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SURFACE TEXTURES OF SAND GRAINS FROM QUARTZ ARENITE
STRATOTYPE SECTIONS OF SABLINKA FORMATION

(CAMBRIAN, SERIES 3; SAINT PETERSBURG VICINITY, NORTHWEST
RUSSIA): THE KEY TO UNDERSTANDING OF CONTINENTAL PROCESSES AT
THE GUZHANGIAN—FURONGIAN BOUNDARY

St. Petersburg State University, 7/9, Universitetskaya nab., St. Petersburg, 199034, Russian Federation

Poorly cemented quartz arenites of Sablinka Formation form a thin sand cover which was formed
during the Cambrian time at the shallow fringe of epicontinental Moscow Paleobasin. Surface textures
of sand and silt grains from stratotype sections of Sablinka Formation were studied using scanning
electronic microscope. Etching and crystalline overgrowth textures were found as predominant on
the surface of quartz grains. Since these textures may only form in continental environment, modern
continental environments with chemical processes of silica dissolution and deposition were considered.
The search for analogs was based on the presence of a system of polygonal subvertical fractures in the
top of Sablinka Formation, traditionally considered “desiccation cracks’, and the pebbles of densely
cemented sedimentary quartzite in the basal layers of the sandstones, overlaying Sablinka Formation.
The recent analogs were found in South Australia and west New South Wales: the mature pedogenic
silcretes, where the zone of silica concretions (pseudo-breccia and pseudo-conglomerates) is located
over the zone with polygonal prismatic blocks. It was concluded that during the continental hiatus
similar profile began to form at the top of Sablinka Formation, but maturing of pedogenic silcretes
was interrupted by Furongian transgression. The pseudo-breccia and pseudo-conglomerate zone, and
the upper portion of the prismatic zone were eroded by the transgressing sea. The time interval of
silcrete formation was correlated with the interval of deposition and leaching of Kakeled Limestone
Bed within the Alum Shale of the Baltic Paleobasin. Refs. 20. Figs. 10.

Keywords: Cambrian Stage 3, Sablinka Formation, quartz arenites, sand grain surface textures,
continental hiatus, silcrete, Baltic-Ladoga Klint.
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CTPYKTYPBI IIOBEPXHOCTU ITIECYAHDBIX 3EPEH V13 CTPATOTUIIMYECKHNX PA3PE3OB
KBAPIIEBBIX APEHVUTOB CABJIMHCKOW CBUTHI (KEMBPUI, CEPUA 3; OKPECTHOCTU
CAHKT-IIETEPBYPIA, C3 POCCHUMN): KJIIOY K IOHVMAHUIO KOHTUHEHTAJIbHBIX
MIPOITECCOB PYBEXA I'Y)KAHT—®YPOHTI U

Canxr-IleTepOyprckuii rocyfapcTBeHHBIT yHUBepcuteT, Poccmiickas ®emepanys, 199034, Cankrt-
ITetep6ypr, YHuBepcureTcKas Hab., 7/9

Cnabo cLeMeHTMpOBaHHbIe KBaplieBble APeHUTBI CAOMMHCKON CBUTHI CIaraloT MaJOMOIHBIN
HeCYaHblii IIOKPOB, KOTOPBIT ObIT 06pa3oBaH B KeMOpUM Ha METKOBOZHOM CEBEPHOM OOpaMyIeHUM
SMMKOHTMHEHTAIbHOro MockoBckoro maneo6acceiia. C IOMOLIBIO CKaHMPYIOLIETO 3/IeKTPOHHOIO
MMKDPOCKOIIA JICCTIEIOBAaHBl IIOBEPXHOCTHBIE CTPYKTYpPBI II€CYAHBIX ¥ aJeBPUTOBBIX 3€PeH 13
CTPAaTOTUIINYECKMX Pa3pe30B CAO/IMHCKON CBUTHL. YCTaHOBJIEHO, YTO JOMUHUPYIOLIVMU CTPYKTypaMu
HOBEPXHOCTM 3€PeH SBJAIOTCA CTPYKTYPHI PACTBOPEHMA M KPUCTA/UIMIECKOTO OOpacTaHMA.
ITocKOMBKY TaK1e CTPYKTYPBI 00pa3yI0OTCs TONBKO B KOHTYHEHTAIbHBIX YC/IOBUAX, ObUIM PAaCCMOTPEHBI
COBpEMEHHblE KOHTMHEHTa/IbHble OOCTaHOBKM, B KOTOPBIX MEJCTBYIOT XMMWYECKUe IIPOLIECCHI
PacTBOPEHIs U OTIIOXKEeHNs KpeMHe3eMa. I1py monckax aHaoroB IPUHUMAIOCh BO BHUMaHNe HaTidye
HOJIMTOHAJIBHOM CUCTEMbI CYOBEPTUKAIBHBIX TPELIMH B KPOBJIE CAOIMHCKON CBUTHI, TPAJUIIIOHHO
CUMTAIOLIMXCA «TPELIVHAMM YCBIXaHV», a TakXKe TaIbKU IUIOTHO CLIEeMEHTMPOBAHHBIX OCaJOYHBIX
KBAapLUTOB, B 0a3a/JbHBIX C/IOAX IIEPEKPHIBAIOLINX CAOMMHCKYI0 CBUTY HecyaHNKoB. CoBpeMeHHbIe
aHajIoru 6bUIM OOHapyKeHbl Ha ceBepe IO>kHOI ABcTpanmuu U Ha 3amafe mrata Hobit FOxHBII
Ya/IbC: 3TO 3perible efOTeHHble CUIKPETHI, B BEPTUKABHOM IIPOQ1Ie KOTOPIX 30Ha KPEeMHMCTBIX
CTsDKeHMIT (IceBAOOpeKunit U IMCeBIOKOHITIOMEPATOB) PACIONaraeTCst Haj, 30HON ¢ MOIMTOHA/IBHOI
IPM3MATUYECKO/l OTHeNbHOCTbI0. CHelaH BBIBOJ, YTO BO BpeMs KOHTMHEHTAJILHOTO IIepepbiBa
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B KpOBJIe CabIMHCKOI CBUTHI Haua/l (POPMIPOBATHCS aHAIOTMYHBIN NPOQWIb, OHAKO BbI3peBaHMeE
IeJOTeHHbIX CIUIKPETOB ObIIO IIpepBaHO (YPOHICKOII TpaHCrpeccuert. 30Ha ICeBROOpeKUmit
U TICeBIOKOHIIOMEPATOB, @ TAKXKe BEPXHAA YacTh NPU3MATUYECKOV 30HBI OBbUIM IepepabOoTaHbI
HACTYMAoIIM MopeM. BpeMeHHOI MHTepBaT 06pa30BaHNA CUIKPETOB COIIOCTAB/IEH C MHTEPBAJIOM
HAKOIUTEHWs1 ¥ BbILIETaYMBaHNA M3BeCTHAKOB Kaxermen, mpuHamiexamux ¢GopMalmy KBacL{OBBIX
crnaHueB Bantuiickoro maneo6accertna. Bubnmorp. 20 Hass. V. 10.

Kniouesvie cnosa: kembpumii, 0TfeN 3, CAabNMMHCKAsA CBUTA, KBapIleBble aDEHNUTHL, CTPYKTYpa IIOBEepX-
HOCTM TI€CYaHbIX 3€P€H, KOHTMHEHTA/IbHBII TTepepbIB, CUNKPeThl, banTuiicko-JIafoxcKuil IIMHT.

Introduction

Poorly consolidated quartz arenites of Sablinka Formation form a thin (1-16 meters)
laterally extended unit in the northwestern portion of the sedimentary cover of the East
European Platform. They are found in outcrops along the Baltic Klint to the south and to the
east of Saint Petersburg.

The results of the first very thorough study of structural and textural features of these
sandstones were published by L. B. Rukhin in 1939 [1]. In the section of his article on the
morphology of sand grains, Rukhin described two distinct type of grain surface, visible in
optical microscope, which he named “fine-pitted” and “polished”. According to Rukhin,
these two types may be present in individual grains or can coexist in the same grain; in
the latter case the shiny “polish” overlays the pre-existing fine-pitted surface. Rukhin ex-
plained formation of the fine-pitted type by long wind transport, with multiple collisions
of grains in the air. The polishing of the surface, according to Rukhin, took place after
aeolian abrasion and evidences more or less long transport of sand grains over the bottom
of a shallow basin.

The purpose of our study was to systemize the surface textures of quartz grains from Sa-
blinka Formation stratotype sections using a scanning electron microscope and to interpret
the results based on all available geological data.

Geological Overview

The Late Vendian, Cambrian, Ordovician, and Devonian sedimentary rocks, which
form the northwestern fringe of the plate cover of the East European Platform, near the
boundary with the Fennoscandinavian Shield, are found in numerous small outcrops in
the vicinity of St. Petersburg. The Vendian, Cambrian and Early Tremadocian deposits
consist of poorly consolidated terrigenous rocks. The overlaying Ordovician strata con-
sist mostly of limestones. The Vendian, Cambrian and Ordovician rocks dip with very
low angle (2-3 m/km) to S-SE.The Devonian deposits consist of sand, sandstones and
clay with thin interbeds of limestone and marl; they dip to S-SE with even lower angle
(1.5-2 m/km), overlaying Ordovician and, in some areas, Cambrian and Vendian rocks
with azimuthal unconformity [2].

The Ordovician limestones, being the strongest of the rocks here, form a slightly el-
evated Ordovician plateau, which is divided into western and eastern segments. To the south
and to the east the rocks of the plateau gently plunge under the Devonian deposits, and in the
north they are cut by the Cenozoic preglacial denudation cliff, known as “Baltic Klint” [2].
In the vicinity of St. Petersburg area the Klint is largely quite gently sloped with sublatitu-
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Fig. 1. Schematic geological map of St. Petersburg area:

1 — Vendian and Lower Cambrian; 2 — Ordovician ; 3 — Devonian ; 4 — Baltic Klint line, a — Sablinka
Formation absent, b — Sablinka Formation present; 5 — St. Petersburg city limits. The location of studied
stratotype sections of Sablinka Formation is marked with the arrow.

dinal trend 3-20 km south of the Gulf of Finland, the Neva River and Lake Ladoga (Fig. 1).
The plain north of the Klint is formed by gray clays of Vendian Kotlin Horizon and blue clays
of Cambrian Lontova Formation (Terrenuvian, Stage 2). The Klint escarpment is formed by
sand strata of Cambrian age up to the bottom of Tremadocian, overlain by bituminous Dic-
tyonema Shales of Low Tremadocian and glauconitic sandstones of Middle Tremadocian —
Lower Floian. The crest of Klint is reinforced by limestones of Middle Floian — Darriwilian.

The outcrops of the strata forming the Klint are associated with valleys of numerous riv-
ers and streams, flowing from the Ordovician plateau to the Gulf of Finland, the Neva River
and Lake Ladoga.

The cover of quartz arenites of Sablinka Formation can be traced in natural outcrops ap-
proximately from Krasnoye Selo meridian (formerly a town, now a suburb of St. Petersburg)
in the west, to the Syas River valley in the east (Fig. 1). The arenites are inequigranular, pre-
dominately fine, porous. The content of allothigenic heavy minerals, mostly, zircon, rounded
tourmaline and ilmenite, is very low. Most of the arenites has no mineral cement, which can
be visible under regular optical microscope. The arenites withstand surface erosion well, but
may be easily crushed to loose sand by impact. The color of Sablinka arenites is predomi-
nantly subdued pink, yellow, or red, with some bleached spots. Colored grains are covered
with very thin film of iron hydroxides. The bleached varieties contain over 99% of quartz,
and were widely mined in the 19% century for glass production.

Sablinka arenites lay with deep hiatus over smooth surface of the blue clay of Lontova
Formation. They are overlain by Obolus quartz sandstones of Ladoga Formation (Furon-
gian), or, in a few places where Ladoga Formation is eroded, by Obolus sandstones of Tosna
Formation (terminal Furongian — lower Tremadocian) with evident signs of erosion [3].

All Vendian and Lower Paleozoic formations mentioned above deposited in the
epicontinental sea, which covered a substantial part of the Baltic continent. The geologists
of the Northwestern Europe traditionally believe that this sea was divided into two
interconnected basins: Baltic Basin and Moscow Basin [e.g. 4]. Both paleobasins covered
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relatively deep depressions with fringing/dividing shallows. The bed of Sablinka arenites was
formed at the northwest flank of the Moscow depression [5].

It is not possible to accurately determine the time period of the deposition of Sablinka
Formation based on endemic acritarchs and skeletal fossils, i.e. technically it may span any
part of the interval between the biostratigraphically dated deposits of Late Terrenuvian and
Furongian. However, during Cambrian Epoch 2 the epicontinental sea regressed to the
west of the East European Platform, with several rapid and drastic changes of its outlines
and depocenters [6]. The long predominantly highstand interval with relative tectonic
stabilization of the region, marked by deposition of Alum Shale Formation spans Cambrian
Epoch 3, Furongian and Lower Tremadocian. The beginning of this interval confirmed at the
bottom of Ptychagnostus gibbus Biozone [7]. Beginning of the subsequent post-Terrenuvian
sea transgression into the Moscow depression and deposition of Sablinka sandstones at its
fringes prior to this boundary is unlikely.

Sablinka Formation in the Stratotype Area

Sablinka Formation was described by Rukhin [1] in sections along Sablinka and Tosna
rivers, in the area where the former meets the latter; the formation is named after the Sablinka
River.

In the stratotype area the Formation is formed by a sequence of three members (Fig. 2).

Lower Member (up to 3 meters) corresponds to members E and D, without D] as per
Rukhin [1] and lower member of the Lower Sub-formation as per L.E.Popov et al. [3]. The
member consists mostly of fine sandstones with interbeds and patches of clayey siltstones.
The sandstones of the member are the least well sorted; their beds contain visible amount
of silt (5-25%) and coarse sand (0-25%) fractions. Rare well-rounded coarse sand grains
and grains of quartz gravel are distributed in the lower half of the member. The following
bedding types are typical: horizontal, wave, ripple mark, parallel cross-bedding, flaser and
trough. Lenticular bedding occurs in the clayey siltstones. There are rare series of cross-
bedding with various orientations, formed by coarse sandstones. The lamination of some
beds is disrupted by cryptobioturbation.

Flattened pebbles of blue Lontova clay are often found in the bottom beds. Inclusions of
sulphides of iron, zinc, lead, and small vugs filled with clear ankerite are also dispersed within
this layer. Ankerite cements the sandstones of the lower member locally. Additionally, small
brownish dense rounded concretions of sandstone formed around fine microscopic pyrite
particles are scattered throughout the member. Sometimes these concretions are grouped in
thin stratiform banded aggregates, with rusty colors on the surface.

Apparently, deposition of the sandstones of the lower member took place on wide and
very gently sloped low-energy littoral and upper sublittoral, in the environment of low tide
range and weak impact of waves and currents. The absence of fauna suggests that the portion
of the basin where the sandstones deposited was highly desalinated.

Local ankerite cementing and inclusions of sulfides are the result of Caledonian or later
migration of low-temperature hydrothermal solution above the Lontova aquiclude.

The transition from the lower member to the middle member is gradual, and is
marked with intermittent cross-bedding and horizontal beds in the section. We place the
boundary between these two members at the top of the uppermost sandstone bed with
horizontal bedding.
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Fig. 2. Summary section of Cambrian—Tremadocian sandstones in the
stratotype area of Sablinka Formation:

I — blue clay of Lontova Formation; 2-4 — sandstones: 2 — parallel cross-bed-
ding; 3 — predominantly horizontal bedding; 4 — trough-bedding; 5 — clayey silt-
stone; 6 — lenticular clay interbeds; 7 — pebbles: a — Cambrian clay; b — sedimentary
quartzite; 8 — fractures at the top of Sablinka Formation.
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Middle Member (up to 8.5 meters) corresponds to D; and member C, excluding beds
Ci as per Rukhin [1], or upper member lower sub-formation as per Popov et al. [3]. This
member consists predominantly of fine sandstone, with significant share of medium sand
fraction and minor content of fine sand. Typical structural pattern is defined by thin
(0.05-0.15, rarely up to 0.3 meters) series of parallel cross-bedding. The cross bed dip
direction varies significantly, while the angle is not more than 25°, and the cross-bedding
series themselves can usually be traced for several meters. There are data indicating
overwhelming predominance of two opposite dip directions of cross beds [8], but in our
opinion they need to be verified, since such distribution of bed dip directions was denied
even by Rukhin [1].

Lenses and patches of dark gray and greenish gray sandy clays up to 3-4 cm thick
extending for several meters laterally sometimes occur within the member at the boundaries
of cross-bedded series. Their lateral boundaries are always erosional. Endemic acritarchs,
not known outside of the Sablinka Formation, were found in these clays [3].

Local stratiform bands with ferrous cementation around small pyrite nodules are
present at the bottom of the member, similar to the lower member. Additionally, there
are subhorizontally oriented lenticular bands of tough sedimentary quartzite in the upper
portion of the member, which in the ourcrops reach 0.5-3 meters in length, and are up
to 0.4 meters thick. The bedding within these masses conforms with the bedding of the
enclosing poorly consolidated sandstones.

The deposition environment of middle member was, apparently, shallow desalinated
sea, where laminar currents moved sand along the bottom, forming low subsea dunes
with even crests. The clay was deposited from the suspension during the periods when the
currents stopped.

Upper Member (0-2.2 meters) is equivalent to C{ > as per Rukhin [1] or Gertovo
member of the upper sub-formation as per Popov et al. [3]. The member is distinguished
from the previously described by the presence of whole obolid shells, which, however,
do not form massive aggregates, as well as by significant thickness fluctuations and local
variations of grain size composition. This member is absent in half of the outcrops within
the stratotype area. Where the member is thin, it consists mostly of fine sand fraction,
predominantly with trough cross-bedding, rarely horizontal bedding. Conversely, where
the member is approaching the maximum thickness the size of sand grains visibly
increases. Coarse-grained varieties can be seen at the bottom of these sections; however,
the medium-grain sandstones predominate, forming series of plane-parallel cross-bedding
0.4-1.1 meters thick. There are interbeds of dark gray clay (1-10 cm) within the cross-
bedded series and, sometimes, at the bottom of the member. Flat and rolled-up clay flakes
and wrinkled waterflooded sand flowing structures are typically found in these sandstones.
Bioturbation is local and poorly developed.

In several outcrops the sandstones of upper member and top of the middle member,
together with the overlaying sandstones of Ladoga and Tosna formations, have solid or
lumpy iron oxide cementation, resulting in brownish-red coloration of the sandstone. The
location of this superimposed cementation, according to our data, coincides with the local
fractured karst zones in the overlaying limestones.

Endemic acritarchs were described in the clays at the bottom of the member [3]. The
brachiopods are represented by inarticulate endemic species Obolus ruchini and Oepikites
macilentus [3]. Additionally, fragments of phosphate tubes of hyolithelminthes [3, 9]
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and Cnidaria of Sphenothallus genus were found in the upper member. Ichnofossils are
represented by two genera [10] with very wide age and facies distribution.

The sandstones of the upper member deposited in the environment that was
significantly different from that of the arenites of the lower and middle members. Prior
to their deposition the deposition surface landscape was significantly dissected, which is
reflected in simultaneous changes of thicknesses and facies of the sandstones in the upper
member.

The appearance of marine skeletal fossils indicates increased salinity and better
connection with the open sea.

Regressions detected at the boundaries of middle and upper members of Sablinka
Formation, as well as Sablinka and Ladoga formations, left their mark in Alum Shale of
the adjacent Baltic Paleobasin. The first resulted in formation of Exporrecta Conglomerate
Bed, Hyolites and Andrarum Limestone Beds. The second corresponds to the hiatus with
deposition of shallow-sea Kakeled Limestone Bed [7].

Obolus sandstones of Ladoga Formation (0-0.4 meters) lay on the surface of middle and
upper members of Sablinka Formation with erosional contact. In the areas where the thin
cover of Ladoga Formation was eroded, Sablinka Formation is overlain by Obolus sandstones
of Tosna Formation, also with signs of erosion. Accumulations of Obolus detritus, numerous
pebbles and cobbles of dense sedimentary quartzite and pea nodules of iron hydroxides
are associated with the bottom of the overlaying formations. The pebbles and cobbles very
rarely have regular spherisity. Sometimes tabular, elongated or conical specimens are found,
and some of the latter are shaped as pyramids with rounded angles. However, most often
the pebbles have pitted and hummocky surfaces, with all angles significantly rounded. The
pebbles are colored brownish red by iron hydroxides.

The inarticulate brachiopod complex of the basal layer often contains redeposited
brachiopod shells from Sablinka Formation [3].

In many outcrops the top of Sablinka Formation is dissected by thin ferruginized
subvertical fractures, extending up to 2 meters deep. Laterally, the fractures form polygons
from 0.3 to 1.5-2 meters. Their mouths have wide wedge-shaped opening, creating erosional
pockets filled with basal sandstones from the overlaying strata. Usually they are compared to
desiccation cracks [3]. The presence of the fractures indicates that the sandstones of Sablinka
Formation were consolidated before the beginning of Ladoga Formation deposition.

Material and Study Methods

We collected 14 spot samples of arenites along Sablinka Formation section near the
junction of the Sablinka River and Tosna River, approximately 200 grams each (Fig. 2). The
samples were collected after removing loose weathered layer from outcrop surface. The
lower member was sampled on the left bank of the Sablinka River, 300 meters above the
mouth; the middle member was sampled on the left bank of the Tosna River, 130 meters
above the junction with the Sablinka River, upper member on the right bank the Sablinka
River in 1400 meters above the mouth. During sampling the sandstones easily fell apart into
individual grains and became loose sand, which, as mentioned above, is normal for Sablinka
Formation.

The sand was washed in distilled water, dried and separated into standard size fractions
(from 3 to 6) using a set of sieves. Each fraction was weighted to determine its content in
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the sample. 400 grains from each sand fraction were studied under an ordinary optical
binocular microscope to assess rounding degree and quartz grain surface characteristics.
1-2 most typical grains were selected from each fraction. Grain aggregates and certain rare
atypical irregularly shaped grains were also selected. Total of 90 specimens were selected.
Surface microtextures of the selected grains and aggregates were studied using scanning
electronic microscope Hitachi TM 3000 without coating. Images were captured at various
magnifications. This research was performed at the Center for Microscopy and Microanalysis
of Research Park of St. Petersburg State University.

Results and Discussion

Under optical microscope it can be seen that sand particles from Sablinka Formation
consist of clear quartz grains; milky grains are found as an exception. Only one rounded
corroded orthoclase grain was found among the numerous studied grains of quartz. Most
of medium to very coarse grains are rounded and well rounded, with high to medium
spherisity. However rounded grains with lower spherisity, elongated or irregular shape, are
often present as well. The quartz grain surface, as first described by Rukhin [1], looks shiny
or fine-pitted, and grains usually have areas of both types.

The fine and very fine particles are less rounded, many of them appear semi-angular or
angular; rounded grains are rare. Fine-pitted grains in these fractions are rare, and most of
them have shiny surface.

During the SEM study it was found that surface textures, formed by mechanical
interaction during sand transport were preserved only on a few, predominantly medium
and coarse particles. Out of many signs of mechanical interaction [11-13] only crescentic
gouges (Figs. 3A, C; 5C, D) and straight and curved abrasion scratches (Fig. 5D) were found
in some of the grains. Crescentic gouges are a type of Herzian fractures and are considered as
evidence of high-energy underwater percussion marks [14]. The abrasion scratches are most
often caused by dragging of grains over the sand surface.

It was found that the most predominant features of grain surface in Sablinka Formation
are selective etching and syntaxial quartz overgrowth textures of chemical origin.

The selective etching textures are represented by pits, parabolic arches, furrows, and
irregular depressions. The conically shaped etch pits 0.5-5 micron in diameter and 0.5-
7 micron deep are distributed along grain surface irregularly, always in groups. Their axes
are usually parallel, evidently following certain crystallographic directions (Figs. 3-7).
Sometimes smaller pits merge into larger pits (Fig. 3D).

The parabolic etch arches are located on surfaces oriented at a small angle relative to the
orientation of the closest etch pit axes (Fig. 4C, D; 7C).

The furrows were formed along fractures of various origin (Figs. 3D; 4A, B; 6A—D; 7A,
B) and the edges of crystals in polycrystalline grains (Figs. 4 C, D) as a result of their widen-
ing by etching.

Irregular depressions (Figs. 4 A, B) are seen rather rarely, possibly inheriting the forms
or defects that occurred during crystallization or metamorphism.

All the etching textures mentioned above give the grains of Sablinka sandstones their
distinctive appearance, which looks as fine-pitted under optical microscope.

The crystalline overgrowth textures in sand grains are usually seen as differently sized
fragments of facets (Figs. 5C, D; 6A—D), creating illusion of polishing by their lustre.
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100 pm

Fig. 3. Micrographs of quartz sand grains from Sablinka Formation. (A) Rounded
grain with low relief, crescentic gouges, furrows, and percussion marks. (B) Detail of
A with larger magnification: crescentic gouges (cg) and furrows (f) on the surface with
barely visible etching pits and parabolic arches. (C) Rounded coarse grain with several
crescentic gouges and furrows. The etched area is localized at the top. (D) Part of the
etched area of C within the rectangle. Note numerous etch pits and furrows (f)

The thickness of the overgrowth layer varies from 1 to 10 micron. Fully faceted sand fraction
grains are very rare (Fig. 8), however, silt grains (when present) are better faceted than grain
particles (Figs. 5B; 7C, D).

Signs of abrasion of facet angles were absent in all studied grains. An interesting feature
of crystalline overgrowth of the quartz grains from Sablinka Formation is the formation
of additional small facets around various mechanical defects: crescentic gouges, abrasion
scratches, furrows and etch pits (Figs. 5D; 6B, D; 7B).

Generally, we may say that each quartz grain from our small set was affected by etching
and crystalline overgrowth processes to some degree. These chemical processes apparently
took place simultaneously (in geological time scale) over various areas of each grain. One of
the outcomes was erasing of transport marks on most grains. The other outcome was cemen-
tation of the sand strata. Thin layers of crystalline overgrowth of adjacent grains formed mi-
croscopic patches of contact cement which creates poor consolidation observed in the most
of Sablinka sandstones. The minimum content of the contact cement lead to high residual
porosity, which created favorable conditions for local carbonate and ferruginous cementa-
tion during later stages.
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Fig. 4. Two quartz grains from Sablinka Formation. (A) Atypical sub-angular grain, probably
polycrystalline Japanese twins with pronounced topographically irregular surface. (B) Part of
A under larger magnification. Strong dissolution features are clearly distinguishable: irregular
depression (id), furrows over cracks (f) and numerous etch pits. (C) Sub-rounded grain with
features of quartz dissolution and deposition on the surface. (D) Part of C. Etching pits, parabolic
arches (pa) and furrows (f) are visible. Left of the center, within the polygonal area surrounded
by furrows, it is clearly visible that orientation of pits and arches is somewhat different from the
other part of the grain. This indicates the presence of polycrystalline contact (pc).

Redistribution of silica along the depth of Sablinka Formation certainly took place in
a continental environment, which was predominant during long regression of the sea. Out
of two hiatuses: at the boundary between the middle and the upper members of Sablinka
Formation and at the boundary between Sablinka and Ladoga Formations, the latter is the
most pronounced. This hiatus is characterized by large-scale occurrence of cementation,
the development of polygonal system of vertical fractures at the top of Sablinka Formation
(Fig. 9), and abundant quartzite pebbles at the bottom of the overlaying sediments. Deep
lowering of the sea level during this hiatus is confirmed even in the sections of Alum Shale
of the Baltic Basin, where it is marked by wide development of karst in Kakeled Limestone
Bed [15].

The sands on the surface of the desert formed in place of the regressed Cambrian sea
were not redeposited by aeolian processes. Possible cause is the drastic weakening of atmo-
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Fig. 5. Quartz grains from Sablinka Formation. (A) Inequigranular sandstone with par-
ticles of silt, clay, iron hydroxides and ankerite crystals on the grain surface from the lower mem-
ber. (B) Enlarged detail, shown as a rectangle in A. The silt particles are almost fully faceted. (C)
Very large well rounded grain with smooth “polished” surface. (D) The same surface with larger
magnification. Clearly visible is the thin film of crystalline overgrowth, forming facets around
the crescentic gouges (cg), abrasion scratches (as), and furrows (f), which existed on the grain
surface prior to overgrowth. Even smaller facets are visible around the etch pits. Large shallow
depression in the center marks the area of contact with the adjacent grain, and is not affected by
the overgrowth

spheric circulation during Late Guzhangian and Furongian, which, in turn, was a result of
maximum concentration of carbon dioxide in the air in Phanerozoic history [16].

The cover of immobile sand at the surface of the continent became an arena for chemi-
cal processes. It is unlikely that those processes were much different from the processes that
take place in desert regions now. If we look for recent analogs, we inevitably choose arid
landscapes of South Africa, Central and South Australia, where topsoils and saprolites with
silica cement, known as “pedogenic silcretes” are formed [17].

Formation of pedogenic silcretes is a result of numerous repeating cycles of dissolu-
tion of silica by rainwater with subsequent transportation and deposition. There are two key
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Fig. 6. Two sand quartz grains from Sablinka Formation. (A) Sub-rounded grain with two
facets of crystalline overgrowth in the upper part and etching textures in the lower part. (B) The
same facets with larger magnification. It is evident, that the facet angle has no signs of rounding,
but etch pits are visible on the facets. (C) Rounded grain partially covered with crystalline
overgrowth, with the other part showing etching textures. (D) Detail of grain C surface, enlarged.
Letter (f) in the figure indicates the furrows

factors necessary for formation of mature pedogenic silcrete profiles: seasonal climate with
high rates of evaporation and sufficiently long time (>10° years) [17]. A wide variety of pedo-
genic silcrete morphologies are known, formed over various rocks in different landscapes
[17, 18], however only one, the most common variety, found in northern South Australia
and western New South Wales, is relevant for our discussion. It is prismatic or columnar
silcrete. Their vertical profile is characterized by the following sequence of structural zones,
top—down: (1) loose sand; (2) pseudo-breccia and pseudo-conglomerate zone, with abun-
dant granular or nodular concretions, very densely cemented with silica; (3) columnar zone
with a system of polygonal sub-vertical block fractures; (4) granular zone with irregularly
mixed rock patches with various degree of cementation [17]. The width of prismatic column
varies from 25 cm to 2 meters; the height varies from 50 cm to 5 meters [19].
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Fig. 7. Quartz grains from Sablinka Formation with adjacent incipient facets of crystalline
overgrowth and chemical etching textures. (A) Sub-rounded grain with elongated etch furrows.
(B) Part of A with large magnification. 3 fragmental facets of quartz crystal are visible. The
flat facet to the right of the center has numerous additional smaller facets around fractures
and dissolution pits. (C) Rounded low-spherisity “polished” grain mostly covered with thin
crystalline overgrowth film, with adhesion of silt-sized quartz euhedra. (D) Group of silt-sized
euhedra, with large magnification. Letters in the figure indicate: (a) ankerite crystal; (f) furrows;
(pa) parabolic etch arches

Fig. 8. Uncommonly shaped
quartz grain, completely overgrown
with crystalline facets from the top
of the middle member of Sablinka
Formation; possibly Japanese twin
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Fig. 9. Polygonal system of subvertical fractures at the top of Sablinka Formation, dividing
the sandstones into prisms or columns. (A) Fractures (arrowed) in the vertical wall of the
outcrop: erosional pockets in the openings of fractures are visible (dark areas). The boundary
with the overlaying Ladoga Formation sandstones is shown as white dashed line. There are no
large pebbles at the contact between formations, because they were removed and collected as
samples by the students of the St. Petersburg State University. The lighter is shown for scale. (B)
Fracture openings at the top of Formation exposed by the river. The fractures form a polygonal
system, the openings are widened and filled with basal Obolus sandstone of Tosna Formation
with sedimentary quartzite pebbles (arrowed). The infilling material is cemented with iron
hydroxides. The hammer is 27.5 cm long

The similarity of the profile of pedogenic silcretes from South and East Australia to the
features preserved in Sablinka Formation and the overlaying deposits is striking. Apparently,
the irregularly shaped pebbles and cobbles with dense silica cement, and angular, pitted or
hummocky surface from the basal layers of sandstones of Ladoga and Tosna formations, are
redeposited concretions from Zone (2). However, they do not form a thick layer, which in-
dicates insufficient development of this zone (Fig. 10). The sandstones at the top of Sablinka
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Fig. 10. Sketch of the full pedogenic silcrete profile at the top of Sablinka
Formation (left) and the same profile after erosion during subsequent transgression
(right). The sedimentary quartzite accumulations are filled with gray.

Formation, divided into columns by polygonal system of sub-vertical fractures, are identi-
fied as remaining bottom portion of Zone (3). The absence of the granular zone in Sablinka
formation can be explained by high permeability of original sands, or insufficient time for
formation of the zone.

According to the reconstructions by L.R. M. Cocks and T. H. Torsvik [20], the studied
area during those distant times was located between 40° and 45° southern latitude.

Conclusions

Summarizing the results of our study, which originally intended only to systematize the
surface textures of grains of Sablinka sandstones, we came to the following conclusions: for-
mation of typical prismatic pedogenic silcrete profile took place at the top of Sablinka For-
mation at the Guzhangian—Furongian boundary. Silica redistribution process encompassed
the entire section of the Formation, due to high permeability of the sandstones. However, the
profile did not reach maturity during the lowstand period. The top portions were eroded and
redeposited during the subsequent transgressions.
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