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ABSTRACT 
This investigation focuses 011 changes in the ultrastructure of planktonic foraminifer tests 
caused by sediment transport in the-marine environment. ~orakinifer  tests that were unam- 
biguously transported by bottom or turbidity currents (confirmed by sorting of the sediment) 
show changes in the ultrastructure of the crystalline part of tests. These changes can be distin- 
guished from dissolution effects. Analysis of the ultrastructures by scanning electron micro- 
scopy clearly indicates physical abrasion of exposed parts of test surfaces during bottom-cur- 
rent transport; this may result in the disintegration of the test with persisting transport. In con- 
trast, chemical dissolution acts upon the whole surface of the tests, both on exposed and more 
sheltered parts. 
As a consequence, poor preservation and fragmentation of biogenic marine sediments must 
not necessarily be attributed to dissolution, but can be the result of bed-load transport. More- 
over, the recognition of evidence for bed-load transport has important consequences on the 
assessment of the foraminifer tests as carriers of environmental signals. 

INTRODUCTION 
Foraminifers as sedimentary particles 
Sediments can reveal important information about 
their formation. Evidence can be sedimentary 
structures on different scales or the occurrence of 
single grains with features that are characteristic of 
particular processes. Therefore, the detailed ana- 
lysis and interpretation of marine sediment sam- 
ples is an important method for increasing the 
knowledge of the formation processes of the sedi- 
ment. 

The study of foraminifer tests is crucial for a 
wide range of marine sedimentological investiga- 
tions because foraminifers are important carriers of 
environmental signals such as stable isotope and 
geo- and biochemical signals that reveal informa- 
tion about water mass properties and nutrient con- 
tents. Because of the low density of empty (i.e. 
water-filled) foraminifer tests [e.g. 1.5 g/cm"or 
250 planktic foraminifer tests (Berger & Piper, 
1972); mean densities of 1.29 (Globorotnlin hirsutn), 
1.16 (Globi~erirzoides rtlber), 1.30 (Globigerinoides snc- 
c~~lifer) and 1.48 g/cm" (Orbl~liizn uniucrsn) (Fok- 
Pun & Komar 1983); 1.368 - 2.388 g/cm3 for Neoglo- 
boq~ndrinn pach!yderii~n (Oehmig 1993)], they are 

transported by relatively slow currents as bed-load 
at the sediment surface or in suspension, together 
with medium to coarse silt and fine sand terrige- 
nous particles. Thus, they may be found in places 
and environments that are not related to (or not 
immediately beneath) the surface waters where 
they originated. To interprete environmental sig- 
nals indicated by these tests, it is essential to know 
the transport history of the tests and the physical 
influences (both physical abrasion and dissolution 
in the water column or in the sediment) that have 
acted on them on their way through the water 
column, whether bed-load transport is possible 
and the duration at the site of deposition where the 
sediment sample has been taken. Detailed investi- 
gations of the ultrastructure of foranunifer shells 
are a method to trace these influences. 

Marine bottom currents and their effect on fora- 
minifer tests 
Sediment transport by thermohaline bottom cur- 
rents and turbidites in the marine environment is a 
widely recognized phenomenon (e.g. Hollister & 
Nowell, 1991; Edwards, 1993). While there is conti- 
nuous transport of fine grained particles in nearly 
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all parts of the oceans, transport of sand- and 
medium to coarse silt is principally restricted to 
events with higher current velocities ('deep sea 
storms', Kerr 1980; Gardner & Sullivan, 1981; Hol- 
lister & McCave, 1984), to areas with generally 
higher current velocities (e.g. 'contourite currents', 
Faugeres & Stow, 1993), and to regions that gene- 
rally show higher sediment transportation rates 
('sediment drifts', e.g. McCave & Tucholke, 1986). 
During high current velocity events even foramini- 
fer tests can be moved. This may result in accumu- 
lation of well-sorted foraminifer tests in distinct 
layers of mm to cm thickness in the sediment 
column. These are commonly referred to as con- 
touritic layers. When these foraminifer tests are 
moved as bed-load, markings develop on the sur- 
face of the shells that are comparable to the roun- 
ding of fluvial and coastal sediment detrital grains. 
Due to the fragility of foraminiferal tests, abrasion 
may cause early break-up of the carbonate shell. 

Until now, the disintegration and break-up of 
foraminifer shells has often been attributed to car- 
bonate dissolution, either during settling through 
the water column or in the sediment due to dyso- 

xic or undersaturated conditions. This investiga- 
tion is dedicated to the recognition of the effects q 
bottom current transport on planktonic foramini 
feral tests before their disintegration. To evaluate 
this effect, detailed investigations were carried out 
using high-resolution scanning electron micro- 
scopy (SEM) methods. In our study, we concentrate 
on the planktonic foraminifer species Neogloboqun- 
drina pnchyder~na (sinistral), a polar and subpolar 
species commonly present in large numbers in 
hemipelagic surface sediments of the northern 
North Atlantic (Henrich et al., 1989). Whether or 
not the sediments were influenced by coarse- 
grained particle transport was inferred froin the 
sorting of the sediment; this is indicated by the 
shape of the settling velocity distributions 
(Michels, 1995). 

The investigations focus on the crystalline part 
of the foraminiferal test that was built up during 
gametogenesis (Ketten & Edmond, 1979). These 
crystalline areas allow the examination of physical 
and/or chemical effects on the tests under con- 
tinuing physical and/or chemical stress (carbonate 
dissolution) that may lead to their disintegration. 

Figure 1. Map of the northern North Atlantic, including the locations of investigated surface sediment samples. Iso- 
lines indicate the 1000,2000 and 3000 m isobaths. 
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The hypothesis that is tested in this study is that 
3hysical influences by bottom-current transport 
and attack by dissolution can be distinguished by 
the effect on sharp-edged and sharp cornered 
crystals of the ultrastructure of the foraminifer 
test's surface. The attack of dissolution ideally 
affects the whole surface that is exposed to corro- 
sive seawater, causing stronger dissolution of cor- 
ners and edges because of their larger exposed sur- 
face compared to the crystal planes. It is suggested 
that all edges, corners, and planes of a crystal 
should be corroded to the same extent. In contrast 
physical abrasion of a surface consisting of nu- 
merous crystals leads to the rounding or removal 
of most exposed corners and edges. 

To lugldight the differences of physical and 
chemical attack on the ultrastructure of the fora- 
minifer test surface, the results are illustrated com- 
paring SEM photographs of completely undis- 
solved but not transported, slightly dissolved but 
not transported, and transported but undissolved 
foraminifer tests. 

MATERIAL AND METHODS 
Samples 
Surface sediment samples (1 cm in thickness) were 
collected from several core sites that were obtained 
during the RV Meteor cruises M 2/2 in 1986 (Ger- 
lach et al., 1986), M 21/4 in 1992 (Pfannkuche et al., 
1993) and during RV Polarstern cruise ARK-VII/1 
in 1990 (Thiede & Hempel, 1991) into the northern 
North Atlantic (Fig. 1). 

The samples were taken from the sediment sur- 
face of box cores, freeze-dried, weighed, and split 
into the coarse (>63 pm) and fine fractions 
(<63 pm) by wet sieving. The fine and coarse frac- 
tions were split into halves. The grain size fraction 
37-63 pm of one half of the fine fraction was sepa- 
rated according to Stokes' law using the Atterberg 
settling velocity method. The separated 37-63 pm 
fraction was then added to one half of the coarse 
fraction, resulting in a >37 pm fraction. This prepa- 
ration of the coarse fraction provides samples with 
the full range of adult foraminifer tests and a grain 
size range of coarse-grained particles that, in case 
of current influence, are transported as single 
unaggregated grains (McCave et al., 1995). 

Terrigenous component 
Carbonate was removed using hydrochloric acid. 
The carbonate percentage of the sample was deter- 
mined by weighing the sample before and the resi- 
due after acid treatment. The carbonate-free 
>37 pm fraction was also subjected to a settling 
velocity analysis in order to gain additional infor- 
mation about the transport of noncalcareous, terri- 
genous material that can be correlated with the 

transport of foraminifer tests. 

Settling velocity 
To obtain a settling velocity distribution of the 
>37 pm fraction, a 0.5-1 g sample of both carbo- 
nate-free and carbonate-containing sediment was 
analysed in a MacrogranometerTh,l settling tube 
(Brezina, 1969). These settling velocity distribu- 
tions were analyzed following the method de- 
scribed in Michels (1995). Although the settling 
velocities obtained for foraminifers cannot be com- 
pared to the settling velocities in the water column 
of the ocean, they reveal a high resolution record of 
the sediment sorting. This can be interpreted wit11 
regard to bottom current influences that may have 
changed the grain size distribution of the sediment 
(Michels, 1995). Since every foraminifer species has 
its own characteristic settling velocity distribution 
and settling velocity range (Michels, 1995), even 
slight changes can be attributed to current influ- 
ence. 

Ultrastructure of shells 
For the SEM investigations of the ultrastructure of 
the crystalline part of the tests, microscope slides 
were prepared with at least 30 specimen of N. 
pach!yder~izn randomly taken from the coarse frac- 
tion (>37 pm) of the sample. These specimens were 
studied in detail for the ultrastructure of their 
crystalline surfaces. 

Preservation 
Preservation of Neogloboquad~iiza pacl.zyder~ria sin. 
tests (usually ca. 40 tests) was studied using the 
SEM. Five-step progressive stages of dissolution (0 
- undissolved to 4 - strongly dissolved) of two prin- 
cipal surface types, reticulate and crystalline, were 
distinguished. Reticulate tests are composed of 
nannocrystals in an initial tiny primary 
microcrystalline layer and a secondary agglo- 
merated layer with crystals arranged as diffuse 
palisades. Crystalline morphotypes develop ter- 
tiary calcitic crusts composed of large rhoinbohe- 
dra at the surface. This crust may completely or 
partly cover the surface. The differentiation bet- 
ween morphotypes in dissolution studies is impor- 
tant because of the lower preservation potential of 
the microgranular morphotype relative to the 
crystalline one. Finally, a composite dissolution 
index was calculated for each sample (cf. Henrich, 
1989; Baumann & Meggers, in press). 

It cannot be completely ruled out that the wet- 
sieving process influenced the ultrastructure of the 
foraminifer test's surface, although this procedure 
was carried out carefully. It is, however, of minor 
importance when compared with the bottom-cur- 
rent transport or the dissolution effects. 
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RESULTS AND INTERPRETATION 
Transported N. pachyderma tests unaffected by 
dissolution 
Figure 2 shows the settling velocity distributions 
(>37 p n )  of two well-sorted surface sediments 
from location 23455 (southern Fram Strait) and 
21880 (Greenland Basin, Vesteris Banken Seamo- 
unt) and a moderately sorted surface sample from 
the Greenland continental shelf (21902). Distribu- 
tions of carbonate and terrigeneous material are 
indicated by different curves. 

The percentage of the >37 pn fraction com- 
pared to the bulk sediment and the CaC03 content 
is q ~ ~ o t e d  in the figure caption. Dissolution indices 
of the N. pachyderi~~a tests are approximately 0.9 for 
all three samples, thus the tests are very well pre- 
served in terms of carbonate dissolution. 

In case of no current influence and thus no sor- 
ting, N. pach!yderi~ia generally occurs in the settling 
velocity range between 1 and 2 cm/s according to 
its nat~u-a1 growth size distribution. This distribu- 
tion is indicated by the shaded peak (marked with 
N. pflch!ydernin reference peak). 

The sediment of location 23455 in the Fram 
Strait shows the best grain size sorting (i.e. the 
sharpest peak). This is the settling velocity distri- 
bution of a sediment that has been very well sorted 
during current transport of both carbonate and ter- 
rigenous particles (indicated by the same settling 
velocity range of the carbonate and terrigenous 
peaks) as bed-load or in suspension. The sorting is 
a function of either duration of transport or inten- 
sity of the process. When transported, the sediment 
particles, even the N. pachyderma tests, must have 
been strongly moved. The fact that the N. pachy- 
dunin reference peak is near the bulk sediment 
peak merely indicates that the grain-size range that 
was involved in the transport process includes the 
whole grain-size spectrum of N. pnchyderrnn. It does 
not indicate, however, that the sediment was not 
sorted by bottom currents. This type of sediment 
typically appears in areas of contourite currents or 
as a turbidite deposit. 

The sediments of core positions 21880 and 
21902 are generally coarser. The sorting of the sedi- 
ment in location 21880 is better than that of loca- 
tion 21902, which suggests different processes: a 
depletion of the fine fraction due to strong currents 
and the generation of a residual sediment is as- 
sumed to be the reason for the shape of the settling 
velocity distribution of the 21902 curve. In this 
curve, the grain size range is broader and more dis- 
continuous than that in 21880, which points to the 
formation of a residual sediment with coarse grain 
sizes, where the fine fraction has been depleted by 
winnowing. The settling velocity distribution at 
21880 is most probably the result of transport and 

subsequent deposition of a coarse-grained sedi- 
ment (i.e. accumulation sediment, e.g. by a turbi- 
dite); this is indicated by its smoother curve, a 
narrower grain size range and a clearly defined 
upper limit in the grain-size range. However, both 
sediments have certainly been affected by strong 
currents. 
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Figure 2. Settling velocity distributions of the >37 pm 
fraction of the surface sediments from locations 23455, 
21880, and 21902. Unimodal settling velocity distribu- 
tions with more or less narrow peaks indicate very well- 
to well-sorted sediments. The >37 pm distributions of 
carbonate and terrigeneous sediment fractions of loca- 
tions 23455 and 21880 are depicted by different shades of 
gray. The settling velocity distribution of a N. pnchyderri~n 
peak unaffected by current influence ("N. pnclr!jdm~n 
reference peak") is represented by the shaded area. The 
dissolution index of all samples is low (- 0.9); the >37 
pm fraction portions of the bulk sediments and the car- 
bonate contents of the coarse fractions make up 
43%/46% at location 23455,90%/20% at location 21880, 
and 47%/10% at location 21902. The scales of the three 
diagrams are equal, however, they provide settling velo- 
cities in cm/s, in Psi (the negative logarithm to a base of 
2 of the settling velocity in cm/s), and as the correspon- 
ding grain size (calculated on the basis of round spheres 
with a density of 2.65 g/cm") as further information. 
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SEM investigations of the crystalline surfaces of 
the N. pnclrydemza tests reveal differences in the sur- 
face ultrastructures of exposed rhombohedra (Plate 
1). Uncorroded crystal planes are smooth while 
crystal edges and corners in protected places are 
sharp. However, the more exposed edges and cor- 
ners there are, the more they are rounded and ero- 
ded. There is evidence that shaping of the edges 
and corners takes place through different proces- 
ses: abrasion of exposed crystal edges and corners 
occurs mainly during low-energy transport (i.e. 
rolling transport) of the foraminifera1 tests (Plate 1, 
upper and lower left photographs), but corners 
may completely break off at the top of the crystals 
only during high-energy movement of the tests (i.e. 
saltation transport) when they hit other sediment 
particles (Plate 1, upper and lower right photo- 
graphs). 

Partly dissolved N. pachyderma tests unaffected 
by currents 
The settling velocity distribution from location 
21842 sediments (Kolbeinsey Ridge, Iceland Pla- 
teau, Fig. 3) reveals a large percentage of finer 
grains in the >37 pm fraction. This is inferred to be 
the result of the deposition of fines from decelera- 
ting currents. The percentage of the >37 pn frac- 
tion makes up just 13% of the bulk sediment. Car- 
bonate dissolution has a significant effect on the 
sediment, which is reflected by the dissolution 
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Figure 3. Settling velocity distributions of the >37 pm 
fraction of the surface sediment of location 21842. The 
>37 pn distributions of carbonate and terrigeneous sedi- 
ment fractions are depicted by different shades of gray. 
A high peak of current-accumulated carbonate in the 
low settling velocity range between 0 and 3 Psi indicates 
that N. pucllydermn tests (which settle in the range of the 
shaded reference peak) have probably not been moved 
by currents. Carbonate dissolution has had a significant 
influence on the N. pachyderma tests; the index is 2.06. 
The >37 pn fraction portion of the bulk sediment makes 
up 13% and the carbonate content of the >37 pm fraction 
21%. 

index of 2.05. The investigation of the crystalline 
ultrastructures of the test surfaces shows that cor- 
ners and edges of all rhombohedra in both exposed 
and protected positions are moderately to strongly 
corroded (Plate 2, lower left and right photo- 
graphs). Crystals exhibit rough, corroded surfaces; 
their edges are more dissolved than the planes 
because of their larger surfaces (compared to the 
crystal's volume) and corners are even more affec- 
ted than edges. 

Neogloboquadrina pachydermn tests, not affected 
by currents and dissolution 
Figure 4 shows the settling velocity distribution of 
the coarse-grained fraction of a sample from the 
outer V~ring Plateau (23069). The sediment is very 
well preserved in terms of carbonate dissolution 
(dissolution index = 0.77). According to the poly- 
modal settling velocity distribution with several 
distinct peaks of different foraminifer species (in 
Fig. 4 the main planktonic and benthic foraminifer 
species in the sediment are assigned to the main 
peaks in the distribution according to Michels 
1995), there was little influence of bottom currents 
on the sediment. SEM investigations yield that the 
majority of the rhombohedra of the crystalline 
areas of the test surfaces are characterized by very 
sharp corners and edges in exposed as well as in 
sheltered positions (Plate 2, upper left and right 
photographs). 
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Figure 4. Settling velocity distribution of the >37 pm 
fraction of the surface sediment from location 23069. The 
>37 pm distributions of carbonate and terrigeneous sedi- 
ment fractions are depicted by different shades of gray. 
The settling velocity distribution of a N. pachyderrrm peak 
unaffected by current influence ("N. pncllydrrnzn refe- 
rence peak") is represented by the shaded area. The 
polymodal carbonate curve and low contents of terri- 
geneous material indicate a sediment type that is not 
affected and sorted by currents. Because of the low dis- 
solution index of 0.77, the sediment can be viewed as 
unaffected by dissolution. The >37 pm fraction portion 
of the bulk sediment makes up 16% and the carbonate 
portion of the >37 Fun fraction is about 9%. 
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DISCUSSION 
Dissolution 
A sediment assemblage of planktonic foraminifera 
contains a complex mixture of environmental 
information including biological, chemical and 
physical parameters. Different methods have been 
used to decipher the physical and chemical effects 
on foraminifer tests. 

To quantify the effects of dissolution, different 
planktonic foraminifera species traditionally have 
been ranked according to their dissolution poten- 
tial (Ruddiman & Heezen, 1967; Berger, 1968; Bol- 
tovskoy & Totah, 1992) or fragmentation indices 
have bee11 defined (Thunell, 1976; Le & Shackleton, 
1992). It was assumed in these investigations that 
110 processes other than dissolution have an effect 
on the preservation of the tests. 

However, our results demonstrate that N. 
pachydernza, which is very resistant to dissolution 
(Berger, 1968; Boltovskoy & Totah, 1992), clearly 
call show abrasion as a result of bed-load trans- 
port. The effect of current transport on the ultra- 
structure of less resistent fragile planktonic fora- 
minifers, like G. sacclllifcr or G. ruber, which are the 
most prominent species in tropical water masses 
(Vincent & Berger, 1981), must be much higher and 
could as well initiate the complete fragmentation 
of the tests. Therefore, a failure to recognise trans- 
port of foraminifera tests may lead to a systematic 
false iilterpretation of carbonate dissolution, de- 
rived from fragmentation indices of different 
planktonic foraminifer species. Effects of transport 
and dissolution should therefore be carefully stu- - 
died. 

A combination of the investigations carried out 
in this study with a method of quantifying dissolu- 
tion effects by the recognition of progressive dis- 
solution stages on the crystalline surface of plank- 
tonic foraminifera with the SEM, like that pro- 
posed by Be et nl. (1975), Henrich (1989), and Meg- 
gers (1996), could achieve a qualitative and quanti- 
tative description of abrasion and dissolution 
effects on foraminifer tests. 

Bed-load transport 
Abrasion and fragmentation of foraminifer tests is 
mainly controlled by the intensity of particle trans- 
port by currents and the duration of current influ- 
ence. For the extent of the physical impact on the 
foraminifer tests, it is important whether 

foraminifer tests are transported as bed-load or 
in suspension (related to the energy of the cur- 
rent), 
transportation takes place as a persistent (con- 
tour current) or ephemeral (turbidity current) 
event, 
grain sizes, that are transported simultaneously, 

are coarse or fine, 
many or few other particles are transported 
simultaneously as bed-load or in suspension. 

The listed factors show that the abrasion and frag- 
mentation of foraminifer tests are closely related to 
the hydrodynamic parameters of the current. For 
sediment samples, it is very difficult to reconstruct 
all of the listed parameters from grain size or sett- 
ling velocity distributions. But the interpretation of 
granulometric data may indicate which sedimeil- 
tary processes took place. For exainple in the 
description of our samples, we pointed out that the 
granulometric data support (a) the interpretation 
as a turbidite and (b) that rolling transport as a low 
energy form may mainly have led to the abrasion 
of the most exposed crystals of the crystalline fora- 
minifer test surface, whereas saltation as a high 
energy form of particle movement may have led to 
a complete removal of the tip of the crystals. 

However, the quantification of the processes 
that influence the abrasion and fragmentation of 
foraminifer tests could probably only be achieved 
by experiments in a flume (or more simply in a 
tumbler). 

CONCLUSIONS 
The hypothesis that physical (abrasion) and chemi- 
cal (dissolution) impacts can be differentiated ill 
the ultrastructure of a crystalline surface of fora- 
minifer tests has been corroborated by SEM obser- 
vations of foraminiferal test surfaces. Especially 
the crystalline part of the shell built up during ga- 
metogenesis is well suited to give a differentiated 
imprint of the stress foraminiferal shells are ex- 
posed to during the sedimentation processes. The 
described method can be used in addition to other 
methods to verify and increase the knowledge of 
sediment transport and carbonate dissolution. 

Physical impacts, caused by sediment trails- 
port, and chemical impacts, caused by dissolution, 
can be distinguished by means of different effects 
on the crystalline ultrastructure of the shells. While 
physical impact during transportation of the shells 
only affects the exposed crystals of the outer sur- 
face, chemical impact by dissolution acts upon the 
whole surface, including the crystalline edges and 
planes in more sheltered positions. Thus, the in- 
vestigation provides insights into the depositional 
history of foraminifer shells that is crucial for the 
interpretation of foraminiferal data. In particular 
biogeochemical and isotope data that are based on 
foraminiferal analyses may be very sensitive to 
changes caused by dissolution or bed-load trans- 
port and should therefore be reinterpreted 
carefully after dissolution or bed-load transport 
has been proved. Perhaps conflicting results bet- 
ween carbon isotope data, carbonate dissolution 
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data and sedimentological can then be solved with- 
out inconsistency. 
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Plate 1. S C V  plu ~to<r.~pli, OT tf~c cr\,$t;l llitlc, suri;lct> L I J ~ I . , I ~ ~ ~ ~ I C ~ ~ I W  r l C  tran5ported N. / r , r c l~~ tdc r~ rm t t s h  irclin tht- cedi- 
rn~wt rul.tar-(> ~ n t i ~ p l t -  o i  Ir)c,ltit~n.; 27-155 n~?cl  21SSO t11;lt arc 11ot afft.ctcd by cirbr>natcs rlis5olutic>n. The 11t7per and  11l\vtr 

lctt picturc~ slioi\. ct.\,stnlh L\.IIL#I.~ t t i ~ b  L ~ Y ~ ~ ~ ) W L I  crvs tC i l  ~:clfi(~< ,111d corbIiJr5 IV'W ;ll>r11CIcCI dliring ndlin,: tsanl-port elf tlw 
f ~ ~ r ~ n i i n i f i ~ r a l  tt..;t: the U ~ I . > ~ - T .  ~ t l d  Io~vc-r r j g l ~ t  t>Ecturc. <llntv cl.y5t,115 whr.rt, c t i rnerc ~ v ( ~ r ( ~  complt-trly b r ~ k e n  ,%t i  tlic t r ~ p  
~ l f  thc i-l.!,.;tal.; durin? .;n[tatir~t1-tr.1ti~)1t~t~t of thc3 tcx.;t r v l i ~ ~ n  i t  h i t  {!ltital. ~ ~ ~ ~ l j ~ i ~ r n t  p;lrtj~It~q. 
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Plate 2. I h e  upper I t 4 t  a nd  r ~ c h t  SEivl p l i o t o p ~ l ~ l i c  4urw ~ ~ l t ~ . ~ i s t r u c t ~ r r r . ;  u i  ttjc c r ~  ct,~llint. curt;lcr (11 \ ; - , ~ ~ l ~ t t , i ~ ~ i !  : 

t t n ~ t s  from llrc se~i imcnt  <ur.iact. ba~nplc ~ r f  Iountiorr 23111~~1 that ,TnL &lt t t ' i t ( t l  l l r i l l>rr Iiy ~ d i i ~ i c ~ r t  tr<lllcpriit Iir>r 1x5. c~rl.c+- 
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dernia trct.; t h a t  j2.cre not tmnspr~rted bri t  ~ v t ~ r t ,  .~ftt*ctt-i] hy  ~+, i~L>r l~i~tr '  dicculut~on (scilintcnt %rlrf;lcc \anip l t~  irrjni It><.>- 

t i t v 7  2 IS42). 




