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Abstract Synchysite CeCaF(COjg), was found in the Havers canals of dinosaur
ribs from Mongolia. It occurs there in the form of very fine yellow-brown anhedral
grains. X-ray diffraction pattern of the bone containing 0.57 wt. % Ln,O, contains
strong reflections of the main constituent — francolite — accompanied by a series
of weaker peaks characteristic of synchysite. The calculated cell parameters
¢ =1T12A and ¢ = 9.12 A are concordant with those reported by Smith for cerium
synchysite. Since the chemically separated lanthanide oxides contains 57.0 per cent
light earths (La— Gd) and 43.0 per cent heavy earth (Y, Tb — Lu), it is supposed
that elements of the latter group occur as isomorphic substitutions in francolite.

INTRODUCTION

Synchysite is an uncommon mineral of the group of Ln-, Ca-fluoro-
_carbonates. This group includes such minerals as bastnisite LnFCO;,
parisite Ln,CaF,(COs);, roentgenite Ln;Ca,F3(COs); and synchysite
LnCaF(COs),. The symbol Ln in these formulas stands for the rare earth
elements. The occurrence of synchysite was reported in rather few loca-
lities, being connected with pegmatitic and hydrothermal crystallization

products.

1t was discovered by Flink (1900) in syenitic pegmatites of Narsarsuk, Green-
land. It was also found in pegmatites associated with aegirine rocks in Quincy
(Massachussets) and Ravalla (Montana) (Palache, Warren 1911), being often descri-
bed as parisite. Moreover synchysite occurs in hydrothermal Alpine veins of Val
Nalps (Parker, Brandenberger 1946) and Oberaar (Iitaka, Stalder 1961). In the latter
locality there occurs a rare paragenesis of four rare earths minerals: synchysite,
bastnisite, monacite and xenotime associated with other minerals typical of the
<o called dry Alpine fissures. Recently Weibel (1964) found synchysite and scheelite
in the La Bianca summit (Tavetsch) associated with quartz, adularia, muscovite and
hematite.

1t should be emphasized that some auth
parisite to be synonymous because they neg

ors considered the name synchysite and
lected negligible differences in physical,
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crystallographic and chemical properties of: these ininerals. The problem was solved
by Oftedal’s (1931) X-ray examination of samples from Narsarsuk and Quincy, who
determined crystal structures of parisite, bastnisite. synchysite and cordylite. As
follows from these data, particularly parisite and synchysite represent separate mi-
nerals. Nevertheless Sohnge (1944) in his description of minerals accompanying
cassiterite in the tin mine Zaitplaats, Potgietersrust (Transvaal) mentions parisite
displaying physical properties of synchysite. Finally, detailed crystallographical exa-
minations of all the members of this rare earths fluoro-phosphates group, carried
out by G. Donnay and J. Donnay (1953), clearly proved the existence of» all the
sbove mentioned minerals of this group. In these authors opinion, all the contro-
versial conclusions in this respect are due to the occurrence of formerly unknown
intergrowths of these minerals. 1%

Yttrium equivalent of synchysite — doverite — was found in the Scrub Oaks
mine in Dover, New Yersey (W.L. Smith et al. 1955). It occurs as brownish red
aggregates consisting of fine-grained mixture of doverite, hematite, xenotime and
quartz (E. 1. Smith et al: 1960). Moreover, doverite in association with cenosite was
found to form fine-grained reddish brown aggregates in Henry pegmatite in Coto-
paxi, Colorado (Levinson, Borup 1962). Finally, a mineral displaying physical pro-
perties of doverite was reported by Semenov (1959) in greisen rocks of northern
Kirgisia. :

RARE EARTH ELEMENTS IN FOSSIL: BONES

The occurrence of rare earth elements in fossil bones was established
when examining the variation of heavy elements contents with geologi-
cal age. Spectrochemical investigations of bones ranging in age from
Neogene to Permian (Lavrov 1956) have shown some enrichment in them
in Y, Ce, La and Pb which are lacking in contemporaneous bones. Ko-
chenov and Zinovyev (1960). and later Bloch (1961) have determined the
rare earth elements contents in:-phosphatic debris of Oligocene and Mio-
cene fishes, as well as of Devonian fishes from the Russian platform.' i
was found that the average content of these elements in them amounts
to 1 per cent, whereas in the phosphatic debris of ‘Devonian fishes — up
to 4.7 per cent. Bone fragments from Wyoming ranging in age from Late
Cretaceous to Pleistocene have been analyzed for Y, Fe, Sr, Mn, As and
other heavy elements by Toots (1963) showing a systematic variation of
their content with age. According to this author’s X-ray studies, no other
minerals except hydroxyl-apatite and sometimes calcite are present in
these fossil bones.

CHEMICAL AND MINERALOGICAL STUDY
Chemical examinations

Rare earth elements were determined in bones of din
Nemegt valley in Mongolia collected by the Polish Palaegigfoggzﬁl I:'i‘})lﬁ
pedition. The bone material, approximately 100 grams in weight, was
dissolved in nitric acid and pure lanthanide oxides were separatéd by
several alternating precipitations of oxalates and hydroxides. Depending
on their structure, these bones contain from 0.03 to. 0.5 -per cent LnZO:
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i Tt 'was” established that the ribs of these reptiles are particularly enri-
ched in rare earth-elements. i, « - qus =i afan wimios o &

~ The obtained mixture of lanthanide oxides was separated by ion-ex-
ichange chromatography using Brunisholz’s method (Brunisholz," Quinche
11960; Moret, Brunisholz 1961). The result.of this analysis is'as follows: |

| la “Cé Pr Nd Sm 'B& Gd Tb ©%! Py Ho Er Tm Yb Ly
1269757 38 143 16 17 3.0 05 334 35 09 23 02 16 06

The enrichment in rare elements of the phosphatic bone mass consi-
sting essentially of francolite took place unquestionably during diagene-
'sis of bone-bearing sediments. It is* supposed that alteration 'of amor-
‘phous collopharie, occurring in livirig organisms, into fluor-apatite and
francolite® was ‘accompanied : by isomorphic substitutions of rare earth
elements: for calcium. A il %3

X-ray examinations

X-ray diffractometer pattern was obtained by means of Rigaku-Denki
apparatus using filtered CuK, -radiation. Détailed inspection of the dif-
fractogram of a sample of dinosaur rib, containing the highest ‘amount
of lanthanide oxides (0.57 per cent), has shown that characteristic fran-
colite reflections on it are accompanied by strongest reflections of syn-
chysite. v

Table 1 contains interplanar spacings 6f synchysite calculated from
diffractogram of dinosaur rib and those feported in Smith’s and Mik-
heiev publications. Some reflections corresponding to this mineral coin-
‘cide with strongest reflections of francolite, the main bone constituent.
\The calculated cell parameters of synchysite a = 7.12 A and c =9.12A
‘are concordant to those of E. I. Smith et al. (1960) and correspond to the

data reported by G. Donnay and J. Donnay (1953)i. e.a = d V3 =T7.107A
and ¢ = 9.120 A. : :

Optical examinations

Detailed microscope observations of thin sections have shown that
apart from the main mineral component of bone matter — francolite —
there occur fine-grained aggregates of isometric crystals filling the Ha-
ver’s canals. These crystals are either subhedral and colourless or_anbe—
dral and pale yellow brownish. Examination of powdered sample in im-
mersion liquids has shown that the colourless crystals display refractive
index corresponding to that of fluorapatite. On the other hanq yellowish
crystals represent anhedral platy fragments oriented perpendlcularly or
nearly perpendicularly to optical axis. Their refractive index amounts
to 1.64, corresponding fairly well to that of synchysite. The values of
refractive indices of this mineral reported by different authors are de-
tailed in Table 2.

The above orientation of synchysite fragments is due to its preferred
parting according to (0001). The size of isometric synchysite grains (mea-
sured in thin section) varies from 0.008 to 0.01 mm.
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Table 1
X-ray powder data for synchysites and doverite
it s R A
5 E Synchysite Synchysite Doverite
Sygohye (after Smith (after Mikheiev (after Smith
from dinosaur bones | o4 51 1960) 1957) et al. 1960)
_———____——————__——’__l e itlit ot ar T TR
hkil | d (&) I | hkl )d(A)] 1 hkil ‘d(A)‘ 1 hkl | d(A) ‘ I
001 | 9.1 |s 10 001 | 9.1 ms
0002 | 4.55 2 002 | 455 |m 8| 002 \ 455 | m
1120 | 3.56 10 | 110 | 356 |s 10| 1120 | 3.56 6l | 2100l 31538 lEs
1721 | 3i31 10 \ 111 | 331 |m 8 111 \ 330 | wb
0003 | 3.087 7 | 003 |307 |w 5 l‘ 003 | 3.05 | wb
| (3.053)* ‘ 3104 aps S5l |
1122 | (2.81)* 112 | 281 |s 10| 1724 | 2807} 9 | 112 | 280 | 3
1123 | 2.292 2 13 i oi31tloie5 113 } 2.30 | of
0004 | 2.276 2 004 | 228 |w 5| 004 | 228 | Wb
3030 | 2.052 o» | 200 | 205 |ms 9| 3030 | 2051 9 | 200 | 2.04 ms
0331 | 1.996 1>+ | 131 | 2002|w 5| _ 131 | 1.995 | vvf
‘11_24 1.926 jo* | 024 | 1918|m 8| 1128 19221 6 | 024 | 1.916 | ms
| 0332 | 1.873 qe | 132 | 187 |ms 9] 3036 | 1.868| 7 132 | 1.863 | m
1| 2240 | 1.783 g | 040 | 1781w 5 2240 1775 2 040 | 1772 | m
g 221 | 1.749|w 5 2210 |1
\ 203 | 1704 |w 5| _ 203 | 1.689 | f
| ‘ 042 | 1658|m 8| 2244 | 1.653| 7 | 042 | 1647 | w
; , 00012 | 1.525| 5
\ 1 112.12 | 1.404| 6
4150 | 1.343| 3
1 4152 } 1.288| 9

+ Coincidence with d = 3.055 and 2,79 A of francolite.
*+ Slightly visible splitting of the peak might be due to coincidence of synchysite and
irancolite reflections.
s+* Coincidence with d = 2.001 A of fluorapatite.

Table 2
Refractive indices of synchysites
Refractive litaka, Stalder Lot Semenov | i
index | 1961 1 Borup 1959 Lozinski

! i ; 1962 ‘
‘ ‘ : L -
“, n, ‘ 1.649 i 1.643 1.673 1.64
sz 4 1.750 1.73 1769 | nd.

_ Rare earth elements are lithophylic and during fractional crystalliza-
tion of magma concentrate in residual igneous differentiates. Conse-
quently they appear in larger amount in pegmatitic stage. In hydrother-
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n_lal stage the presence of rare earth elements depends on the concentra-
tion of fluorides and phosphates. The largest concentration of these ele-
ments are connected with carbonatites where parisite and bastnésite are
fairly abundant. However, these are not the commonest rare earth mi-
nerals. The most widespread seems to be monacite, frequent accessory
constituent of leucogranites and alkali syenites as well as of pegmatites
connected with the latter rocks. The tendency of rare earth elements
to concentrate in association with phosphorous and fluorine is manife-
sted not only in late-magmatic and hydrothermal environment but also
in sedimentary rocks — namely in fossilized debris of bone tissue.

Separation of a mixture of lanthanides and yttrium obtained from
the dinosaur ribs by means of ion exchange chromatography using Bru-
nisholz method has been shown that it consists of 57.0 per cent of light
earths (La — Gd) and 43.0 per cent of heavy yttrium earths (Y, Tb — Lu).
Since the reflections recorded on the X-ray diffraction pattern corres-
pond not to doverite but to synchysite sensu stricto, it is concluded that
a part of rare earth elements — the light cerium group — precipitated
in Haver’s canals to form a separate mineral — synchysite, whereas
yttrium and other elements of this group substituted calcium in the fran-
colite structure.
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Jan EOZINSKI
SYNCHISYT W KOSCIACH KOPALNYCH
Streszczenie

Synchisyt CeCaF(CO;);, mineral wystepujacy w stosunkowo nielicznych
punktach litosfery i zwigzany zwykle z fazga pegmatytowsa lub utworami
hydrotermalnymi, zostal znaleziony w kopalnych koéciach dinozaura
z Mongolii. W kanalach Haversa kogci tworzy on bardzo drobne anhe-
dralne ziarna barwy zottobrunatnej. Dyfraktogram preszkowy kosci za-
wierajacej 0,57% Ln;O; wykazuje obok refleksow glownego skladnika,
frankolitu, wiele refleksow charakterystycznych dla synchisytu (tabl. 1)
Obliczone state sieciowe a = 7,12, ¢ = 9,12 A sg zgodne z podanymi przez
E. 1. Smitha i in. (1960) i odpowiadajg takze wartoéciom a = a V3 =
= 7,107, ¢ = 9,120 A wyznaczonym Dprzez G. Donray’a i J. Donnay’a
(1953). Rozdzielenie za pomocg chromatografii jonowymiennej metoda
Brunisholza mieszaniny tlenkow lantanowcow i itru wydzielonej z zebra
dinozaura wykazalo, ze sklada sie ona z ziem cerowych (La—Gd) w 57,0%,
ziem itrowych (Y, Th—Lu) w 43,0%. Poniewaz dyfraktogram wykazuje
refleksy charakterystyczne dla synchisytu (sensu stricto), a nie dowery-
tu (synchisytu itrowego), nalezaloby przyja¢, ze czes¢ pierwiastkow ziem
rzadkich, zwlaszcza grupa cerowa, utworzyla odrebny mineral synchisyt
w kanalach Haversa kosci, itr za$ i pierwiastki ziem itrowych weszly
w skiad frankolitu jako podstawienia diadochowe wapnia.

fin IOSHHBECKH

CUHXU3UT B UCKOTAEMBIX KOCTAX
PesmomMme
Cunxuaut — CeCaF (COs),, penxuit MuHEpal, BCTPEUAIOIIMHCH B HECKOJIb-
KUX TIYHKTaX JHTOCHEpEL, CBA3AHHBI, KAK NMpaBuio, ¢ 06padoBaHuAMU Mer-

MATHTOBOH MM THApPOTEpManbHoi (a3, Obla obHapyKeHn B HCKOMAGMBIX KO-
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CTAX JMHO3aypa H3 Monrronnu. B Kananax Xapepca Kocrteit oH oGpasyer
Mesbuaiiinue aHreipanbHble 3epHa ¥KenToBaTo-Oyporo usera. ITopouikosas
pudpakrorpamma Kocru, coaepxkaieit 0,57% LnyOs, Kpome ped1eKcoB T/aB-
HOTO KOMIOHEHTa — (PpaHKONHTA, MOKA3bIBACT PAJL Pe(IIeKCOB, XapaKTepHbIX
qis cuuxusuta (ta6a. 1). BplupcieHHble TapaMeTpbl AYEHKH a = T,
¢ =912 A coBnajaioT ¢ JaHHBIMH, npuBefeHHbMA CMHCOM H p. (1960),
4 TaKiKe COOTBETCTBYIOT 3HAUYEHHAM @ = a V8 =7107, c — 9,120/ A, ‘enpe-
nenennpiv Jounseitem n douneiiem (1953). MonooGmerHbiit xpomarorpadu-
YeCKHUH ana/Ju3 METOAOM DpyHHCXOJbLA CMECH OKHC/IOB JIAHTAHHAOB M HT-
TPHsl, H3BJIEUEHHOI U3 peGpa AuHO3aypa, M0Ka3aJ, 4TO 9Ta CMECh COCTOHT H3
nepuesbix semenb (La—Gd) B 57,0% u HTTpHEBbIX 3eMesb (Y, Tb—Lu)
B 43,0%. Tak Kak Ha AU(paKTOrpaMMax OTMeuaroTcs pedeKchl XapakTepHble
UMENHO ISl CHHXM3UTA, a He JOBEPUTa (MTTPHEBOrO CHHXH3HTA), CJIeLyer
3aKJIOUHTD, UTO 4aCTh PEJKO3EMEbHBIX 3/71€MeHTOB, 0COGeHHO LepueBas rpymn-
ma, o6pazoBaja CaMOCTOATEbHbBIH MHHEpas CHHXH3UT, pasBHUTHIH B KaHazlax
XaBepca B KOCTAX, & UTTPHIl U 3JI€MeHTbl HTTPHEBBIX 3€MeJlb BOLLIH B COCTAB
(G paHKOJMTA, 3aMellasl AHAL0XHYECKH KaJIbIHH.





