites to
granites. In the FMA diagram (Fig. 4) the concomi-
tant alkali increase and Fe and Mg decrease point to a
relatively short differentiation of calc-alkaline trend.

In order to test also the R;-Ra Hubert de la Roche
diagram, we constructed Figure 3, where most pro-
jections lie next to the border dividing the field of
leucogranodiorites from that of granites, a few oc-
cupying the granodioritic field or contiguous fields.
Preferring both local tradition and the international
adopted Streckeisen classification, we discard this
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Table 1 - Chemical analyses (%)} of the granitoid

Sample  Si0z Ti0; Al;0z Fepa  FeQ  MnO MgO CaQO

DIORI

198 53.50 0.75 17.01 3.22 4.71 0.13 5.34 6.64
185 58.11 0.92 17.31 3.17 3.01 0.12 2.74 5.55
QUARTZ

378 60.80 0.58 17.08 3.24 1.53 011 1.88 4.81
313 60.87 .59 17.61 3.93 1.31 0.11 1.86 4.90
1848A 61.00 0.43 22,14 1.43 1.57 0.04 0.96 5.16
308 62.49 0.52 17.51 3.69 0.58 0.11 1.76 4.04
309 62.58 0.63 17.51 2.80 1.57 0.10 1.56 4.53
4683  62.65 0.64 1840  1.91 217 001 1.81 3.44
1875 63.68 0.90 19.11 2,19 0.92 .04 0.92 5.08
1892  66.20 034 1679  3.20 089 004 085 2.39
TONALI

4687 66.06 0.32 17.90 1.17 1.32 0.04 1.43 3.60
160 66.06 0.36 16.71 4.67 0.73 0.06 0.64 3.15
163 66.40 0.38 16.80 4.28 0.84 0.07 0.79 3.12
161 68.70 0.44 17.61 2.30 0.72 0.06 1.06 3.30
160A 66.90 0.38 17.76 2.46 .58 0.07 Q.79 3.12
164 67.10 0.40 16.56 4.18 0.58 0.06 Q.80 3.12
4707 68.28 0.34 16.80 1.58 0.55 0.07 0.58 2.98
1805 68.38 0.30 16.94 1.40 0.41 0.02 0.60 3.64
1696 68.41 0.38 16.40 1.80 0.66 D.02 0.79 3.67
1891 68.62 0.34 16.84 1527 0.76 0.03 0.47 2.88
1837 68.62 0.33 18,51 0.76 0.57 0.04 0.50 3.03
1826 68.85 0.23 15.78 1.78 1.00 0.04 0.87 2.77
1887 63.88 0.24 16.70 217 0.86 .02 0.59 3.33
4708 68.90 0.42 -16.40 1.53 0.70 0.06 0.81 3.10
187 6894 024 1652 073 1.01 0.04 053 273
4690 69.46 Q.27 16.40 1.64 0.48 0.02 0.65 2.58
4743 69.52 0.30 16,20 1.08 0.90 0.04 0.87 2.36
1882 69.65 0.24 16.39 1.30 0.62 0.04 0.73 2.56
1852 69.68 0.36 16.39 1.21 0.61 0.04 0.65 2.27
199 69.70  0.23 1596 148  0.49 006 070 2.31
1823 69.76 0.20 17.00 1.21 0.43 Q.06 0.55 2.59
1848 69.84 0.13 18.65 Q.04 0.38 0.01 0.35 3.45
4689 59,93 0.39 16.30 1.43 0.66 0.02 Q.76 2.35
1824 70.24 0.20 16.68 0.25 0.85 0.44 1.20
1860 70.32 0.64 16.54 1.07 0.70 D.05 0.55 2.34
4616 7033 034 1680 034 072 0.02 038 240
1825 70.69 0.20 17.14 0.41 0.71 0.53 2.58
1822 70.72 023 17.22 028 071 006 068  1.89
275 T70.75 0.19 15.40 1+53 0.32 Q.07 0.51 2.39
4735 7115 0.27 1560  1.27 0.236 005 068 2.46
GRANODIO

162 66.95 0.38 15.96 3.59 0.55 0.07 0.80 2.93
169 66.96 0.28 17.61 1.44 0.35 0.05 0.68 2.19
4692 67.39 038 1630 249 070 0.04  1.20 2.80
1289 67.44 0.45 18.44 1.93 .85 0.14 0.40 2.80
4709 67,71 0.28 17.50 2.14 0.05 Q.67 -3.17
1286 68,20 0.32 18.98 1.33 0.43 0.06 Q.10 2.94
1839 68.22 .36 19.27 0.08 D.71 0.04 0.60 2.73
628 68.35 0.35 14.85 2.28 0.81 0.24 0.60 3.92
1428 68.38 0.40 18.80 2.28 0.71 D.08 0.30 2.80
1288 688.50 0.45 19.10 2.06 0.57 0.08 0.60 2.60
1886 68.60 0.34 16.36 1.39 .64 0.04 0.79 2.97
1429 68.65 0.42 18.14 2.11 0.85 0.04 0.30 3.36
1897 68.70 .24 17.49 1.04 0.51 0.04 0.49 2.78
1871 68.78 Q.48 16.26 1.26 0.79 0.06 0.73 2.68
167 68.94 0.24 16.86 1.74 0.43 0.07 0.51 2.27
4744 68.99 0.30 15.80 1.10 0.82 0.04 0.76 2.54
1427A 69.00 0.40 17.60 2.41 0.57 0.14 0.60 2.50
30 69.04 0.10 14.96 2.31 0.50 (.06 2.05 1.82
1850 69,09 0.28 15.14 .90 0.66 4.03 0.70 2.32




RETEZAT GRANITOID PLUTON

rocks from the Retezat Pluton

K0 Naz0 D05 H.OT 10~ COq g Total
TES

1.15 370 Q.21 0.74 236 016  99.62
1.44 431 0.30 0.88 1.56 019  99.61
DIORITES -

310 4.36  0.31 1.83 0.14  99.55
2.62° 395 032 1.56 0.17  99.80
1.62 460  0.19 0.36 0.15  0.24 99.59
314 394 026 1.24 0.28  99.56
248 440 040 1.13 0.19  99.88
2.47 488 020 0.90 0.06  99.54
1.69 450 0.5 0.47 0.97 * 001  100.63
3.44 4086 011 1.36 0.14  99.81
TES

218 510 013 0.82 0.06  100.13
2.58 408  0.15 1.05 0.20 0.6 100.50
240 44F 012 0.9 0.10 010 100.81
2.78 417 0.3 1.20 0.10 0.20 100.77
2.7 398 0.16 1.75 0.13  100.25
271 380 0.5 0.91 0.17  100.64
233 495 017 .75 0.08  99.46
198 471  0.08 1.18 0.18  99.81
204 483 0.0 061 0.07  99.58
1.92 495 007 1.17 013 99.45
1.87 466  0.09 0.79 0.12 99.65
2,27 420 ° 012 1.04 0.30 99.25
1.53 440 0407 0.95 016 99.90
231 430 008 073 0.06 9940
2,38 437  0.09 0.28 1.35 019  99.60
2,30 4.82  0.07 1.06 0.07  99.82
260 460 007 0.88 0.05  99.47
231 401 0.1 1.58 0.19  99.73
228 522  0.08 0.39 082 0.11  100.11
261 4452 0.0 0.61 0.91 020  99.61
2,50 420 008 1.08 0.18  0.08 99.56
093 550 007 0.30 0.12 017  99.70
231 440 007 089 0.05  99.56
312 520 007 0.81 0.20  0.44 99.30
2.85 452 009 0.60 0.38  0.08 100.69
2,53 493 0.6 0.61 0.05  99.51
480 175 0.8 0.78 0.14 99.53
2.87 405 0.7 0.95 0.11 99.60
2.40 457 Q.07 1.34 0.17  99.71
2.60 463  0.06 0.6 0.08  99.67
RITES

2,59 428 012 0.97 0.10 - 0.16  99.45
3.58 465 0.6 1.35 0.25  99.45
270 410 D16 1.42 0.07  99.75
1.85 337  0.09 0.12 0.13 010 98.51
2.02 500 0.09 0.62 0.06  99.49
1.92 334 008 0.60 0.83 008  99.21
237 436  0.09 0.92 0.11 99.64
262 3326 013 1.39 0.83 009  99.52
1.87 337  0.07 0.35 0.44 0.05  99.90
1.50 3.20  0.08 0.36 0.48 004  99.62
1.9 4.79 0.9 1.28 0.18  99.46
1.37 377 007 0.43 0.44  0.05 100.00
270 422 007 1.04 0.20 99.88
231 4.89  0.08 0.54 0.41 042 99.69
2.81 463 0.08 1.3t 0.08 9998
285 426 - 0.08 2.12 0.07  99.79
1.85 3.7 0.08 0.80 035 004 10051
245 460  0.04 1.34 0.40 96.67
213 457  0.08 3.79 017 99.86




T. BERZA et al.

Table 1

Sample  Si0, TiO;  AlbOs  FeeO3 FeO MnO MgD CaO

GRANCDIO

219 69.32 D.20 12.70 4.40 0.79 0.05 1.16 2.80
1858 69.41 .14 16.45 1.42 0.36 0.02 0.65 3.00
14278 69.50 0.42 18.00 1,74 0.85 0.10 0.50 2.70
4554 69,57 0.42 16.50 0.21 1.28 0.03 0.40 2.99
1851 59.61 0.13 16.75 1.55 0.57 0.07 0.53 2,77
4614 69.65 0.36 17.80 0.77 0.75 0.04 0.60 2.20
4613 69.87 0.35 17.60 0.57 0.71 0.03 0.46 2.45
1883 69.67 0.24 15.84 0.37 1.37 0.04 0.51 2.85
1864 69.69 Q.72 13.78 2.85 0.27 0.05 0.98 2.38
1829 69.72 Q.20 17.00 0.26 0.57 0.49 2.30
4705 69.76 0.36 16.74 1.07 0.64 0.04 D.66 2.50
1894 69.80 0.26 15.74 0.95 0.66 0.04 0.50 2.06
1817 69.85 0.23 - 17.11 0.39 Q.57 0.08 0.58 2.04
1868 69.85 0.60 16.39 1.24 0.92 0.04 0.61 1.24
1883 69.88 0.24 15.94 1.04 . 0.56 0.06 0.56 2,94
1821 60.90 0.22 17.30 0.42 0.85 0.07 0.71 2,26
1896 69.90 0.20 15.94 1.09 0.41 0.04 0.52 2.85
1841 69.95 D.28 18.29 0.16 0.57 0.49 2,49
165 69.96 0.18 15.96 1.27 0.41 0.04 0.44 2.50

1888 69.96 0.20 15.80 3.10 0.47 0.03 043 1.51
1849 70.01 0.23 18.57 0.40 0.06 0.48 2.46
1828 70.02 0.20 17.49 0.28 0.85 0.47 2.56
1859 70.04 0.10 15.84 0.98 0.79 0.05 0.56 2.79
43552 70.09 0.61 16.80 0.54 D.60 0.07 0.60 2.28
4728 70.10 0.33 17.00 1.38 0.30 0.06 0.68 2.51
117 70.16 .10 15.20 1.29 0.6 D.05 1.45 2.38

1867 70.16 Q.24 15.59 1.16 0.55 0.05 0.59 2.56
1877 70.18 0.20 16,24 0.91 0.75 0.03 0.67 3.05
654 70.19 0.60 14.28 2.95 0.40 0.06 1.10 2.66
18 70.24 0.16 16.21 1.24 0.40 0.04 0.49 2.41

1830 70.25 0.29 17.78 0.62 0.06 0.51 2.39
159 70.27 0.24 16.24 0.94 0.70 0.06 0.49 2.41

1818 70.30 0.23 16.00 0.27 1.14 0.07 0,53 2.71
4553 70.32 0.36 16.50 0.33 0.95 0.04 0.50 2.34
1873 70.33 0.24 16.09 1.26 0.49 0.06 0.58 2.20
19 70.36 0.10 16.31 1.04 0.59 Q.04 0.56 2.38

4759 7037 0.35 15.90 0.81 0.32 Q.03 0.69 0.78
1820 70.42 0.23 16.68 0.21 0.85 0.07 0.49 2.68
1827 70.55 0.20 16.74 0.62 0.57 0.60 1.97
1889 70.60 0.18 17.69 1.10 0.41 0.02 0.64 2.28
166 70.60 0.24 15.86 1,80 0.27 0.05 0.60 2,17
4727 70.60 0.32 15.90 1.06 0.32 0.04 0.50 2,35

1842 70,69 0.18 16.89 0.87 D.64 0.34 2.55
1840 70,69 0.14 16.52 1.43 0.85 0.05 0.75 1.4l
4697 70.70 0.28 15.80 0.94 0.37 -0.48 2.32
4699 70.73 0.22 15.60 0.89 0.62 0.03 0.63 2.40

5 70.76 Q.18 15.70 1.42 0.20 D.05 0.54 2.41
1879 70.86 .26 16,31 1.36 0.38 0.05 0.49 3.05

3 70.88 0.18 15.64 1.06 0.36 0.03 0.48 2.39
1874 70.89 0.46 13.64 2.09 0.50 0.05 0.56 2.80
1866 70.90 0.12 15.44 1.90 0.23 0.04 0.59 2.31
558 70.93 0.20 14,22 1.14 0.81 0.08 0.90 2.66

2 70.94 0.19 15.64 1.42 0.20 0.06 0.63 2.43

1869 70.94 0,28  13.89 2.42 0.54 (.05 0.57  2.78
4747 70.95  0.30  15.80 1.40 040 004 070 210
4612 T0.96  0.39  15.80 0.18 0.85 0.03 031 200

97 71.01  0.04 16.24 .89 033  0.03 0.46 2,23
4742 71.03  0.21 16.00 1.01 044 003 057 242
1836 71.07  0.29 17.15 0.40 0.71 003 063 1.75

96 71.09  0.12 15.79 1.02 0.38 003 053 212
1865 7112 0.34 15.94 1.72 0.44 0.05 047  2.30
1876 71.12  0.08 15.64 0.92 0.47 .0.04 049 2,70
































































































































































































































































































































































































































































































































































