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Abstract

Remarkable successive changes of the shell structure in early ontogenetic stages
of the Upper Cretaceous ammonites Saghalinites WRIGHT & MATsuMOTO and
Scaphites (Discoscaphites) MEEK have been found. The protoconch is composed
of a thin porcellaneous layer. At the beginning of the first whorl this is
gradually replaced by another porcellaneous layer. At the constriction about one
volution from the apex a prominent nacreous layer gradually appears and the
porcellaneous layer of the first whorl gradually wedges out. Finally at the edge
of this nacreous layer the porcellaneous and nacreous layers of the later part of
the shell wall appear. The changes in shell structure between the protoconch and
the first whorl and at the constriction about one volution from apex confirm
that these mark important stages in the development of ammonites.
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MATERIAL

Saghalinites wrighti BIRKELUND and Scaphites (Discoscaphites) sp., the
shell structures of which are described in the present paper, are from the
Maastrichtian of West Greenland. The material was collected by Professor
A. RoOsENKRANTZ and described by the author (1965, p.30-37, pp. 116—
129). The species occur in great numbers in a Danian basal conglomerate
(Oyster-ammonite Conglomerate) exposed in Agatdalen, Niigssuag. The
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ammonites are derived from Maastrichtian deposits. They are enclosed in
calcareous concretions and the aragonitic shell material (compare BgG-

GILD, 1930, pp. 323-324) is excellently preserved and suitable for submi-
croscopic investigations.

PREPARATION

Carbon replicas of polished and etched median dorso-ventral sections and
cross sections of the two species have been investigated by electron-
microscope. The technique, described by HanseN (1967, p. 130), made it
possible to prepare composite photographs of the protoconch and the
first and second whorls. By means of these it is possible to demonstrate
all the successive changes of the shell structure of the outer shell wall
during the early growth stages.

THE SHELL STRUCTURES OF SAGHALINITES

The protoconch (text-fig. 1; pl. 1, figs. 1,2). v

The protoconch is thin, about 5 micron. It is composed of a porcella-
neous layer, the inner part of which is made up of elongated crystals set
at right angles to the inner face. The outer part is composed of crystals
without any apparent orientation. In the latest part of the protoconch
the outer irregular part gradually becomes thicker, and the outermost part
acquires an irregular prismatic structure.

The first whorl (text-fig. 1; pl. 2, figs. 3,4).

At the beginning of the first whorl a new porcellaneous layer appears
on the inner side of the porcellaneous layer of the protoconch (pl. 1,
fig. 2). This layer gradually grows thicker and replaces the porcellaneous
layer of the protoconch, which wedges out. ’

The porcellaneous layer of the first whorl is thicker than that of the
protoconch, about-15 micron, but very similar in structure, being compos-
ed of an inner prismatic part and an outer part with crystals showing no
particular orientation. In the later part of the first whorl the boundary
between the two different parts of the porcellaneous layer becomes
sharper. B

Changes in shell structure between first and second whorl (text-figs. 1-2; .
pl. 3, figs. 5,6).

At the constriction, which seems to occur in all ammonites about one
volution from apex, the most remarkable changes in shell structure occur.
At this stage a nacreous layer gradually appears. It shows the brick-wall
configuration of mother-of-pearl and looks very similar to the nacreous
layer of living Nautilus described by GREGOIRE (1962). This nacreous layer
rapidly grows thicker and simultaneously the porcellaneous layer of the
first whorl wedges out. The inner prismatic part of the porcellaneous
layer wedges out more rapidly than the outer part. At the stage where
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Fig. 1. Saghalinites wrighti BIRKELUND. Median dorso-ventral section of the
adapical portion of the shell, showing diagrammatically the various structures
: of the shell wall. x 85.

: Porcellaneous layer of the protoconch.
. Porcellaneous layer of the first wall,
: Nacreous layer of the constricted area.
Porcellaneous layer of the later whorls.
Nacreous layer of the later whorls. .

[~

Qan

the nacreous layer attains its greatest thickness, corresponding to the
deepest part of the constriction mentioned above, the final porcellaneous
layer of the outer ostracum appears at the inner surface of the nacreous
layer and crosses to the outer side. The final nacreous layer of the outer
ostracum develops along the inner surface of the final porcellaneous lay-
er¥).

The second whorl (text-figs. 1,2; pl. 4, fig. 7).
The porcellaneous layer of the outer ostracum is composed of elongated

crystals generally disposed in palisades at right angle to the outer face.

*) In the present paper the provisional terminology of the shell layers re-
commended by STENZEL (1964, p. K78) in ‘Treatise on Invertebrate Paleontology’
has been used.
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" Fig. 2. Saghalinites wrighti BIRKELUND. Median dorso-ventral section of the con-
stricted area about one volution from the apex, showing diagrammatically the
various structures of the shell wall. x450.

a: Outline of the dorsal shell wall of the succeeding volution,
b: Porcellaneous layer of the first wall.

c: Nacreous layer of the constricted area.

d: Porcellaneous layer of the later whorls.

e: Nacreous layer of the later whotls.

It is less complicated than the porcellaneous layer of living Nautilus as
described by Mutver (1964, pp.257-258) and GREGOIRE (1962, pp.7-
8). The structure is more similar to the inner prismatic part of the
porcellaneous layer of Nautilus, whereas the outer “spherulitic” part (Mut-
VEIL, 1964, p. 257) is absent in this ammonite at least in the early whorls.
The nacreous layer of the outer ostracum is slightly thicker than the por-
cellaneous layer and shows the usual brick-wall configuration. Within the
adoral part of the whorl the hypostracum can be recognized.

Later whorls.

The shell wall of later whorls of Saghalinites gradually grows thicker
and the hypostracum grows more prominent,

Closer examination of the sub-microscopic structures of the walls: of
the later whorls, the septa and the siphuncle has not yet been carried
out.

THE SHELL STRUCTURES OF SCAPHITES (DISCOSCAPHITES) SP.

The inner whorls of Scaphites (Discoscaphites) (text-fig. 3) show similar
shell patterns as the inner whorls of Saghalinites. It thus looks as if the
changes in shell structures described here occur generally in lytoceratid
ammonites. Non-lytoceratid ammonites have not yet been closely investi-
gated. :

DISCUSSION

ERBEN (1964a, pp. 161-162) gave a short historical review of the most
important interpretations of the early ontogenetic stages in ammonites
and described in detail (pp. 162-164) the ontogenetic phases of primitive
Ammonoidea. The first phase comprises the protoconch, the second phase
reaches from the protoconch to the shell constriction about one volution
from the apex. The third phase includes all the later part of the shell.
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Fig. 2. (continued)

The phases are expressed by shell constrictions and changes of the con-
figuration of growth-lines. ERBEN points out that several characters in the
two first phases pass through an evolution completely unlike that of their
evolution in the third phase, for example the growth lines and presumably
the sutures. The different stages of development of the suture, of course,
cannot be exactly correlated with the three phases, for each septum is
formed at a later stage than the corresponding part of the conch in
which it appears. According to ERBEN (1964b, p.K494) it seems as
if the first septum appeared in the late stages or at the end of the second
ontogenetic phase.

Early ontogenetic stages of Mesozoic ammonites have been investigated
in Jurassic forms by CURRIE (i.a. 1942, 1944). In these ammonites the
transition from the second to the third ontogenetic phase can be recog-
nized by a remarkable change in growth rate between 2nd and 3rd
half-whorl. In the ammonites investigated here the change in growth rate
between these ontogenetic phases is also very distinct (text-figs. 1, 3).
Unfortunately the growth lines of the early phases of Mesozoic ammo-
nites are unknown.

In living Nautilus a constriction can be distinguished about 1.25 volu-
tion from the apex. This constriction may be analogous to the constric-
tion near the adoral end of the first volution in ammonites (MILLER &
UNKLESBAY, 1943, p. 3), but it is much weaker. At this stage of growth
the shell of Nautilus is 25 to 27 mm in diameter. As described by STEN-
zeL (1964, p. K82, figs. 64,65) certain changes take place at this stage
and originally WiLEy (1896, p.225) interpreted this constriction or line
of discontinuous growth (“nepionic line”) as the end of the embryonic
stage. However, the changes are by no means so radical as in ammonites
and the main structures of the shell wall seem to be established at a
much earlier stage in Nautilus (compare APPELLOF (1893) and MutvEl
(1964)).

On the basis of morphologic and isotopic evidence EiCHLER & RISTEDT
(1966) suggested that living Nautilus, when it hatches from the egg, has a
shell diameter of about 12 mm and that the constriction about 1.25 volution
from the apex marks migration from warm to cooler water.

ERBEN (1964a, p. 177) suggested, as did WiLEY (1896) and many later
authors, that Nautilus has no larval stages outside the egg, whereas
ammonites, according to ERBEN, might pass through a metamorphosis
similar to that of gastropods with free-swimming larvae. This opinion is
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Fig. 3. Scaphites (Discoscaphites) sp. Polished dorso-ventral section of the

adapical portion of the shell, showing the constriction about one volution from

the apex. The nacreous shell layer is dotted. The caecum and the siphuncle are
visible through the transparent calcite filling. X 60.

based on the distinct changes in growth lines and sutures between the
second and the third phase in ammonite ontogeny. The small size of the
early ontogenetic stages of ammonites in comparison with those in Nau-
tilus also supports this suggestion. ERBEN (1964a, p. 167) interprets the
first ontogenetic phase in ammonites as an embryonic stage, while the
second may be correlated with larval and the third one with post larval
development.

The remarkable changes of shell structure at the constriction between
the second and third ontogenetic phase in the ammonites here investigat-
ed, accentuate the differencé in ammonoid and nautiloid development
and support ERBEN’s conclusion.

In order to be able to make a closer comparison of the shell structures
of early ontogenetic stages of gastropods and ammonites, the author has
begun an examination of the structures of the termination of gastropod
protoconchs.
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Plates 1-4. Saghalinites wrighti BIRKELUND. Electron micrographs of dorso-

ventral median sections of the adapical portion of the shell wall. The arrow at

the outer face of the shell wall indicates the adoral direction. The position of
the sections is shown in text-fig. 1.

PL 1. Fig. 1: Protoconch, X3750. Fig. 2: Adoral part of protoconch, showing
the beginning of the porcellaneous layer of the first whorl, X3750.

PL 2. Fig. 3: Adapical part of first whorl, X3750. Fig. 4: Adoral part of first
whorl; this part shows a sharper boundary between the inner and the outer part
of the porcellaneous layer than does the adapical part, X3750.

Pl. 3. Fig. 5: Adapical part of the constricted area, showing the beginning of
the nacreous layer of the constriction and the beginning of the reduction of the
porcellancous layer of the first whorl, X 1875. Fig. 6: Adoral part of the
constricted area, showing the nacreous layer of the constriction, the wedging
out of the porcellaneous layer of the first whorl and the appearance of the
porcellaneous and nacreous layers of the later whorls, X 1875.

Pl. 4, Fig. 7: Adapical part of the second whorl, showing the final nacreous and
porcellaneous layers.
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CYBGI{POCKOMITYECKAT CTPYKTYPA PAXKOBHH HA PAHHEI CTAII POCTA
MAACTPYXTCHIX AMMOHMTOB (J«w/'/\u@éféb L 90070-/415&4 )

buprenenn T.

Yparkoe comepxanue

Ha pamnmx @iTOTeHEeTIMeCKX CTamAX BEpXHEMEJOBHX amMolii-
TOB J a,ﬂa binites M/Z{jﬁf a ﬂ?wﬁramoto il 5607:/“2(25 ( ,&(/3,@0_.56(%_
heles )”M OOHapyXeHH 3HAYUTEJBHHE IOCJEeNonaTeJbHHE l3lie-
Henw! CTPYKTYDH PAKOBMHH . [[DOTOKOHX COCTOMT M3 TOHKOTO (apjo-
POBOTO CJIoA. B Hauajme mepBOTO 000OpPOTA H MOCTENEHHO 3aMeuaceT-
ca npyrum (PapPopoBHM cCJoeM. B nepemure OKOJO ORHOTO 0GOPOTA
OT amnerca MNOCTENEeHHO IOABJAETCA OCHOBHOH MepJaMyTpOBHI cJofi,
a (aphopoBHil c0il IepBOro 06OpPOTa MOCTENEHHO BHIWIMHIBAETCH »
HaxoHneln, Ha KXpap 3TOT0 NEpIaMyTpPOBOTO CJIOA IOABJAANTCA (Papjo-
POBUI, ¥ IepIaMyTpPOBHIT CJION IOCJeIHEei JacTyl CTeHKM DPaKOBUHH.
l13mMenenusas B CTPYKTYpe DAKOBMHH MERIY NIPOTOKOHXOM M II€pBHM 000-
POTOM II B IICPEXMME OKOJIO OJHOI'O 000pOTa OT ameKxca NOATBEpXJa-
PT, UTO 9THM M3MEHEHJA XapaKTEepusylT BaXHHE CTaIuil B Pa3BUTHH
aMMOHUTOB »

MarepnaJs ucciaemoBaxuit

D-agfalites wights bpbelecncl y Jeaphils (Liseo-

:Jcéllb/’li'@)dp. , CTDYKTypa paxKoBIUH, KOTOpg;It omicana B JAHHOil cra-
The, N3BJEUYEHa U3 MAaCTPUXTCKUX OTJIOREHUi 3anamHoit I'pemsaniui.
Marepunas coGpan mpodeccopoM A.PosemipanileM 1 omucaHd aBTOPOM
(1965, cTp.30-37, II6-I29). OTM BmmH BCTpedamTcAd B GOJBLIX KO-
JmiecTrax B JIaTCKOM 6a3aJbHOM KOHIJIoMepaTe (YCTpUUHO= aMMOHH=
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POBHL KOHTVIAMEDAT , BUXOIIUICM HA IIONCPXIOCTL B AraT§ZAeno,
Hakeies o AMMONUTH K3SBJEYENH 13 MAACTPUXTCKMX OTJOKEHIA .
Ol IIaXOJATCS B M3BEGCTKOBHX KOHKDPEINIIX ¥ apaTOMHTOBHIl MATepiad
paxopmim (CpaBHUTE ¥ BoruﬂnaB, 1930, cTp.323, 324) OTIMMHO CO-

XPAHMICH U TONEH NI CYOMIMIpPOCKONIYECKMX UCCIIENOBAaHM «

Meromimta mccJyenoBanmit

C moMOwpk SJIEKTPOHHOTO MHUKDOCKONA UM U3YUEHH YIOJBHHE
PEIVIMKII OTIIOMIPOBAHHHX ¥ BHTDPABJECHHHX CPEIVHHHX IOPCO=-BEHT-
PAJIBHHX 1 IIONEPEYHHX Ce4YeHuil 3TUX ITBYX BUIOB.

Meromma, omucannad IanceHom (1967, cTp.I30),m03BOJaMIA
cIeJaTh CjoxHHe PoToIpaduil MPOTOKOHXA U IIEPBOTO M BTOPOTO 0GO-
pOTOB. C UX IOMOUBH MOKHO IPONEMOHCTPUPOBATH BCE IIOCJENOBA=-
TeJbHHE U3MEHEHMA CTPYKTYpPH DaKOBMHH HADYXHO# CTEHKN DPaKOBMHH

Ha HaYaJIBHHX CTamiAX DOCTa.

CTPYKTYpa paKOBMH é«&g lv&.ﬁ/t,ru»t%

lpoTokoHX (TexcT puc.I ; wwr.I, puc.I,2)

[IDOTOKOHX TOHKIIA, OKOJO 5 MmtpoH. OH cocTouT 13 (PpapPopo-
BOTO CJIOA, BHYTDEHHAA YacTh KOTOPOI0 o0pa30oBaHa K3 pANA IIpo-
JOJTOBATHX KPJMCTaJLIOB, DPACIOJOXeHHHX IOM MPAMHM YIVIOM K¢ BHYT=-
peliieit Tpann. BrewnAsa vacTe odpasoBana M3 KpPUCTALIOB 0€3 Ka-
moﬁﬁnndo.onpcnenennoﬁ opuentamuu. B camoit mocaemicit yactu rpo-
TOKOHXa HapyxHasa HelpaBUJIBLHAA 4YacTh IIOCTENEeHHO yToJuaercsa, a

cavad JajpHAA OT IIEHTpa YacTh IpHoCpeTaeT HENpABMIBLHYR Ipu3Ma-

TUYECKYD CTPYATYDY e
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Puc.I. ./,ag/@@m/t@s W\/ﬂ/}vtb W&M/\J’L
CpemMHIH I [OpCO-BEHTPAJBHHII paspe3 auamMKalbHO YacTH paKoBili-
HH, CXeMaTIYecCK) MOKa3HBapUif pasMMyHOE CTpOEeHMe CTEeHKHN paxo-
DN . X 85,

a: YappopoBHil CJOiT MPOTOKOHXA.

G: @appOopoBHil CIOit nMepBOit CTEHKN .

B: [lepJaMyTpOBHIT CJIoff B 00JacTy IepexiIva.
T: ®appopoBHil CJOi MO3THUX OCOPOTOB.

I: JlepnmaMyTpoBHIT CJI0} MO3MHIX OGOPOTOB

TlepBHiT 060PQT (TEKCT PUC.I § MWLT.2, PUC.3,4)

B Hauase IepBOTO 0GOPOTa HA BHYTpPeHHcit cTopoHe {apdopo-

DOTO CJIOS MPOTOKOHXa MOABJAACTCA NHOBHIt HappopoBuit cuoit (uLt.I,



PHC.2)s ITOT CJOJI NMOCTENEHHO yTONWAETCA M 3aMeliaer faphoponui

CJIONi NIPOTOKOHXA, KOTOPHIT BHKJNIIIAETCT .

Prc.2. .J/Wv&ﬁ«bw«/tu wu/g%vtb W"Vvd’

Cpeyuinm i mI)co-Bonfrpa.nbmm paspes oGNacCTH MepexuMa OroJa0 Off=
11oTo 00opoTa OT anexca, cXeMaTWdecKM NoKa3Hpawupiii pamvirIoe
CTpOEIle CTeHKM panoBunl. X 450.

a: Houryp mopcasbliojl CTeHKIl PAKOBHMHH CJHEIypueIro o6opoTa.

G: $appopoBHil ciaoit nepBoit cTeHKN.

p: IlepnaMyTpoBHit cyI0it oGJsacTu nepexnMa.

T: DapdopoBuil cr0ft NO3MHIIX OGOPOTOB .

I: JlepraMyTpoBHiI cyioft mO3MHIX OGOPOTOB

DapdopoBuit cvoit mepBoro oGopoTa ToJlle, dYeM (Qappopouit
CJIOil MPOTOKOHXa, OKOJO ID MIKPOH, HO OUYEHB IIOXOR II0 CTPYKTYpe,
Taii KaK COCPOUT I3 BHYTpENHel Npu3MaTIYecKoil 4acTy i Hapy Ko
YacTH C KpUcCTaLIami, He HMeluMIl OIpemeJIeHNoil opleHTalinl. B
[ocJenHeil yacTu mepBor'o 000poTa Tpalklia MeXIy ABYMA pasHHLLI /
yacTaMr PapopoBOTO CJIOA CTAHOBUTCA GOJiee PE3KO BHDAKCITHOLL .

laMeHeHyd B CTDYKTYpE DaxXOBUHH MERIY IEDPBHM i BTODHM

0GopoToMm (TEKCT.puc.I=2, wmﬁ, puc.5, 6)

B mepexuMe, KOTOpHiI HAOJMWOMAETCA Yy BCeX aMMOHUTOB OKOJIO



OJIHOI'0 o0opoTa OT altexca, MpPOMCXOLIT CaMmie 3HAYUTEJbIHEe U3Me-
HCHIUT B CTPYKTYPE DaKoBMIH. Ha 3TOif CTaIuA IOCTEICHHO MNOABJIAET-

CsI TIepJIaMyTpOBHI CJoile OII MMEET KOHOUTYPALMD KUPMIYHOI CTelmi

Puc.2 (mpomosnmenue )

li IO BHelmieMy BUAY OYEHb HaIOMIIAET MEepJIaMyTpOBHI CJIO# COBpe-
Menuoro.AﬁLuiieMb, omycanioro I'peryapom (I1962). SToT mepaa-
MyTpOBHIi CJOit IEPBOT0 000pOTa OXNHOBDPEMEHHO BHKJIMHUBAETCH »
BryTpenisast npusMaTIvecKas 4acTh (PapfopoBOTO CIOA BUHKJIMHIBAET -
cin GlCTpeCe 4YCM HapyRHASI 4acThb. Ila TOit crammir, TIC NEpamyTpo=-
Bl caoil pocrurmer auGosLICH TOJWIIN COOTDOTC'ITI OHIIO CIIMO
Y OOKON uiern ey oMLy roro  nopexuniy, iocacgiit gapoponul
CJOK . TAPYXIOTO OCTPACYMA HOMIVBIOTCS HA DHYTDOIICH Hone pXiocty
ICPIAMYTPODOT'O CJIOSI U TPOXOIUT I¢ Napymnoii 6oxoBoil creike. [o-
caenHUl MmepaaMyTpOBHi CJVIO# HaADYRHOTO OCTpaKkyMa pal3BMBAETCA
BIOJIb BHyTpéHHeﬁ IIOBEPXHOCT U IocaenHero dappopoBoro Cﬂoﬂx2.

X) B maHHOi#* cTaThe UCHOJMB3YETCA BPEMEHHAA TepMIHOJNOTIA
cJI0eB paKoBMHH, npemrokenHad llrennerem (1964, cTp.K78)

B KH."OCHOBH IAJCOHTOJOTUM GecHo3BOHOYHHX".
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Bropoii 060poT (TeKcT.plic. 1,2 ;1ULled, PIC.7).

©appopoBHi# CJ0J HADYXIIOTO OCTpaiylMa COCTOHT 113 MPOROJTOBA-
THX LPHCTAJIOB, OCHYHO PACHOJOXENIIHX DPANALUT ION MPALLIM JIJIOM
napyxuoil mopepxHocTH. OH MeHee cJjoxcH UcM (Qapdoponuii cioiti coB-
PEMELIIIOT0 .Afauféeas, Kak aTo omucano Myrsenr (1964, cTp.257-258)
u I'peryapom (1962, cTp.7-8). Ero cTpykTypa GoJblle OXOXa HA
BHYTPEHHN NPU3MATUYECKYW 1acTh (apPOpoOBOTO CJIOA J\(awf\'«@ws ,
TOTma Kak Hapymiad "cpeposuToBaa" uyacte QlyTpem, 1964, cTp.257),
Y 9TOTO aMMoHIITa OTCYTCTBYyeT, II0 Kpajmieit mepe B paHHUX 000pPO-
TaX. [lepraMyTpoBHii cJ0il HAPYyXHOTO OCTpaKyMa HECKOJBIO ToJle
(papPopoBOTO CJIOS U MMEET OCHUHYD KOHPUTYPALMKN KUPHUYHON CTEHKH.
B npenesiax amopaJipHOil 4acTy 3aBUTKA MOXHO OOHADYXUTH TUIIOCTpa-

KyM.
[lo3gHe OCGOPOTH

CTeHKa DPaAXOBUHH IMO3JHUX OGOPOTOB 50«%\\4&4&?11‘@4 [IOCTENEH=-
HO yToJaeTCa ¥ TUMNOCTPaKyM CTaHOBUTCA OoJiee BHIOYKJHM. bojee
TWATEJBH0E JICCHIENOBaHNEe CYOMUKDOCKONNIECKNX CTPYKTYD CTEHOK
IO3MHUX OGOPOTOB, CENT ¥ CHPOINHX JYMOX euwe He IPOBOIIOCH .

CTPyKTYypa pPaxkoBUH J C,(LPM/&A (ﬂM(L% ca/ohx&») 3 P>

PICYHOK DPaKOBMHH BHYTPEHHUX OGODPOTOB 6(’,0/P1%t% (ﬁ)l/.&w-

jcap},,geeg) (TexCT .pUC«3) MOXOX HA DHUCYNOK DEKOBUHH BHYTDEH-
X 0GOPOTOB 5&3’1;&,&%. TaxkuM oG6pasoM, OMICAHHHE 31ech
M3MEHEeNnd B CTPYKTYype DPAKOBMH, BUINIMO, OCHYHO JVMERT MECTO B
JUTOLEPATUTOBHX aMMOHUTaX. HeJIMTOLlepATUTOBHE aMMOHWTH elue He

OHJII TUWATEJHbHO U3YUEHH .

Qocyxumenue

opdent (I964a, c1p.I6L-062) max kparkuil meropuuocknii oG-
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30D HanooJice BaXIMHX TOJKOBAHUII pAllNNX OHTOT'CHETHYECKNX CTamii
Yy amMMonnToB M meTaapHo omican (CTp.I62-I64) OHTOTeHETIMEecKHEe
(asH IPHMITHBHOLI ﬂmmonoéd’ea. [lepBast Qasza oxpaTHBAET MPOTOICHX,
BTOpad (Ja3a NPOXOMUT OT MPOTOKOHXA JO IEepeRruMa PAKOBUHH OKQJIO
OIIHOT'0 00OpoTa OT anexca. TpeThd (aza BKJINMAET BCKH NOCJHENHKD
4acTh DOXKOBMHH, TA3M BHpaxelH [IepexruMaMi DaKOBMH U U3MCHeEHNI-
M KoHQUTYpaly JUHUG napacTaHid . Jp0eH ykasHBaeT, UTO HEKOoTO-
pHE YacTI PaKkOBMHH B JIBYX NEepBHX (a3ax IPOXOIAT SBOJIOLMLD ald-
COJINTIIO HE IIOXOXYW Ha 9BOJKWIMK B TpeTheit faze, HAUpUMED, JUHUU
‘HapacTanlA 1 WOBHHE JUHUM. PasiIfyHHe CTamMi pPas3BUTHA WOBHHX
JIIHINE, KOHEYHO, He MOTYT TOYIIO0 KOPpeJUpoBaTHCA C TpeMa (asa-
M1, Tark Kaxk Kaxmnasg cenra o0pa30BaHa HA OoJee Mo3yHeil cTamun,
yeM COOTBETCTBYKWAA 4YacTh KOHXa, B KOTODPOM OHA INOABJAETCA. Co-
ryacHo Opdeny (1964 cTp.{494) meppag cenTa MOSBJIETCA Ha

IO3MHNX CTaIiAX WM B KOHIIE BTODOii OHTOTEHETITYEeCKOil (a3H.

Kyppn (1942, I944) nsy4msa paHHME OHTOTEHeTHYecKlle cTamul
Me3030iCKXIIX aMMOHUTOB B WpCKIX (opMax. ¥ 3THX aMMOINUTOB IIepe-
XOI OT DTOPOii OHTOT'€HeTMYecCKo# §asu K TpeTheil MORHO ONpemesaUTh
10 3HAYNTEJLHOMY WMSMEHEHMD B CKOPOCTHM HApacTAHId MERLY BTODHM
I TPeTHUM IOJyOGOPOTOM. ¥ HCCJENOBANHHHX 3MEeCh aMMOHUTOB HM3Me-
HCHIE B CKOPOCTM HApaCTaHUA MexIy 9THUMII OHTOTeHeTWYecKum: da-
3aMM TaKXe OYEHb OTUYETJMBO (TeKCT.puc.I,3). { comajeHuo, Ji-
MM HADACTAHIA HA DaHHMX (asax Me3030#CKMX aMMOHUTOB HEeu3BEeCT-
HH .

B COBpemeHHowludzu{iéus{nepemnm} MOXET COHTBH pas3yuyuM Oli0-
Jo 1,25 oGopoTa OT amneKca. JTOT IepexiM aHaJOTW4eH IEepPCRIMY
OKOJIO aJOPaJEHOTO KOHIIA IEepPBOTO o6opoTa ¥ amMoHuToB (lwwiep u

Amaededi, 1943, cTp.3), HO OH 3HAUUTeJBHO cjaadee. Ha 3Toil



Puc.3 aca,)o}mt% (205\,0%(&]3‘%@) 6'0.

ITosmiponanHH it ,IlapCO-BeHTpaJILHH]/I paspes amamXajabHOi YacTu pa-
ODMIIL, [MOKA3HBAaRWXil IEPERMM OKOJIO OINHOI'0 O0GOPOTA OT AllcKCAa.
[lcporaMyTpOBHIT CJI0if PaKXOBHMHH OTMEYEH TouyKamu. Yepes Ipospay-

HHil KaJIBLMTOBHI HANOJHUTEIL BULHH ILEKYM U cupoHHAd Iymxa. X60

CTammi pocta paxoBMHA A[Ouwﬁ,&lo uMeeT IuameTp 25-27 M. [axv
orMeyaer lirennens (1964, crp.KB82, puc.64, 65) Ha 3Toll cramuu
IIPOMCXONAT HEKOTOpHE M3MeHennd. IlepBoHavanpHo Buneit (1896,
CTP+225) TpPaKTOB&JI BTOT IMEPERUM WIN JUHID HEIpepHBHOTO Hapa-
cramza ("HeNNOMIYECKad JMHUA"™ ) Kar KoHell 3MOPMOHAJBHON CTamui.
OnHaxo, BTU IHM3MEHEHMA N B KOEM cayuyae He ABJAKTCA TaKkuMi XKe
pamuMKaJbHHMI, KaX ¥ amMMOHUTOB. OCHOBHAd CTPYKTypa CTEHKU Daxo-
BUIIH Y Jﬁ,u,ti.fws ofpasyeTcd, Kax BUOHO, HA Iopas3fo 6ojee paH-
neji craguu (cpaBHUTE AnneJxe(JI (1893) u MyrBen (I964).
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[la oclioBe MOPUOJOTIMNECHKIX M TI30TOMIILX HauHHX JiDwiep u
Pumrent (I96G) mpeanoJoXGuIi, 4TO COBpeMGHHHﬁ|JQKLd%ed$, Korma
01l MOMABJAETCA u3 fia, mmieeT JIHarveTp PakoOBHHH '0KOJIO I2 MM U
Y10 IEpexrtinM OKoJa0 1,25 000poTa OT amexca OTBeYaeT Mirpalliil 13
TEILION BOOH B GoJsiee MpoxaamHyW. opden (I964a, crp.I77) Takxe,
naK 1 Biulei (I896), I MHOTMe IpyTuC aBTOPH NpelIoJOXILI, YTO
Jﬁiatdﬁd He uMeeT CTAmUM JUUMIIKY BHe fAiflla, TOTIa Kak aMMOHUTH
COIVIaCHO JpOeHy, Kak BUIHO, IIPOXOIAT 4depe3 MeTamopdo3 MOmoC=-
HO TOMy, KaK IacTPONOIH 4Yepe3 CTamuy CBOCOINHO ILIABawlieil Ju-
YHItMe JTO MHEHME OCHOBAHO Ha YEeTKUX M3MCHCHUAX B JUHUAX Ha=-
pacTauusd ¥ WOBHHX JUHUAX MERIYy BTOpPOil U TpeTheil (azoil B OHTO-
Telcese aMMOHMTBB. OTO MpennoJIOXCHIEe TaKKe INOINKpeILIIeTcAd Ma-
JIEHBItUM pa3MepOM DAHHUX OHTOT'eHEeTUYECKUX CTanuit aMMOHIITOB II0
CPaBHEHM C PAHHUMII OHTOTCHETNYECKUMMI CTamMIMI ¥ Mu'u‘tww&.
Op6en (I964a, cTp.I67) MHTEpNpeTUpyeT IepBYH OHTOTEHETIYEeCKY)
(Pasy y aMMOHMTOB KaK BSMODUOHAIBHYKW CTamMM, TOTHa KaK BTOpad
(paza MOXET KOppEeJaMpOBATHCA C JWYMHOYHON cTamueit, a TpeTrd -

C IOCTJNYVHOYHHM DaA3BUTHEM e

SHAUUTEJbHHE U3MEHEHUA CTDPYKTYPH PaiOBUHH B IIEpeRMME
MEXJy BTOpOi‘u TpeThel gHTOPeHeTquCKOﬁ dasoit y uccremoBaH-
HHX 31eCh aMMOHIITOB nogfepmmnamm pas3juyre B PasBUTIOI aMMOIOH-
OB II HAYTIWIOMIOB M IOATBEDPRIAIT 3aKJIeHNe IJpOeHa.

UTOOH MMETH BO3MOKHOCTH OOJiee TURTEJNBHO CPABHUTH CTDYK-
TYPY PAKOBMH DaHHUX OHTOT'€HETMUECKNX CTamuit racTponox 1 amMo-

HUTOB, ABTODP HAYad M3Yy4YeHMe CTPYKTYD NPOTOKOHXOB TACTPOIOL .
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Prc. 2

r.I-4 ﬁa,% hainibes wﬂ/i%l\jci Binkelivel,

OJeKTpoIIHe MmcpoTrpafiiieckile CHUMKH JOPCO=-BEHTDAJBHHX CDCIIH -

HUX CCUCHUI amamuiajbiioil yacT CTENkn paxonninli. Crpeaka na na-

[)‘VN(HO“ e o pracomin oaninaor A onnIRIo o mwuipanaieinn 4

Hosoxonse oatemnift nogannie 1o TEICT SPUC o | o
! ] Puc 2!
Wiel. Pucsl: Ipororonx, X3750« Amopabliasg 4acTs MPOTOKOHXA ,

o A3uRapIRI navano GappopoBoro CJosl nepsor'o odopoTra, XS5750.
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3

.PHC .

Fig. 4

Puc. 4

Mn.2. Puc.3. Arammansias 4acth nepporo ocopora, X3750.

Anoparenan gacTs [IEPBOI'0 OOOpDOTA ; 3TA YACTh MOXA3unaeT

Trrce4

0oJieC DEe3Ko Tpallayy Mexrny phyTpenueit 11 napy®Holl 1acTeo (a[x)0-

POBOTO CJIOT, MeM amammtansnas uacrk, X37%0.



- [ -

e T ey s - IV:/}
- % e LA TS e = B
- AR A TR ST IE e
= - Lok S . - ot

T e
iy e
S

'~

PRt
x

=Ty
-t
-

un\ —— H\J\ i Cudl e e Wt T . I aare e -

S et I g SR
=T
e ey

Puc. 6

¢ AmammasapHas YacTh OGJACTM IepemiMa, Ioka-

Puc. 5

Me3es Pric
3umantiag HaAYaJIo NMepaaMyTpoBOTO GJIOd B IeperdMe M HA4ajao yheHb-

«d

!

OBOI'0 GJIOA Mepsoro odopoTa, XI875. Pic.G: Axuo-

v

[EIeTLLT Qappop

v

1OABIAA YacTh OGJACTH Mepexima, orasubapuasd IepIalyTPOBHIi

cJIOji MepexiMa, BHIWLHIBAaHILT (apopoBOTO CJIoA IIEpDOTro oGopoTa

00-

~

1

1L TiospJelnie HapdopoBOTO M MEepIaMyTPOBOTO CJOEB MO3MILIX O

.oton, XI875H.
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