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ABSTRACT

PALEOBIOLOGY AND TAPHONOMY OF EXCEPTIONALLY PRESERVED PUTATIVE MACROALGAE
FROM THE EDIACARAN ZUUN-ARTS BIOTA, ZAVKHAN PROVINCE, MONGOLIA

by

Keenan Hassell

The University of Wisconsin-Milwaukee, 2018
Under the Supervision of Professor Stephen Q. Dornbos

The first unequivocal evidence of complex multicellular life appears in exceptionally
preserved Ediacaran (635-541 Ma) fossil deposits. The newly discovered Ediacaran Burgess
Shale-type (BST) Zuun-Arts Biota of Zavkhan Province, Mongolia, contains putative macroalgae
fossils. Morphological measurements of 821 individual specimens including length, width, and
branching angle obtained using Imagel software were used to calculate morphological
parameters including median thallus length (16.75 mm), filament width (0.50 mm), branching
angle (63.63°), and surface area/volume ratio (8.19 mm ). The Zuun-Arts biota contains fossils
of six distinct morphotypes: non-branching, dichotomous branching, monopodial branching,
fan-shaped, shrub-like, and small non-branching, all morphologies are similar to macroalgae
from the Ediacaran Lantian and Miaohe biotas. Morphological and taphonomic data rule out a
non-macroalgae affinity, and SEM-EDS data indicate that the Zuun-Arts fossils are preserved as
aluminosilicate and carbon films. Results indicate that the Zuun-Arts fossils are macroalgae

preserved as aluminosilicate mineral films.
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Introduction

The Ediacaran Period stretches from 635 Ma to 542 Ma and is characterized by important
paleobiological and paleoenvironmental changes. This period between the end of the Snowball
Earth glaciations and the beginning of the Cambrian Period shows the first unequivocal complex
animal life, and may hold the key to a better understanding of the origins of multicellular life
(Xiao et al., 2008). The fossil record indicates a soft-bodied Ediacaran biota appearing as early
as 575 Ma and persisting until around 541 Ma, at the beginning of the Cambrian Period (Xiao et
al., 2008). Interpretations of these organisms have been controversial, and their phylogenetic
affinities are still not entirely understood. Paleontologists first tried to shoehorn the Ediacaran
organisms into Paleozoic phyla, however more recent studies suggest that many of these
organisms belong to an extinct kingdom level taxon known as the rangeomorphs (Seilacher,
1992; Narbonne, 2005). The Ediacaran biota is characterized by rangeomorphs and
erniettomorphs, but also includes microbial colonies, algae, fungi, protists and stem-group

bilaterians and other metazoans (Narbonne, 2005).

The Ediacaran Period also contains fossil deposits of exceptional quality, known as Lagerstatten
(Wang et al., 2014). Ediacaran Lagerstatten preserve a variety of soft-bodied organisms
including enigmatic forms, putative metazoans, and algae that are not normally preserved, and
show a variety of preservation types (Butterfield, 2003). Preservation types include external
molds of soft tissue in fine-grained sand stone, carbonaceous compressions, phosphatization,
pyritization, and silicification (Wang et al., 2014; Cai et al., 2010, Meyer et al., 2012; Brasier et

al., 2011). Deposits that preserve carbonaceous compression fossils in fine-grained marine



siliciclastics, or Burgess Shale-type (BST) deposits, are a specific type of Lagerstatten that does

an excellent job of preserving evidence of soft tissue (Wang et al., 2014).

Ediacaran BST deposits are known from around the world, including the recently described
Zuun-Arts Biota in the Zavkhan terrane of western Mongolia (Dornbos et al., 2016). The
Zavkhan terrane is a Precambrian crustal fragment that was embedded in the core of the
central Asian orogenic belt (Smith et al., 2016). During the Ediacaran Period, arc terranes were
accreting to the south, causing the Zavkhan terrane to begin subducting beneath the
Khantaishir-Dariv arc. This subduction created the foreland basin in which the Zuun-Arts
Formation was deposited (Macdonald et al., 2009). The Zuun-Arts Formation is composed of a
basal stromatolitic limestone, a thin black shale interval with a cherty phosphorite layer, and
then a thick carbonate sequence (Dornbos et al., 2016). The Zuun-Arts Biota is only beginning to
be studied, but so far two new species of putative macroalgae, Chinggiskhaania bifurcata and
Zuunartsphyton delicatum, have been identified (Dornbos et al., 2016). Preliminary data

suggest they are preserved as aluminosilicate films (Dornbos et al., 2016).

The goal of this project was to test the hypotheses that 1) the Zuun-Arts fossils are indeed
macroalgae, and 2) they are preserved as aluminosilicate films. These hypotheses were tested
through thorough micro- and macroscopic study and morphometric analysis of Zuun-Arts fossil
specimens in combination with scanning electron microscope energy dispersive x-ray
spectroscopy (SEM-EDS) and x-ray diffraction (XRD) analysis. Learning more about the

morphology, preservation, and the paleoenvironmental conditions under which these



exceptional fossils were preserved will provide a better understanding of early multicellular life

in the Ediacaran.

Background

Functional morphology in modern macroalgae

BST macroalgae fossils preserve only the exterior morphology of the the organism and can look
similar to other types of fossils, so establishing a macroalgae affinity can be difficult (Xunlai et
al., 1999). Most notabley, macroalgae fossils can look similar to burrow fossils, although they
can be distinguished from burrows by their flattend form, carbonaceous composition, clearly
defined margins, jagged endings, and non-disturbance of adjacent sediment, all of which
burrow fossils lack (Miller, 2007; Osgood, 1970). Macroalgae fossils can look similar to
graptoliet fossils as well, however in scaning electron microscope backscatter (SEM-BSE)
images, graptolite fusellae are clearly visable, while macroalgae lack these structures (Tang et
al., 2017; Muscente and Xiao, 2015). Lastly, large bacterial sheaths produced by photosynthetic
eukaryotes can look morphologically similar to non-branching tubular forms of macroalgae in
the fossil record, however these macroalgae are an order of magnitude larger than the largest

known bacterium with a similar morphology (LoDuca et al, 2017).

Once a macroalgae affinity has been detrmined for a fossil, the biggest obstacle is a lack of any
genetic information required for proper taxonomic classification (Xunlai et al., 1999). In some
cases, 3-dimensional preservation of a thallus may provide additional information about the
internal structure, however such preservation is rare. In most cases the only information

available is gross thallus morphology, so this is the criteria used in the classification of ancient
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macroalgae (Wang et al., 2014). Due to the role of morphology in classification, understanding
the functional morphology of macroalgae is crucial for classifying and understanding their

evolutionary history (Xiao et al., 2002).

Although many Proterozoic and Cambrian macroalgae have no direct modern ancestors, they
likely filled some of the same ecological roles as modern macroalgae. Extensive research has
been done in order to understand the functional morphology of modern macroalgae, and much

of this can be applied to ancient macroalgae as well (LoDuca and Behringer, 2009).

Littler and Littler (1980) published an extensive study examining the cost/benefit of various
aspects of modern macroalgae morphology to ecological interactions and physiological
function. The evolution of features such as environmental hardiness, defense against predation,
and interference with competition were considered in terms of the energetic cost, material
commitment, and possible incompatibility with basic physiological processes for each feature.
Community succession was examined experimentally by clearing and sterilizing an area of
seafloor and observing which macroalgae species appeared over 12 months. Based on this
experiment, macroalgae were divided into two main groups: opportunistic forms and late

successional/climax forms (Littler and Littler, 1980).

The first macroalgae to appear in the cleared areas are opportunistic forms, which are rapid
colonizers with a simple thallus morphology and high surface area to volume ratio.
Opportunistic thalli are characterized by rapid growth, high reproductive capacity, and a high
and uniform distribution of nutrient value (caloric density) across the entire thallus. These algae

maintain the same morphology throughout their life cycle, and avoid predation by having an



unpredictable spatial and temporal distribution. This life style allows opportunistic macroalgae
to rapidly invade and cover newly exposed areas of seafloor. Since the thallus is made almost
entirely of photosynthetic tissue, these algae are highly productive, allowing them to rapidly
replace any tissue lost to herbivorous predators. Although opportunistic algae are well adapted
for rapid colonization, many aspects of their morphology and life cycle prevent them from long-
term domination of their ecosystems. Although reproduction rates are high, mortality rates for
reproductive bodies are also high. Once later successional forms of taller, more complex
macroalgae begin to invade, opportunistic forms cannot adequately compete for light and

other resources (Littler and Littler, 1980).

Late successional macroalgae appear after opportunistic forms have established a community,
and often push them out of the area. In general, late successional forms have a lower surface
area to volume ratio, grow slower, have a more structurally differentiated thallus, and have a
lower reproductive capacity than opportunistic forms. Although reproductive rates are lower,
mortality rates in reproductive bodies are also lower, and larger size and structural
differentiation of the thallus allows late successional forms to better compete for light. An
overall toughness of the thallus combined with other morphological and chemical
characteristics act as defense mechanisms against herbivorous predators (Littler and Littler,

1980).

Both of these morphologies provide advantages to macroalgae in terms of predation defense
and light acquisition. Below is a summary of adaptations leading to these advantageous

morphological features, some of which should be observable in the fossil record.



Morphological characteristics increasing productivity

The morphology of macroalgae is the most important control of photosynthetic efficiency
(Littler and Littler, 1980). Studies of modern macroalgae have found that sheet-like and finely
branched morphologies result in the highest rates of photosynthetic productivity.
Photosynthetic cells in macroalgae are concentrated in the outer tissue layer, so thalli with
higher surface area to volume ratios will have more photosynthetic cells, and will therefore
have a higher rate of photosynthetic productivity. In sheet-like forms, a higher surface area to
volume ratio is achieved through folding of the thallus, and fine branching increases this ratio
by decreasing branch volume and increasing surface area. In addition to increasing rates of
photosynthesis, these thin morphologies have larger cells, which minimizes internal shelf-

shading by non-photosynthetic wall components (Littler, 1979).

Defense mechanisms

Macroalgae employ a variety of morphological and non-morphological strategies in order to
protect themselves from herbivorous predation (Littler and Littler, 1980). Defense mechanisms
fall into two broad categories: non-coexistence and coexistence (lken, 2012). Non-coexistence
strategies are non-morphological strategies that reduce the number and frequency of
macroalgae-herbivore interactions (lken, 2012). This is achieved through strategic temporal and
spatial occurrences of macroalgae. Taxa using non-coexistence strategies live in locations that
are not easily accessible to predators, or during seasons when herbivorous predators are not

present. For example, some forms of brown algae are only susceptible to predation during early



life cycle stages. These algae reproduce during seasons when herbivores are not in the area.
Once large numbers of predators arrive, many of these macroalgae will be in the adult stage of

their life cycle, so predation is thwarted (Markel and DeWeede, 1998).

Spatial and temporal defenses are often not an option, so macroalgae have evolved several
morphological features for defense against predation (lken, 2012). Producing high numbers of
fleshy, lateral branches was an important morphological innovation leading to an increased
resistance to predation. Filaments can be easily grazed upon, but the high number of lateral
branches, along with the low cost of replacing damaged lateral branches, results in little impact
on photosynthetic capacity (lken, 2012; Van Alstyne, 1989). Littler and Littler (1980) also
observed a morphological trend leading to thalli with a tough central axis containing the
reproductive bodies. The development of a tough central axis with numerous soft lateral
branches allows macroalgae to survive in environments with high populations of herbivorous

predators (lken, 2012; Littler and Littler, 1980).

Based on this functional morphology study, Littler and Arnold (1982) established six functional
form groups (FFGs). FFG 1 consists of thin tubular and sheet-like thalli, FFG 2 consists of
delicately- branched thalli, FFG 3 consists of coarsely-branched thalli, FFG 4 consists of thalli
composed of thick blades and branches, FFG 5 consists of articulated calcareous thalli, and FFG
6 consists of encrusting thalli. These funtional form groups fall on a spectrum of photosynthetic
prouctivey, environmental hardiness, and resistance to predation. The tubular and sheet-like
morphologies in FFG 1 have the highest photosynthetic productivety due to their high surface

area-volume ratio and lack of branches, which reduces self shading. Although FFG 1 is highly



productive, thalli have little to no abiity to resist harsh environmental conditions or herbivorous
predation. From FFG 1 to FFG 6, photosynthetic productivety decreses at a steady rate (Littler

and Littler, 1980; Littler and Arnold, 1982).

Thalli in FFG 6 are the least photosynthetically productive, but have the greatest environmental
hardiness and ability to resist herbivorous predation. These thalli have the most robust
morphologies and highest degree of structural differentiation, allowing them to protect
chloroplasts and reproductive structures inside a tough thallus when not in use (LoDuca, 2017).
The robust morphologies of FFG 6 thalli also account for their low photosynthetic productivety,
since the ratio of photosynthetic to non-photosynthetic tissue is much lower than in FFG 1

(Littler and Arnold, 1982).

Modern macroalgae have developed numerous morphological features which increase their
photosynthetic efficiency and ability to defend themselves against predation (Littler and Littler,
1980). Although evidence of some features, such as chemical defenses and non-coexistence
strategies, cannot be observed in the fossil record, trends towards some morphological

strategies should be observable.

Applying the functional form group concept to the fossil record

Due to the limitations associated with classifying ancient macroalgae, classification is based on
morphogroups, which are groups of fossils with similar morphological features. LoDuca et al.

(2017) performed a detailed survey of all known BST deposits containing macroalgae from the
Cambrian, Ordovician, and Silurian periods and calculated canopy height, maximum length and

surface area for all thalli. Based on these morphological data, nine morphogroups were



established for the early Paleozoic: tubiform, ribbon-like, spherical, delicately dichotomously
branching, coursely dichotomously branching, soloniform, frondose, simple monopodial, and
complex monopodial. Morphogroups were then assigned to a functional form group based on
Littler and Littler (1980). The tubiform, ribbon-like, speherical, and frondose morphogroups
were assinged to FFG 1, delicately dichotomously branching and stoloniform morphogroups
were assigned in FFG 2, the simple monopodial morphogroup was assigned to FFG 2.5, complex
monopodial and most of the coarsely dichotomously branched morphogroups were assigned to
FFG 3, and one specimen from the coarsely dichotomously branched morphogroup was

assigned to FFG 4 (LoDuca et al., 2017).

LoDuca et al. (2017) found several trends in the evolution of macroalgae thallus morphology
from the Cambrian through Silurian periods. First of all, there is a trend of incresing complexity
of morphogroups. The Cambrian Period was dominated by the simplest tubiform and delicately
dichotomously branching morphogroups. In the Ordovician Period, the tubiform morphogroup
disappears, the delicate dichotomously branching morphogroup becomes less common, and
the monopodial branching morphogroup becomes dominant. The Silurian macroalgae record is
similar to the Ordovician, however the ratio of monopodial to delicately dichotomously

branching morphogroups is slightly higher (LoDuca et al., 2017).

A similar pattern is seen in functional form groups, with the Cambrian Period dominated by FFG
1 and FFG 2. In the Ordovician, FFG 1 becomes less common, FFG 2 and FFG 2.5 become the
most common, and FFG 3 first appears. The Silurian Period is similar to the Ordovician, with FFG

2.5 and FFG 3 being the most common. The Silurian Period also contains one example of a FFG



4 specimen. Based on these trends in morphogroups and funtional form groups, there appears
to be a general trend towards incresing complexity in macroalgae thalli from the Cambrian to
the Silurian, with a major diversification occuring during the Ordovician radiation. This trend
from highly efficient, delicate morogroups to less efficient, hardier morphogroups was likely
driven primarily by the evolution of herbivorous predation (LoDuca et al., 2017). In order to
better understand the early Paleozoic evolutionary trends seen in the fossil record of
macroalgae, a better understanding of Proterzoic macroalgae is required, especially during the

Ediacaran Period.

The Proterozoic fossil record of macroalgae

Macroalgae underwent a major diversification event during the Ediacaran Period, however
macroalgae such as Grypania have been found in rocks as old 1.8-2.0 Ga (Han and Runnegar,
1992). Other putative Paleoproterozoic macroalgae include the spherical to cylindrical forms of
Churia, Ellipsophysa, and Tawuia from 1.7-1.8 Ga rocks in North China (Zhu et al., 2000).
Although these putative Paleoproterozoic macroalgae are small and simple, some early
morphological advances can be seen even at this time, including the development of stipe
morphology and possibly the earliest holdfast structures (Xiao and Dong, 2006).
Mesoproterozoic macroalgae include spherical, ellipsoidal, tomaculate and cylindrical thallus
morphologies as well as more complex discoidal holdfasts and transverse annulations (Xiao and
Dong, 2006). Ediacaran BST deposits containing abundant macroalgae fossils include the
Lantian biota of southern Anhui Province, China, the Miaohe biota in the terminal Doushantuo

Formation at Miaohe in Hubei Province, China, and the Zuun-Arts biota of western Mongolia.
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The Lantian Biota

The Lantian Biota of southern Anhui Province, China, is the oldest known Ediacaran BST deposit
containing macroalgae (Yuan et al., 2011). This biota represents a slope basinal depositional
environment within the photic zone, and is regarded as the oldest fossil assemblage containing

macroscopic and morphologically complex life (Yuan et al., 2011).

Two formations are present at this location; the Lantian Formation, which correlates with the
635-551 Ma Doushantuo Formation based on 63C chemostratigraphy, and the Piyuancun
Formation, which correlates with the 551-542 Ma Dengying Formation in the Yangtze Gorges
area (Xunlai et al., 1999). The stratigraphic column consists of 1.8 m of dolostone cap
carbonate, 35 m of finely laminated, fossiliferous black shale, a 34 m unit of dolostone
interbedded with mudstone and ribbon rock, and 20 m of black silty mudstone (Yuan et al.,
2002). The lower shale unit contains the Lantian biota fossils, and its age has been constrained
to 579-565 Ma based on U-Pb radiometric dating (Condon et al., 2016). Fossils here are
exceptionally preserved as carbonaceous compressions in black shale and are up to 40 mm in
length. Several enigmatic forms are present here, including a cone shaped thallus with a
globose holdfast and a splay of filaments at the top, a conical thallus with a fusiform inner
body, and a thin stalk with a cylindrical thallus and a dark axial trace. Interpretations of these
fossils remain controversial due to a lack of modern analogues for comparison (Yuan et al.,
2011). Different morphologies have been interpreted as macroalgae, Cnidarians, bilaterian

worm-like organisms, and bilaterian metazoans (Xiao et al., 2002). Regardless of the taxonomic
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affinities of these fossils, the presence of macroeukaryotes suggests that some amount of free
oxygen must have been present in the environment while these organisms were alive (Yuan et

al., 2011).

The Lantian Biota also contains a diverse assemblage of megascopic, non-calcareous
macroalgae ranging from 10-100 mm in length and 0.1-20 mm in width. Many of these
specimens have holdfasts and include ribbon-like and dichotomous branching morphologies
(Xunlai et al., 1999). Several morphotypes have been identified from the Lantian Biota
macroalgae including thin and thick dichotomous and ribbon-like branching, fan shaped thalli
with dichotomous branching, broom shaped thalli with all branches attached to a single basal
structure, spherical/elliptical forms, and a variety of tube and cone shaped morphologies
composed of many filaments attached to a basal structure. Septation is not common, but some
forms have septated filaments. Filament branching as well as disc/globose holdfasts found in

most specimens suggest that these were erect, benthic macroalgae (Xunlai et al., 1999).

The Lantian Biota macroalgae are preserved as carbonaceous compressions, often associated
with densely packed, framboidal pyrite (Wang et al., 2014; Yuan et al., 2011). The presence of
pyrite in these fossils can be used to interpret the redox history of the basin. Pyrite framboids
form in anoxic conditions, but the presence of macroeukaryotes suggest that there must have
been some free oxygen present in the water. Wang et al. (2014) proposed a cyclical redox

model to explain this apparent dichotomy by suggesting that there was a flux in oxygen levels
between when the organisms were alive and when they died: the basin was largely anoxic,

punctuated by brief oxic episodes. During oxic intervals, the chemocline was below the water-
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sediment interface and macroalgae lived in oxic waters within the photic zone. When oxic
intervals ended, the chemocline shifted up into the water column, killing the algae (Wang et al.,
2014). Algal remains were buried in fine-grained siliciclastics, where they were preserved as
carbonaceous compressions and acted as localized substrates for large pyrite framboids to form
on. This led to primary preservation as carbonaceous compressions with some late stage

Pyritization (Gabbott et al., 2004).

The Miaohe Biota

The other major Ediacaran BST deposit is the Miaohe Biota from the terminal Doushantuo
Formation at Miaohe in Hubei Province, China (Xiao et al., 2002). The Doushantuo Formation at
this location is about 200 m thick, and is composed of extremely finely laminated, organic rich
shale and cherty carbonates deposited in a quiet subtidal environment, likely within a restricted
basin (Wang et al., 1998; Ding et al., 1996). Fossils are within a 2 m thick interval in the upper

shale member (Xiao et al., 2002).

Several distinct morphologies have been identified in the Miaohe Biota, most are multicellular
algae (Xiao et al., 2002). Most algal specimens have holdfasts and dichotomous branching, and
some have reproductive structures preserved (Zhang et al., 1989). Morphologies include
spherical cell-like vesicles, cylindrical forms with monopodial branching, unbranching cylindrical
thalli, straight/zigzag central axis with dichotomous branching (some with several successive
dichotomies), and ribbon-like thalli with or without branching and fan or dumbbell-shaped
thalli composed of a bundle of filaments. Branching and the presence of basal attachment

structures in most morphologies suggest an erect, benthic life habit (Xiao et al., 2002).
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Miaohe Biota fossils are preserved primarily as carbonaceous compressions in fine-grained
marine siliciclastic sediments (Xiao et al., 2002). Like the Lantian Biota, Miaohe carbonaceous
compressions are often associated with framboidal pyrite, or cavities left by framboids that
have weathered out (Wang et al., 2014). The presence of pyrite framboids suggests an
environmental model similar to that of the Lantian Biota in which organisms lived during oxic
episodes in a largely anoxic basin, and were preserved through carbonization and late-stage
pyritization. Although the Lantian and Miaohe Biotas are over 600 km apart, they are both
composed primarily of macroalgae preserved through carbonization and late-stage pyritization,

suggesting that anoxic conditions were wide spread in this basin (Wang et al., 2014).

The Zuun-Arts Biota

The recently discovered Zuun-Arts biota is a late Ediacaran BST deposit in the Zuun-Arts
Formation of Zavkhan Province, western Mongolia (Dornbos et al., 2016). The absolute age of
the Zuun-Arts biota is unclear, however it lies beneath the oldest indisputable trace fossils in
the region (~555 Ma) (Macdonald, 2011), and is therefore likely younger than the Miaohe Biota
(Zhu et al., 2013). The stratigraphic sequence of the Zuun-Arts formation consists of a basal
stromatolitic limestone followed by a shale interval, a cherty phosphorite unit, and a thick
carbonate succession (Figure 1). Fossils are preserved in a roughly 40 cm thick black shale
interval. The Zuun-Arts Formation represents a transgressive lag deposit and has an unclear age
relationship with the Lantian and Miaohe Biotas, although it may correlate with the terminal

Doushantuo Formation at Miaohe (Dornbos et al., 2016).
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Figure 1. The stratigraphic context of the Zuun-Arts Biota. A) Regional map of Mongolia showing the location of the

Zuun-Arts region. B) Stratigraphic column of the Zuun-Arts Formation. C) Detailed stratigraphic column of the
Zuun-Arts Formation at the location of the Zuun-Arts biota. Modified from Dornbos et al. (2016).
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Preliminary study of the Zuun-Arts Biota indicates two species of probable eukaryotic
macroalgae (Dornbos et al., 2016). Chinggiskhaania bifurcata consists of thin filaments that lack
transverse longitudinal ornamentation, are gently curving, and rarely branch. Filaments have
fine length-wise lineations, no consistent distal tapering, and diverge at 43°-85°, with a mean
branching angle of 63°. These specimens are mostly fragmentary, but one well-preserved
specimen shows four filaments that are not densely grouped. Chinggiskhaania bifurcata is not
entirely analogous to any other know Ediacaran macroalgae, but it most closely resembles
Doushantophyton from the Miaohe Biota and Huangshanophyton from the Lantian biota
(Dornbos et al., 2016). The other probable macroalgae species found in the Zuun-Arts biota is
Zuunartsphyton delicatum, which is known from three specimens. Zuunartsphyton delicatum
exhibits a shrub-like morphology less than 3 mm in diameter, composed of tightly curling
filaments lacking branching and longitudinal divisions or ornamentation. Attachment structures
are unknown, and Zuunartsphyton delicatum does not appear to closely resemble any

specimens from the Lantian or Miaohe Biotas (Dornbos et al., 2016).

Preliminary SEM-EDS data show that filaments have high concentrations of Al and Si relative to
other elements, and that Si is not enriched relative to the matrix (Dornbos et al., 2016). Carbon
is locally concentrated in portions of specimens. These results are consistent with preservation
as aluminosilicate clay mineral films. The presence of locally concentrated carbon suggests that
these organisms were originally preserved as carbonaceous compressions, and were
diagenetically altered to aluminosilicate mineral films. One specimen shows a concentration of
Fe in a zone with a high C concentration, and SEM analysis reveals the presence of framboidal

minerals consistent with pyrite. As in the Lantian and Miaohe Biotas, it appears that late-stage
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pyrite formation occurred as a result of sulfate reduction during the decay of filaments,
however aluminosilicate clay mineral preservation contrasts with the carbonaceous
compressions fossils in the Lantian and Miaohe Biotas, as well as most other Ediacaran and

Cambrian BST deposits (Dornbos et al., 2016).

Burgess Shale-type taphonomy

BST preservation is a unique taphonomic pathway that leads to 2-dimensional preservation of
soft tissue as a film of carbon and/or aluminosilicate mineral films with a thickness on the scale
of microns (Orr et al., 2009; Briggs and Williams, 1981). This rare taphonomic window is largely
limited to the Ediacaran- early Ordovician Periods (~ 545-480 Ma) (Van Roy et al., 2010). The
BST preservation pathway begins when a soft-bodied organism is buried in anoxic mud very
soon after death, which isolates delicate morphological features and seals out heterotrophic
microbes (Marshall, 1976). The carcass then begins to degrade, leaving behind only a thin film
of organic carbon. Two primary models attempt to explain when aluminosilicate films form
during fossil diagenesis, and both have implications for how organisms should appear in the

fossil record (Orr et al., 2009; Butterfield et al., 2007).

Orr et al. (2009) proposed an early diagenesis model in which aluminosilicate layers form on the
decaying organism shortly after burial. In this model, the decaying carcass acts as a substrate
for the accumulation of colloids or the precipitation of authegenic clays (Orr et al., 2009; Orr et
al., 1998). Once the carcass decays, aluminosilicate clay that precipitates on the original C film.
Over time, the rock containing the fossil is subjected to regional metamorphism, which alters

the clay to a coherent aluminosilicate film. This model would result in a fossil film composed of
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three layers: a layer of C in the middle with layers of Al above and below, or an Al layer in the

middle with C layers above and below (Figure 2) (Orr et al., 2009; Orr et al., 1998).

Butterfield et al. (2007) suggests an alternative late diagenesis origin of aluminosilicate films. In
this model, the diagenetic process also begins with an organism being buried in anoxic mud,
decaying, and leaving behind a carbon film. The role of clay in early diagenesis and the
formation of aluminosilicate films, however, differ considerably from the early diagenesis
model. In the late diagenesis model, clay minerals in the sediment absorb degradative enzymes
due to their large surface area and high cation exchange capacity, indefinitely delaying the
decay process (Butterfield, 1990; Thang, 1979). The formation of aluminosilicate films does not
require a pre-existing mineral phase (Butterfield et al., 2007), as shown by the replacement
and/or overgrowth of organic- walled graptolite fossils by aluminosilicate films as a result of
metamorphism (Underwood, 1992). Thus, clay plays a vital role in preservation, but does not
form the aluminosilicate film. The late diagenesis model should result in fossils composed
primarily of aluminum, possibly with areas of elevated carbon concentrations (Butterfield,

2007; Orr et al., 2009).

Scanning electron microscopy

SEM-EDS elemental mapping has become a common tool for paleontologists trying to

understand how BST fossils form (e.g. Loydell, 2004; Huggett et al, 2000; Moore and Liberman,
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Figure 2. A summary of the early taphonomic model for BST preservation. A-B result in Al films. A) Al inside, C
outside, plane of plitting through the Al layer. B) C inside, Al outside, plane of splitting through the Al layer. C-D
result in C films. C) Cinside, Al outside, plane of splitting through the C layer. D) Al inside, C outside, plane of
splitting through the C layer. E) Al inside, C outside, plane of splitting through the sedimentary matrix. Modified
from Orr et al. (2009).
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2009). Although EDS analysis can provide a wealth of information about the composition of
fossils, determining the appropriate SEM parameters, especially accelerating voltage, can be
difficult (Orr et al., 2009). BST fossils are extremely thin, often having a thickness of 0.05 um or
less, creating a challenge in EDS analysis. EDS works best at a high accelerating voltage, which
creates a large interaction volume, extending far below the fossil of interest and into the rock
containing the fossil. Orr et al. (2009) addressed this problem using Electron Flight Simulator
software to generate interaction volumes for rocks with C films 2.5 um, 0.175 pm and 0.15 pum
thick at 15 keV (Figure 3), and 0.05 um, 0.03 um and 0.02 um thick at 5 keV (Figure 4). For the
15 keV accelerating voltage, the interaction volume extended far beneath the C film of interest.
The 2.5 um film showed up clearly, the 0.175 um film was faint but visible, and the 0.15 um film
was not seen at all in the spectrum. The large interaction volume associated with a 15 keV
accelerating voltage extended so far into the rock that the signals from the C films were washed
out. At the 5 keV accelerating voltage, the 0.05 um, 0.03 pm and 0.02 um C films were all
detectable in the spectrum. Since the 5 keV accelerating voltage produces a much smaller
interaction volume than 15 keV, more of the signal came from the film and there was less

background noise from the rock, resulting in an increase in resolution (Orr et al., 2009).

Geologic Setting
The Zuun-Arts Formation is located in the Zavkhan terrane of Western Mongolia, a Precambrian

crustal fragment embedded in the core of the central Asian orogenic belt (Fig. 5) (Kroner et al.,
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Figure 3. Simulated interaction volume of a 15 keV accelerating voltage in shale containing carbon films of various
thicknesses. A) 2.5 um thick carbon films, note the large carbon peak in the spectrum. B) 0.175 um thick carbon
films, note the subtle but still distinguishable carbon peak in the spectrum. C) 0.15 um thick carbon film, the
carbon peak is not distinguishable in the spectrum. Red boxes show the portion of the interaction volume
penetrating into the matrix beneath the fossil. Modified from Orr et al. (2009).
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Figure 4. Simulated interaction volumes for a 5 keV accelerating voltage in shale containing carbon films of various
thicknesses. A) 0.05 pm thick carbon film, note the distinct carbon spike on the spectrum. B) 0.03 um thick carbon
films, note the distinct carbon spike on the spectrum. C) 0.02 um thick carbon film, although the carbon speak is
smaller, it is distinguishable in the spectrum. Red boxes show the portion of the interaction volume penetrating
the matrix beneath the fossil. Modified from Orr et al. (2009).
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2010). Accretion of arc terranes occurred to the south of the Zavkhan terrane from the late
Ediacaran through the Ordovician Period. The late Ordovician and Silurian Periods are marked
by extensional magmatism and basin formation. The Zavkhan terrane was buckled during the
arrival of North China from the early Devonian through the Permian Period (Kroner et al.,

2010).

Cryogenian stratigraphy in the Zavkhan terrane begins with 773.3-803.4 Ma felsic igneous rocks
containing ~755 Ma granitic intrusions (Macdonald et al., 2009). The Zavkhan Formation is then
overlain by synrift and passive margin deposits. The Zuun-Arts Formation is within the Tsagaan
Oloom Group, which contains two Cryogenian glacial deposits. The first is the Maikhan-Uul
Formation, which is a Sturtian age diamictite (717-660 Ma) and the Taishie Formation, which is
composed of Sturtian cap carbonates and interglacial strata (Bold et al., 2006). These are
overlain by the Khongor Formation, which has been correlated to Marinoan glacial deposits.
The Ol Formation, which is correlative with 635 Ma basal Ediacaran cap carbonates, overlies the
Khongor Formation. The Ol Formation is overlain by the early Ediacaran Shuurgat Formation,
which consists of 100-500 m of carbonates, and is uncomformably overlain by the late
Ediacaran Zuun-Arts Formation (Bold et al., 2006). The Zuun-Arts Formation was deposited in
the Zavkhan basin. The age of continental arc volcanism, position of the accrectionary wedge
and ophiolites on the northern margin of the Khantayshir-Dariv arc, and north vergent thrusting
in the accrectionary zone all indicate that the Zavkhan basin was created through the

subduction of the Zavkhan terrane beneath the Khantayshir-Dariv arc (Macdonald et al., 2009).
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Chemostratigraphy of 63C isotopic data has been used to interpret the environmental
conditions present within the Tsagaan Oloom Group, including the Zuun-Arts Formation (Fig. 6)
(Macdonald et al., 2009). 63C values in the Maikhan diamictites are moderately negative, and
increase to +8%o in the overlying Tayshir Formation. & 3C then plummets abruptly from +8%o
to -7.5%o during the third transgression in the Tayshir Formation before returning to +8%e.
through the top of the Tayshir Formation (Macdonald et al., 2009). In the Ol Formation, the
813C profile forms a sigmoidal pattern which reaches -6%o and remains negative throughout the
Ol Formation and into the beginning of the Ulaan Bulagyn Formation, where 8'3C abruptly
jumps to + 3%o through the top of the Ulaan Bulagyn Formation. The carbon isotopic profile
observed in the Ulaan Bulagyn Formation is consistent with a mid-Ediacaran age. The Zuun-Arts
Formation overlies the Ulaan Member and has a variable 6!3C profile, which ranges from +2%o
to -5%o, but is mostly negative. Strontium isotopic data shows a high &7Sr/26Sr value of 0.7085 in
the Zuun-Arts Formation (Figure 6). These strontium isotopic values are consistent with values
typically found during the Proterozoic-Phanerozoic transition, indicating a late Ediacaran age for
the Zuun-Arts Biota (Bold et al., 2016). This, in addition to the mid-Ediacaran carbon isotopic
values in the Ulaan Bulagyn Formation, supports the interpretation that there is a hiatus of
about 35 MY between the Zuun-Arts Formation and the underlying Ulaan Bulagyn Formation

(Macdonald et al., 2009).
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Figure 6. Carbon isotope chemostratigraphy and lithostratigraphy of the Tsagaan Oloom Group. The red box shows
the interval containing the Zuun-Arts biota. K-Khongoryn Fm, OI- Ol Fm, MU- Maikhan Ul Fm, DV- Dzabkhan
volcanics. Modified from Macdonald et al. (2009).
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Methods

Morphological analysis

Fossils were collected from the Zuun-Arts biota in Zavkhan Provence, Mongolia. Fossils were
first examined under low magnification using a Leica EZ4D light microscope, and then
photographed with a Canon EOS 350D camera under cross-polarized light. ImageJ software was
used to take morphological measurements from the photographs. Morphological
measurements of 821 individual fossil specimens include length, width and canopy height for all
specimens, and branching angle for branching specimens. These morphological measurements
were then used to calculate surface area, volume, and surface area/volume ratio. Fossils were
modeled as cylinders based on one pair of 3-dimensionally preserved part-counterpart fossils
with a tube-like cross section. Surface area, volume, and surface area/volume ratio were

calculated as follows:
Surface area (SA) = 2nrl + 2nr?
Volume (V) = rir?|

Surface area/volume ratio (SA/V) = %

. dth _ )
M) and | is the length of the filament. For

where ris the radius of the filament (

specimens with more than one thallus element, total length and width were calculated as the
sum of all elements. Median length, width, canopy height, branching angle, and surface

area/volume ratio were calculated for all thalli. Canopy height was calculated as the total
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distance between the seafloor and the top of the thallus in life. For specimens showing
evidence of an erect, benthic lifestyle, canopy height is the total distance from the base of the
thallus to the top of the highest thallus element. Specimens lacking evidence of an erect,
benthic lifestyle were assumed to be either pelagic or benthic organisms that laid flat on the

seafloor. Canopy height for these individuals is the same as width.

To compare the Zuun-Arts fossils to accepted Ediacaran macroalgae, the above measurements
and calculations were also performed on fossils from the Lantian and Miaohe biotas. The

photos used were obtained from Xiao et al. (2008) and Xunlai et al. (1999).

Scanning electron microscopy

SEM-EDS mapping and line scans were used to examine the elemental composition of 39
Chinggiskhaania fossils from the Zuun-Arts biota. All SEM analysis was done on a Hitachi S-
4800 scanning electron microscope with a Bruker Quantax ESPIRIT energy dispersive x-ray
detector in the scanning electron microscopy laboratory at the University of Wisconsin-
Milwaukee. Specimens were cut with a rock saw and mounted on a 1-inch stub using carbon
glue, and the sides of the sample were painted with colloidal carbon paint to increase
conductivity. Fossils were mounted with the long axis of the fossil perpendicular to the beam in
order to examine the distribution of elements on the exterior (Figure 7). All specimens were
coated with carbon using an Edwards’s vacuum coating unit. An accelerating voltage of 10 keV

was used for all specimens to produce SEM-EDS maps for O, C, Al, Si and Fe. Line scans were
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Figure 7. lllustration showing the orientation of fossils with respect to the electron beam. Fossils were mounted
perpendicular to the electron beam in order to examine elemental variations across the exterior surface.
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also produced for C, Si, and Al. Backscatter images were used to locate the outer margins of

fossils before EDS analysis was done.

X-ray diffraction

XRD was used to examine the clay mineral content of the Zuun-Arts shale. Grain size separation
was used to segregate the clay size fraction from 6 samples of shale from the Zuun-Arts
Formation. For each sample, approximately 10 grams of shale was ground with a mortar and
pestle, soaked in deionized water in 200 ml glass beakers overnight, and blended for 3 minutes

in a Waring blender. The fine grain fraction was decanted into plastic tubes for centrifugation.

About 30 mg of sodium pyrophosphate dispersing agent was added to each tube, and samples
were centrifuged at 750 rpm for 3.3 minutes. The clay size fraction was then decanted into a
new tube, and this process was repeated 5-6 times to isolate the clay fraction. To induce
flocculation, 2.2 g of CaCl, were added to each sample. Samples were left overnight to
flocculate, then centrifuged a final time for 3.3 minutes at 750 rpm, concentrating the clay
fraction in the bottom of the tube. Sediment free water was removed with a vacuum hose, and

the remaining samples were mounted on glass slides.

To test for the presence of montmorillonite, three samples were run a second after adding
ethyl glycol to the slides. Samples were run on a Bruker D8 Focus XRD with Diffrac Plus

software, and interpretation was done using Diffrac Plus EVA software.
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Results

Morphology

Two species of putative macroalgae, Chinggiskhaania bifurcata and Zuunartsphyton delicatum,
have been identified in the Zuun-Arts biota (Figure 8; Figure 9). Zuunartsphyton delicatum has a
shrub-like morphology. Chinggiskhaania bifurcata has four different morphologies: non-

branching, single monopodial branching, dichotomous branching, and fan-shaped. A small non-

branching morphology has also been identified, but its affinity is unclear.

Small non-branching morphology

The small non-branching morphology is composed of a single, non-branching element less than
4 mm in length, and is often twisted or curved. Thalli have a median length of 2.87 mm (Figure

10), median width of 0.16 mm and a median surface area/volume ratio of 27.4 mm™* (Figure 11).

Zuunartsphyton: Shrub-like morphology

The shrub-like morphology is composed of up to six thin elements twisted tightly together to

form a shrub-like thallus. Individual elements have a median length of 3.80 mm (Figure 10) and
a median width of 0.27 mm. Elements twist around and overlap one another. The entire thallus
has a median surface area/volume ratio of 16.12 mm™ (Figure 11) and a total width of less than

6 mm.

31



Figure 8. The Zuun-Arts morphologies. A,E) dichotomously branching, B) fan-shaped, C) monopodial branching, D)
non-branching, F) shrub-like. Scale bars=3mm.
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Figure 9. lllustrations of the Zuun-Arts morphologies. A) non-branching, B) dichotomously branching, C)
monopodial branching, D) fan-shaped, E) shrub-like, F) small non-branching.
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Figure 10. Box and whisker plot showing total thallus length of the small non-branching and shrub-like
morphologies. Median value is marked by the middle horizontal bar, mean is indicated with an X.
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morphologies. Median value is marked by the middle horizontal bar, mean is indicated with an X.
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Figure 12. Box and whisker plot showing total thallus length of the non-branching, monopodial, fan-shaped, and
dichotomous branching morphologies. Median value is marked by the middle horizontal bar, mean is indicated
with an X.
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Figure 13. Box and whisker plot showing surface area/volume ratio of the non-branching, monopodial branching,
fan-like, and dichotomously branching morphologies. Median value is marked by the middle horizontal bar, mean

is indicated with an X.
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Chinggiskhaania: Non-branching morphology

The non-branching morphology is composed of a single, non-branching element with a median
length of 17.9 mm (Figure 12), a median width of 0.48 mm, and a median surface area/volume
ratio of 8.47 mm™ (Figure 13). Non-branching fossils are found straight, slightly curved, or
twisted, and often overlap each other on slabs containing multiple fossils. Non-branching fossils
lack any evidence of basal attachment structures, transverse lineations, or distal tapering in

width across the thallus.

Chinggiskhaania: Single monopodial branching morphology

The single monopodial branching morphology is composed of a central element running the
entire length of the thallus and 1-2 secondary elements branching off the central axis in a
monopodial fashion. The central element is straight or slightly curved and has a median length
of 17.0 mm (Figure 12) and median width of 0.57 mm. Secondary elements have a median
length of 5.10 mm, median width of 0.39 mm and a median branching angle of 50°. Thalli have
an overall median canopy height of 17.0 mm, and surface area/volume ratio of 6.70 mm™

(Figure 13).

Chinggiskhaania: Dichotomously branching morphology

The dichotomous branching morphology consists of one primary element and two
dichotomously branching secondary elements. Primary elements have a median length of 10.7
mm (Figure 12) and median width of 0.44 mm. Secondary elements have a median length of

8.66, median width of 0.45 mm, and a median branching angle of 60.4°. Thalli have an overall

38



median canopy height of 15.0 and median surface area/volume ratio of 8.89 mm™ (Figure 13).

All thalli have only one level of branching (1 primary element and 2 secondary elements).

Chinggiskhaania: Fan-shaped morphology

The fan shaped morphology is composed of 2-3 primary elements that come together in a fan
shape. Individual elements have a median length of 8.084 mm (Figure 12) and median width of
0.31 mm. Thalli have an overall canopy height of 8.08 mm and median surface area/volume

ratio of 13.0 mm™ (Figure 13).

Of the 821 individual fossils examined, the non-branching morphology is the most dominant
with 761 specimens (92.7 %). Branching morphologies are the most abundant after non-
branching with 39 dichotomously branching (4.8 %) and 14 monopodial branching (1.7 %)
samples. There are only 3 fossils with a fan morphology (0.4 %), 2 with a small non-branching

morphology (0.2 %) and 2 with a shrub-like morphology (0.2 %) (Figure 14).

Scanning electron microscopy

The results of EDS mapping show no variation in Fe and O concentrations between fossils and
the surrounding matrix. There is, however, variation in C, Al and Si concentrations (Figure 15).
All fossils have increased concentrations of Al and are depleted in Si compared to the matrix.
Some fossils are composed entirely of Al, but most contain some amount of C (Figure 16). Some
fossils have high concentrations of C around the margins and Al with little to no Cin the center,

however most have areas of elevated carbon throughout. Areas of the fossil with
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Figure 14. Pie chart showing the relative abundance of different morphologies in the Zuun-Arts biota. The non-
branching morphology makes up 93% of the biota, with all other morphologies making up the remaining 7%.
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Figure 15. Selected SEM-EDS maps of 5 fossils and surrounding matrix. A) Note high C and Al concentrations and Si
depletion throughout the fossil. Scale bar = 300 um, final magnification = 90x. B) Note high Al concentration and Si
depletion within the fossil and the total absence of C within the fossil. Scale bar = 300 um, final magnification = 90
X. C) Note high C concentrations along the margins of and within the fossil and high Al concentrations and Si
depletion throughout. Scale bar = 300 um, final magnification = 90 x. D) Note high C and Al concentrations and Si
depletion throughout the fossil. Scale bar = 400 um, final magnification = 50 x. E) Note high C concentrations along
the margins and high Al and Si depletion throughout the fossil. Scale bar = 200 um, final magnification = 130 x.



Figure 16. EDS maps of fossils and surrounding matrix showing concentrations of C and Al. Areas of the fossils have
elevated concentrations of C or Al, but never both.
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high Al concentrations are depleted in C, and areas of high C concentrations are depleted in Al.

All fossils are depleted in Si regardless of the distribution of Al and C.

The relationship between C, Al, and Si is especially clear in line scans run perpendicular to the
long axis of the fossils (Figure 17). In most specimens, Si concentrations are initially high in the
matrix, decline sharply when the line passes over the fossil, then increase again when the line
passes over the fossil and back into the matrix on the opposite side. Al concentrations show the
opposite pattern: Al is relatively low in the matrix, increases sharply within the fossil, and then
declines in the matrix on the opposite side. Similar to the elemental maps, line scans show
variable C concentrations within the fossils, but are consistently low in the matrix. In specimens

containing carbon within the fossil, spikes in C correspond to decreases in Al.

In backscatter images of the Zuun-Arts fossils, areas with high C concentrations appear as
conspicuous black to brown spots, and areas of high Al concentrations are not visible (Figure

18).

X-ray diffraction

XRD patterns for all samples have large 206 peaks around 9, 18, 21, and 27, although there is
some variation between samples (Figure 19). For the three samples run with ethyl glycol, there
is no difference in XRD patterns with and without ethyl glycol (Figure 20). In addition, there is
no major difference in XRD patterns between samples from the fossil bearing and non-fossil

bearing intervals.
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Figure 17. Line scans run across the width of fossils, including a small amount of matrix on either side. Fossil
margins are marked by vertical dashed lines. Fossils containing C also have large carbon peaks within the fossil.
Line scan distance vary from 600 um to 1,000 um (see individual graphs).
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Figure 18. Backscatter images of fossils and surrounding matrix. Dark areas indicate high C concentrations, areas
with high Al concentrations are indistinguishable from the surrounding material. Fossils containing high C
concentrations (A-C) are clearly seen in BSE mode, fossils composed primarily of aluminum (D-E) show little to no
contrast against the matrix. All images were taken at an accelerating voltage of 10 keV, see individual images for
scale and final magnification.
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Figure 19. Clay fraction XRD patterns for samples from non-fossil bearing shale (upper) and fossil bearing shale
(ZA_173) from the Zuun-Arts Formation. Notice the similarity of the two.
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Figure 20. Clay fraction XRD patterns for a sample run without ethyl glycol (ZA_378) and with ethyl glycol
(XA_378EG). The similarity of samples run with and without ethyl glycol indicates a lack of smectite.

48



Discussion

Morphology

Many body and trace fossils can have an ambiguous, tubular morphology similar to macroalgae,
so a detailed morphological analysis is necessary to determine if the Zuun-Arts fossils are in fact
macroalgae. Fossilized burrows have a tubular, branching morphology formed when an animal
digs a burrow that later fills with sediment. The result is a 3-dimensional, often cylindrical fossil
that can be distinguished from surrounding sediment by its tubular morphology as well as the
burrow margins, which are not always clearly defined (Miller, 2007). In addition, burrows often
result in disturbance of the sediment in the surrounding matrix (Cohen, 2009; LoDuca et al.,
2017). The Zuun-Arts fossils are preserved as 2-dimensional films and are composed of C and/or
Al, they are not 3-dimensional sediment-filled casts. Unlike some burrows, the Zuun-Arts fossils
have sharp margins that are easily distinguishable from the surrounding matrix, and there is no
evidence of disturbance of the surrounding sediment. All morphological data suggest that the

Zuun-Arts fossils are not burrows or any other type of trace fossil.

BST macroalgae fossils can also look similar to hemichordate fossils such as graptolites, since
both have a similar gross morphology and are commonly preserved as carbonaceous
compressions (Muscente and Xiao, 2015). Although macroalgae and graptolites can appear
superficialy similar, close examination of the Zuun-Arts fossils under a microscope failed to
detect any structural features found in graptolites such as theca or zooids. SEM-BSE imaging

also suggests that the Zuun-Arts fossils are not graptolites, since they lack fusellae which would
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suggest a hemichordate affinity (Figure 21) (Tang et al., 2017). Detailed morphological

examination and SEM-BSE imaging suggest that the Zuun-Arts fossils are not hemichordates.

Another alternative interpretation of the Zuun-Arts fossils is that they are bacterial sheaths
preserved as carbonaceous compressions. Some microrganisms living in marine environments
attach to submerged substrates and many individuals align in a filamentous arrangment,
enclosed by a sheath (LoDuca et al., 2017). Bacterial sheaths have morphologies similar to the
non-branching fossils in the Zuun-Arts biota and can be preserved as BST fossils, however the
Zuun-Arts fossils are about ten times larger than the largest known bacterial sheaths (LoDuca et
al., 2017). The size of the Zuun-Arts fossils alone suggests that they are not bacterial sheaths

preserved as carbonaceous compressions.

In addition to ruling out the possibility that the Zuun-Arts fossils are burrows, graptolites or
bacterial sheaths, several morphological features including the length, width, and branching are
also consistent with a macroalgae interpretation. Most of the Zuun-Arts fossils also bear a

morphological resemblance to other types of Ediacaran macroalgae.

The non-branching specimens of Chinggiskhaania have a morphology that closely resembles
the macroalgae genus Sinocylindra, which is common in the Ediacaran Miaohe biota, although
Chinggiskhaania is generally smaller than most specimens of Sinocylindra. Chinggiskhaania has
a median length of 17.865 mm and a median width of 0.481 mm, while Sinocylindra has a
median length of 28.33 mm and median width of 0.481 mm (Xiao et al., 2002). Although
Sinocylindra is larger, two have similar surface area-volume ratios, with Sinocylindra having a

ratio of 7.77 mm™ and Chinggiskhaania having a ratio of 8.47 mm.
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Figure 21. A-C) Backscatter images of (A) BST hemichordate fossil and (B-C) BST macroalgae fossils. Scale bars = 0.2
mm. D-E) BST macroalgae fossils from the Zuun-Arts biota. Scale bars = 0.5mm, final magnification = 90x. Note the
transverse bands in A and lack of bands or any other internal structures in B-E. Modified from LoDuca et al. (2017).
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The fan-shaped morphology of Chinggiskhaania somewhat resembles the Ediacaran
macroalgae Doushantuophyton cometa, although the Chinggiskhaania specimens are much
simpler. Fan- shaped Chinggiskhaania and Doushantuophyton cometa specimens have similar
median lengths of 8.084 mm and 11.92 mm, respectively. With a median width of 0.09 mm,
Doushantuophyton cometa filaments are generally much thinner than Chinggiskhaania
filaments, which have a median width of 0.311 mm (Xunlai et al., 1999). The two also differ with
respect to surface area-volume ratio and number of filaments. Doushantuophyton cometa has a
SA/V of 44.61 mm™ and about 40 filaments on average (Xunlai et al., 1999), Chinggiskhaania
has a SA/V of 13.016 mm™ and only 3 filaments. Based on these morphological data it is unclear
whether the fan-shaped Chinggiskhaania morphology has any direct relationship to
Doushantuophyton cometa. Although the fan-shaped morphology is much simpler than
Doushantuophyton cometa, the general morphological resemblance at least indicates that this

morphology is consistent with a macroalgae interpretation.

The dichotomously branching morphology of Chinggiskhaania bears a general morphological
resemblance to the Ediacaran macroalgae Doushantophyton rigidium. The dichotomous
branching form of Chinggiskhaania and Doushantophyton rigidium both have a similar
morphology consisting of a primary element that terminates in two dichotomous branches, and
similar heights of 14.988 mm and 15.28 mm, respectively. Chinggiskhaania has a median width
of 0.438 mm, has only 2 branches, and has a surface area-volume ratio of 8.891 mm, while
Doushantophyton rigidium has a median width of 0.09 mm, has up to 6 branches, and has a
surface area-volume ratio of 44.58 mm™ (Xiao et al., 2002). Based on the number of branches

and surface area-volume ratio, it appears that Doushantophyton rigidium is more complex than

52



the dichotomously branching Chinggiskhaania specimens. Overall, Chinggiskhaania does have a
morphology generally similar to that of Doushantophyton rigidium, indicating that

Chinggiskhaania has a macroalgae affinity.

The single monopodial morphology of Chinggiskhaania resembles a simpler version of
Doushantophyton quyuani, which is composed of a central axis with 6 or more monopodial
branches. The monopodial Chinggiskhaania has a median height of 16.96 mm and
Doushantophyton quyuani has a median height of 8.69 mm, and Chinggiskhaania has only 1-2
monopodial branches. Doushantophyton quyuani also has a greater surface area-volume ratio
of 33.49 mm* (Xunlai et al., 1999), compared to Chinggiskhaania, which has a ratio of 6.704
mm-L. The monopodial branching morphology of Chinggiskhaania is morphologically similar to
Doushantophyton quyuani, but is simpler in terms of the number of branches and surface area-

volume ratio.

The shrub-like thallus of Zuunartsphyton is morphologically similar to the Ediacaran macroalgae
Glomulus filamentous, which consists of a number of fine filaments twisted together into a
colony. The shrub morphology of Zuunartsphyton consists of about 6 filaments forming a
colony with a total width of 3.80 mm, while Glomulus filamentous consists of about 10

filaments forming a colony with a total width of 5 mm (Xiao et al., 2002).

The small non-branching morphology of Zuunartsphyton does not resemble any known form of
macroalgae from the Ediacaran or early Paleozoic. Although it is possible that the small non-
branching form represents a novel morphology, it is more likely that these specimens are

fragments or an earlier life cycle stage of Chinggiskhaania. Reproductive bodies are not
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preserved in the Zuun-Arts fossils, so it is not possible to know with certainty how these
organisms reproduced or what earlier life cycle stages would have looked like. The results of
this morphological analysis indicate that the Zuun-Arts fossils are not trace fossils, graptolites or
bacterial sheaths and that they bear a strong morphological resemblance to other Ediacaran

macroalgae, supporting the hypothesis that these fossils are indeed macroalgae.

Comparison of the Zuun-Arts biota with other Ediacaran BST deposits

Lagerstatten are not common in the Ediacaran, and those that do occur often do not contain
BST preservation, but when BST preservation is present, macroalgae fossils are often preserved
(Xiao, 2002). Two Ediacaran BST deposits, the Lantian biota and the Miaohe biota, preserve a
large number of macroalgae with a variety of morphologies (Xunlai et al., 1999; Xiao et al.,
2002). Compared to the Lantian and Miaohe biotas, the Zuun-Arts fossils are morphologically
simple, and the biota as a whole is low in diversity, although the Zuun-Arts fossils do have
length (Figure 22) and surface area-volume ratios similar to macroalgae in the Lantian and
Miaohe biotas (Figure 23). The Lantian biota contains 13 macroalgae morphotypes (Xunlai et
al., 1999) and the Miaohe biota contains 23 (Xiao et al., 2002), while the Zuun-Arts contains
only 6. The Lantian and Miaohe biotas also include macroalgae with complex morphologies
including a variety of complex dichotomous and monopodial branching thalli and tube-shaped
thalli, some of which contain rhizoidal holdfasts and septation. The Lantian biota also contains
enigmatic fossils that may have a metazoan affinity (Xunlai et al., 1999; Xiao et al., 2002). The
Zuun-Arts biota lacks much of the morphological complexity seen in the Lantian and Miaohe

biotas, and is morphologically simple even when compared to much older deposits (Han and
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Figure 22. Box and whisker plot showing total length values for macroalgae from the Lantian, Miaohe, and Zuun-
Arts biotas. Note how similar the median values are in all three biotas.
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Figure 23. Box and whisker plot showing surface area-volume ratios for macroalgae from the Lantian, Miaohe, and
Zuun-Arts biotas. Median surface area-volume ratios for the Zuun-Arts fossils fall in between those for macroalgae
from the Lantian and Miaohe biotas.

56



Runnegar, 1992). Definitive rhizoidal and discoidal holdfasts, annulations, and some degree of

structural differentiation dates back to at least the Mesoproterozoic (Xiao and Dong, 2006).

The Zuun-Arts biota is composed entirely of macroalgae belonging to FFG 1 and FFG 2, although
over 93% of all specimens are in FFG 1 (non- branching). The Miaohe and Lantian biotas include
macroalgae that fall within FFG 1, however most belong the FFG 2 or FFG 2.5. These
morphologies indicate that the Zuun-Arts macroalgae are highly photosynthetically productive
and lack environmental hardiness and the ability to resist herbivorous predation. Specimens of
the genus Doushantophyton tend to have higher surface area-volume ratio than specimens of
Chinggiskhaania, which may suggest that Doushantophyton was more photosynthetically
efficient that Chinggiskhaania, however Doushantophyton specimens also tend to have more
branches than Chinggiskhaania, which could reduce photosynthetic efficiency by increasing

self-shading (Xiao and Dong, 2006).

Ediacaran macroalgae as a whole are simple compared to early Paleozoic macroalgae. The
simplicity of Ediacaran morphologies should not be surprising, since much of the Paleozoic
diversification of thallus morphology was driven by competition for light and adaptation to
herbivorous predation (LoDuca et al., 2017; Littler and Littler, 1980). Macroalgae communities
were just beginning to form in the Ediacaran, and the low number of individual macroalgae in a
given community, especially in the Zuun-Arts biota, suggests there probably was not much
competition for light, unlike in the dense, robust communities that formed in the Paleozoic
(LoDuca et al., 2017). In addition to competition for light, adaptation to predation has been a

major driving force behind macroalgae diversification. Most of the trends in macroalgae
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evolution seen in the Phanerozoic, including an increase in surface area-volume ratio, a higher
degree of thallus differentiation, the advent of lateral monopodial branching, and an overall
increase in thallus toughness, have been driven by herbivorous predation (Littler and Littler,
1980). Although evidence of small-scale herbivorous predation by microscopic organisms may
be impossible to detect in the fossil record, there are no known examples of macro-herbivorous
predation in the Ediacaran fossil record (LoDuca et al., 2017). The lack of predation and
competition for light in Ediacaran macroalgae communities may explain the simplicity of thallus
morphology. Structural differentiation comes with an enormous energy cost, so it makes sense
that macroalgae facing little competition or predation pressure would not expend the energy
required to develop more complex thallus morphologies. Ediacaran macroalgae are
morphologically simple, highly photosynthetically efficient, and seem to be very well equipped

for life in the Ediacaran.

Scanning electron microscopy

The SEM-EDS results indicate BST preservation as Al and sometimes C-rich films. These results
are consistent with the SEM-EDS results from Dornbos et al. (2016), which indicate that the
Zuun-Arts fossils are preserved primarily as aluminosilicate mineral films with some areas of
elevated C content. Overall, these results support the second major hypothesis of this project,
that the Zuun-Arts fossils are preserved through BST preservation as aluminosilicate mineral

films.

Although the goal of this project was not to evaluate the different models for the formation of

BST fossils, the SEM-EDS data obtained may provide some new insight into the process. SEM-
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EDS data for the Zuun-Arts fossils does not necessarily provide support for or against the early
diagenesis or late diagenesis models outlined earlier, but it may have implications for some

aspects of these models.

The early diagenesis model proposed by Orr et al. (2009) suggests a variety of ways that
authegenic clay films can form in early diagenesis, as well as several models of how the
elemental composition of fossils may appear based on the way the fossil splits into part and
counterpart (Figure 2). In the early diagenesis model, the aluminosilicate film can form on the
outside or inside of the cuticle, resulting in an a film composed of an internal C layer with Al
above and below it, or an internal Al layer with C above and below it. Orr et al. (2009) also
suggest that, when the fossil is split into part and counter-part, the split will happen
preferentially through the C layer, the Al layer, or through the sediment encasing the fossil. In
all cases, this model proposes that the splitting plane is confined to a single layer of the fossil,

which should result in a fossil with a homogenous elemental composition.

SEM-EDS results clearly show that some of the Zuun-Arts fossils are composed of Al and C,
which seems to be inconsistent with the early diagenesis model. These results do not disprove
the early diagenesis model as a mechanism for BST preservation, but do suggest that the model
of how fossils split into part and counterpart may need to be revisited. It is possible that BST
films do form in the way proposed in the early diagenesis model, but that the splitting plane is
not always confined to a single layer of the film. Many of the Zuun-Arts fossils are composed

mostly of Al, which is consistent with the splitting plane being confined to a single layer. The
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Figure 24. One possible alternative to the splitting paths proposed in the early diagenesis model for the formation
of BST fossils. A-B) cross section view of a zig-zag splitting path breaking through C and Al layers. C-D) the
theoretical SEM-EDS map pattern created by the zig-zag splitting paths shown in A and B. This provides a potential
explanation for the SEM-EDS map patterns seen in the Zuun-Arts fossils that does not necessarily conflict with the
early diagenesis model.
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Zuun-Arts fossils containing Al and C may represent instances where the splitting plane was not

confined to one layer, leading to a fossil showing Al and C in SEM-EDS (Figure 24).

The SEM-EDS results from the Zuun-Arts fossils are generally consistent with the late diagenesis
model for BST fossil formation proposed by Butterfield et al. (2007). This model proposes that
BST films are originally composed of organic C left behind by the organism in early diagenesis,
and that the original C film is gradually overprinted by aluminosilicate minerals in later
diagenesis as a result of low-grade regional metamorphism. Over time, this process should lead
to a film composed entirely of aluminum. This taphonomic model may be able to explain why
some of Zuun-Arts fossils contained C and Al; the original C films had not been completely
overprinted by Al yet when regional metamorphism ended. However, it does seem odd that
there would be any variation in the composition of fossils if regional metamorphism were the
primary control of Al overprinting, since all of the Zuun-Arts fossils are from the same location,
and have gone through the same diagenetic history. Overall, the SEM-EDS data from the Zuun-
Arts fossils are generally consistent with both the early diagenesis and late diagenesis models,

although they do raise minor concerns with both.

X-ray diffraction

Prominent 20 peaks around 18 and 21 in XRD patterns can be accounted for by quartz in all
samples. Besides quartz, the largest 20 peaks in most samples can be accounted for by illite.
XRD results indicate that the clay size fraction of the Zuun-Arts shale is composed primarily of

quartz and illite, although most samples contain additional minerals. In several samples,
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kaolinite, muscovite, and possibly glauconite and vermiculite can account for many of the

smaller peaks.

Interestingly, there appears to be little to no montmorillonite in any of the samples. Some
samples have one or two 26 peaks that match montmorillonite peaks, but none have the large,
low angle peaks that are diagnostic of montmorillonite. In addition, in samples re-run with
ethylene glycol, XRD patterns with and without ethylene glycol are essentially identical.
Smectite will absorb ethylene glycol, causing the XRD pattern to shift to the right (Moore and
Reynolds, 1997). If the clay fraction contained montmorillonite, such a shift would have
occurred after ethylene glycol was added to the slides, but this is not the case. It is possible that
montmorillonite was present in early diagenesis and has since altered to illite. This process of
alteration usually results in mixed layer illite-montmorillonite clays, however XRD analysis did

not show any evidence of mixed layer illite-montmorillonite clay.

Butterfield (1990) suggested that smectite may be important in the BST preservation process
due to its ability to absorb degradative enzymes, delaying soft tissue decay. The lack of
montmorillonite in the Zuun-Arts fossil bearing shale suggests that smectite is not necessary for
BST preservation to occur, although it may be beneficial when present. In addition, the
similarity of the clay fraction in the fossil bearing and non-fossil bearing intervals of the Zuun-
Arts Formation suggests that variation in clay mineral content cannot explain the lack of fossils
in the non-fossil bearing intervals. Despite the lack of smectite in the Zuun-Arts Formation, clay
minerals still play an important role in the BST preservation process. Even non-swelling clays

could absorb degradative enzymes, since they have a large surface area compared to the non-
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clay component of the clay sized fraction. In addition, all minerals in the clay fraction play an
important role early in the taphonomic process by packing around the organism and sealing out
oxygen. If the organism is not sealed tight very soon after death, there is no chance of

preservation.

Conclusions

Morphological analysis of Chinggiskhaania and Zuunartsphyton from the Zuun-Arts biota
indicate six different morphologies: unbranching, dichotomously branching, single monopodial
branching, fan-shaped, shrub-like and small non-branching. The dichotomously branching,
single monopodial branching, and fan-shaped morphologies of Chinggiskhaania generally
resemble species of the macroalgae Doushantophyton and the non-branching morphology
resembles Sinocylindra, while the shrub-like morphology of Zuunartsphyton generally
resembles the macroalgae species Glomulus filamentous (Figure 25). Morphological
measurements including width, length and surface area to volume ratio for the Zuun-Arts fossils
are similar to the macroalgae from the Ediacaran Lantian and Miaohe biotas. In addition,
morphological and SEM-BSE data indicate that the Zuun-Arts fossils are not hemichordates,
trace fossils, or bacterial sheaths. All these data indicate that the Zuun-Arts fossils are indeed
macroalgae, supporting the first hypothesis of this project. The Zuun-Arts biota is dominated by
the non-branching morphology Chinggiskhaania, and lacks much of the macroalgal diversity

preserved in the Lantian and Miaohe biotas.

SEM-EDS data show that the Zuun-Arts fossils are preserved as films composed primarily of Al

with areas of elevated C concentrations in some fossils. These data are consistent with
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Figure 25. A comparison of the Zuun-Arts fossil morphologies with their closest Ediacaran macroalgae
counterparts. A) Doushantuophyton cometa, a macroalgae species from the Lantian biota. B) The Zuun-Arts fan-
like morphology. C) Doushantophyton rigidium from the Miaohe biota. D) The Zuun-Arts dichotomously branching
morphology. E) Doushantophyton quyuani from the Lantian biota. F) The monopodial branching morphology from
the Zuun-Arts biota. G) Sinocylindra sp. from the Lantian and Miaohe biotas. H) The Zuun-Arts non-branching
morphology. I) Glomulus filamentous from the Miaohe biota. J) The Zuun-Arts shrub-like morphology. A,E modified

from Xunlai et al. (1999); C,G,| modified from Xiao et al. (2002).
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preservation through the BST taphonomic pathway as aluminosilicate mineral films, supporting
the second hypothesis of this project. Although these data do not definitively prove or disprove
any of the models proposed for the formation of BST fossils in general, they do offer insights
into how the plane of splitting passes through the fossil when the rock is split into part and
counterpart (Figure 20). The similarity in clay mineral content between shale within and outside
of the Zuun-Arts biota indicates that the lack of fossils outside of the fossiliferous zone is not
due to a lack of swelling clays. In addition, the lack of smectite in the clay fraction of the Zuun-
Arts shale indicates that swelling clay is not necessary for BST preservation to occur. Overall,
although simple compared to the Lantian and Miaohe biotas, the Zuun-Arts biota does provide
a rare view of soft-bodied organisms during an important time in the history of life, and may

lead to a more complete understanding of the origins of complex multicellular life.
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Appendix A:

SEM-EDS maps

BSE

BEZE

BSE

B5E

70



. i ‘i. .n -.

Ak
T
M

r
&

o
..I. # ...- ‘_.n .H...-
¥ # PR i X S |

71



72






Appendix B:

SEM-EDS map, C and Al overlay
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Appendix C:

SEM-EDS line scans
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Appendix D

Morphological measurements, non-branching

9T, wve | 8LLLT 950 €8°00T 9TL wve | sLut 950 €8°00T 00T 950 Vel vz
LYE §9°€€ | €9°9TT 8T'T 00TE LY'E G9'€e | €991 8T'T 00'T€E 00T 8T'T 1T vz
88t v6'L6 | €8y 780 0T°S8T 88 v6'L6 | €8y 780 01'S8T 00T 780 VIT VZ
SL'9 09°S 8LLE 09°0 89°6T SL'9 09°S 8LLE 090 89'6T 00T 09°0 30T vZ
60T 09T GE6T €€°0 6281 60T 09T SE6T €€°0 6781 00T €€°0 aot vz
69°L S6°€ 0v'0E €5°0 £0°8T 69°L S6°€ 070 €50 L0°8T 00T €50 20T VZ
L0°TT 88T ¥9°CC €€°0 wTe L0°TT 88T ¥9°CC €€°0 wTe 00T €€°0 40T vZ
¥0'8 SSL 8909 050 €8¢ ¥0'8 SS°L 89°09 050 €8¢ 00T 0S50 VOT VZ
LE9 STTT 65TL €9°0 S9°GE LE9 STTT 65TL €90 S9°GE 00T €9°0 46 VZ
159 118 €9°€S 290 WL 159 118 €9°€S 790 wiLT 00T 790 36 vz
959 Sv'6 S6'T9 290 [7573 959 Sv'6 S6'T9 290 wTE 00T 290 a6 vz
L0°TT S6T 87°€C €€°0 €0 L0°TT S6'T 87°€C €€°0 €0 00T €€°0 26 VZ
or's YT LT ¥0'€6 SL0 ¥Z'6€ ov's vTLT ¥0'€6 SL0 vT'6€ 00T SL0 96 VZ
€89 80t S8'LT 090 €5vT €89 80t S8°LT 090 €511 00T 090 V6 VZ
1€°S £0°8T 1096 9/°0 G8'6€ 1€ £0°8T 1096 9/°0 G8'6€ 00T 9/°0 H8 VZ
vL'9 vL'9 £7'SY 090 LLET ¥L°9 vL'9 €7'St 090 LLET 00T 090 98 VZ
06'S [A%43 0S'TL 690 06'C€ 06'S [A%43 0S'TL 69°0 06°C€ 00T 690 18 VZ
09°0T [Z&3 €EVE 8€°0 85°8C 09°0T [Z&3 €EVE 860 8587 00T 8€°0 38 vz
09°0T 6T 86°0€ 8€°0 LL'ST 09°0T 6T 86°0€ 860 LL'ST 00T 8€0 a8 vz
0,9 STT vLv6 090 0667 0.9 STl vLv6 090 066t 00T 090 28 vz
0z's S6'6 LTS 8.0 19°0C 0z's S6'6 LTS 8.0 19°0C 00T 8L°0 48 vz
89°€ L6'LT | 06°C0T 1T 06T 89°€ L6'LT | 06°C0T T 2067 00T 1T V8 VZ
¥8'6 86T Sy'6T 70 €811 ¥8'6 86T Sv'6T 70 €8T 00T 70 1L vz
95°S 169 SL'8E vL°0 &Y 95°'s 169 SL'8E vL°0 0r'91 00T [7K0) ILvZ
509 r8e | TTUT 99°0 9228 509 Lr8T | TTUT 99°0 9228 00T 99°0 L vz
00°L [3R% 82°0€ 850 8791 00, [3R% 87°0€ 850 8291 00T 850 aL vz
9Ty 87T 16°'TS 660 6191 9Ty 87T 16'TS 66°0 6191 00T 660 oL VZ
8LL [5R% STTE 750 Sv6T 8LL [5R% STTE 750 Sy'6T 00T 750 VL vZ
vLYT 290 oT'6 820 0r'01 YL YT 790 or'6 820 0r0T 00T 820 25 vz
S9'TL vZ'T [F&at SE0 €0°€T S9'TL T [S&a1 SE0 €0°€T 00'T SE0 45 vz
68°0T 90t 3R 24 LE0 66'LE 68°0T 90 3R %4 LE0 66'LE 00T LE0 7
0T'9 €€°S 3523 £9°0 YT'ST 0T'9 €€°S 3523 £9°0 ¥T'ST 00T L9°0 [T72
08Tl 69°0 8T8 SE0 vEL 08’1l 69°0 818 SE0 vEL 00T SE0 NE VZ
8LTT €0 998 GE0 LLL 8LTT €0 998 SE0 LLL 00T GE0 1€ VZ
€9°TT 9T 05°0¢ SE0 79°8T €9°TT 9T 05°0¢ SE0 %9°8T 00T SE0 NE VZ
6701 €T 6L€T 6€°0 €T'TT 6701 €T 6L°€T 6€°0 €TTT 00T 6€0 7
S8'S 66'S 20°S€ 0.0 19°ST S8'S 66'S 70°S€E 0.0 19°ST 00T 0.0 1€ VZ
SEET 120 08t LT0 9,8 GEET 120 08t 110 9,8 00T LT0 HE VZ
€6 69°€ 6€VE €70 80°SC €6 69°€ 6€VE €70 80'SC 00T €70 9¢ vz
v'6 85T ¥9'vT 770 €€°0T vT'6 85T v9'vT ¥7°0 €€°0T 00T 770 i€ vz
we 8LT 9T 70 €9°TT we 8LT 791 [Z&0) €9°TT 00T 70 74
6€'8 S9°T L8'ET 67°0 L8 6€8 S9°T L8'ET 670 L8 00T 670 ag vz
19°TT 62T 09'9¢ SE0 v e 19°TI 6T 09'9¢ SE0 vTve 00T SE0 J€ vz
€7'S TTHT 8T'LL SL0 79°T€ €7'S TTHT 8TLL SL0 9°T€ 00T SL0 [IK72
159 85°€ 0S°€C €90 99°'TT 159 85°€ 0S°€C €9°0 99°TT 00T €90 VE VZ
LS €€°9 6T°9€ wo vL'ST LS €€°9 6T°9€ [753) vL'ST 00T wo (72
70T ¥6°0 ¥8'6 6€0 8LL 70T 760 ¥8'6 6€0 8LL 00T 6€0 T vz
95°'s ¥9°€ET 08°'SL €0 08'z€ 95°s ¥9°€ET 08'SL €0 08°C€ 00T €0 at vz
969 SE'6 €1°59 850 ¥5'GE 969 SE'6 €1°59 850 ¥S'GE 00T 850 o7 vZ
6C'L 99'S €Ty 950 8E'EC 6CL <9°S €Ty 950 8EET 00T 950 a1 vz
(T-vww) A/vS [ (eww) A (zww) vs | (ww) yapim Bay | (ww) y18ual Say [(T-vww) A/vS | (Eww) A | (zww) vs | (ww) yapim “8ay | (ww) y18ual *Say | JaquinN (wuw) 3yB10H Adouen |uswipads

|elol

sjuawa|g Aewnd

81



68'8 85T 0T 970 96 68'8 85T 0T 9%°0 W6 00T 90 Ve vZ
v6'L 90t e 150 (8°6T 6L 90t weE 150 18°6T 00T 150 e vz
8€'9 6501 9529 €9°0 89°€€ 8€'9 6501 9529 €9°0 89°€E 00T €9°0 Ve VZ
ws €59 €€°LE [720) 1T9T [7E3 €5°9 €€°LE [720) [T9T 00T [753) J€€ vZ
8T'S €0°LT 0788 8L°0 85'GE 8T'S €0°LT 0788 8L°0 85'GE 00T 8.0 g€€ vz
6L'8 1y €0°LE 9%°'0 9r'ST 6L'8 Ty €0°LE 90 97'ST 00T 90 VEE VZ
6€°TT T€'T €671 9€'0 LTET 6€TT 16T €671 9€°0 LT€ET 00T 9€'0 JZ€ vz
679 8Tl LTyl %9°0 75°9€ 609 (31 LTVl ¥9°0 759€ 00T ¥9°0 Vi€ VZ
S5°S vL'6 90°tS €L°0 STEC [3%3 vL'6 90t €0 STEC 00T €L°0 q1€ vz
18°L K3 [3R24 [Z30) R 18°L yT'E €5%C [Z30) VLT 00T 50 VIE VZ
Sv'8 SL'T T2€T 870 €T°ST Sv'8 SL'T T2€T 870 €T'ST 00T 870 INOE VZ
09'6 99°€ 8T'SE wo 179 09'6 99'€ 8T'SE wo L¥'9T 00T wo 10€ vz
79 9z’ €6°0C ¥9°0 €0°0T 9 9T'€ €6°0C ¥9°0 €0°0T 00T ¥9°0 NOE vZ
€8'9 Sr'E LSE€T 09°0 1T €8'9 Sr'E LSE€T 09°0 [%4 00T 09°0 f0€ VZ
15°L SLT LTET [350) 1€°L 15°L SLT LTET [3X0) 1€°L 00T S50 10€ VZ
06'6 €'l AR 70 10T 06'6 €'l v 70 TL0T 00T 70 HOE VZ
06'6 wt oTHT 70 6901 06'6 Wt oTHT 70 69°0T 00T 70 90¢" VZ
08'L wE 99'9¢ 750 ¥0'9T 08'L wE 99'9¢ 750 ¥0°'9T 00T 750 10€ vz
€€'L 8% 62°'SE S50 5002 €€'L 8% 67'S€E S50 S0°0C 00T [30) 30€ VZ
769 8€'9 2322 850 6°€T 769 8€'9 [232% 850 6°€T 00T 850 aog vz
or'8 0Ty ST'SE 870 oT'€T or'8 2% ST'SE 870 oT'€T 00T 870 J0€ VZ
<86 €6'T €0°6T 70 0SvT S8'6 €6'T €0°6T 70 0StT 00T 70 90€ vZ
SL'S €LTT €729 0.0 ST0E SL'S €LTT €79 0.0 ST0E 00T 0.0 VOE VZ
€58 LT LSHT 8v°0 76 €58 LT LSHT 8v°0 w6 00T 870 67 VZ
vE'8 vy 0S'vE 670 77 vE'8 vy 0S'vE 670 7°2C 00T 670 J8C vz
€1'8 10°€ LY 050 ¥E'ST €1'8 10°€ Ly 050 ¥E'ST 00T 050 987 vz
6LTT Sr'T TTLT v€'0 TL'ST 6LTT Sv'T LT vE'0 TL'ST 00T vE0 V8T VZ
€5°9 (8T wa 590 69'S €5°9 (8T wa 590 69'S 00T 590 a.T vz
1L 16'S 99°Zy 950 ¥6'€C 1L 16'S 99°Ty 950 ¥6'€C 00T 950 9C vz
659 €'y w6t 290 0LvT 659 €'y [4 &34 290 0L YT 00T 790 3€C VZ
08°0T LET SLYT 8€'0 €T 080T LET SLYT 8€'0 1€CT 00T 8€'0 age vz
65'8 [4%4 [ZED 870 86°TT 65'8 [4%4 [ZE] 870 86°TT 00T 870 96T vz
7801 12T YTET 8€'0 S6°0T 7801 1T YTET 8€°0 S6°0T 00T 8€'0 VEC VZ
00°L LL'6 LE89 850 S'LE 00 LL'6 LE'89 850 S'LE 00T 850 [472
€1'8 96'L L9 050 8E'Ty €1'8 9%6'L TL9 050 8E'TY 00T 050 q1¢ vz
TT'L €L'8 1079 150 85E 'L €L'8 1079 150 8GVE 00T 150 VT VZ
0TI 9TY 6L°St LE0 1L6E 0TI E1R 6L'St LE0 LL6E 00T L€0 6T VZ
156 SL'E 89'GE wo 6597 156 SL'E 89'GE wo 6597 00T wo 8T VZ
00°'S €9°LT L0883 180 e 00'S €9°LT £0'88 180 wve 00T 180 99T vz
GE'S ST'TT 1965 9,0 99T GE'S ST'TT 1965 9,0 99T 00T 9.0 VT VZ
0€'6 09°'L €9°0L €70 <8'TS 0£'6 09°L €9°0L €70 <8'TS 00T €70 JST vz
[2X3 L¥0T S8'LS v.°0 0Lt [2X3 L¥0T S8'LS ¥L°0 IRZ4 00T vL'0 asT vz
869 €91 | TL9TT 850 vZv9 869 €91 | TL9TT 850 Y29 00T 850 VST VZ
10°8 ST'S STy 050 78'ST 10'8 ST'S STy 050 78'ST 00T 050 vT vZ
st 0S'T 68°CC 920 87T TSt 0S'T 68°CC 920 87T 00T 920 1ZT vz
'S 7891 5606 SL0 0F'8€ 'S 7891 5606 SL0 07'8€ 00T SL°0 HZT vZ
or's 0€°8T 58'86 SL0 LLTY or's 0€°8T 58'86 SL0 LLTY 00T SL0 o971 VZ
SL0T %% 0%y LEO 0€'LE SL0T R% 0%y LEO 0E'LE 00T LEO 42T vz
9,01 8C'€ 87'SE LE0 S8'6C 9,01 8C'€ 87°SE LE0 S8'6C 00T LE0 T VZ
v2'ST 6T'T 0T8T 920 LT ¥2'ST 6T'T 0T8T 920 LT 00T 920 et vz
60'S oLve | esta 6.0 9105 60'S oLve | uLstt 6.0 9105 00T 6.0 T vz
TT'ST 8T 89T 920 9z'€e TC'ST 233 89T 920 9C'€E 00T 920 gzr vz
(T-vww) A/vs [(eww) A|(zww) vs [ (ww) yapim 8ay | (ww) ya3ual Say | (T-vww) A/vS [(Eww) A | (zww) vs | (ww) yipim “8ay |(ww) yasua “Say | 1aquinN
(ww) 3yS1aH Adoue) |uawpads

|eloL

syuawaz Aewnd

82



098 L8°E LTEE 170 1€TC 098 23 LTEE %0 1€ 00T %) 905 VZ
9 96t 8€°0€ £9°0 ETYT a9 96 8€°0E 190 ETYT 00T £9°0 405 vz
0v'9 €09 G8'6€ ¥9°0 19°6T or'9 €09 G8°6€ ¥9°0 19°6T 00T ¥9°0 305 VZ
9,°TT 54 €5°T€E €0 €L7CE 9.°TT 54 €5°T€E [Z30) €L°T€E 00T €0 aos vz
1v'S €C°0T €6'SS vL0 09°€T 1v'S €C°0T €6'SS vL°0 09°€C 00T vL0 205 vZ
¥9°0T LST 8€°LT 8€0 [ x4 ¥9°0T 1ST 8€°LT 8€0 [£ x4 00T 8€0 405 vZ
68 96¥T 0T'€L €80 09°LT 68 96¥T oT'€L €8°0 09T 00T €80 V0S VZ
87’8 8C'T €9°0T 050 679 87’8 8CT €9°0T 050 6v'9 00T 050 J67 vZ
<06 ve'T €C°0C Sv'0 €Yl <06 ve'T €2°0C Sv'0 €TVl 00T Sv'0 Vér VZ
859 99 19°0€ 790 Sy'ST 859 99 19°0€ 790 Sy'ST 00T 790 asy vz
€58 GE'E ¥5'8T 870 06'8T €58 GE'E 58T 870 06'8T 00T 870 8% vZ
8€'6 €TT 90T 70 6L 8€'6 €TT 79°0T 70 6v'L 00T 70 a8y vz
€6 90°€ SL'6C wo €9°7C €6 90°€ SL6T wo €9°7C 00T wo v8y vz
w9 98T 08°LT 190 €18 w9 98°C 08°LT £9°0 €1'8 00T £9°0 JLY vZ
68'6 €T 00°€Z 70 0L'LT 68'6 €T 00°€C 70 oL'LT 00T 70 v vz
86T €T 6T'LT €0 Sy'LT 86T €T 6T°LT €0 Sv'/T 00T €0 VLY VZ
199 we 89T €9°0 80°L 199 we 8941 €9°0 80°L 00T €9°0 ISy vz
876 T 87°0T €70 8L 876 111 8707 €70 8y'L 00T €70 asy vz
SL'L 909 69 [450) 8T SLL 909 69 750 wse 00T S0 oSt vz
98T 68T ST T€0 [2R23 98°CT 68T ST T€0 [ZRZ2 00T T€0 a5y vz
ST'S 60'6 9L'LYy 8.0 6T°6T ST'S 60'6 9Ly 8.0 6T°61 00T 8.0 VSt vZ
92°0¢ S0'T [T 020 TTVE 97°0C S0T LT 020 TTvE 00T 020 Hey vz
9T'Sy 900 ¥9°C 600 or'6 9T'Sk 900 ¥9°C 600 or'6 00T 600 oty VZ
LT 60 LT €0 €S°TT LT 760 TLTT €0 €S°TT 00T [230) ity vz
YL 861 €0°9€ 950 10T YL 867 €0°9€ 950 T2°0C 00T 950 Ity vz
159 080T 620, 790 6L°SE 159 080T 620, 790 6L°SE 00T 790 acy vz
€79 ¥S°'ST 68°66 €90 1505 €7'9 ¥S'ST 68'66 €9°0 1505 00T €90 T vz
€7vT 880 [9°TT 870 8T ¥l €7yl 880 [9°TT 870 8T¥T 00T 870 a9 vz
[ZX43 950 8T'L €0 10°L [ZX43 950 8T'L €0 10°L 00T €0 vy VZ
£9°9 19°9 S0'vY 190 LLTT £9°9 199 S0vY 190 LLTT 00T 190 Jer vz
79 115 16°9€ ¥9°0 st 79 115 16°9€ ¥9°0 [Z&-13 00T ¥9°0 vy vZ
78 88T 16'ST 670 10T '8 88T 16'ST 670 10T 00T 670 a1v vz
96 S6°L T6E €8°0 LT 9% S6°L T6E €80 LT 00T €80 VIv VZ
aa 180 <86 vE0 LT'6 aa 180 <86 ¥E0 (16 00T vE0 aor vz
€08 09T 9T'€T 050 [A%] €08 09°T 9T'€T 050 [A%] 00T 050 200 vZ
LE8 vT'S 66'CY 870 91'8C LE8 vT'S 66°TY 80 91'8C 00T 8v°0 a0r vZ
108 or'E 6T°LT 150 €8°9T 10'8 or'E 6T°LT 150 €8°9T 00T 150 YOr VZ
19°6 €T 8L°TT wo 6 19°6 €T 8.°TT wo 7'6 00T wo J6€ VZ
€5TT 8T'T S9°€T GE0 8TTT €STT 8T'T G9°€T GE0 81Tl 00T SE0 96€ vZ
€C'8T LE0 99°9 [740) vr'6 €C'8T LE0 99°9 [740) 76 00T 0 V6E VZ
0£'9 vE'9 96'6€ 990 Tv'61 0£'9 vE'9 96'6€ 590 76T 00T 990 J8€ vZ
€09 16°L oL’y 190 (&4 €09 16°L oL'LY 190 vTTe 00T 190 98€ VZ
6TY 78T | vreer 160 vrEY 6T 78T | vreer 160 vrEY 00T 1670 V8¢ VZ
8.9 0L 85°LY 090 80°SC 8.9 0L 85°/1 090 80°ST 00T 090 4/€ vZ
116 €6 88t 70 [A%43 116 €6 88ty 70 T 00T 70 VLE VZ
9Ly 18T 20719 980 [T 9Ly 18°CT 20719 98°0 [T 00T 980 99€ vz
8°€ (ST | cesor 0T 96'0€ 8¢ (5T | cesot 0T 96'0€ 00T 0T V9 VZ
v2'9 0€'ST 15°S6 S9°0 ¥8'9Y v2'9 0€'ST 15°S6 S9°0 v8'91 00T S9°0 J5€ vz
0T 167 [7573 6€°0 8y'Ty 0T 167 LTS 6€°0 8y°Ty 00T 6€°0 95€ vZ
159 669 v6°'Sty 290 T7°€C 159 669 ¥6'Sty 790 Tv'eC 00T 290 VSE VZ
€6'S 8C'ET 9/°8L 89°0 6v°9€ €6°S 8C°€ET 9.°8L 89°0 67°9€ 00T 89°0 are vz
(T-vww) A/vS | (eww) A|(zww) vs| (ww) yapim “8av | (ww) y18ua Say | (T-vwiw) A/vS [ (Eww) A [ (zww) vs | (ww) yapim “Bay | (ww) y18uaq “Bay | saquinN
(ww) 3yS1aH Adoue) |uawpads

|elol

sjuswa|3 Aewnd

83



01’9 0L'ST 18'S6 99°0 €6'Sy 01’9 0L'ST L8'S6 99'0 €6'St 00T 99°0 as9 vz
9L 89°L SL'SS 950 99°T€E 9C'L 89°L SL'SS 950 99°'TE 00T 950 259 vz
vT'L LTL ST'TS 150 05'8C vT'L LTL ST'TS LS0 05'8¢ 00T 150 959 vZ
79’6 69°T 1€9T wo oT'et ¥9'6 69T 1€9T wo oT'et 00T wo VS9 vZ
85°L 66'6 69'SL €50 €1°Sy 85°L 66'6 69'SL €50 €Sy 00T €50 %9 vZ
6T'8 0S'€T | ¥SOTT 670 09°'TL 618 0S'€T | vSOTT 670 09'TL 00T 670 V9 vz
859 LL9 €S 790 LT 859 L9 €5 790 TLTC 00T 790 ag9 vz
W6 10°€ 78T €70 00°TC W6 10°€ '8 €70 00°TC 00T €70 J€9 vz
v6'L 88T 98'CC 150 ¥6'€ET v6'L 88'C 98°'7C 150 ¥6°€ET 00T 150 9€9 VZ
9z's 8sve | L7181 L0 87'SL 9z's 8s've | vLT8T LL°0 87'SL 00T L0 VE9 VZ
[3X3 €9°C 00°CT 670 v YT [3X3 €9°C 00°CT 670 YT 00T 670 979 vZ
78 €0y ¥8'€E 870 9T'TT 78 €0'v v8'€€ 870 9Tt 00T 870 Ve9 vz
TL'S €0°C 09'TT 9.0 8y TL'S €0'C 09°'TT 9,0 87y 00T 9.0 arg vz
99°L ¥6'C €57 €50 0C'€T 99°L v6°C €5°TC €50 0C'€T 00T €5°0 g19 vz
179 €9°T 50T 99°0 YLy RE) €9°T 7501 99°0 YLy 00T 990 V19 VZ
8T'S [Z&31 1789 8L°0 or'LT 8T'S [Z&31 Tv°89 8.0 or'LT 00T 8L°0 09 vz
9Ty 61T 00'LY 66°0 95T 9Ty 61T 00'LY 66'0 95vT 00T 66°0 965 VZ
9T’e £0'9T 8L°0S vET or'TT ar'e L09T 8105 vET or'TT 00T vET V6S VZ
19°0T 80°T 71T 6€°0 v2'6 19°0T 80'T Il 6€°0 vT'6 00T 6€0 985 vz
L9°0T ¥8°0 168 6€°0 €L £9°0T ¥8°0 168 6€°0 €CL 00T 6€0 485 VZ
vTY L0°0 LO°€E 600 TL°0T vTvb L0°0 LO°€E 600 TL0T 00T 600 385 VZ
€0°0T Wl STl 70 86°0T €0°0T wT STHT 70 86°0T 00T 70 ass vz
€€°TT 99T T7°0C €€°0 TL6T €€°TT S9'T T7°0C €€°0 TL°61 00T €€°0 085 vz
LSS vLL [AR32 €0 6€'8T 1SS vLL [AR32 €0 6€8T 00T €0 485 vZ
YETT ¥9'0 YL 9€'0 (19 vETT ¥9°0 YL 9€'0 LT'9 00T 9€'0 v8S vz
ST'6 61T 95T Sv'0 SETT ST'6 61T 95T Sv'0 SETT 00T Sv'0 35 VZ
67 TT 65T S2'8T SE0 €691 67'TT 65T ST'8T SE0 €691 00T SE0 aLs vz
jixas 09T 08'6T €€°0 v26T Jixat 09°T 08'6T €€°0 ¥2'6T 00T €€°0 JLS VZ
9L 66'8 €589 €50 L0°TY 9°L 668 €589 €50 L0'TY 00T €50 4.5 vz
8T'S v0'€C | veelT 8L0 9E'8Y 8T'S v0'€C | veelT 8.0 9€'8Y 00T 8.0 VLS VZ
LLL S0'€ €L°€T 750 9Tl LLL S0'€ €L€C S0 9T 00T 750 295 VZ
SS'L yT'E SLET ¥5°0 €L€ET 3 vT'E SL'ET %50 €LET 00T ¥S'0 995 VZ
[ZX% €861 ¥9'56 ¥8'0 88'GE [ZX% €861 ¥9°56 ¥8°0 88'GE 00T ¥8'0 VoS vZ
10°0T 99'0 199 wo 8 10°0T 99'0 199 wo 8 00T wo 455 vz
65'L 3% TE€E €50 09°6T 65°L 6EY TE'EE €50 09°'6T 00T €50 355 VZ
619 Sv's 0L'€€E 99°0 €6'ST 619 Sv's 0L'€€E 99°0 €6'ST 00T 99°0 ass vz
987l 190 958 €0 '8 987l 190 958 €0 77’8 00T €0 255 VZ
et 0] 20's €€°0 9 et 0] 20'S €€°0 [Z}% 00T €€°0 455 vZ
6L 9€’e 61°'SC ¥5°0 8vvT 6v'L 9e’e 6T'ST ¥S'0 8yl 00T ¥5°0 ¥S VZ
'S 6T'6 ¥1°0S SL°0 €0°'TC 'S 6T'6 ¥1°0S SL0 €0'TC 00T SL°0 ags vz
19'6 8T°C 76°0C wo 85'ST 19'6 8T'C 76°0C wo 85°'ST 00T wo J€S VZ
058 967l | ozott 170 avL 05'8 967l | ozott 170 [AR22 00T 170 VES VZ
16'9 0L'€ ¥S'ST 650 €T 16'9 0L'€ ¥S'ST 650 Py ET 00T 650 425 vz
oLy €sTE | €T'8YT 98'0 BRS oLy €5TE | €Tyl 98'0 SSS 00T 98'0 Vs vz
676 LL0 8C'L 770 S0'S 676 LL0 8C'L 770 S0'S 00T 770 o1S VZ
GE'9 09°€ ¥8'7C 590 88°0T GE'9 09°€ ¥8'7C 990 88°0T 00T 590 q15 vZ
€5°S S6°€ S8'TT SL0 S8'8 €5°S S6°€ S8'TT SL°0 588 00T SL0 VIS VZ
669 LY'S LT8E 850 €L°0C 669 LY'S LT8E 850 €L°0C 00T 850 105 vz
88'L 89°T STET €5°0 LLL 88'L 89T STET €5°0 LLL 00T €50 M0S vz
oT's 66'6 ¥6°05 08'0 8861 oT's 66'6 ¥6°05 08'0 8861 00T 080 105 VZ
96'S €0°€ 90°8T 0,0 S8'L 96'S €0°€ 90°8T 0.0 o8'L 00T 0,0 HOS VZ
(T-vww) A/vs | (eww) A (zww) vs | (ww) yapim “Say | (ww) yaSua Say | (T-vww) A/VS [ (Eww) A | (zww) vs | (ww) yapim Sy | (ww) yasual ‘Say | 1aquinn
(ww) 3yS1aH Adoue) |uawpads

|elol

sjuswa|3 Aewnd

84



1L 'y SLTE 950 S9'LT 1L 2% SLTE 950 S9°LT 00T 950 208 VZ
TL'S 6vvC | €6°6€T 0L0 S6°79 LS 6vvC | €6°6€T 0,0 5679 00T 0L0 408 VZ
LL'S yI'se | cosvl 0.0 16'59 LL'S yi'se | cosvl 0.0 16'59 00T 0.0 V08 VZ
569 [ S0°'SS 850 68'6C 569 [ S0°'SS 850 68'6C 00T 850 26L VZ
88'S vL'9 €9°6€ 69°0 ¥8'LT 88'S vL'9 €9'6€ 69°0 ¥8'LT 00T 69°0 V6L VZ
8C'S 6L9 18'GE 8L°0 STHT 8C'S 6L'9 18'GE 8.0 ST 00T 8L°0 V8L VZ
v6'8 [2%3 LY'TE [520) S6°'TC v6'8 [2%3 LY'TE Sv'0 S6'TC 00T [520) VLLVZ
TTET €3'T 10'7C €0 SLvT TTET €8'T 10%C T€0 SLYT 00T T€0 39.°VZ
86'L GeET 6L°0T 750 €9 86'L GE'T 6L°0T S0 €9 00T 750 Q9L vz
6767 01’0 €6'C ¥T'0 vL'9 6767 01’0 €6C ¥T0 ¥L'9 00T ¥T°0 9. VZ
¥STT 69°T LY6T GE0 ¥S'LT ¥STT 69°T Ly6T GE0 vSLT 00T GE0 9L VZ
TTET (8T LS €0 €€°'GT TTET (8T LSV 1€0 €€'ST 00T €0 VoL VZ
GETT 9p'T £0°8T €€°0 LT SETT 9y'T L0'8T €€°0 LT 00T €€°0 SL vz
€Y vi'8c | veTer ¥6'0 S9°01 €Y yi'8c | vz1er ¥6'0 5907 00T 60 72
4% 1591 1609 860 LE6T 0Ty 1S¥T 16'09 860 LE'6T 00T 860 J€L vZ
908 10°CT 98'96 050 69°'T9 908 10°CT 98'96 050 69°'T9 00T 050 VEL VZ
w9 87T 0L79T 290 1€ [7K) 87T 0L79T 790 1€8 00T 90 2L vz
87°0T 90T vT'TT 6€°0 06'8 8%°0T 90T YTTT 6€°0 06'8 00T 6€°0 EI787
16 19°C €L€T Sv'0 9,'9T 16 19°C €L€T Sv'0 9,91 00T Sv'0 aeL vz
T€0T 9e'y L6 6€°0 €5°9€ T€0T 9E'y L6 6€°0 €5°9€ 00T 6€°0 pI772
) L 8891 €9°0 wee &) [Tl 8891 €9°0 wEe 00T €9°0 9L vz
19 69%T 6589 180 19'7C 19 69T 6589 L8°0 19°'7C 00T L8°0 VL vz
S5'8 17T [A%%2 870 68°€T 558 17T [A%4 870 68°€T 00T 870 JTL vz
€9'S 8CL 00Ty €0 S9°'LT €9'S 8C'L 00Ty €0 S9°LT 00T €0 a1, vz
109 LEOT €€°79 190 9T'6C 109 LEOT €€°79 190 9T'6C 00T 190 VIL VZ
9’6 €69 0Z'79 €70 6897 92’6 €6'9 0z'v9 €70 6891 00T €70 40, VZ
0z'8 wL T€'€9 670 80 0z'8 [ T€'€9 670 80 00T 6v°0 30, VZ
LSTT 98'0 08°0T €0 67°0T LSTT 98'0 08'0T €0 67°0T 00T €0 aoL vz
0SS aL ¥T'6€ ¥L°0 8€°9T 0S°S aL Y16 vL°0 8€°9T 00T ¥L°0 20, vZ
16°L [753 vT'Sy 150 66'LT 16°L wus vT'Sy 150 66'LC 00T 150 40, VZ
€6'ST wo [7K) 920 128 €6'ST wo [7K) 920 128 00T 920 YOL VZ
87’6 0zT 6€TT €70 9T'8 87’6 0zT 6€TT €70 918 00T €70 N69 VZ
7991 €0 0€'S S0 L9 7991 €0 0€'S S0 LL9 00T S0 169 VZ
(T8 19T 9T'€T 150 ¥0'8 (T8 19T 9T'ET 150 ¥0'8 00T 150 N69 VZ
or'6 981 SPLT £7°0 9T ov'6 98T SPLT €70 [2¥4% 00T €70 169 vZ
'S 8T'S ST'8e 9.0 67'TT Sr's 8T'S ST'8T 9.0 6v'TT 00T 9.0 169 VZ
18'6 65°€ &53 70 L0°LT 18'6 65°€ 07'SE 70 L0°LT 00T 70 H69 VZ
66'9 0L'L 6L°€S 850 GE'6T 66'9 0L'L 6L°€S 850 GE'6T 00T 850 969 VZ
86°CT 160 LSTT 1€0 89°CT 86°CT 160 LSTT 1€0 89°CT 00T 1€0 469 VZ
L6'0T ¥1'T &34 LE0 10T L670T L4 X34 LE0 TT°0C 00T LE0 369 VZ
v2'8 €9'C LT 670 SLET vZ'8 €97 LT 670 SL'ET 00T 670 ae9 vz
€6 S8'€ €8'S€E €7°0 ¥1°'9¢ 1€'6 S8'¢ €8°GE €70 ¥1°9C 00T €7°0 269 vZ
8€'6 10T 88'8T €70 L9°€T 8€'6 10T 8881 €70 L9°€T 00T €70 969 VZ
98 0z'9 LY'€S L¥'0 €C9€ 798 0z'9 LY'€S L¥0 €09 00T L¥0 V69 VZ
€6°0T 0T YT'ET LE0 90T €601 0zT YTET LE0 90T 00T LE0 289 VZ
198 'L 8T'¥9 9%°0 [ZX3% 198 'L 8179 970 [ZX34 00T 9%°0 989 VZ
€0'8 60'S 1807 0S'0 79°'ST €08 60'S 1807 050 79°'5T 00T 0S'0 V89 vz
96'S 668 09°€S 89°0 9L'7T 96'S 668 09°€S 89°0 9L%T 00T 89°0 JL9 vZ
209 [A%3 S8°0€ 89°0 TT9T 209 [A%3 S8°0€ 89°0 9T 00T 89°0 9.9 vz
€09 €TET el 190 8€'LE €09 €T'ET el 190 8€E'LE 00T 190 V.9 VZ
0L L0'S €9'GE 850 vE'6T 0L L0'S €9°GE 850 vE6T 00T 850 999 VZ
(T-vww) A/vs | (eww) A (zww) vs | (ww) yapim “Say | (ww) ya8ua Say | (T-vww) A/VS [ (Eww) A | (zww) s | (ww) yapim Sy | (ww) yadual ‘Say | 1aquinn
(ww) 3yS1aH Adoue) |uawpads

|elol

sjuswa|3 Aewnd

85



19°'S 09°CT 0L'0L [7X) L8°0E 19°S 09°CT 0L°0L L0 L8'0€ 00T o VIOT VZ
19°S 88°7¢ | 6r'8Tl [70) §5°95 19°S 88°7¢ | 6r'8TT [703) §5°95 00T [70) 00T VZ
99y 0€'8 99'8€ 68°0 YPET 99t 0€'8 99'8€ 68°0 €T 00T 68°0 966 VZ
STET €5°T L0 0€'0 80°'TC STET €5'T L20T 0€°0 80°TC 00T 0€'0 V66 VZ
0z'9 or'y 8C'LT 99°'0 6L°TT 0z'9 or'y 8C'LT 99°'0 6L°TT 00T 99°'0 86 VZ
€6 [753 ¥0'9T 770 Tl €6 (753 ¥0'9T 70 Tl 00T 70 L6 VZ
TLL [3R% [23%43 €50 TE6T TLL 6TV [4323 €50 TE6T 00T €50 996 VZ
69°€T €9°0 198 0€'0 ST'6 69°€T €9°0 19'8 0£0 ST'6 00T 0£0 V96 VZ
v8'L <9t 979 750 vz v8'L R4 99 750 vZ'Te 00T 750 S6 vZ
0€'9 Sr'9 190V S9°0 9L'6T 0€'9 Sr'9 190V 590 9/'6T 00T S9°0 are vz
10TT 67T 8€'9T LE0 00T 10TT 6v'T 8€'9T LEO 00T 00T LE0 Jv6 VZ
96'9 6€°C 1991 09°0 658 969 6€°C 1991 09°0 658 00T 09°0 6 VZ
€89 9e'S 85'9€ 09°0 8T'6T €89 9€'S 85°9€ 09°0 8261 00T 09°0 V6 VZ
[8°ET SLT 91T 620 6v°9C L8ET SL'T 9T're 620 67'9C 00T 62°0 6 vz
€9°L 9T’s [A% €5°0 ¥8'€C €9°L 9z's oy €50 ¥8'€C 00T €5°0 16 VZ
68°'S 19 156 69°0 ¥8'LT 68'S L9 156 69°0 ¥8'LT 00T 69°0 06 vZ
8T'6 YET 67'TC 770 9z'sT 8T'6 vET 6v'TC 70 9z'sT 00T 770 aes vz
82°0T 19T £579T 0] 9TET 82°0T 19T £59T 0r'0 9T€T 00T 0] 268 VZ
€9'8 SS'T LEET 87°0 L8 €98 SS'T LEET 870 T8 00T 870 968 VZ
65'S €08 681t €0 ST6T 65'S €0'8 68 €0 ST6T 00T €0 V68 VZ
oL'L 9 LT0C €5°0 €8°TT oL'L 9 LT°0C €5°0 €8°TT 00T €5°0 ass vz
09T SLT [ER €0 €7V 09°CT SL'T S9'vE €0 €7'vE 00T €0 288 VZ
[2%5 [4%2 67T SL0 0z°0T [2%3 WSy 67T SL0 0201 00T SL0 488 VZ
€L°TT S8°0 S8°0T €0 89°0T €L°TT S8°0 S8°0T €0 89°0T 00T €0 V88 vZ
[ Sr'E 6597 €50 18°ST wL Sr'E 65'9C €50 18'ST 00T €50 /8 VZ
wa €80 TT°0T €€°0 156 wa €8°0 10T €€°0 156 00T €€°0 a8 vz
S6'L LT'9 L0'6Y 150 LS0E S6'L LT'9 L0'6Y 150 LS0E 00T 150 JL8VZ
¥8'9 69°0T ET'EL 650 ST6E ¥8'9 69°0T ET'EL 650 ST6E 00T 650 9.8 VZ
[3:R% ¥6'€C | 90'9TT €80 96°ey 3% ¥6'€C | 90'9TT €80 96'€y 00T €80 V.8 VZ
€9 9T'Tl S9°TS 680 ST'8T €9 9T'Tl S9°TS 680 ST'8T 00T 680 98 vZ
80°8T 9€'0 059 o [A%3 80°8T 9€'0 059 o [a%3 00T o 258 VZ
353 (ST 6€°€T 870 798 558 LST 6E€T 870 98 00T 870 958 VZ
vS'S €91 S9'6 €L°0 TT°0v ¥S'S €91 59°'T6 €0 TT07 00T €L°0 VS8 VZ
YLy 59t | 8T 580 6€'79 LY 59t | 8T 580 6€79 00T 580 ¥8 VZ
88'TT ST 90°8T vE'0 SL9T 88'TT ST 90°8T ) SL'9T 00T v€'0 €8 vZ
Y1l Ss'T LELT 9€'0 61°ST veTT 553 LELT 9€0 61°ST 00T 9€0 4€8 vz
LTS 69°€T vT'eL 110 6767 LTS 69°€T vz 110 6767 00T L0 368 vz
89°0T 67T 68'ST 8€'0 [AX3 89°0T 67T 68'ST 8€'0 [A%31 00T 8€'0 agg vz
8.9 LSY 66'0€ 09°0 [AX) 8.9 LSY 66'0€ 09°0 9t 00T 09°0 J€8 VZ
€8°TT €LT T€CE vE'0 60°0€ €8°TT €L°T 1€ vE'0 60°0€ 00T v€'0 9€8 VZ
8¢'8 6€'S 0e'sy 870 6967 8¢'8 6€'S 0C'sy 870 6967 00T 870 Veg vz
87T SET €0°LC SE0 SEVT 87Tl SET €0°LC GE0 SEVT 00T SE0 128 vz
689 [7X] €0°09 650 €€°TE 689 7K} €0°09 650 €€°TE 00T 650 HZ8 vz
95T (TT GGET SE0 aa 95Tl (TT GSET GE0 aa 00T SE0 978 vz
08'9 6L'S LE6E 090 TL0T 08'9 6L'S LE6E 09°0 TL°0T 00T 09°0 478 vz
128 €€°C LT'6T 0S50 €0°CT 128 €€°C LT6T 050 €0°TT 00T 0S'0 I8 vz
69°'L 'L 0C'LS 50 0S'v€ 69°'L L 0C'LS 750 0S'v€ 00T 50 azg vz
069 589 9T'Ly 650 6€'ST 069 589 9T’ Ly 650 6€'SC 00T 650 J28 vz
96t 80°€T 8819 280 6L%C 96 80°€T 8819 280 6L%C 00T 280 928 vz
€8 18'6 6518 870 95°€S €8 18'6 6518 870 95°€S 00T 870 VI8 vz
S9'L S0z | 05951 70 98’76 S9°L S0z | 05951 S0 9876 00T S0 18 VZ
(T-vww) A/vs | (eww) A (zww) vs | (ww) yapim “Say | (ww) yaSua Say | (T-vww) A/VS [ (Eww) A | (zww) vs | (ww) yapim Sy | (ww) yasual ‘Say | 1aquinn
(ww) 3yS1aH Adoue) |uawpads

|elol

sjuswa|3 Aewnd

86



89°L v6'T €671 %50 858 89°L v6'T €671 %50 858 00T %50 TET VZ
5002 [4%0) 7T 120 69°€ 5002 [4%0) 7T 120 69°€ 00T 120 90€T VZ
9T's 9’8 [R 22 8.0 98°/T 9z's 9’8 [R22 8.0 98°[T 00T 8.0 aect vz
9.°€ ¥SET ¥8°05 T 10T 9/°€ vSET | ¥8°0S T 10T 00T T 62T VZ
16 9TvT | €9°8TT 780 S9°Sh 167 9TvT | €9°8TT 780 S5°St 00T 780 9627 vZ
¥8Y YI'€EE | Tv09T €80 8609 v8'Y vT'€E | Tv09T €8°0 8609 00T €80 V6CT VZ
6v'6 8°€ 90°€€ €70 95°4C 6v'6 8°€ 90°€€ €70 95%¢C 00T €70 3871 VZ
Or'€T 9T 6891 0£0 [743 or°€T 9T 6891 0£0 Wi 00T 0£°0 aser vz
206 LE°€ Tv°0E Sv'0 6€°TC 206 L€°€ Tv°0E Sv'0 6€°TC 00T Sv'0 2821 vz
ST'8 16T W 050 <9°L ST'8 18T W 050 S9°L 00T 050 82T vz
0T8T €0 <8'S [440) 1C8 0T8T €0 <8'S [440) 178 00T [240) V8Tl VZ
86'L €L°€ vL'6T 150 6€°8T 86'L €L°€ vL'6T 150 6€°8T 00T 150 a.TT VZ
€6'L (T'L €8'95 150 LE'SE €6'L (T'L €8'95 150 LE'SE 00T 150 VLTT VZ
vS'E [ZX43 vE'SY 61T SSTT ¥S€ [ZX43 YE'SY 61T 35 00T 61T 8921 vz
15°€ vTeE | €9°9TT 9T TrTE 1S°€ vzeEe | €9°9TT 9T Eans 00T 9Tl v9zT VZ
1S°€E 08'ST €€°95 1T 08T 1S°€E 08'ST €€°95 1T 0841 00T 1T [AA72
vSTT €80 €v°0T €0 60°0T vSTT €8°0 €v°0T €0 60°0T 00T €0 T vz
GEY 679 | €9'8ST €60 86°€S GEY 6v'9€ | €9'8ST €60 86°€S 00T €60 Vel vZ
K 9L ¥L°0S 790 08'Se K 9LL ¥L°05 790 08'ST 00T 790 9€CT VZ
66'S 19°S 09°€€ 89°0 €€°ST 66'S 19°S 09°€€ 89°0 €€°ST 00T 89°0 VELT VZ
809 GE'8 0805 £9°0 6°€T 809 SE'8 08°0S 190 6'€C 00T 190 J2er vz
667 98°€ 8761 <80 8L'9 667 98°€ 8761 580 8L9 00T <80 92eT vz
55’8 8r'C 6T'TC 80 ¥6°€T 55’8 8y'C 6T'TC 80 v6°€ET 00T 870 vZzl vz
799 99°S LY'LE 190 €T°6T 299 99°S LY'LE 190 €161 00T 190 a1zt vz
vE'ST ¥8°0 6T 920 78°ST vE'ST ¥8°0 6T 970 7§°ST 00T 920 VIZT VZ
68°0T 1670 19°0T 8€0 788 68°0T 1670 19°0T 8€0 88 00T 8€0 a6TT-vZ
¥9°TT 19T S0°TC €0 98°0C ¥9°TT 19T S0°TC €0 98°0C 00T €0 J6TT VZ
85¥T wo 0T'9 870 08'9 85%T wo 0r'9 870 089 00T 870 96TT VZ
LETT ¥6°C €v'Ee GE0 06'62 LETT v6°C £7°EE SE0 06'6C 00T [350) V6IT VZ
¥9°9T 0€'0 L0°S S0 RE) ¥9°91 0£0 L0'S ST0 L9 00T ST0 9817 VZ
Tv'sT 150 6€°6 [Z40) vSET 78T 150 656 [Z40) vSET 00T [Z40) V8IT VZ
6T°0T 6LT €7'8T &0 6E¥T 6T°0T 6LT €28l or'0 6EvT 00T or'0 aTT vZ
05°8T <10 1€V Y10 %96 05°8T ST0 1€V ¥T°0 ¥9'6 00T Y10 VLIT VZ
ST'€T 9T 19°9T 1€0 L0°LT ST'ET 9T 19°9T 1€0 L0°[T 00T 1€0 YIT VZ
€€°S 7L €5°6€ LL0 10°9T €€°S 'L €5°6€ LL0 10°9T 00T LL0 [A72
€6 10T LT°65 €80 LETT €6 10T LT°65 €80 LETT 00T €80 01T vZ
LL°ET 70 85°S 0£0 18'S LL°€T 70 85°S 0£°0 18'S 00T 0£0 280T VZ
vEL €T 69°6 850 10°S vEL €T 696 850 L0'S 00T 850 980T VZ
6CTC 800 8L T 610 86C 67T 800 8L T 610 86C 00T 610 V80T VZ
68 19T EYT 90 L6 68 19T EVT 90 L6 00T 90 JL0T VZ
8L €99 LTVE S50 15°61 8L €9 LTVE [350) 1561 00T S50 9,07 vz
oC'L [7%% S6°€E 950 68'8T oC'L [7%% G6'EE 950 68'8T 00T 950 90T vz
S0°L €5°€ v8'vT 850 GE'ET S0°L €5°€ v8vT 850 GE'ET 00T 850 4s0T vz
19°S 9€'9 TL°SE €0 TCST 19°S 9€9 TL°SE €L°0 TCST 00T €0 V0T VZ
899 [9°TT 00°8L 090 68°0 899 [9°TT 00°8L 090 6801 00T 09°0 ¥0T VZ
75°0C S50 €T 020 67'8T 75°0C S50 ETT 020 67°8T 00T 020 4€0T vZ
8T'6 [5%% 80°8€ 70 Tv'LT 816 557 80°8€ 70 T7'LT 00T 770 VEOT VZ
v6'8 00°€ §8'9C &0 59'8T v6'8 00°€ §8'9¢ Sv'0 S9'8T 00T 540 J20T vz
90°L 9.9 €LLY 150 v2'9C 90°L 9.9 €LLY LS50 vT'9T 00T 150 920T vZ
99°S &% 1€°ST €L°0 69°0T 99°S 8y L€°ST €L°0 69°0T 00T €L°0 V0T VZ
0T'6 8vT 87°ET Sv0 €6 0T'6 8yT 87°ET Sv0 €6 00T Sv0 4107 vZ
(T-vww) A/vS | (eww) A|(zww) vs| (wuw) yapim “8av | (ww) y18ua Say | (T-vww) A/vS [ (Eww) A [ (zww) vs | (ww) yapim “Bay | (ww) y18uaq “Bay | saquinN
(ww) 3yS1aH Adoue) |uawpads

|elol

sjuswa|3 Aewnd

87



€9°0T SY'T ST 8€'0 89°CT €9°0T SY'T ¥7°'ST 8€'0 89°CT 00T 8€'0 VEIT vZ
¥8'L LST 81°0C [Z50) L0°TT v8'L 15T 81°0C [Z50) L0°TT 00T 750 91 vz
78 S0t LOVE 870 €W '8 S0t LOVE 870 [4344 00T 870 09T vz
60'TT 6C'T 9T LE0 544 60'TT 6CT 9T LE0 € 00T LE0 9651 VZ
9T'6 6EY 8T07 70 98'8C 9T'6 6EY 8107 770 98'8C 00T 70 V6ST VZ
€€°0T 660 €201 0r'0 108 €€°0T 660 €2°0T 0r'0 108 00T 0r'0 3/ST VZ
[2X3% %00 LT 600 88'S ey ¥0'0 LT 600 88'S 00T 600 aLst vz
8T'LT €50 6T'6 ¥2'0 €€°CT 8T'LT €50 61'6 v20 €€°TT 00T v20 JLST VZ
¥E0T ¥6°0 9.6 ov'0 €9°L vE0T ¥6°0 9L'6 or'0 €9°L 00T 0v'0 4/ST VZ
98'TC €70 6v'6 810 €691 98'TC €70 676 810 €€°9T 00T 810 VLST VZ
799 91T [AX2 €9°0 06'9 799 Ei%4 [Z32 €9°0 06'9 00T €9°0 95T vz
S6°TT 9T'T 88'€T v€'0 L8°TT S6°TT 9T'T 88'ET vE'0 (8°TT 00T vE0 25ST VZ
€LTT TL0 8€'8 SE0 YL €LTT L0 8€'8 SE0 Ly'L 00T SE0 9551 VZ
TL0T 67T S6'ST 8€'0 TCET TL°0T 6v'T S6'ST 8€0 TCET 00T 8€'0 VSST VZ
€7'vT 600 we LT°0 STy €v'vC 600 we LT°0 STy 00T LT0 ST vz
95°€T Sv'0 809 0€'0 92’9 95°€T Sv'0 809 0€'0 979 00T 0€'0 VST vZ
'L 0's 1CLE S50 6€TC L 20'S 1CLE [50) 6€TC 00T S50 JTST VZ
€8'9 ¥S'T €501 290 60°'S €89 ¥S'T €501 790 60'S 00T 290 aest vz
8€'9 8LT €LLT 590 €€'8 8€'9 8LC €LLT 590 €€'8 00T 590 JTST VZ
8687 S0°0 9T 800 ¥1°0T 8687 500 9T 80°0 ¥T°0T 00T 800 9257 vZ
158 €€ 87'LT 870 ST'8T 158 €€ 8'LT 870 ST'8T 00T 870 VST VZ
88°LT €0 69'S €20 L8'L 88T €0 69'S €20 18'L 00T €20 J1ST VZ
¥2'9 9L'L wey 590 or'€C ¥2'9 9L'L wsy 590 OF'€C 00T 590 g1ST vZ
609 LO°E £9°8T 89°0 GE'8 609 L0°€ 1981 89°0 Ge'8 00T 89°0 VIST VZ
¥6°0T 88°0 99'6 LE0 ¥0'8 ¥6°0T 88°0 99'6 LE0 ¥0'8 00T LE0 0ST vz
LTS 6L°0T 76'95 LL0 ETET LTS 6L°0T 76'95 LL0 ET'ET 00T LL0 6vT VZ
€€'9 or'e S9'6T 59°0 v2'6 €€'9 ot S9'6T 590 vT'6 00T 59°'0 UYL VZ
158 80T 9’6 670 LS 158 80T 91’6 670 TL'S 00T 670 VLYT VZ
98'0T LE'T S8'vT LE0 9y°CT 98'0T LET S8 LE0 9T 00T LE0 9T VZ
&4 60'T TEET €€°0 ¥9°CT [Z&43 60'T TEET €€°0 ¥9°CT 00T €€°0 99vT vZ
6L°0T 6€°C €8'ST LE0 18°'TC 6L°0T 6€°C €8'ST LE0 18'TC 00T LE0 YorT vz
92'8T €0 LL'S 7o (18 9281 €0 LL'S o (T8 00T 7o YT vZ
€T6C 0 ¥9°€ ¥T°0 €€'8 €T6C a0 ¥9°€ vT°0 €€'8 00T ¥1°0 arvT vz
61°8T 70 08 (440} or'TT 61°8T 70 08 o or'TT 00T [440) T VZ
€701 991 0€'LT 6€°0 L6'ET €701 99T 0€'LT 6€°0 L6ET 00T 6€°0 [ 72
599 T7'9 09k 190 v6°'TC 599 T7'9 09°Zy 19°0 ¥6'TC 00T 190 VT VZ
619 [ZX% 6167 99'0 00T 619 [ZX% 6167 99°'0 00T 00T 99'0 Wl vz
859 ST 1991 €9°0 <08 859 [254 1991 €9°0 508 00T €9°0 20T VZ
53 €671 GE'T8 vL'0 ¥SvE Sv's €671 GE'T8 vL'0 vSvE 00T vL°0 q0vT VZ
£9'9 96°0T 8T'EL 09°0 678 199 96°0T 8T'EL 09°0 62'8€ 00T 09'0 YOrT vZ
S9'S €18 | 0g'sTe TL°0 80'96 S9'S €18 | 0g'sTC TL°0 80'96 00T L0 J6ET VZ
9T'€C vTT Sv'9C LT0 09°8Y 9T'€C vT'T Sy'9e LT°0 09'8Y 00T LT0 96€T VZ
Syl 1LT GE'8T 6€°0 &34 SvoT LT GE'8T 6€°0 &34 00T 6€°0 V6ET VZ
v6'€ e85z | sLT0T €0'T S8°0€ v6'€ a8’z | sLT0T €0'T G8°0€ 00T €0°T 9LET VZ
vE'8 66C 68T 670 ¥0'9T vE'8 66°C 68T 670 ¥0'9T 00T 670 VLET VZ
¥9'8 vy 798¢ L¥'0 01'9¢ ¥9'8 vy 798¢ L¥'0 0192 00T L¥'0 99€T VZ
Ly 1659 | 8L'v6C 06'0 86°€0T Lyy 1659 | 8L'6C 06'0 86'€0T 00T 06'0 GET VZ
L6TT 190 19°8 €0 €9'8 L6'CT £9°0 198 €0 €98 00T 1€0 JVET VZ
€v'vT %90 we 820 T€0T €7yl %9°0 we 820 T€0T 00T 820 aveT vz
¥8°'S vE'S LT'TE 0,0 6L°€T ¥8'S vE'S LT'TE 0,0 6L°€T 00T 0,0 VPET VZ
99°'L 7T 06'8T K0) 86°0T 99°L 17T 06'8T ¥S'0 86°0T 00T K0 €€T VZ
(T-vww) A/vs | (eww) A (zww) vs | (ww) yapim “Say | (ww) yaSua Say | (T-vww) A/VS [ (Eww) A | (zww) vs | (ww) yapim Sy | (ww) yasual ‘Say | 1aquinn
(ww) 3yS1aH Adoue) |uawpads

|elol

sjuswa|3 Aewnd

88



¥8'8 L0'S v8'vt 90 60°T€E ¥8'8 L0°S v8'vt 90 60°T€E 00T 90 V96T VZ
99TT S8 19°1C SE0 L6t 9911 S8T 19T SE0 6T 00T SE0 9567 VZ
Ty S6'ST 8T°/9 160 SSTC Ty S6'ST 8T°/9 160 SS°TT 00T 160 v6T VZ
Sl 9/°S 89°t 750 S0°LT SL'L 9/°S 89°%y 750 <0°LT 00T 750 €67 VZ
¥9'6 [453 9T w0 6L0T ¥9°6 [53 9T wo 6L°0T 00T wo acet vz
89'6 543 90T wo 18'8 89°6 [543 90°TT wo 18'8 00T w0 26T VZ
€8'S S9'S 86°C€ 0.0 19T €8'S S9'S 86°C€ 0.0 19T 00T 0.0 4267 vz
85'S S0'S ST'8C vL0 YL TT 85'S S0'S ST'8C vL0 vLTT 00T vL0 V6T VZ
€v'ST we €€°/€E 920 09°Sty €v'ST we €€°L€ 970 09°Sty 00T 920 a16T vZ
07’8 ST'S ww 670 80°LT 07’8 ST'S ww 670 80°LT 00T 670 V16T VZ
798 €9 €0'8S 1%°0 YE6E 798 €9 €0'8S 170 YE'6E 00T 1%°0 06T VZ
180T 6CT 06°€T 8€0 65°TT 180T 60T 06°€T 8€0 65°TT 00T 8€0 9687 VZ
€8'S €8°0T 90°€9 0.0 95'8C €8'S €8°0T 90°€9 0.0 95'8T 00T 0.0 V68T VZ
€6'TY 900 €T 0T'0 v9°L €6'TY 900 €T 0T'0 ¥9°'L 00T 0T'0 Q/8T VZ
SyET L0 95°6 0£0 €6'6 SYET L0 95°6 0£°0 €6'6 00T 0€'0 JL8T VZ
1y°0T 06'L 1.8 8€0 6589 17707 06'L 1.8 8€0 6589 00T 8€0 a/8T vZ
06T 1610 8v°CT €0 0STT 06T 160 8yl €0 0S°TT 00T €0 Q98T vZ
0S+T 90 [75) 820 8L 05T 9%°0 [755) 870 8y'L 00T 820 2987 VZ
112 70 G568 8T°0 85°ST 112 70 568 8T°0 85°ST 00T 8T°0 8T vz
61°CC S0 'S 8T°0 Sv'6 61°CC S0 Sr'S 8T°0 Sv'6 00T 8T°0 V8T VZ
676 69T vL'ST 70 0TTT 676 69T vL'ST vv°0 0TI 00T 70 €8T VZ
60°TT 980 LS'6 LE0 L0'8 60°TT 98°0 156 LEO L0'8 00T LE0 Q8T vz
T€'ST o S€'9 LT0 'L TE'ST w0 S€'9 LT0 'L 00T LT0 28T VZ
86T SL°0 €L'6 €0 vL6 86°CT SL°0 €L°6 €0 vL'6 00T €0 4z8T vz
TCST €9°0 ¥9'6 170 T TCST €9°0 ¥9'6 1T0 AT 00T 170 V8T vz
68'8 vLT Sv'ST 90 Ly°0T 63'8 vLT Sy'ST 9%°0 Ly°0T 00T 90 36T VZ
18°L 08T 9Tl [Z30) SE'8 (8°L 08T 9T vl [230) GE'8 00T [Z50) a6LT vz
68'8 SLT 95°ST 90 S5°0T 68'8 SLT 95°ST 90 S5°0T 00T 90 J6LT VZ
€8°LT ¥T°0 LL€E ST0 1¢8 €8°LT vT°0 LL€E ST0 178 00T ST0 96LT VZ
98'LT [4%0) 3 ST0 0z'L 98°LT [4%0) TEE ST'0 0C'L 00T ST0 V6LT VZ
[ IS 1C'ST SL0 7€0T [ 1S 1T'ST SL0 Te0T 00T SL0 8/T VZ
9°L v6t 19°L€ €50 €€°TC 9L v6t 19°L€ €50 €€°TC 00T €50 LIT VZ
¥T'S 7’8 90t 8.0 09°LT ¥T'S 7’8 90°¥i 8.0 09°/T 00T 8.0 SLT VZ
€L 20'S 6C°9€ 950 T€°0C €L 20°'S 67°9€ 950 T€°0C 00T 950 9ELT VZ
'L EIR% 80°T€E ¥50 6°LT WL EIR% 80°T€E %50 w6'LT 00T ¥50 VELT VZ
0T 850 0r'8 620 SL'8 [5 2 850 or'8 670 SL'8 00T 670 92T VZ
66°L 9Tl 876 €50 L€°S 66'L 9Tl 876 €50 LE'S 00T €50 a1/T vz
206 T 87T Sv0 ¥S'ST 206 e 87T Sv0 ¥S'ST 00T Sv'0 VLT VZ
6°Sh €00 0T 600 6 76'St €00 0T 600 6T 00T 600 20LT VZ
056 89°0 Sv'9 70 &% 056 89°0 Sv'9 v7'0 €7y 00T 70 40LT VZ
€291 wo ¥8'9 ST0 658 €291 wo ¥8'9 S0 658 00T ST0 YOLT VZ
88°L 85°0T 9€'€8 150 08°TS 88°L 85°0T 9€'€8 150 08'1S 00T 150 69T VZ
€0°CS €00 T 800 v0'L €C°CS €00 T 800 v0'L 00T 800 /9T VZ
vEET 120 867 110 606 vEET 120 86 110 60'6 00T IT0 a9t vz
€18 SvT 19°TT 1%°0 €€'8 €L°8 Sv'T 19°TT 170 €€'8 00T 1%°0 2L9T VZ
[T€T T€0 STl LT0 9C'€T LT€T €0 STL (10 9C'€T 00T LT0 4.9T vZ
95'8T 920 v8'% [240) €6'9 9581 920 ¥8'Y [740) €69 00T [240) V9T VZ
9T'8 veTT [7573 670 €1°65 9r'8 veTT [7573 670 €1°65 00T 6v°0 99T vz
6€'8 [2%3 6v°6C 870 0z'6T 6€'8 [2%3 6762 870 0z'6T 00T 870 ae9r vz
vT'8 &3 €8¢ 050 98°/T vT'8 &3 €8¢ 050 98°/T 00T 050 J€9T vZ
96 €0°T 8.6 70 €69 96 €0°T 8.6 70 €69 00T 770 9€9T vZ
(T-vww) A/vS | (eww) A|(zww) vs| (ww) yapim “8av | (ww) y18ua Say | (T-vwiw) A/vS [ (Eww) A [ (zww) vs | (ww) yapim “Bay | (ww) y18uaq “Bay | saquinN
(ww) 3yS1aH Adoue) |uawpads

|elol

sjuswa|3 Aewnd

89



€9 6T°C 98'€T £9°0 0€'9 €9 61T 98°'€T £9°0 0€'9 00T £9°0 9€€T VZ
v8'TT 0T 0T vE0 6601 ¥8'TT 0T 0T vE0 6601 00T vE0 VETT VZ
988 (TT vE0T L¥0 789 98'8 (TT vE0T L¥0 789 00T L¥0 we vz
vLE 159 LEYT (TT €09 VL€ 159 LEVT (TT €09 00T (T atee vz
¥8°CT 0971 ¥5°0C 1€0 £9°0T ¥8°TT 09T ¥5°0C 1€0 £9°0C 00T 1€0 J12C VZ
LLTE 01’0 9T'Ee 0 [4%3 LLTE 01’0 9T’ 0 [A%3] 00T 0 q1eT vz
¥8'CT 09T 67°0C €0 €9°0C ¥8'TT 09T 67°0C €0 €9°0C 00T €0 vIeT vz
12T €40 ¥8'8 vE'0 81’8 JA%43 €L°0 ¥8'8 vE0 81’8 00T vE0 aoez vz
1101 80T €601 70 or'8 TT°0T 80T €601 70 ov'8 00T 70 202C VZ
h'ST ¥1°0 €5°€ 91’0 66'9 7'ST ¥1°0 33 910 66'9 00T 9T'0 902C VZ
66'ST (8T 06'6C [540) 18°LE 66'ST (8T 06'6C S0 18°LE 00T 540 Y0CZ vz
[ZX3 89'T 6T°€C 62°0 €2°ST [ZX3 89T 6T°€C 620 €2'ST 00T 62°0 61T VZ
92'6C 900 €8T ¥T°0 387 92'6C 900 €8'T vT°0 [3R% 00T vT'0 astz vz
[7K3 T€°L 6LTY TL0 T€'8T ws 1€°L 6LTY TL0 1€'8T 00T L0 J81C VZ
608 L0°€E €7'ST 670 8291 67’8 L0°€E €7'ST 670 8791 00T 670 4817 vZ
0T'8 [3%% wee 050 €0°'TC oT'8 [3R% wee 050 €0°TC 00T 050 v81Z VZ
LEBT 0 &4 €20 66'C LE8T 0 0zt €20 66C 00T €20 11T vZ
66T 9T'0 vET 820 0S'T 6671 91’0 vE'T 82°0 0S°C 00T 82°0 31T vZ
ST9T 920 9Ty S0 ST'S ST9T 920 9y S0 ST'S 00T S0 9LTT VZ
¥v'Sy €0°0 vT'T 600 [0R% 'Sy €00 yT'T 600 [oR% 00T 600 VLIT VZ
87°0C SE0 'L 020 or'TT 87°0C SE0 'L 020 or'TT 00T 020 iz vz
8T'S €5°LT 9.'06 8.0 79'9¢ 8T'S €5°LT 9.'06 8.0 79'9¢€ 00T 8.0 Wiz vz
S9°CT ¥8'0 85°0T €0 vE0T S9°TT ¥8°0 85°0T €0 vE0T 00T €0 32T VZ
06'6 a3 60 70 87'9C 06'6 [Z&3 60 70 8%'9¢ 00T 70 aziz vz
96'L [ZR% LL9E 150 08'CC 96°'L (R4 LL9E 150 08'7C 00T 150 27T V2
€8°L 16°€ 79°0¢ S0 LS8T €8'L 16°€ 79°0¢ S0 LS8T 00T S0 21T VZ
06'S 80'6T | 19°7IT 89°0 ST'Ts 06'S 80'6T | 19°TIT 89°0 ST'TS 00T 89°0 VeIz vz
9e's [A%3 68°8T 6L°0 9L 9€'s [2%3 6881 6.0 9z'L 00T 6L°0 11C vZ
6T°L S6°€ 78T LS50 [7K53 6T°L S6°€ '8 LS50 wst 00T LS50 01C VZ
YL 169 oS 950 05'82 YL 169 05 950 0587 00T 950 60C VZ
029 or'e 10T 190 €16 0z'9 or'e L0°TT 190 €6 00T 190 807 VZ
0.9 1€'L 8681 09°0 254 0,9 1€'L 86'8Y 09°0 [2354 00T 09°0 3907 vz
Y16 wotr ST'S6 770 88'89 v1'6 wot ST'S6 770 8889 00T 770 asoz vz
LS'L TL'S €TEY €50 15°'SC LS'L TL'S €Ty €50 15°'SC 00°€ €50 2907 VZ
06°0T wt STET LE0 €T'TT 06°0T wt STET LE0 €TTT 00T LEO 9907 vz
we €97 ¥0'St 70 vrveE we €97 ¥0'St 70 ivE 00T 70 V907 VZ
a9 €L°€ 08'CT 89°0 wot a9 €L°€ 087 89°0 wot 00T 89°0 S0C vz
90°s LTS £9'97 280 06'6 90's LTS £9'9C 780 06'6 00T 280 v0C VZ
L SLT €561 850 L¥0T L SLT €561 850 L¥0T 00T 850 €0C VZ
LE'S 6291 T7'L8 SL'0 65°9€ LE'S 6291 78 SL'0 65'9€ 00T SL'0 20C vz
LE'S oy 66'TC 8L°0 098 LE'S Ty 66'TC 8L°0 098 00T 8L°0 10¢ vZ
[a%:13 8L0 6TvT 0 412 '8t 8L°0 6TvT w0 ST0C 00T 44} 200C VZ
8€'L 9T 9€'6T 950 18°0T 8€'L 9T 9€'6T 950 18°0T 00T 950 9007 VZ
wlL 9Tt | eest 950 0z'/8 wL aT'Te | west 950 0z'/8 00T 950 v00Z VZ
87’6 ST'E G867 €70 112 87’6 ST'€ S8'6C €70 1T'ee 00T €70 aL6T VZ
129 98T | €9¥IT 590 1095 129 9v'8T | €9¥IT 590 10°95 00T 590 VL6T VZ
1T 89°0 99°L LE0 9%'9 TCTT 890 99°L LE0 99 00T LE0 4967 VZ
9.6 (T'T 7T wo 98 9L'6 (T'T 71T wo '8 00T wo 3967 VZ
10¥T 80°T LT'ST 670 €9°9T 1071 80°T LT'ST 620 €9°9T 00T 670 Q96T vz
98'8 99°€ h'ZE 9%°0 [ a44 988 99°'€ r'ZE 970 S &4 00T 9%°0 2961 VZ
8LL 809 €Ly 70 8L'8C 8LL 809 €Ly S0 8L'8C 00T S0 9961 VZ
(T-vww) A/vs | (eww) A (zww) vs | (ww) yapim “Say | (ww) yaSua Say | (T-vww) A/VS [ (Eww) A | (zww) vs | (ww) yapim Sy | (ww) yasual ‘Say | 1aquinn
(ww) 3yS1aH Adoue) |uawpads

|elol

sjuswa|3 Aewnd

90



vE'6C 120 619 vT°0 TEVT vE'6T 120 619 ¥1°0 TEVT 00T Y10 ST vz
€L°CE 110 69°€ [4%0) 056 €L°CE 11°0 69°€ [a%0) 05'6 00'€ [a%) VST VZ
806 80°C 06'8T Sv'0 TCET 806 80°C 06'8T Y0 TCET 00T Sv'0 J€ST VZ
vt 9T LEVE €0 €L°€E vrTT 9/°T LEVE [Z30) €1°€E 00T €0 9€SC VZ
8CTT 990 or'L L€0 879 8CTT 99°0 oL L€0 879 00T L€0 acse vz
1S°L [4%3 8’8 950 €Sy 1S°L [4%3 8’8 950 €5 00T 950 225 vz
€0°€T 1610 68°TT €0 [4¥43 €0°€T 160 68°TT €0 0T 00T €0 8¢S vz
80°6C €€°0 0L'6 vT°0 €W 80°6C €€°0 0L'6 v1°0 [2543 00T ¥T0 I1ST VZ
97'ET S50 L €0 9€'L 97'€T S50 1L €0 9L 00T €0 arsz vz
v2'6C [A%0) '€ vT0 162 v2'6C [A%0) o'E Y10 16°L 00T vT0 J15C vZ
0€°0T €L°S ¥0'65 6€0 10°8Y 0£°0T €L°S ¥0'65 6€0 10°81 00T 6€0 a1 vZ
v0'€T 09°C L6°EE T€0 L6VE v0'€ET 09°C L6°€E T€0 L6€E 00T 30 VIST VZ
€08 [543 vS'LT 050 6601 €08 €1°C vS'LT 050 660T 00T 050 0S¢ VZ
9.6 86 658 70 SE'LE 9.6 86 6581 70 GE'LE 00T 70 6vC VZ
16'S 19°0T 0€°€9 89°0 0’62 L6'S 19°0T 0£'€9 89°0 07’62 00T 89°0 9% vz
8T0T 86T 1T°0C or'0 ¥6°'ST 8T°0T 86T 11°0C or'0 v6'ST 00T or'0 Yove vZ
8TTT ¥6°0 ¥50T L€0 106 8T'TT ¥6°0 ¥50T L€0 106 00T L€0 €T VZ
1L or'9 €1°9Y 950 16'SC 1L &) €T°9Y 950 16'ST 00T 950 VEVT VZ
T0°€T 0T 9C'€T T€0 wET T0°€T 0T 9C'€T T€0 wET 00T T€0 JWT vz
80'S vI'TZ | 8v'L0T 6L°0 LTy 80'S vI'TZ | 8v'LoT 6.0 LT 00T 6.0 VIvC VZ
99T 690 SL'8 €0 67'8 99°ZT 690 SL'8 €0 67’8 00T €0 200 vz
15T orvs | 6618 wE €6'S 15T orvs | 6618 wE €6'S 00T wE 90T vz
L0°E LLTS | €8'8ST €€ St'LE L0'E LLTS | €8'8ST €€ Sv'LE 00T €T 3867 VZ
S6°0T 16T 602 1€°0 88°/T S6°0T 16T ¥6°0C 1€°0 88°/T 00°€ 1€0 asez vz
L€°0T 06°€ Tv0b 6€0 86°C¢E L€°0T 06°€ T7°0v 6€0 86°C€ 00T 6€0 28€T VZ
8707 LET vEYT 6€0 [STT 8707 LET YEYT 6€0 [STT 00T 6€0 9867 vZ
Ll €99 10°9€ [Z30) SLTT L €97 10°9€ [Z30) SLTT 00T [230) V8ET VZ
€9'S oT'€ LY'LT SL0 90°L €9'S K3 Lr'LT SL0 90°L 00T SL0 9EC VZ
w9 8€'9 601 €9°0 LT0C w9 8€'9 601 €9°0 LT0C 00T €9°0 JS€T vz
we 68°C 0C'LT €7°0 8661 we 68°C 0T'LT €70 8661 00T €70 95€C VZ
60T €CE X3 1€0 8€°0€ 60T €CE T€°SE 1€°0 8€°0€ 00T 1€0 VSET VZ
a8'S 69°9T ¥9°26 690 6Lt <8'S 69°9T ¥9°26 690 6L 00T 690 aweT vz
118 98°L 6L€9 050 L0V 118 98°L 6L€9 050 L0V 00T 050 €€C VZ
IR %A LS50 00T 910 T1°LC LIRS 150 00T 910 [ANA 00T 910 JT€T vz
[8°TT 89'T 26°61 vEO0 6v'8T [8°TT 89°T [ vE0 6v°8T 00T vE0 JTET VZ
0r'9 9g'€ L7°0C 89°0 ST6 0r'9 9€'E L¥°0C 89°0 ST6 00T 89°0 91€C vZ
16 867C | SCIT 180 or'it 16 867C | SCYIT 180 or'viy 00T 180 VIET VZ
99'8 &3 LT0E 1%°0 vE0C 99'8 87°€ LT0E 1%°0 vE0C 00T 1%°0 0€C VZ
€98 16'S 9%°05 1%°0 18°€E €58 16'S 9705 170 18°€E 00T 1%°0 67C VZ
a4 W 65°0€ €0 16'6C B4 9T 65°0€ €0 16'6C 00T €0 287 VZ
0T'6 €5°T 88°€T &) 09'6 0T'6 €5°T 88°€T Sv'0 096 00T &0 V87T VZ
S0'S S8'TT 18'65 18°0 €T°EC S0'S S8'TT 18'65 180 €T'EC 00T 180 LTTVZ
wy 80°LT 572 1670 LT€T wy 80°/T e 160 1T€T 00T 1670 977 vz
¥9'6 96T 1S°8T [Z40) 18°TC ¥9'6 96T 1S°8T [240) 18°T¢C 00T [Z40) [A72
€6TT 1¥°0 09°S SE0 16 €6'TT &) 09°S SE0 167 00T SE0 o9vee vz
16T €0 [X% 820 Sv's 1671 €0 [ZX% 820 'S 00T 820 ivee vz
[7873 89°0 66'6 820 vy TT [543 89°0 66'6 820 [ 00T 820 Ivee vz
66T LT0 S0 820 sSSP 6671 LT0 S0 820 [3%% 00T 820 avee vz
SyoT 6v°0 [A5] ST0 6€°0T SyoT 6v°0 [a%] ST0 6€°0T 00T ST0 d0YT VZ
€797 150 6€'6 ST0 v0TT €797 /S0 6€°6 ST0 v0°ZT 00T ST0 ez vz
Sty €L 05T ¥6°0 ¥S0T Sty T€'L 0S°C€E ¥6'0 ¥50T 00T ¥6°0 vvee vz
(T-vww) A/vS | (eww) A|(zww) vs| (ww) yapim “8av | (ww) y18ua Say | (T-vwiw) A/vS [ (Eww) A [ (zww) vs | (ww) yapim “Bay | (ww) y18uaq “Bay | saquinN
(ww) 3yS1aH Adoue) |uawpads

|elol

sjuswa|3 Aewnd

91



€€'6 LS'T 66'€C €70 6€°LT €€'6 LS'T 66'€C €70 6€LT 00T €70 QgsT vz
€LL 553 16'SC €5°0 ST €LL SE'E 16'SC €50 WSt 00T €5°0 9€87 VZ
08'9 vy ST'8C 09'0 ¥9vT 08'9 vy ST'8C 09°0 Y9vT 00T 09'0 VEST VZ
87°0T 61T 6v°CT 6€°0 €0°0T 80T 6T'T 6v°CT 6€°0 €0°0T 00T 6€°0 9287 VZ
¥0'8 0S'T 60°0C 150 vETT v0'8 0S'T 60°0C 150 vETT 00T 150 V8T vz
L8 €L0 €€'9 670 88°€ L8 €0 €€'9 670 88'€ 00T 670 g187 VZ
S6'L (8T 87T 750 988 S6'L 8T ¥8'vT 750 98'8 00T 750 VIS8T vZ
£9°0T 09T S0°LT 8€0 oTvT £9°0T 09°T S0°LT 8€0 R 00T 8€0 aosz vz
9LT 860 59's 82°0 9€'9 9LvT 8€°0 S9'S 820 9€'9 00T 82°0 2087 VZ
&4 6€0 06t €€°0 [2%2 S&4 6€0 067 €€°0 [2x% 00T €€°0 9087 VZ
€6°0T 9e°C 78St LE0 0T’z €601 9€'T 78'St LE0 otz 00T LE0 v08Z VZ
96'TT 69°0 128 v€'0 €5°L 96'TT 690 LT8 vE'0 €5°L 00T vE0 8.T VZ
908 LET 0T'6T 15°0 YL TT 908 LE'T 0T'6T 150 vLTT 00T 150 aLLe vz
85°L 9LV 60°9€ €5°0 9C'Te 85°L 9Ly 60°9€ €5°0 91T 00T €5°0 JLLT V2
119 6€ 08'9¢ £9°0 vETT E) 6€Y 0892 190 vETT 00T £9°0 9LLT VZ
€L €T <88 650 8y €TL €T <88 650 8y 00T 650 VLIT VZ
LSET 0S°0 9.9 0€'0 00 LSET 050 9.9 0€'0 00°L 00T 0€'0 9/T VZ
€5'8 99'T 6T HT 87°0 ST'6 €58 99T 67T 870 ST'6 00T (0] SLT VZ
TT9T 850 or'6 S0 18°'TT 1191 850 or'6 S0 18'TT 00T S0 avLz vz
¥6'CT €70 19°'S €0 9'S ¥6°CT €70 19°'S €0 'S 00T €0 LT VZ
96'LT 70 86'L €20 6T°TT 96'LT 770 86'L €20 6T'TT 00T €20 LT vZ
9201 £9°0 ¥8'9 70 8T'S 92'0T 190 ¥8'9 70 8T'S 00T 70 VLT vZ
wy 86'6 80°LY 180 08'9T Uy 86'6 80°Ly 180 08'9T 00T 180 9ELT VZ
S6Y wL [7R53 €80 el S6Y wL [7R53 €80 et 00T €80 VELT VZ
888 9T 10T 90 SLET 888 9T 10T 90 SLET 00T 970 LT VZ
90°0T 88'C 06T 0r'0 S8'TT 90°0T 88'C 06T 0r'0 %44 00T 0v'0 atLz vz
€89 oL 9z'sT 09°0 €T'ET €89 oL 97'sT 09°0 ETET 00T 09°0 JTLT VZ
SSHT 90T 76'6C 82°0 T7'vE SSvT 90T 76'6C 820 T7'vE 00T 82°0 oLz vz
€9'61 950 S6°0T 120 16'91 €9'61 950 S6°0T 120 16'9T 00T 120 J0LT VZ
€88 96'C 60'9C 90 [8°LT €8'8 96°C 6092 90 [8'[T 00T 90 90T vZ
GE0T 354 6€'9C 6€°0 GETT GE0T 354 6€'9C 6€°0 SETT 00T 6€°0 Y0LT VZ
w6'LT [TT ¥8'CC 7o GETE 6L 121 ¥8'7C o GETE 00T 2o 69T VZ
9T'6T €9°0 5% 120 €81 9T'6T €9°0 [543 120 €8T 00T 120 9897 VZ
82°0T 66'0 9T°0T or'0 16'L 82°0T 660 9T'0T or'0 16'L 00T 0r'0 v89C VZ
6.8 ov'6 ¥9'28 970 9€'LS 6.8 3 ¥9°78 90 9€°LS 00T 90 2/9T VZ
€5°L €59 LT'6Y ¥50 S6'8C €5°L €59 LT'6Y ¥50 56'8C 00T ¥50 4.9 vz
€0°ST €T 5691 120 10°0C €0°ST €T S6'9T 120 10°0C 00T 120 vL9T VZ
86'9€ L0'0 we 10 0L 86'9€ L0°0 we 110 10°L 00T 11°0 J¥9T VZ
€6'8 €80 LEL L¥'0 9Ly €6'8 €80 LE'L L¥'0 9Ly 00T L¥'0 9T VZ
¥2'9C 600 92T 91’0 95t ¥2'97 600 97T 91’0 95y 00°€ 91’0 vv9Z vZ
£0'9 6L°€T 6L'€8 99'0 98'6€ L0'9 6L°€T 6L'€8 99°'0 98'6€ 00T 99'0 €9C VZ
66'L €L°T ¥8'TC 15°0 8E'ET 66'L €LC ¥8'TC 150 8E'€T 00T 15°0 29T vz
8€'8 61°C BX) 670 9LTT 8€'8 61°C BXP 670 9.1l 00T 670 979¢ VZ
6v°CT 9T €20C €0 8L'6T 62T 9T €20C €0 8L°6T 00T €0 V29T vz
S0'6 ¥8°0 S9'L 9%°0 ¥0'S <06 ¥8°0 S9°L 970 ¥0'S 00T 9%°0 o197 VZ
8781 8T'0 LEE o 697 87'8T 8T°0 LEE [7Z0) 69t 00T o 9197 vz
€€ S9'T LE'0T €€°0 89'6T €€°T S9'T LE'0T €€°0 89'6T 00T €€°0 VI9Z VZ
8E'LT or'0 68'9 €20 €6 8E'LT ov'0 68'9 €20 €6 00T €20 9857 vz
18V ¥0'ST TE€EL €80 19°LC 18 ¥0'ST TEEL €80 19°LC 00T €8°0 V85T VZ
€CE v IET | SOvey [543 89°L0T €CE v IET | SOvey [543 89°£0T 00T [543 LST VZ
1€'6 ST 9Tl [0 S0°0T 1€'6 [253 9Tl 770 S0°0T 00T 770 95T vz
(T-vww) A/vs | (eww) A (zww) vs | (ww) yapim “Say | (ww) yaSua Say | (T-vww) A/VS [ (Eww) A | (zww) vs | (ww) yapim Sy | (ww) yasual ‘Say | 1aquinn
(ww) 3yS1aH Adoue) |uawpads

|elol

sjuswa|3 Aewnd

92



19°L ¥8°T 66°€T %50 WL 19°L v8'T 66°€T %50 6L 00T ¥50 aste vz
66'TT 150 vT'9 0 18°S 66'TT 150 v1'9 [0 15°G 00T v€0 JSTE VZ
LTT 9T'C 67'ST vE0 [Z&3a LT 9Tz 67'ST vE0 [Z&34 00T [0 4STE vz
6v°0T LET €8¢ 6€0 SE°0C 6v°0T 1€T €8%C 6€0 SE0C 00T 6€0 VSIE VZ
1C8 (7553 67T 050 10T 1C8 [ 753 67CC 050 10T 00T 050 HYTE VZ
0L'6 QE'E 8y'TE wo 99°4C 0L'6 GE'E 8y'TE wo 99T 00T wo ovIE VZ
68'6 SET TCET 70 (8°LT 68'6 SET TCEC 70 (8°[T 00T 70 1€ VZ
06'6 99T 9€'9¢ 70 LE0T 06'6 99T 9€'9C 70 LE°0C 00T 70 ITE VZ
179 8L 66T 590 R 179 8L v6'6C 590 87vT 00T 590 arte vz
€9°€T 9Lt v6%9 620 020, €9°€T 9Lt v6%9 620 0z°0L 00T 620 JVTE VZ
TL€T veT 0.1 620 67°8T TL€T veT 0T 620 67°8T 00T 620 wIE vZ
'8 vE'8 9°0L 870 069t Sv'8 vE'8 0L 870 0691 00T 870 Vi€ VZ
LE'S 19°9T w68 SL0 Tv'LE LE'S 19°9T 68 SL0 Tv'LE 00T SL0 9ETE VZ
19 66'6 1T 680 ¥0°9T 19 66'6 TT9Y 680 v0°9T 00T 680 VETE VZ
€Ty 9cve | €9zot 960 09°€€ 342 9cvz | €9zot 960 09°€€ 00T 960 72
868 €€ 98'8¢ Sv'0 vE'LT 868 €€ 98'3¢ Sv0 vE'LT 00T Sv0 40T€ vZ
Yoy Tv'69 | 6€80€ 060 61°80T vy 769 | 6€80€E 060 61°80T 00T 060 L0€ VZ
868 vSY €L°0V Sv°0 19°8T 868 vSY €L°0V Sv'0 19°8T 00T 50 490€ VZ
TT°0V ¥T°0 85°S 0T'0 Wi TT°0V ¥T°0 85°S 010 [543 00T 0T'0 390€ VZ
879 15T 69°9T ¥9°0 96'L 87’9 15T 69°9T ¥9°0 9L 00T ¥9°0 a9og vz
aT's 8% 81T 180 9€'6 aT's 8% 18T 180 9€'6 00T 180 J90€ vz
8CTI 160 87°0T 9€0 98'8 8C'TT 160 87°0T 9€'0 98'8 00T 9€0 990€ vz
'L 69°L €v°LS ¥50 09°€E 'L 69°L €v°LS [0 09°€€ 00T ¥S0 V90€ VZ
1S°L 69 r'Zs €50 SO'TE 1S°L 69 TS €50 S0°TE 00T €50 Y0E VZ
¥S8 189 61°8S 1¥°0 TT'6€ ¥S'8 189 61°8S 1v°0 TT°6€ 00T 170 420€ vz
SvTT 99T 68'8T GE0 18°9T SvTT 99T 68'8T GE0 18°9T 00T SE0 V20E VZ
6 10 LL°0T €70 €T°ST 7’6 10 LL°0T €70 €1°ST 00T €70 910€ vz
76 vET 86°TC €70 €0°9T 7'6 vET 86°TC €70 €0°9T 00T €70 VI0€ VZ
97’8 €€°C ST6l 670 (1TT 9’8 €€°C sTel 670 (1TT 00T 670 900€ VZ
ST'L L €6°CS LS50 S5'6T ST'L V'L €6'CS LS50 SS°6T 00T LS50 V00€E VZ
€S 20°ST 96'6L 9.0 €T°€E [2X3 20°ST 9661 9.0 €T°EE 00T 9.0 66C VZ
STy S9°/z | 08¥TT 860 16'9€ ST S9°/T | 08¥TT 860 16°9€ 00T 860 867 VZ
<9°6 0S°€ 9L°€€ wo 18°SC <9'6 0S°€ 9L°€€ w0 15°ST 00T wo 9.6T VZ
9Ey GE'90T | €L°€9Y 760 £0°09T 9€Y GE'90T | €L°€9Y 60 £0°09T 00T 760 VL6T VZ
6L €T°6T €026 S8°0 e 6L €61 €026 <80 e 00T S8°0 96¢ VZ
€6°€ Lr'TL | 2808 0T 78'98 €6°€ LrTL | 2808 0T 7898 00T 0T S6C VZ
ws 9Ty ¥0'SE 670 (&4 ws 9t ¥0'SE 670 vrze 00T 670 v6¢ VZ
1S°L 68°€ Tv'6C ¥S0 8T'/T 1S°L 68°€ Tv'6C ¥50 8T'/T 00T ¥50 €67 VZ
€Tl ¥0'T 65°TT L€0 166 €Tl v0T 65°TT L€0 16'6 00T L€0 326 VZ
956 T1¢ 9T°0C [Z0) 68T BE5 11°¢ 9T°0C €70 68T 00T €70 acet vz
v6°CT 960 LYTT T€0 €5°CT v6°CT 960 Ly'TT 1€0 €5°CT 00T T€0 26T vZ
[A%2 LE0 8’8 (10 €St (4R34 LE0 8’8 (10 €St 00T (10 9¢67 vZ
€06 €T ST'ET 70 vT'6 €6 €T 8T'ET 70 vT'6 00T 70 V67 VZ
609 102 oLty 19°0 20°0C 609 10°L oLty 190 70°0¢ 00T 190 a16C vZ
vLTT LT ¥0°0C vE0 8€8T vLTT LT ¥0°0C [0 8€°8T 00T vE0 V6T VZ
95T 660 T 820 99T 95T 660 vrvT 870 99T 00T 820 9687 VZ
059 609 09°6€ €9°0 98°'6T 059 609 09°6€ €9°0 98'6T 00T €9°0 V687 VZ
619 6C 1592 990 €v°CT 619 6C 15°9C 99°0 B&4 00T 99°0 L8T V2
553 Wt 60°€9 €L°0 10°LT [ [Za% 60°€9 €L°0 10°LT 00T €L°0 987 VZ
6.8 05T 10CC 90 v6tT 6.8 0S°C 107C 90 v6vT 00T 90 4587 vz
S9°0T 67T 8EHT 8€0 67°0C 99°0T 67T 8EHT 8€0 62°0C 00T 8€0 3687 VZ
(T-vww) A/vS | (eww) A|(zww) vs| (ww) yapim “8av | (ww) y18ua Say | (T-vwiw) A/vS [ (Eww) A [ (zww) vs | (ww) yapim “Bay | (ww) y18uaq “Bay | saquinN
(ww) 3yS1aH Adoue) |uawpads

|elol

sjuswa|3 Aewnd

93



SL'L 61 06'%1 €50 59'8 SLL (753 06'¥T €50 59’8 00T €50 99S€ VZ
€L'8 oLy ¥0'TY 9%'0 90°8C €8 oLy Y0¥ 90 90°'8C 00T 90 N
€5°S €08 [5a2% [ZA0) €8'8T €SS €08 A% vL°0 €8'8T 00T vL°0 GS€ VZ
¥1'6 we 1T°e ¥¥7'0 ¥9°ST ¥1'6 we 1T°e 70 ¥9°ST 00T 70 avsE vZ
9L 09°0T TL08 €50 wsy 9L 09°0T 7L08 €50 wsy 00T €50 VrSE VZ
6v'S GE'9C | T9T €L°0 9v°79 67'S GE'9C | 19T €L°0 9729 00T €L°0 €5€ VZ
€0'8 6T'€ET | 76'S0T 050 17°19 €0'8 6T°€T | ¢6'SOT 050 1219 00T 050 1S€ VZ
[7K:] 8v'L 12°S9 9t°0 [R4% [7K] 8v'/L 12°S9 9t°0 [ 524 00T 9%°0 40SE VZ
88'9 Ly'9T | 9EETT 850 7519 88'9 Ly'9T | 9E'ETT 850 75’19 00T 850 v0S€ vZ
9r’s 9r'LE | LLT6T 8L'0 10'8L 9r’s ar'LE | LL7T6T 8L°0 10'8L 00T 8L°0 g6vE vZ
9Ty 6'1E | v8TET L60 ¥0'Ey 9Ty 6'1E | v8'TET 160 ¥0'EY 00T 160 V6re vZ
v8'L 95T £0°0C [250) 10°CT v8'L 95°¢C L0°0C [250) 10°CT 00T [250) vore vz
86'8T 910 (43 o vEY 86'8T 9T’0 [4X3 [440) vEY 00T [440) asve vz
L6°ST 8T°0 16°C 970 €vE L6°ST 8T0 16°C 9z'0 EvE 00T 9z'0 JSVE VZ
GE0T 870 (737 70 ¥9°€ SEOT 870 (757 70 ¥9'€ 00T 70 4SvE vz
S8LT 1T0 087 €20 659 S8°/T LT0 087 €20 659 00T €20 VSvE VZ
€58 €LY vEOr L¥°0 76'9¢C €58 €LY vEOY L¥0 76'9C 00T 110 e vZ
a8'9 343 16°€C 090 £vCT 58’9 6v°€ 16°€C 090 [S&41 00T 09°0 £VE VZ
6L s 98°Cy 150 15°9C 6L s 98'Cy 150 15°9C 00T 150 ovE vz
[8°6 95's €675 w0 8Ly 186 95°'g €675 0 8Ly 00T 0 9€€ vz
L8YT 1T¢ €L°€€E 1T°0 S9°6€ 18T 1T €L°€€E LT0 G9°6€ 00T LT0 9S€€ VZ
S8l SLE ¥£°SS 1T°0 19'S9 S8l SLE ¥£°SS 1T0 19'9 00T 1T0 VSEE VZ
8% 10°€Z | €L7TTT €8°0 STy 8% L0€C | €LTTT €8°0 &% 00T €8°0 vEE VZ
0L'9 ss'Te | we'LTT 090 95°STT 0,9 ssze | ue'LTe 09°0 95°STT 00T 09°0 €€ V2
¥£°0T [7K0) 69°L 8€°0 81’9 ¥£°0T o 69°L 8€°0 819 00T 8€°0 1€€ VZ
626 ws €T°€S €70 98'8€ 626 s €T'€S €70 98'8€ 00T €70 J0€€ VZ
£7'6 SS'T ¥9'¥T €70 S5°0T €7'6 SST 9'¥T €70 S5°0T 00T €70 90€€ VZ
LTL LT'L €1°¢S 950 79°6C L LT'L €T°CS 950 ¥9°6C 00T 950 VOEE VZ
€58 e 78°0C 870 99°€T €58 e 78°0¢C 870 99°€T 00T 870 J6C€ VZ
080T 00T S9°TC LEO ST'8T 08°0T 00¢C S9°'TC LEO SC'8T 00T LEO 96¢€ VZ
69 98's 95°0r 650 SLTT 69 98's 95°0% 650 SLTT 00T 650 V6CE VZ
6€°6 0L¢C 6€°SC [50) GS'8T 6€°6 0LC 6€°SC €70 GS'8T 00T €70 487€ VZ
06°L 089 LL€S 150 4333 06°L 089 LL€S 150 [4X33 00T 150 V8zE vz
18'S 6C°CT 6E'TL 00 TECE 18'S 62°CT 6E'TL 0.0 [2543 00T 0.0 9z€ vz
6C'LY 500 €€°C 600 69'8 6C'LY 500 €€°C 600 69'8 00T 600 g5¢€ vz
€LLE 500 ¥6'T 1T°0 TL'S €L°L€E 500 ¥6'T 110 LS 00'T 110 vSZE vZ
08'L GE'E ¥1°9¢ [250) TSt 08'L Ge'e ¥1°9C [250) st 00T [250) ¥T€ VZ
699 ov'9 €8°CY 190 0z'ee 69°9 ov'9 €8°CY 190 0z'ee 00T 190 €€ VZ
67 9€°0T 68°0S €8°0 90°6T 167 9€°0T 68°0S €8°0 90°6T 00T 980 JTCE VZ
8€'S €S 09°'8C LL0 LY'TT 8€'S 1€°S 09'8C LL0 LY'TT 00T LL°0 a1ze vz
0z'L 1€ YT'€C LS0 69°CT 0z'L 43 x4 150 69°CT 00T 150 VIZE VZ
16°L 629 1T°0S 150 8T'TE 16°L 629 T1°0S 150 8C'TE 00T 150 J81E VZ
L L0'6 09'%9 LS0 90°9€ L L0'6 09'%9 LS0 90'9€ 00T LS50 481€ VZ
8€'9 9e'0T €1°99 €9°0 S6°CE 8€'9 9€°0T €1°99 €9°0 S6°CE 00T €90 v8IE vZ
91°0T 9e'C 66'€C o0 00'6T 91°0T 9€°C 66°€C 0’0 00'6T 00T [or40) JLIE VZ
L6'Y 8T | ¥9'80T 18°0 oz'ey L6 ¥8'TZ | ¥9'80T 18°0 422 00T 18°0 9L1E VZ
16°L 88'S 60°9% 150 8L'8T 16°L 88'S 67°91 150 8L'8T 00T 150 VLIE VZ
00'TC 90T 0z'ee 6T°0 76'9€ 00'TC 90T 0z'ee 6T°0 76'9€ 00T 6T°0 9T€ VZ
(T-vww) A/vS [ (eww) A | (zww) vs | (ww) yapim “Say | (ww) yadual Say | (T-vww) A/vS [(Eww) A | (zww) vs | (ww) yapim “Say | (ww) yasuaq Say | JaquinN
(ww) 3yS1aH Adoue) |uawads

|elo0l

sjusawa|z Aewd

94



96°0T (253 00°0T LE0 L0°LT 96°0T 253 00°0T LE0 L0LT 00T LE0 a0y vz
'8 99T W 870 LSYT 78 99T W 870 LSYT 00T 870 vvOr VZ
€79 99'9 S8y €9°0 1€TC €79 99'9 <8ty €9°0 1€TC 00T €9°0 ge0y VZ
TSI €5°T 8T'€C L0 19°LT T1°ST €5°T 8T'€C L0 19°LT 00T L0 azov vz
96 18°C 10°LT wo £2°0T 96 18T 10°LT wo L0 00T wo 2007 VZ
178 66C 254 870 6591 178 66'C T€'ST 870 6591 00T 870 9707 vz
80'ST 87'C €€°L€ L2°0 95 80°ST 8v'T €€'L€ L20 95t 00T L20 veor vz
67T LS50 STyl 910 0T'8¢ 61T LS50 STyl 9T'0 01'8C 00T 910 asee vz
L6'7C €€°0 €8 91’0 L€79T L6'7C €€°0 €8 9T'0 LE9T 00T 91’0 286 VZ
96 899 €8°'T9 €70 9T'Sy 9’6 89'9 €8'T9 €70 9T'SY 00T €70 486 VZ
wL 16T 0T8T LS0 €8'6 wL 15T 0T8T LS0 €8'6 00T LS0 V86€ VZ
80°'TE GE0 8L°0T €10 ¥5'97 80°'TE GE0 8L°0T €T°0 7597 00T €10 JL6E VZ
uTE ¥Z'0 5L €10 Ly'8T [A%13 ¥2'0 15°L €T°0 Ly8T 00T €10 9L6€ VZ
0v'0T ¥0'9 6L'79 6€°0 19'TS 0v'0T ¥0'9 6L'79 6€°0 19°'TS 00T 6€°0 VL6E VZ
wl €Y 0C'TE 950 LELT wlL [23% 0C'TE 950 LELT 00T 950 v6€ VZ
¥S'8 [3X3 L¥'8C L¥0 6881 ¥5'8 333 178 L¥0 6881 00T L¥0 426€ vZ
058 9e'S 19°Sy L¥'0 T7°0€ 0S8 9€'s 19°Sy L¥0 T7'0€ 00T L¥0 Jz6€ vZ
978 €€l | TSYIT L¥'0 0L'9L '8 €€l | TSYIT L¥'0 0L'9L 00T V0 acee vz
178 ¥8°0T 8’16 L¥'0 9%°'19 178 ¥8°0T 8’16 L¥'0 97’19 00T L¥'0 JT6€ VZ
L¥'8 €L°0T 06'06 L¥'0 ¥8'09 L¥'8 €L°0T 06'06 L¥'0 ¥8'09 00T L¥'0 976€ VZ
178 sset | o€90T 170 8TTL 17’8 sset | o€90T 170 8T'TL 00T 170 VZ6€ VZ
99°7¢ 780 65°8T 8T°0 9g'€E 99°7C 780 6581 8T°0 9e'ee 00T 8T'0 J88¢” VZ
€0'8 v6'vT | L8'6TT 050 019, €0'8 v6'vT | L8'6TT 050 0T'9L 00T 050 988€ VZ
95°L S6LT | 69°GET €50 118 95'L S6LT | 69°GET €50 1118 00T €50 V88¢E VZ
68'L ST'L v€'95 150 98'vE 68'L ST'L ¥€'9G 150 98'v€ 00T 150 ¥8€ VZ
€161 80 st 120 €L€T €T6T 80 [7R33 120 €LE€T 00T 120 J18¢ VZ
09'6 96T 0v'8C wo LTTT 09'6 96T 07'8T wo LTTT 00T wo q18¢ VZ
LS8 8E vS'LE L¥'0 ST'ST LS8 8c ¥S'LE L¥'0 ST'ST 00T L¥'0 VISE VZ
L6'6 €9'€ 8T'9€ or'0 €8 L6'6 €9'€ 8T'9€ or'0 7€'8C 00T or'0 J08€” VZ
166 06°€ 16'8€ 07’0 L¥'0€E 166 06°€ 16'8€ 070 Ly°0€E 00T 07’0 908€ VZ
S0vT 058 | 8v6lT 620 8E€ET SOvT 0s8 | 8v6lT 620 8E'EET 00T 62°0 V08€E VZ
8T'L 99°'s 99°0 950 89°CC 8T'L 99°'s 99°01 950 897 00T 950 96LE VZ
198 69t TL0Y L¥'0 S9°LT 198 691 TL0Y L¥'0 S9°LT 00T L¥'0 V6LE VZ
v6'L L9°€ ST'6C 150 16'LT v6'L 19°€ ST'6C 150 16'LT 00T 150 98LE VZ
88'S 43 1L 690 LS°TE 88'S 0Tzt 1L 690 LS°TE 00T 690 V8LE VZ
99'8 19T S6°€T 170 Y16 99'8 19T S6'€ET 170 vT'6 00T 170 as/e vz
¥T°6T 9z'0 9%t 120 veL vT'6T 92'0 9%t 120 YE'L 00T 120 JSLE V2
69°'L v0'E LEET €5°0 8L'€T 69°'L ¥0'E LEET €50 8L°€T 00T €5°0 95LE VZ
008 8T'T L¥'6 50 0SS 008 8T'T Lr'6 750 0SS 00T 50 VSLE VZ
85L €'ST | 98°9TT €50 96'69 85°L €7'ST | 98'9TT €50 96'69 00T €50 69€ VZ
758 ¥8'S wey ) [ZZ33 [2%3 ¥8'S wey L¥'0 [Z&33 00T L¥'0 9/9¢ VZ
'L 9591 | 8yver €5°0 L6°EL [Z3A 9591 | 8yver €5°0 L6°EL 00T €5°0 VL9E VZ
9€'TT 3% S &4 9€'0 9.1 9€'TT 3% Srve 9€'0 9,1 00T 9€'0 999 VZ
7591 S0 9€'TT v2'0 00'9T 7591 SL0 9eTT ¥2'0 00'9T 00T v2'0 V99€ VZ
0zL €€°01 7L 950 T 0zL €€°0T 7L 950 ww 00T 950 €9€ VZ
L8'L ¥T'T W9'LT 50 15°0T L8'L ¥T'T LT 750 1S°0T 00T S0 965€ VZ
92’9 89°€ T0°€C 99'0 6L°0T 92’9 89'€ 10°€C 99°'0 6L°0T 00T 99'0 V6SE VZ
8.8 €8'€ 89°€€ 9v°0 60°€C 8.8 €8'€ 89°'€€ 90 60°€C 00T 9v'0 85€ VZ
€CTT LT 16°61 9€'0 LT €CTT LT 16°6T 9€0 vrLT 00T 9€'0 JLSE vZ
65°'S 559 799 €0 LS'ST 65°S S5'9 799 €L°0 LS'ST 00T €0 9/5€ VZ
15°L we JARZ4 ) 16°€T 15°L we LT K0 16°€T 00T K0) VLSE VZ
(T-vww) A/vs | (eww) A (zww) vs | (ww) yapim “Say | (ww) ya8ua Say | (T-vww) A/VS [ (Eww) A | (zww) s | (ww) yapim Sy | (ww) yadual ‘Say | 1aquinn
(ww) 3yS1aH Adoue) |uawpads

|elol

sjuswa|3 Aewnd

95



Appendix E
Morphological measurements, dichotomous branching
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Appendix F
Morphological measurements, single monopodial
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Appendix G
Morphological measurements, fan-shaped
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Appendix H

Morphological measurements, small non-branching
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Appendix |

Morphological measurements, shrub-like
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Appendix J:

XRD patterns

102

X
3
(_/—E’.
Ea
f\‘ ‘ ‘ ‘ ‘HH‘H\\‘\\\\‘\\\\N‘ ‘ ‘ {\‘\ ‘ ‘HH‘H\\N\\\\‘\\\‘!_“ o
S8R 8 8 8 S =) ©c v v o ~ -
(suno)) bo

2-Theta - Scale

2
S
2
£
()]
>
o
3
8 3
T 2
5 £
g 32
4| ®
£
2 3
= o
Hie




a}|N2IWISA

21 |N2IWIBA

ajujoey

ZyenD

3l

93leddn vz

¢

(=unon ) Bo

103



21 [N2IULIBA

23I[N2IWLIBA

ajujoy

zyenp

M

I

8lE VZ

¢

(=unon ) Gion

104



9[eds -ERY1-¢

9 NJIWIBA

a1l|noIwIsA

sjuijoey

zuenDd

Syl

938/€ VZ

(AL AR

T

| L L

T

-
T

¢

ot

(/4

00T

(suno)) bo

105



IIeYS - BIRYL¢

9}1|NoIWLIBA

9}1|N2IWIBA

ajuijoey

zZuenp

Sl

c/T VZ

[T rrrr 11

¢

ot

(V4

0g

05

(suno)) bo

106



T
T

ZA_17

h F
T

<t

-
L LI LI L DL LI LIS NENLINNS LIS Dol A LRl LA ILIL LI LI N B Y I I N I Y IO N L
e LY e o= [ il . i .

(=non ) Gon

107

[}
o=
3
2
£
@
=

[

=4

2 =

= E

2 5
m

b =
W
=

. Quartz




9}1|NoIWLIBA

3[eds - BlayL-g

ot

9}1|N2IWIBA

ajuijoey

zZuenp

aui

WA

¢¢c V72

¢

ot

0c

3

00T

(suno)) 6o

108



	References

