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Abstract. For obtaining new information on the biostratigraphy and mineralogy of the 
Pakerort Stage in its type area, the Cambrian-Ordovician sequence in the Pakri Cape 
section (previously known as Pakerort) located 1 km southeast of the promontory of the 
Pakri Peninsula, NW Estonia, is described. 

The varigrained quartzose sandstones of the K:allavere Formation, representing a 
disputable part of the Cambrian-Ordovician boundary interval in Estonia, lie discon
tinuously on the sand- and siltstones of the Lower Cambrian Tiskre Formation. 
Lithological subdivisions of the K:allavere Formation, the Maardu and Suurj6gi members, 
differ in the structure and grain size, but show close mineral composition. The biostrati
graphical age can be established only for the lower part of the Maardu Member which 
belongs to the Cordylodus proavus conodont Zone; the C. andresi Zone is apparently 
missing. Younger conodont zones cannot be established with confidence owing to scarcity 
and poor preservation of conodont elements. The overlying Tiirisalu Formation yields 
Rhabdinopora f labelliformis and R. cf. desmograptoides. 

Key words: Upper Cambrian, Lower Ordovician, K:allavere Formation, Pakerort Stage, 
conodonts, brachiopods, mineralogy, Pakri Peninsula, Estonia. 

INTRODUCTION 

The westernmost exposures of the Cambrian-Ordovician boundary 
beds in Estonia are located on the Pakri Peninsula. Raymond (1916) 
outlined the modern stratigraphy of these beds by defining the Packerort 
Formation comprising Obolus Sandstone and Dictyonema Shale, with the 
type section near the lighthouse, close to the promontory of the Pakri 
Peninsula. Further, with the introduction of regional stages in the East 
Baltic stratigraphy, the Pakerort Stage having about the same strati
graphical extent, was introduced (M1010pIIcerrrr, 1958, 1960). While the 
debate on the Ordovician lower boundary is continuing, the base of the 
Cordylodus andresi conodont Zone is referred to as the tentative base of 
the Pakerort Stage (Manni!, 1990). 

Current research outside the type area has resulted in the biostrati
graphical zonation of the Cambrian-Ordovician boundary beds in Estonia 
and adjacent areas (Kaljo et al., 1986, 1988; TionoB & Xa3aHOBIIq, 1989; 
Mens et al., 1993; Puura & Holmer, 1993) and in detailed mineralogical 
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studies of selected sections (Xeih1caJ1y et al., 1987; Mens et al., 1989). 
These data provide a valuable basis for interpreting the Cambrian
Ordovician stratigraphy on the Pakri Peninsula, the type area of the 
Pakerort Stage. Inaccessible for more than 30 years, this area has been 
available for geological studies since August, 1993, after the withdrawal 
of the Soviet troops from the navy base at Paldiski. 

The present paper describes a coastal section on the Pakri Peninsula 
which was sampJed in September, 1993. The mineralogy of very fine sand 
and clay fraction was examined by K. Mens and T. Kurvits, respectively, 
the grain size and distribution of skeletal fragments by H. Heinsalu, and 
the conodonts by K. Jegonjan and V. Viira. I. Puura studied the lingulate 
brachiopods and compiled the biostratigraphical review. 

DESCRIPTION OF THE SECTION 

The section studied is located in the northeastern klint wall approxim
ately I km southeast of the promontory (Fig. I). In the surroundings, the 
total thickness of the exposed Cambrian-Ordovician bedrock sequence, 
ranging from the sandstones of the Lower Cambrian Tiskre Formation to 
the carbonate rocks of the Middle Ordovician Uhaku Stage, is from 20 
to 24 m. The Cambrian-Ordovician boundary beds are represented by the 
4 m thick Kallavere Formation (Obolus Sandstone; Fig. 1) which is 
overlain by the Tiirisalu Formation (Dictyonema Shale). The description 
is given from base to top. 

Lower Cambrian 
Tiskre Formation (€1ts) 

Light grey sandy siltstones with interbeds of shaly siltstones and clays. 
The topmost 0.1-0.2 m are strongly pyritized and now brownish-yellow 
due to oxidation of some of pyrite to jarosite. Ripple marks are common 
in the upper part of the Tiskre Formation. Its upper surface is uneven and 
deeply pitted, rarely smooth. The contact between the Tiskre and Kalla
vere formations is sharp and marked by the appearance of kerogenous 
~hale and phosphatic shell fragments of lingulate brachiopods. Exposed 
thickness up to 4 m. 

Upper Cambrian-Lower Ordovician 

Pakerort Stage 
Kallavere Formation 

M.aardu M.ember (€3-O1kllVl) 

Bed t. Dark brown kerogenous shale with very thin quartzose fine
and very fine-grained sandstone interbeds at the base. Upwards the sandy 
interbeds become thicker and more frequent (sample 3). Occasionally 
there occur boulders derived from the underlying Tiskre Formation. Thin 
lenses of basal conglomerate are exposed about ~00-300 m eastward 
(description in Nemliher & Puura, 1996). The lenses contain shell frag
ments of lingulate brachiopods, mostly from the genus Ungula. Thickness 
0.1-0.25 m. 

Bed 2. Yellowish-grey quartzose fine- and very fine-grained sand
stone, with horizontal and wavy irregular dark kerogenous shale interbeds 
up to some cm in thickness. The ratio of sandstone and shale layers is 2:1 
( samples 4-6). The sandstone contains only scarce phosphatic skeletal 
fragments of lingulate brachiopods. Thickness 0.5-0.65 m. 
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Bed 3. Greyish-yellow quartzose fine- and very fine-grained sand
stone, weakly cemented, partly cross-bedded, with rare thin dark shale 
interbeds (sample 7). Thickness 0.35 m. 

Bed 4. Greyish-yellow fine- and very fine-grained quartzose sand
stone, gradually coarsening upwards. The sandstone is sometimes weakly 
cross-bedded and contains few 1-2 cm thick shale interbeds (samples 
8-11). Thickness 1.20 m. 
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Fig. 1. Cambrian-Ordovician boundary beds in the Pakri Cape section: conodont 
and graptolite distribution (A) and location scheme (B). Legend: 1, kerogenous shale; 
2, cross-bedded quartzose sandstone; 3, quartzose sandstone intercalated with kerogenous 
shale; 4, quartzose siltstone with clay interbeds; 5, Ungulate brachiopod debris; 6, sand
stone boulders; 7, pyrite concretions and lenses; 8, graptolite occurrences; 9, location of 

the studied section. 

11 



Bed 5. Brownish-yellow quartzose fine-grained sandstone, occasionally 
cross-bedded (sample 12). In general appearance this bed is transitional 
between the Maardu and Suurj6gi members. Thickness 0.35 m. 

Suurj6gi Member (01klS) 

Bed 6. Yellowish-brown medium- to fine-grained cross-bedded sand
stone with very rare tiny shell fragments of lingulate brachiopods 
(samples 13-15). Thickness 1.10 m. 

Bed 7. Strongly pyritized sandstone lenses in medium- to fine-grained 
quartzose sand ("pyrite layer"). Thickness 0.15 m. 

The sandstones of the Kallavere Formation are overlain by dark 
kerogenous shale (Dictyonema Shale) of the Tiirisalu Formation. The 
upper boundary is distinct. 

Tiirisalu Formation (O 1tr) 
Tabasalu Member (01trT) 

Bed 8. Dark brown kerogenous shale. The lowermost 0.5 m are 
characterized by indistinct horizontal bedding. Higher up bedding is 
almost missing; conchoidal fractures are present. Rhabdinopora f labelli
formis and R. cf. desmograptoides occur in the shale (identifications by 
D. Kaljo). Thickness 4 m. 

FOSSIL RECORD 

Ungulate brachiopods are most abundant in the basal conglomerate 
lenses distributed in a wide area outside the described section (Nem
liher & Puura, 1996). Among the abundant lingulate shell fragments in 
the conglomerate matrix, rare valves of better preservation could be 
identified as Ungula convexa and Ungula ingrica. Fragments of Ungula 
were also found in some pebbles within the conglomerate. Upwards shell 
fragments of Ungulate brachiopods make up part of the elastic component 
of the rock (see below). 

Conodonts were studied from 13 samples (3-15) from the sandstones 
of the Kallavere Formation (Fig. 1), each sample amounting to about 
2 kg of rock The number of specimens is highest in lower samples: 
sample 3 yielded several hundreds of specimens, and samples 4, 5, and 6 
yielded 60, 90, and 25 specimens, respectively. Upper samples contained 
only from 2 to 16 specimens pet sample. In samples 3-6, the prevailing 
genus Cordylodus is represented by a large number of specimens of 
C. proavus Muller (Pl. I, fig·. 9; Pl. II, figs. 1-3) and C. primitivus 
Bagnoli, Barnes et Stevens (Pl. I, figs. 7, 8). Specimens of C. andresi 
Viira et Sergeyeva (Pl. I, figs. 1-6) are relatively rare. In addition, 
samples 3-6 yielded Eoconodontus notchpeakensis (Miller) (Pl. II, figs. 
4, 5) and sample 3 yielded very rare W estergaardodina bicuspidata Miiller 
(Pl. II, fig. 9) and Proconodontus roiundatus (Druce et Jones) (Pl. II, 

• 
PLATE I 

Figs. 1-6. Cordylodus andresi Viira et Sergeyeva. 1-5, rounded specimens Cn 1509-
Cn 1513, sample 3, X184, X160, X152, X168, X192. 6, compressed specimen Cn 1514, 

sample 6, XI 84. 
Figs. 7, 8. Cordylodus primitivus Bagnoli, Barnes et Stevens. Rounded specimens 

Cn 1515, Cn 1516. 7, sample 6, X 192. 8, sample 3, X 120. 
Fig. 9. Cordylodus proavus Muller. Compressed specimen Cn 1520, sample 5, X 120. 
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figs. 6-8). The conodonts from samples 3-6 are of yellowish-brown 
colour. In these samples, especially in sample 3, some specimens of Cor
dylodus show a series of growth lines subparallel to the basal margin, 
some other specimens have a cusp with the anterior bending of the upper
most part ( somewhat similar to the posterior keel). These features are 
characteristic of very early euconodonts. Recently it was established that 
C. primitivus is a junior synonym of C. andresi Viira et Sergeyeva 
(Ross et al., 1993; Szaniawski & Bengtson, 1993). Still, in the Pakri Cape 
section these two species can be distinguished by the presence of white 
matter in the uppermost part of the cusp ( C. primitivus) or its absence 
( C. andresi). 

Samples 7-11 yielded poorly preserved conodonts, mostly white and 
semi-opaque broken specimens of Cordylodus; C. proavus (samples 8, 9, 
10), C. primitivus, P. rotundatus (sample 10), and E. notchpeakensis 
(sample 10) were identified. Sample 12 from the Maardu Member and 
samples 13-15 from the Suurj6gi Member did not yield conodonts. 

In this section the sandstone part with conodonts (samples 3-11) 
corresponds to the C. proavus Zone .. It should be noted that among more 
than ten sections studied in northern Estonia, the Pakri Cape section is 
the only one where the Suurj6gi Member does not yield conodonts (Kaljo 
et al., 1986, 1988; Mens et al., 1989). Usually, the Suurj6gi Member has 
yielded the conodonts of the C. angulatus Zone or the C. lindstromi and 
C. angulatus zones (Kaljo et al., 1986, 1988), and occasionally even those 
of the C. proavus Zone. 

One specimen of Hadimopanella sp. was found from the heavy mineral 
fraction of sample 4. The sclerites oI Hadimopanella, previously known 
in Estonia from the Upper Cambrian Tsitre Formation of the Turjekelder 
section (Marss, 1988) and recently recognized as fragments of scleritome 
of palaeoscolecid worms (Hinz et al., 1990) have been reported from the 
Cambrian and Ordovician rocks all over the World (recent review in Mul
ler & Hinz-Schallreuter, 1993). 

GRAIN SIZE AND DISTRIBUTION OF SKELETAL FRAGMENTS 

A distinct change in grain size of the elastic component is one of the 
main criteria for the subdivision of the Kallavere Formation into the 
Maardu and Suurj6gi members in northern Estonia (XeihrcaJiy, 1987). 
As this change can be clearly observed in the studied section, the same 
subdivisions can be distinguished on the Pakri Peninsula (Table 1). 

The Maardu Member is mostly represented by very fine-grained 
(0.05-0.I mm) and fine-grained (0.1-0.25 mm) sand, which together 
make up 75-98% of the whole elastic material with the predominance of 
the former. About 94-96% of the rock of the Suurjogi Member are fine
to medium-grained (0.25-0.5 mm) sand dominated by fine sand. 

Although the grain size of the elastic component increases gradually 
through the upper part of the Maardu Member (Table I, samples 11-12), 
the boundary between the two members is distinct. 

PLATE II 
Figs. 1-3. Cordylodus proavus Millier. Rounded specimens Cn 1517-Cn 1519, sample 5, 

X96, X 136, X 120. 
Figs. 4, 5. Eoconodontus notchpeakensis (Miller). Specimens Cn 1521, Cn 1522, samp'.e 3, 

Xl20. 
Figs. 6-8. Proconodontus rotundatus (Druce et Jones). Specimens Cn 1523-Cn 1525. 

6, 7, sample 3. 8, sample IO. 6, 8, Xl92; 7, Xl44. 
Fig. 9. W'estergaardodina bicuspidata Millier. Specimen Cn 1526, sample 3, X296. 
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Table 1 

Grain-size distribution of terrigenous and bioclastic components 

Grain-size fractions (mm) of the terrigenous material, % 
bioclastic 

Samples 

1.0-0.51 0.5-0.251 0.25-0.1 I 0.1-0.05 l 0.05-0.01 I <0.01 * 

Suurjogi Member 

Pa-93-15 0.18 22.28 74.05 2.63 0.26 0.60 

Pa-93-14 0.26 20.02 75.96 1.73 0.49 1.54 

Pa-93-13 0.36 20.62 73.34 3.23 0.96 1.49 

Maardu Member 

Pa-93-12 0.04 83.25 14.74 1.32 0.65 

Pa-93-11 0.019 58.66 36.62 2.94 0.43 
0.002 0.35 0.86 0.12 

Pa-93-10 0.03 3.9.89 47.71 11.75 0.40 
0.10 0.12 

Pa-93-9 0.01 36.3 54.06 8.75 0.57 
0.1 0.16 0.05 

Pa-93-8 0.009 33.38 55.87 9.72 0.69 
0.001 0.1 ~7- 0.06 

Pa-93-7 0.03 49.79 43.69 5.63 0.69 
0.15 0.017 

Pa-93-6 0.04 22.38 62.22 14.39 0.64 
0.06 0.19 0.08 

Pa-93-5 0.01 0.024 17.87 64.53 16.11 0.72 
0.006 0.36 0.19 0.18 

Pa-93-4 0.017 22.83 51.58 16.00 8.86 
0.003 0.39 0.16 ~6-

Pa-93-3 0.11 33.09 53.61 9.9 1.80 
0.02 0.57 0.7 0.2 

Tiskre Formation 

Pa-93-2 0.02 0.43 29.25 69.14 1.16 

Pa-93-1 0.01 0.01 1.43 47.75 50.42 0.38 

• 
* bioclastic component not analysed; 

not detected. 

In the Kallavere Formation the bioclastic component is mainly repres
ented by phosphatic skeletal fragments of lingulate brachiopods and 
scarce conodont fragments. In the Pakri Cape section the phosphatic 
debris has been recorded only from the Maardu Member (samples 3-11), 
whereas its content exceeds 1 % of the total rock only in samples 3 and 
11 (Table 1). 

14 



'rhe skeletal debris consists predominately of light brown, poorly 
rounded fragments of lingulate brachiopods. In the lower beds of the 
section (samples 3 and 4) some fragments are covered with phosphatic 
films. The Suurjogi Member and the upper part of the Maardu Member 
(samples 12-15) did not yield skeletal debris. The distribution of the 
debris by grain size is shown in Table 1. 

MINERALOGY 

Optical microscopy of the very fine sand fraction 

Light and heavy minerals of the very fine sand fraction (0.1-0.05 mm) 
were separated in a heavy liquid (bromoform, Q =2.88 g/cm3

) and 
studied by optical microscopy using immersion liquids. The results are 
presented in Table 2 according to the counting scheme recommended by 
Viiding (Bm'.'r,n:1rnr, 1976). Altogether 13 samples from the Kallavere For
mation and two samples from the underlying Tiskre Formation were 
studied (Fig. 1, Table 2). 

The light mineral suite is mostly composed of allogenic minerals 
represented predominantly by quartz, feldspars, and very rare flacks of 
muscovite. Among the authigenic minerals (generalized as one group, 
Table 2), gypsum occurs in large amounts in two samples of the Suur
jogi Member, reaching nearly 60 and 40% in samples 13 and 14, 
respectively. Other samples yield rare grains of glauconite (samples 7, 8, 
13, and 14) or carbonate minerals (samples 5 and 15). 

Quartz, the most abundant mineral among sand grains of the Kalla
vere rocks, is mostly characterized by rounded, more rarely well-rounded 
monocrystalline non-undulatory grains. The number of undulatory and 
polycrystalline grains is limited. The feldspar fraction, mostly K-feld
spars, ranges from 2 to 10%, but is usually between 3 and 7%. Two kinds 
of feldspar grains are present: rounded detrital grains weathered to 
various degrees and those overgrown with fresh authigenic K-feldspar 
exhibiting rhombic faces. About half of feldspar grains in the Maardu 
Member are surrounded by a thin (less than 30 ~tm) fragmentary over
growth. In the grains from the Suurjogi Member overgrowths are thicker 
(30-50 µm) and commonly continuous around the detrital core; grains 
of that kind constitute about 70% of feldspars in this member. This 
phenomenon has also been observed in the rocks of the Kallavere Forma
tion, particularly in the Suurjogi Member in other localities, such as 
Dlgase, Maekalda, and Saka (Mens et al., 1989; XefmcaJry et al., 1987, 
1991). 

The heavy fraction rarely exceeds I% (Table 2). It is composed 
of allogenic ( detrital) and authigenic minerals; the authigenic minerals 
prevail in the basal and top layers of the Kallavere Formation. In the 
group of allogenic heavy minerals, opaque and transparent minerals occur 
in almost equal quantities, whereas micaceous minerals (mainly mus
covite) are uncommon. 

Among opaque minerals (including leucoxene frequently occurring in 
detrital form), ilmenite prevails, particularly in the rocks of the Suurjogi 
Member. Magnetite is lacking throughout the Kallavere Formation. 

Among transparent allogenic heavy minerals zircon, tourmaline, and 
titano-minerals are common, but their ratio varies greatly. However, 
titano-minerals (represented mainly by rutile) amounting to 2-19% are 
associated neither with a particular rock type nor stratigraphical level. 
The general pattern known for the Kallavere Formation implies the pre
valence of zircon over tourmaline, especially in the Suurjogi Member 
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Mineral composition of the very fine sand fraction (0.1-0.05 mm), o/o Table 2 

Samples Pa-93-l-Pa-93-15 

- Minerals or their groups I I I I I I I I I I I I I I I 
C)') 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

LIGHT MINERALS 
Quartz 81.7 72.5 96.7 95.7 89.0 94.7 97.3 91.7 93.0 95.3 94.0 96.0 35.0 52.7 93.3 
Feldspars 18.0 27.3 3.3 4.3 10.0 5.3 2.0 7.7 7.0 4.7 6.0 4.0 3.7 7.3 5.7 
Micas 0.3 0.2 - - 0.3 - 0.3 - - - -- - - 0.3 
Authigenic - - - - 0.7 - 0.4 0.6 - - - - 61.3 39.7 1.0 

HEAVY MINERALS 
Total 0.04 1.45* 0.34 0.34 0.25 0.08 0.22 0.28 0.32 0.41 0.19 0.83 0.77 1.6 0.77 
Allogenic opaque 19.6 25.2 21.4 15.5 25.9 39.1 36.9 47.0 43.3 31.9 42.7 19.4 29.5 19.4 
Allogenic transparent 15.6 17.1 16.3 21.8 20.7 53.4 46.8 39.1 44.4 37.4 43.7 18.6 36.9 24.3 
Micas 0.7 0.3 0.2 3.9 - - - - 0.2 
Authigenic 64.1 57.4 62.1 58.8 53.4 7.5 16.3 13.9 12.1 30.9 13.6 62.0 33.6 56.3 

Allogenic/authigenic ratio 0.56 0.74 0.61 0.7 0.87 12.38 5.14 6.21 7.23 2.24 6.33 0.61 1.98 0.77 
Ilmenite/leucoxene ratio 0.21 1.96 1.97 1.38 3.05 8.78 4.51 7.39 4.35 3.43 60.0 31.33 23.58 10.41 

ALLOGENIC TRANS-
PARENT MINERALS 
Zircon 17.0 1.9 4.1 2.6 4.5 50.3 35.1 41.9 26.2 29.6 50.0 81.9 81.2 80.8 
Tourmaline 69.8 81.9 89.2 83.8 83.1 32.1 47.4 41.0 49.2 51.4 33.6 4.5 2.7 8.0 
Titano-minerals 12.3 13.3 2.7 7.7 6.8 15.2 16.4 14.3 19.0 12.0 16.4 8.3 IO.I 8.8 
Garnet 0.9 - - 2.6 I.I 0.8 0.4 0.5 2.4 1.2 - 4.5 5.0 2.4 
Apatite - 2.9 4.1 3.3 4.5 1.6 0.7 2.3 3.2 5.8 - 0.8 
Unstable heavy minerals - + + + 
AUTHIGENIC MINERALS 
Irori oxide and hydroxide 63.3 10.5 14.8 42.5 45.4 70.6 53.6 80.5 66.7 63.2 46.2 99.1 95.5 56.5 
Pyrite 10.3 24.9 48.6 24.8 45.8 23.5 35.1 16.9 26.1 34.4 42.3 0.9 3.0 2.4 
Anatase 25.7 5.4 2.8 3.5 7.0 5.9 11.3 2.6 7.2 2.4 11.5 - - 2.0 
Carbonate "o.7 0.3 0.7 - - - - - - - - - 1.5 39.1 
Phosphate - 58.9 33.1 29.2 1.8 

+ traces; 
J --- _t __ ----!l! .. -....1 .,.1,,,.j.,... ....,r\+ r..h~n1narl• 



(Mens et al., 1989; Xe?rncaJiy et al., 1987, 1991). In the Pakri Cape section, 
the prevalence of tourmaline over zircon in the lower part of the Maardu 
Member (samples 3-6) was recorded for tbe first time. The occurrence 
of medium-stable minerals (garnet, apatite) is variable and does not 
reflect certain stratigraphical dependence. It should be noted that apatite 
is not common in the Suurji5gi Member. 

The finds of unstable minerals are random and very rare. They occur 
only in the lower part of the Maardu Member and consist of strongly 
altered pyroxene and amphibole. 

Authigenic heavy minerals are represented by pyrite and Fe-oxides and 
hydroxides throughout the studied section. Anatase and phosphate min
erals are characteristic of the lower part of the Maardu Member. The 
phosphatic rims around the detrital grains of ilmenite, tourmaline, rutile, 
zircon, and occasionally quartz in the light fraction are observed only in 
the Maardu Member. Carbonate minerals occur sporadically and, at the 
topmost level of the formation, in considerable amounts. 

XRD of clay minerals 

Qualitative and semiquantitative study of the mineralogical composi
tion of the <2 Jtm fraction was carried out by X-ray diffraction analysis 
(XRD) on a DRON-0.5 diffractometer using Mn-filtered Fe-Ka radiation. 
Air-dried, glycolated, and heated (500 °C) oriented samples were prepared 
for qualitative clay mineral identification. The relative content of clay 
minerals was estimated semiquantitatively by using empirical correction 
factors of XRD peak intensities based on earlier clay mineral studies at 
the X-ray laboratory of the Institute of Geology, university of Tartu. The 
illite, illite-smectite, smectite, chlorite, and kaolinite peak intensities were 
corrected by factors 0.55, 0.16, 0.09, 0.45, and 1.0, respectively. 

The last five clay minerals comprise up to 0.5 wt% of the whole rock 
(Fig. 2). The main components of the clay material in sandstone pores 
are illite and illite-smectite making up from 80 to 100% of the cement. 
Alongside with normal illite, a degraded form was also distinguished, dis
playing an asymmetry of the d (001) = 10.1 A reflection towards the low 
angle side; illite-smectite has basal (001) reflections according to 
d-spacing 10.45-11.0 A. 

In the Kallavere Formation the illite content decreases and the illite
smectite content increases gradually from base to top. These changes cor
relate to the general trend of increase in grain size. 

At some levels (Fig. 2) smectite was identified. It is represented by a 
quite well crystallized (Thorez, 1976) variety having d (001) = 12.8-13.0 A 
in normal and d(00l) =17.4-17.5A in glycolated samples. 

Chlorite occurs in small amounts (up to 18%) throughout the section. 
~ It seems to be a rather Mg-rich detrital variety displaying a quite high 
~ basal reflection at 14.2-14.4 A and about equal to the (002) reflection 
:i intensity (Thorez, 1976). This variety differs from the Fe-rich varieties 
i described from the Cambrian sandstone pores in Latvia (ArrHHHTe, 1971) 
~ and Estonia (DHppyc, 1970). The asymmetry of the (002) reflection in an 
;. air-dried sample and structure contraction after heating (500 °C) suggest 
:,. 
» that the detrital chlorite, which can be easily destroyed by changes in the 
bl) chemical environment (Velde, 1985), has been somewhat degraded by 
g weathering processes in the outcrop. 
"' Kaolinite occurs at certain levels (Fig. 2); its amount does not usually 
f;. exceed 10% of the <2 µm fraction. The kaolinite content is highest at the 
~ , top of the Tiskre Formation and in the basal Maardu Member (samples 
"' ' 3-6). For most of the kaolinite in the lower part of the Maardu Member, 

1 diagenetic origin is suggested, because it occurs at the levels closely 
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Fig. 2. Mineral composition of clay fraction ( <2 µm) in the Pakri Cape section. Legend: 

1, illite; 2, illite-smectite; 3, smectite; 4, chlorite; 5, kaolinite. 

related to the kerogenous shale layer. According to Curtis ( 1987), the 
dissolution of source minerals favoured by acidic conditions and the pres
ence of relict organic matter is followed by a pH rise due to acid con
sumption. This would lead to kaolinite precipitation during diagenesis 
but kaolinite is moderately ordered, which is not typical of authigenic 
kaolinite (Chamley, 1989). 

An abrupt change in the clay mineral content occurs at the boundary 
of the Tiskre and Kallavere formations. The top of the Tiskre Formation is 
characterized by a relatively high content of kaolinite, low chlorite content, 
and well-crystallized illite; the latter is characteristic of repeated wetting
drying processes (Srodon & Eberl, 1984). Such a mineralogy is inter
preted as resulting from weathering processes during a long hia.tus in 
sedimentation. 

DISCUSSION AND CONCLUSIONS 

According to current conventional use of the conodont zonation, the 
lower boundary of the Pakerort Stage is tentatively defined by the appear
ance of the genus Cordylodus, i.e. with the base of the Cordylodus andresi 
Zone (Kaljo et al., 1986; Manni!, 1990). 

In the studied Pakri Cape section, the only conodont zone established 
is the Cordylodus proavus Zone corresponding to the lower part of the 
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Maardu I\lember (samples 3-6). Owing to the scarcity and poor preser
vation of conodonts in the upper beds of the Maardu Member (samples 
7-11), the upper boundary of the C. proavus Zone and the boundaries 
of younger conodont zones cannot be defined with confidence in this 
section. At the level of a change in conodont abundance and preservation, 
in the lower part of the Maardu Member (between samples 6 and 7), 
notable differences in the depositional conditions and mineralogical com
positions are observed. Most likely they reflect increasing hydrodynamic 
activity and changes in bottom topography of the sedimentary basin. 

The lenses of the basal conglomerate found in about 200 m of the 
section (Nemliher & Puura, 1996) yield lingulate brachiopods Ungula con
vexa and Ungula ingrica known from the Upper Cambrian of Baltoscan
dia (TTorroB & Xa3aHOBHlf, 1989; Puura & Holmer, 1993). Conodonts and 
acritarchs have not been studied from these conglomerate lenses as yet. 

Considering the presently known fossil evidence from the Pakri Cape 
section and knowledge on the biostratigraphy and distribution of the 
Cambrian-Ordovician boundary beds of Estonia (Kaljo et al., 1986; 
Mens et al., 1993), three possible options for the age of the basal 
conglomerate should be considered: the conglomerate may be correlative 
either to the Proconodontus Subzone of the Westergaardodina Zone, the 
Cordylodus andresi Zone or the C. proavus Zone. 

The deposits of the Proconodontus Subzone, represented by the Tsitre 
Formation, are known to occur in restricted areas east of Tallinn (TTorroB 
& Xa3aHOBHlf, 1989). Still, we cannot exclude the possibility that in the 
Dlgase section the conodont assemblage from the lower part of the Kalla
vere Formation belongs to this subzone (Xei'rncaJiy et al., 1987; Mens et al., 
1993). The upper part of the range of Ungula convexa and the lowermost 
part_ of the range of Ungula ingrica . are tentatively correlative to this 
subzone. 

The deposits of the C. andresi Zone are widely distributed in northern 
Estonia. They are found in the Olgase, Valkla, Toolse, and Vihula sections 
east of Tallinn, in the M-9 core south of Maardu, and in the Kidaste core 
on Hiiumaa Island (Kaljo et al., 1986; }.,lens et al., 1993). On the other 
hand, the Cordylodus andresi Zone is missing in stratigraphically less 
complete sections in Tallinn and westwards (Kaljo et al., 1988; Mens et al., 
1989, 1993; TTorroB & Xa3aHOBHlf, 1989), including the studied Pakri Cape 
section. 

As discussed above, the beds of the Maardu lVlember above the basal 
conglomerate in the Pakri Cape section yield the conodonts of the Cor
dylodus proavus Zone, i.e., the conglomerate formation might have 
occurred before or during the C. proavus time. At the present stage of the 
study, the question about the existence of the two oldest conodont zones 
in the Pakri Peninsula sections remains open. 

To sum up, with regard to the current concept of the Pakerort Stage, 
the Pakri Cape section, where only the C. proavus Zone can be defined 
with confidence, is biostratigraphically not representative of the lower 
part of the Pakerort Stage. Further studies of the sections on the Pakri 
Peninsula are necessary for estimating the stratigraphical extent of the 
Pakerort Stage in its stratotype area. 
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KAMBRIUMI JA ORDOVIITSIUMI PIIRIKIHID 
PAKRI NEEME LABILOll(ES, LOODE-EESTI 

Kaisa MENS, Heljo HEINSALU, Kalmer JEGONJAN, Tiia KURVITS, 
Ivar PUURA, Viive VIIRA 

Pakri neeme labil6ike kambriumi ja ordoviitsiumi piiriintervall kuulub 
litostratigraafiliselt Kallavere kihistusse, mis on jaotatud Maardu ja 
Suurj6e kihistikeks. 

Artik!is on toodud Kallavere kihistu paleontoloogilise j a mineraloogi
lise uurimise tulemused. 

Uuritud labiloikes algab kihistu Cordylodus proavus'e tsooni tasemel. 
Fossiilide vahese sailimuse v6i puudumise tottu ei ole kihistu iilemise osa 
biostratigraafilist kuuluvust tapsemalt v6imalik maarata. Kallavere kihis
tut ise!oomustab vaga vaike biogeense komponendi sisaldus, turmaliini 
valdamine labipaistvate raskete mineraalide riihmas ja laialdane kipsi 
levik Suurj6e kihistiku iilemises osas. 

KEM6PHf1CKO-OPJl.OBHKCKHE norPAHHqffblE OTJIO)l(EHH51 
B PA3PE3E MblCA nAKPH, CEBEP0-3AnAJJ.HA51 

3CTOHH51 

Kaiica MEHC, XeJiho XEPIHCAJIY, KaJIMep EfOH5IH, 
THiia KYPBI1TC, I1Bap TIYYPA, BHiiBe BI1PIPA 

B pa3pe3e Mhrca TiaKpH KeM6pHiicKo-op,ll.OBilKCKHii norpam1qHhrii HHTep
BaJI cJI02KeH OTJI02KeHH5IMil KaJIJiaBepecKoii CBilTbI, cocT05IIUeii II3 Maa PAY· 
CKOii II cyypiibrrIIcKoii nal!eK. B cTaTbe ,lJ.aHa MHHepaJiorIIl!ecKa5I xapaKTepIIc
THKa TOHKonecl!aHOH II neJIIITOBOH cppaKUHH rropo,n KaJIJiaBepecrrnii CBHTbI. 
TiaJieOHTOJIOfHl!eCKOe 11:3yqeHIIe Il03BOJI5IeT 3airnIOqHTb, l!TO B .3TOM pa3pe3e 
KaJIJiaBepecKa5I CBHTa Hal!IrnaeTC5I Ha ypoBHe KOHO,lJ.OHTOBOIT 30!-lbl Cordy
lodus proavus. BepXH5I5I noJIOBIIHa I<aJIJiaBepecKoii CBHTbI II3-3a nJioxo11 
IIaJieOHT0JIOrHl!eCKOH npe,n:craBJieHH0CTH 6HoCTparHrpa<jJIIqecKH He onpe,ne
JieHa. 
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