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David KRINSLEY

Scanning Electron Microscope Examination
of Quartz Sandgrain Microtextures
The use of the scanning electron microscope in the examination of microtextural features on the
surfaces of quartz sand grains is discussed Differences in texture can be used to distinguish ll. number
of different weathering or depositional environments. Thus it is possible to identify quartz sand
grains emplaced in the following settings: weathered from granites, youthful rivers, subaqueous marine,
aeolian and glacial This technique can be used to reconstruct ancient depositional environments; sands
as old as Lower Triassic have been successfully subjected to textural analysis.

Most aims of geological science involve the reconstruction of ancient environments. For instance, it is frequently possible to ascertain the temperature of an
ancient ocean, to suggest the kinds of animals and plants that lived in that ocean,
and the predator-prey relationships between them, the firmness and mineral composition of the ocean bottom, the water depth, etc. Thus an attempt is made to
develop a qetailed picture of the environment: every parameter available to the
individual must be used.
As new instrumentation is developed, techniques become available that were
not previously considered. For example, the determination of ancient water temperatures had to await the invention of the mass spectrometer.
Certain parameters present in sedimentary rocks have been used for 'environmental reconstruction. Size frequency analysis of sands has been employed to
distinguish fossil environments such as dune, beach, river and so forth. Sedimentary
structures are those larger features of sediments, that, in general are studied or
seen best in outcrop rather than hand specimen or thin section and are either organic or inorganic in origin (F.J. Pettijohn, 1957, p. 100-132). The list of parameters is
long, and it is necessary to use multiple criteria to document an environment successfully.
ELEKTRON MICROSCOPE METHODOLOGY
GENERAL

Recently, a new technique has been developed which permits environmental
reconstruction to be made from individual grains of quartz sand (D.H. Krinsley,
J. Doornkamp, 1973). Quartz sand grains (2 to 1/16 mm in diameter) are ubiquitous in sediments and thus the technique can be universally applied. The scanning
electron microscope (SEM) is used in the emissive mode to examine the surface
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texture or roughness of individual quartz sand grains; this information is used
to identify and distinguish grains that have been mechanically abraded in river,
beach, continental shelf, dune and glacial environments. Post-depositional chemical
action frequently modifies the grains, so that fossil examples must be carefully
studied, but it is frequently possible to study both mechanical and chemical action
in ancient sands. Certain subenvironmerits (and combinations thereof) such as
hot and cold desert and coastal dune sands can be distinguished. Sand grains can
frequently be found in silts and clays; some of the grains may have been affected
during transport of the silt, while others were abraded in a previous depositional
episode. It may thus be possible to obtain environmental information about both
episodes.
Grains in the sand size and large silt range were collected from a number of
different modem depositional environments; the textures noted on each group
were distinctive enough to permit individual environments to be distinguished.
These textures were then duplicated experimentally; the simulated textures were
quite similar to those found in nature. Surface textures of quartz grains from known
fossil environments· were then compared to the modem and experimental features
and were found to be similar, except for certain chemical features which could
be ascribed to post-depositional alteration. These latter features were studied and
partially duplicated in the laboratory. Finally the technique was used to identify
unknown fossil environments with the proviso that as many other techniques as
possible were to be used to confirm identification (D. Krinsley, J. Donahue,
1975).
TEXTURAL FEATURES

The types of features detected on quartz grain surfaces can be classified as mechanical or chemical features, or combinations of the two. The mechanisms producing
these features are conchoidal fracture, cleavage (contrary to popular opinion,
quartz does have cleavage or slip), and solution-precipitation. The abundances,
intensities and spatial arrangement of the above three features can be used successfully to delimi~ a number of different depositional and weathering environments.
DEPOSITIONAL ENVIRONMENTS

We a the r in g and You t h f u I Ri v er T ex tu res. Recently quartz
grain textures from granites and their weathering residues were studied; also examined were grains from youthful rivers which presumably contained modified
original granitic textures (C. Coch, D.H. Krinsley, 1976). There previously were
a few published electron micrographs of original granitic textures (D.H. Krinsley,
J. Doornkamp, 1973), but not enough information was available to be definitive.
Detailed examination was m;;:tde of granite grus (weathering residue) and quartz
from a single youthful stream· draining the granite, both from the Black Hills· of
South Dakota (C. Coch, D.H. Krinsley, 1976; Fig. 1, A). Grus grains could generally be identified by microblock textures (see W.B. Whalley, D.H. Krinsley,
1974, for descriptions and photographs); a number of other minor features were
present. As the granite quartz grains were carried downstream, the microblocks
were progressively destroyed and their place taken by upturned plates (S.V. Margolis,
D.H. Krinsley, 1971). The relative distance of transport could be determined by
the ratio between micro blocks and upturned plates.
.
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Grain fr.osting as observed with the naked eye and the light microscope is a function of this ratio. Microblocks, being larger, permit light to pass through the grains
without much scattering; thus clear grains are observed Grains with upturned
plates are small and their spacing approaches the wave length of visible light; thus
the tiny ridges diffract or scatter visible light and a frosted appearance results
(PI. I, Fig. 1).
Sub a que 0 u s M a r i neT e x t u res. Subaqueous features include
rounded and smoothed grain edges; these tend to be found on littoral, shelf and
turbidite sands. Grains between about 1000 and 1500 J..IID in diameter contain the
best examples of these features; as smaller grains are examined, roundness and
smoothing decrease, and on grains of less than about 300 llm, it may be difficult
to find subaqueous features of any kind.
Characteristic mechanical V-shaped patterns and grooves are found on rounded
and smoothed grain edges; the former generally have a density greater than
3 V's/llm2. The V's appear to be a series 'of notches cut in upturned cleavage plates
(paralleL thin, flat ridges, oriented at some angle to the grain surface) which are
ubiquitous over many subaqueous abraded surfaces (D.H. Krinsley, 1. Doornkamp,
1973). It is probable that the large V's represent single mechanical events with the
smaller ones the result of irregular grinding of loose debris created by the original
impact (PI. I, Fig. 2). Fracture propagation of energy across crystallographic plates
probably created the upturned cleavage plate topography. At high magnifications,
rounded surfaces no longer appear smooth; cleavage plates and V-shaped patterns
are generally ubiquitous on all abraded areas.
Straight or slightly curved grooves are observed scattered over subaqueous
grain surfaces at the same magnifications which best show the mechanical V patterns; the grooves are never as numerous as the V's and frequently include satellite
V's, the depressions forming one side of a given V. The grooves are depressed slightly
below the surface and may be fairly straight, curve once or twice, or may even extend
in ellipses with satellite V's along their lengths. They are not present on smaller
grains (less than about 300 J.lffi in diameter) perhaps because there is a decrease
in imparted abrasion energy.
Although etch pits or V's formed by chemical etching may occur in any environment, they are most common in sub aqueous situations and may be either syndepositional or diagenetic; the former is much more common. They tend to have very
Fig. 3).
regular sides as compared to the somewhat irregular mechanical V's (PI.
Etch pits are all oriented almost exactly the same and generally are located on either
rhombohedral or prismatic quartz faces.
Depressions of v<;lrying size which contain evidence of solution and precipitation of silica occur irregularly scattered across subaqueous grain surfaces. Mechanical
V's are not present within the depressions suggesting that the latter are protected
from abrasion because of their location below the general grain leveL Occasionally
depressions are observed which contain conchoidal breakage patterns (probably
representing a previous breakage cycle) indicating that they have not been acted
upon chemically. However, these features contain precipitated, amorphous silica
in more than 90% of the cases observed.
As subaqueous quartz sand grains of smaller and smaller size are examined,
chemical solution and precipitation replace abrasion markings. Grains less than
300 J.lffi in diameter almost never contain evidence of abrasion. Chemical action
includes etching with the formation of etch pits as described above, formation of
quartz crystal terminations on the surfaces of upturned plates (E. Pittman, 1973)
and perhaps most numerous, irregular layers of precipitated silica covering most
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or all of a given grain with irregular solution markings scattered about the grain
surface. The layers described may be very thin so that it is possible to see the undedyingtopography. On the other hand, precipitation may be so extensive that all
topography is masked The extent to which precipitation occurs is a function of
a number of variables including time spent in the environment, surfare characteristics
(chemical and physical) of a given grain, the chemical environment of the surrounding water envelope, temperature and perhaps several others. Generally if abrasion
does not occur on a given sand grain, in the subsequent environment solution and
precipitation most certainly will.
A e 0 1 i anT e x t u res. There appear to be four types of textural features
that are characteristics of aeolian quartz grains from modern hot deserts.
"Upturned plates" (D.H. Krinsley, 1. 'Doornkamp, 1973, PIs. 71, 84) commonly
cover the surfaces of most grains greater than 400 to 500 ~ in diameter. These
plates appear as more or less parallel ridges ranging in length from about 0.5 to
10 Jlm and are the result of breakage along cleavage planes in the quartz lattice
(PI. II, Fig. 4, PI. III, Fig. 6). Sand grains of this relatively large size generally travel
as saltating or creeping bed load (R.A. Bagnold, 1941), experiencing a succession
of high-velocity collisions. At the time of collision, the kinetic energy of each particle
is at least partly converted into elastic energy in the grain. When typical aeolian
velocities (R.A. Bagnold, 1941) are compared with grain velocities during aqueous
transport, it becomes evident that the kinetic energy of a wind-moved particle
(varying with the square of its velocity) must often be several hundred times greater
than that of a particle moved by water. The results of these high-energy elastic
collisions appear to be "abrasion fatigue" (K.J. Pascoe, 1961), and the upturned
plates are thought to be resulting cleavage scarps. These plates are frequently
modified in desert environments by solution and precipitation (F. Lucci, G. Casa,
1968; S.V. Margolis, D.H. Krinsley, 1971).
Equidimensional or elongate depressions (D.H. Krinsley, J. Doornkamp,
1973, PI. 68), 20 to 250 ~ in maximum dimension in size on smaller grains, are
caused by the development of conchoidal fractures on the grain surface. They
may result from direct, as opposed to glancing, impact between saltating or creeping grains.
Smooth surfaces occur on smaller grains (90 to 400 Jlffi diameter); they are
'caused by precipitation (B. Waugh, 1970) and solution of silica and are unaffected
to any great extent by abrasion (D.H. Krinsley, J. Doornkamp, 1973). Grains
of this size are more normally carried in suspension (R.A. Bagnold, 1941, Chap. 1)
rather than by creep or saltation and are therefore unlikely to collide. When collisions
occur, development of features caused by abrasion fatigue are less common (K.J.
Pascoe, 1961).
Arcuate, circular or polygonal fractures (F. Lucci, G. Casa, 1968, PIs. XCIII
through XCV; D.H. Krinsley, J. Doornkamp, 1973, PI. 82), are most commonly
found on smaller (90 to 150 Jlffi diameter) grains. These features may be the result
of physical or chemical weathering, possibly including the crystallization of salts.
Although weathering action might be expected to occur at times of rest 'On grains
of all sizes, the textural evidence for it would be removed by abrasion of the larger
saltating or creeping grains.
Aeolian sand grains from coastal and periglacial environments have been
examined (S.V. Margolis, D.H. Krinsley, 1971), and significant variations in the
occurrences of the above four features have been noted. These generalizations
are based on examination of 20 samples from each environment (some of which
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are listed in S.Y. M argolis, D.H Krinsley, 1971); about 25 grains were studied in
each sample.
Coastal aeolian sand grains contain upturned plates, but only on small patches
of any grain surface. In contrast, hot desert grains show plates over most of their
surfaces. Equidimensional or elongate depressions occur very occasionally on
coastal aeolian grains but are almost always present on hot desert sand grains
larger than 500 J.U1l in diameter. Smooth surfaces and arcuate, circular or polygonal
cracks on smaller grains are found frequently on hot desert sand but are very rarely
found on coastal aeolian sand (PI. Il, Fig. 5).
Periglacial aeolian sand also contains upturned plates, but only in small patches
on grain surfaces. Equidimensional or elongate depressions occur with greater
frequency on periglacial sand than on coastal aeolian grains, but their frequency
is less than on hot desert sand grains. Smooth surfaces on smaller grains and arcuate,
circular or polygonal cracks are seldom found on periglacial aeolian sand.
G I a cia 1 T e x tu res. W.B. Whalley, D.H. Krinsley (1974) have described
the types of textures on quartz grains from glacial environments. It appears that
many of the typical fracture patterns described previously in the literature such
as arc steps, parallel and subparallel steps and arc shaped steps or grooves (D.H.
Krinsley, J. Donahue, 1968; D.H. Krinsley, S.Y. Margolis, 1969) probably originated either in the parent rock or when quartz grains were removed from that rock
by weathering. In the case of "wet-base" glaciers, grinding in an environment where
a thin layer of water surrounds the grains probably produces micro block and
upturned plate textures. "Dry-base" glaciers may produce the various conchoidal
patterns, as arc shaped steps, parallel and subparallel steps and are steps indicated
above. No surface textures described so far reliably characterize any particular
glacial subenvironment. The general variability of the grain surfaces from all glacial
positions makes it impossible to determine the exact depositional environment.
On the other hand, this great variability (in terms of type and size of feature) is
generally characteristic of glacial deposits (PI. Ill, Fig. 7). In particular, the variation in the amount of precipitation on grain surfaces and the degree to which small
debris become attached or cemented is fairly definitive. Thus although glacial
subenvironments cannot as yet by characterized by surface textures, the glacial
environment can.
EXAMPLES

The first example concerns a sand deposit of Lower Triassic age from Budleigh
Salterton, Devonshire, England; it was collected 60 cm above the top of the Budleigh Salterton Pebble Beds in a sea cliff exposure just west of the town, in the base
of the Otter Sandstone Formation (M.R Henson, 1970). A recent stratigraphic
review (1. Pattison and others, 1973) suggested that the Pebble Beds and the Otter
Sandstone Formation are Scythian and Anisian (early Middle Triassic), which
would indicate an age of between 210 and 225 m.y. (W.B. Harland and others, 1964).
The sample consists of largely uncemented, brownish-yellow sand with wellrounded grains ranging in diameter from 0.8 to 0.09 mm. Thirty grains from each
of three size ranges (> 500 Jlm, 250 to 500 Jlm, and < 250 J.U1l diam.) were examined
with the scanning electron microscope. Whole grains as well as magnified sections
of typical features were photographed. The surfaces were compared with modern
surface textures of quartz grains from the hot deserts of Libya, Arabia, Australia,
and New Mexico and California (U.S.A.).
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All of the characteristic eolian features above were found in the Triassic sample
in the same proportions and on grains of the same diameters as in the modern
hot-desert samples. The distribution of features typical of coastal or periglacial
dune areas is absent.
Because diagenesis evens out surfaces on the various size grades, the quartz
grain surfaces of the Triassic sample could not have been affected to any great
degree by postdepositional processes. This unusual occurrence of ancient transport
textures, unmodified by diagenesis, requires some special explanation that I cannot
offer at the moment.
This discovery emphasizes the value of investigations of surface texture in
environmental reconstruction by demonstrating that under certain conditions,
early Mesozoic sand grain surfaces may have escaped diagenesis, at least as far
as the resolution of the scanning electron microscope' can determine.
Marine sediments contain a predominance of fine sand and coarse silt-sized
particles and the lack of SEM studies on these fine-grained sediments has been
unfortunate. However, as a result of work on selected Cretaceous and Tertiary
samples from Leg 39 Deep Sea Drilling Project (DSDP) in the South Atlantic
(D.H. Krinsley, F. McCoy, 1977), the use of silts and fine sands has proven to be
a significant tool in deciphering environmental characteristics from finer-grained
deep-sea deposits. It has been found that many of these samples contain silt-sized
quartz particles with mechanical surface textures. They represent broken fragments
of larger sand-sized grains and it is possible using the broken fragments to reconstruct their abrasional history. About 80% of the very fine sand-silt grains (75 /lm
to 150 J..I1l1 approximately) were composite; they contained a surface or surfaces
with mechanical features, either aeolian or subaqueous, and additional surfaces
which indicated that these smaller grains had been portions of larger quartz sand
grains. Thus two distinct surfaces were detected on each of the fragments, one with
mechanical'abrasion or chemical precipitation and/or solution representing texturing activity on the continent or shelf and a later, fresh breakage surface representing a final episode in which the grain broke into several parts. These broken fragments were emplaced in the deep sea by subaqueous processes but preserve characteristic markings of processes that occurred on land or on the shelf prior to transport
into the deeper marine environment. In many cases it was even possible to reconstruct the original diameter of the grain by measuring the curvature of the unbroken
portion of the fragment. In an samples, the final breakage event was indicated by
conchoidal fractures containing little or ,no evidence of diagenetic alteration and
it is interesting that within the magnification range used in SEM (20,000 x), little
or no quartz diagenesis occurred during an extreme time range of as much
as 80,000,000 years in some cases.
Discovery of these fragmented grains thus makes it feasible to use finer-grained
deep sea sediments for SEM environmental analysis and to provide information
on continental and shelf environments. An exciting new application of SEM methods
appears to be available, one that would have wide applicability.
Department of Geology
Arizona State University
Tempe, Arizona 85281 USA
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David KRINSLEY
BADANIA MlKROSTRUKTUR ZIARN PIASKU KWARCOWEGO
PRZY ZASTOSOWANIU ELEKTRONOWEGO MIKROSKOPU SKANNINGOWEGO
Streszczenie
Ziarna piasku kwarcowego badane za posrednictwem elektronowego mikroskopu skanningowego
ujawniajl! wiele cech mikrostrukturalnych, jakie mOgl! bye wykorzystane w badaniach litologicznych
osadow, dla okreslenia tak charakteru macierzystego zrodla, jak rownici: warunkow transportu materialu. Ziarna re ulegaly bowiem wplywOOl srodowiska, ktore· zaznaczylo s~ w specyficznych sladach
zmian chemicznych i J!lechanicznych.
Na powierzchniach ziam kwarcu obserwuje si~ slady zmiari mechanicznych lub chemicznych, albo
tci: kombinacje obu wymienionych cech Do pierwszych naleilt przclamy muszlowe i ~kni~cia, do drugich
formy trawien-wytrl!cen. Ze wzgl~du m zroznicowanie sladow powierzchni ziam kwarcu mozna wyroznie cztery glowne rodzaje srodowisk transportu, depozycji i wietrzenia.
Struktury powierzchni ziam kwarcu z mlodych rzek, transportujl!cych material granitowy, odznaczajl! si~ na og61 mikroblokowl! strukturl!. W mia~ oddalania s~ od zrodla materialu kwarc ulega s~ka
niu na coraz to mniejsze bloki i dzieli si~ na plytki
Powierzchnie ziam kwarcu pochodzl!cego re srodowiska morskiego SI! zaokrl!glone i gladkie. Przy
du:iych powi~kszeniach stwierdza si~, :le powierzchnie SI! g~sto pokryre formami V-ksztahnymi, ~dl!cymi
sladami pojedynczych mechanicznych zderzen z innyroi ziarnami. Ponadto przy du:iych powi~kszeniach
widoczne SI! wyZlobienia powierzchni W ziarnach 0 srednicy mniejszej niZ 300 ~ zmniejsza si~ stopniowo
udzial form V-ksztaltnych, a coraz wi~ks2l! rol~ odgrywa proces chemicznych przeobrazen kwarcu,
polegajl!CY re trawieniu powierzchni lub wytrl!caniu s~ re nit(j cienkich otoczek krzemionki. Procesy
chemicznego trawienia kwarcu lub wytrl!cania si~ re jego powierzchni krzemionki wskazujl! re przeobrazenia chemiczne i warunki w jakich zachodzily te zmiany, a obfitosc fonn rzeiby pochodzenia
mechanicznego re energ~ osrodka w jakim odbywaly si~ transport i osadzanie materialu.
WsrOd kwarcu pochodzenia eolicznego wyroznia s~ cztery typy mikrostruktur charakterystycznych
dla srodowiska wspolczesnych gorl!cych pustyil. "Zadziorowe powloki" (ang. upturned plates) pokrywajl!
wi~kszosc ziam kwarcu srednicy powyzt(j 400 - 500 ~ i ulozone SI! w mniej lub bardziej rownoleglych
pasmach odleglych 0,5 -10 J.lm. Formy re SI! wynikiem ogromnej ilosci kolizji ziarnowych.
Wgl~bienia koliste hili wydluzone SI! rezultatem rozwoju muszlowych przelamow. Tworzl! si~ one
pod wplywem uderzen ziam wleczonych i podrzucanych przez wiatr.
Gladkie powierzchnie Sl! wynikiem wytrl!cania si~ krzemionki na malych ziarnach, mniej podatnych na odksztalcenia mechaniczne.
Lukowate, kolisre lub poligonalne formy spotykane SI! g16wnie re powierzchniach malych ziarn.
Formy takie SI! rezultatem mechanicznego i chemicznego wietrzenia, zachodzl!cego przypuszczalnie
przy wspoludziale soli.
Powierzchnie kwarcu pochodzenia glacjalnego odznaczajl! si~ ogromlll! roznorodnoscil! mikrostruktur, co jest cechl! danego srodowiska Roznorodnosc powyzsza powoduje, :le w chwili obecnej nie ma
jeszcre opracowanych podstaw umozliwiajl!cych dokladlll! ocen~ warunkow srodowiska i przeprowadzenia szczegolowego podzialu. Zauwazono natomiast istotne roznice mi~dzy sladami na powierzchni
kwarcu z osrodka mokrego i suchego; w pierwszym dominuje budowa blokowa, a w drugim przelamy
muszlowe.
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.QaBHA KPVlHCflE&i1

C

M3Y"II!HME MMKPOCTPYKTYP"'13!PI!H
nECKA
CKAHHMHfOBOrO. 311EKTPOHHOrO MMKPOCKOnA.

3epHa KBapL4eBoro

neCKa,

M3Y"iaBWMe01

nOA

CKaHHMHrOBblH

3neKTpOHHblH

HMKpOCKOnOH, OT-

m'''iatoTC1I HHorHHM HHKPOCTPYKTYPHblHM oc06eHHOCT1IHM, KOTopble HorYT 6blTb MCnOnb30BaHbl npM
mtTOnOrM"ieCKOH M3Y"ieHMM nopoA KaK AnR onpeAeneHM1I HCTO"fHHKa HX npOMCXO>KAeHHSI. TaK H ycnoBHM
TpaHCnOpn'lpOBKM HaTepMana. 3TH 3epHa McnblTblBanM B03AeMcTBHe oKpY>Katou.ta1 cpeAbl, np01lBMBwee01 B CneL4McplII"feCKHX 1113HeHeHM1IX XMHIII"feCKoro III HeXaHIII"feCKOrO nopRAKa.
Ha nOBepXHOCTH 3epeH KBapl$ Ha6ntoAatoT01 cneAbl HeXaHM"feCKIIIX III XMHM"feCKMX npe06pa30BaHIIIM IIIml cneAbl CO"ieTaBWerOCR BnM1IHM1I 060HX 3TMX cpaKTopOB. K nepBblH OTHOCIIITC1I paKOBMCTblM
1113nOH III Tpeu.tMHbl, KO BTOPblH -

CPOPHbI TpaaneHIII1I-OCa>KAeHIIIR. no pa3H006pa3l11to cneAOB Ha no-

BepXHOCTIII KBapL4eBblX 3epeH, HO>KHO npeACTaBIIITb "feTblpe Tlllna cpeA, B KOTOPblX npOHCXOAIIIn nepeHOC OCaAKOB, MX OCa>KAeHMe Ha HeCTax M BbIBeTpIIIBaHHe.
CTpoeHllle nOBepXHOCTH KBapL4eBblX 3epeH loB HonOAblX peK, nepeHOCIIIBWIIIX rpaHIIITHblM HaTeplllan,
OTnM"fatoTCR HIIIKp06nOKOBoM CTpYKTypoM.

no

Hepe YAaneHlII1I OT IIICTO"fHIIIKa, KBapL4 TpeCKaeTC1I Ha

BCe HeHbWllle no pa3Hepy 6nOKH III paccnalllBaeTC1I Ha Ta6nH"fKH.
nOBepXHOCTb 3epeH KBapL4Cl H3 HOPCKOM cpeAbl oKpyrnu H rnaAKa1l. npIII 60nbWOH YBenlll"feHHH
3aHe"iaeTC1I, "fTO nOBepXHOCTb ryc10 nOKpbl"ra

V

06pa3HbIHH cpopHaHH, 1IBnJltou.tMHIII01 cneAaHM. OT-

AenbHblX HeXaHM"feCKIltX CTonKHOBeHMH C ApyrlllHIIt 3epHaHM.
3aHentTb 60p03AKM.

B

3epHax AlltaHeTp01 HeHee

300 J.1ffi

KpOHe Toro,

KonM"feCTIlO

V

Ha nOBepXHOCTH

HO>KHO

06Pa3HbIX cpop'" YHeHbLUaeTC.II,

a nOllBnlleTC1I Bce 60nbwe M 60nbLUe nplll3HaKOB XIIIMH"feCKOro npe06pa30BClHHII KBClpL4a, nYTeH TpaBneHIIIII nOBepXHOCTIII HnM OCa>KAeHHII Ha HeM TOHKHY. KpeHHMCTblX 060nO"feK. npOL4eCCbl XMHM"feCKoro
TpaBneHIII.II KBapL4Cl IIInM OCa>KAeHMR Ha ero nOBepXHOCTH KpeHHe3eHa rOBopRT 0 XMHM"feCKOH npe06pa30BClHMIII M ycnoBIIIRX, B KOTOPblX 3TH M3HeHeHMII npOMCXOAlllnM,.a 60raTCTBO CPOPH penbecpa HeXaHM"feCKoro npOMCXO>KAeHMII. YKa3blBaer Ha nOABM>KHOCTb cpeAbl. B KOTOPOM npOHCXOAIIIn nepeHOC H OCCl>KAeHllle HaTepHana.

B

KBapL4e 30noBoro

npoHCXO>KAeHHII

BblAenlleTCR

"ieTblpe TMna HMKpOCTpYKTyp, xapaKTepHblX

Anll ycnoBHM COBpeHeHHblX rOpll"iHX nYCTbIHb. .. Wepwaable 060nO"iKM"
60nbWMHCTBO KBap14eBblX 3epeH AMaHeTpOH CBblwe
pannenbHblHM nOllcaHM Ha paccToIIHMM

0,5-10

400-500

(upturned plates)

nOKpblBatoT

J.l.H M pacnOnO>KeHbl 60nee HeHee na-

J.l.H. 3TH CPOpHbl nORBMnHCb B pe3ynbTaTe HHorO"iMCneH-

HblX cTonKHOBeHMM 3epeH.
Kpyro06pa3Hble

MnM

YAnMHHeHHble

yrny6neHMII

-

nOCneACTBIIIII

paKoBMcTblX

M3nOHOB.

OHM

B03HMKCltoT npM YAapax 3epeH, HeCOHblX M nOA6paCblBaeHblX BeTpOH.
rnaAKMe nOBepXHOC"I'M 06pa3ytoTCII BcneAcTBMe OCa>KAeHMII KpeHHe3eHa Ha HanblX 3epHax, HeHee
nOABep>KeHHbIX HeXaHM"ieCKOHY palpyweHMto•
.Qyro06pa3Hble,

Kpyro06pa3Hble

M nonMrOHanbHble

CPOPHbl

Ha6ntoAatoTCII

rnaaHblH

06palOH

Ha nOBepXHOCTH HanblX 3epeH. 3TH CPOPHbl nOllBlllnlllCb KaK pe3ynbTaT HeXaHM"IeCKoro M XMHMl.feCKoro
BbIBeTpHBaHMII. BepOllTHO npH Yl.faCTMM cnOM.
nOBepXHOCTb KBapl$ neAHHKOBoro npOMCXO>KAeHWi OTnM"iaeTCII HHOro06pa3HeH HHKpOCTpyKTyp,
"iTO xapaKTepHO Anll noM cpeAbl. BBMA)' noro HHOro06pa3Hft AO CHX nop He palpa60TaHbl OCHOBbl
Anll

AeTanbHoM

OL4eHKM CBOHCTS M AeTanbHOro

paC"IneHeHHft. OTHel.feHO Cyu.teCTBeHHoe

palnH"IMe

He>KAY cneAaHM Ha nOBepXHOCTM KBapL4a, OTHOCftlJ.4eroCR K BOAHoM M CyxoM CpeAe; B nepBOH cny"lae
npe06naAaeT 6nOKOBoe CTpoeHllle, a BO BTOpOH -

paKOBIIICTble M3nOHbl.

PLATE I
Fig. 1. Quartz sand grain from a river in Black Hills, South Dakota, draining granite terraine. Note
micro blocks with upturned plates on edges representing river erosion
Ziarno piasku kwarcowego z rzeki w Black Hills w Poludniow~ Dakocie, drenowanego obszaru grai1i~
towego. Zauwaia s~ mikroblocznosc i "zadziorowe powloki" na kraw~dziach, ~d~;Ce wynikiem erozj
rzecznej
Fig. 2. Portion of a quai1:z sand grain from tre South African continental shelf. Note mechanical V-shaped patterns and elongate patterns indicating subaqueous action
Fragment ziarna piasku kwarcowego z kontynentalnego szelfu Poludniowej Afryki. Widoczne ~ V-ksztaltne slady i formy wydluione, wskazujllce na mechanicznll dzialalnosc podwodnll
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David KRINSLEY - Scanning Electron Microscope Examination of Quartz Sandgrain Microtextures

PLATE I

PLATE H
Fig. 3. Portion of a quartz sand grain which was artificially etched in sodimn hydroxide solution. The
en echelon V-shaped depressions are exactly like those observed on natural gr.ains
Fragment ziarna piasku kwarcowego sztucznie wytrawionego w NaOH. Stwierdza si{! podobienstwo
figur V-ksztaltnych do naturalnych
Fig. 4. Portion of an aeolian quartz sam gra4t from the Algod6hes Dune Field, California Note upturned plates and equidimensional or elongate depressions on grain surface
Fragment kwarcowego ziarna piasku eolicznego z wydm Algodones w Kalifornii. Widoczne S<! "zadziorowe powloki" oraz centryczne i wydluZone 'wyzlobienia na powierzchni ziarna
Fig. 5. Large quartz silt grain from same location as, Fig. 4. Note angularity and flatness (cleavage)
Dui:e ziarno mulu kwarcowego z wydm Algodones w Kalifornii. Na uwa~ zasluguje kanciastosc i plaskosc (sp{!kania)
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PLATE II

David KRINSLEY - Scanning Electron Microscope Examination of Quartz Sandgrain Microtextures

PLATE III
Fig. 6. Portion of an aeolian quartz sand grain from tre same location as Fig. 4. Note the upturned
plates which have been rounded by solution
Fragment kwarcowego ziarna piasku eolic:znego z wydm Algodones w Kalifornii. Widoczne Sl:! "zadziorowe powloki" wygladzone przez roztwory
Fig. 7. Quartz sand grain from a Norwegian Fjord Note fresh conchoidal fractures and lackofprecipitation
Ziarno piasku kwarcowego z fiordu norweskiego. Uwa~ zwracajlJ., swiei:e przelamy muszlowe i brak
form wytrlJ.,cen

Kwart. Geol.. nr 2. 1980 r.

PLATE III

David KRINSLEY - Scanning Electron Microscope Examination of Quartz Sandgrain Microtextures

