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SUMMARY 

In this study we analyze and explain the formation of the 
constructive micrite envelope in the vadose continental environ- 
ment. This constructive micrite envelope shows a wide variety of 
textural components. The principal textural components are: mi- 
croorganisms, micritic and microspar LMC cement, whisker crys- 
tals, microfibres and aggregates of LMC acicular crystals. The 
main microorganisms are hyphae fungi, although actynomicetes 
and bacteries also occur. 

The constructive micrite envelope is due to the action of cal- 
cified filaments (hyphae fungi) which collapse and coalesce for- 
ming an intertwined mesh as well as due to the precipitation of 
micritic and microspar cement. The whisker crystals, microfibres 
and aggregates of LMC acicular crystals are secondary microtex- 
tures. 

Constructive micrite envelopes does not indicate a specific 
diagenetic environment. 

The constructive micrite envelopes present irregularities or 
bumps at the outer surface of the grains, and the destructive mi- 
crite envelopes present irregularities towards the grain interior. 
This morphologic criterion is useful to differenciate the micrite 
envelope origin, constructive or destructive, in the fossil record. 

RESUMEN 

En este trabajo se analiza y explica la formación de la envuel- 
ta micrítica constructiva en el medio continental vadoso. Esta 
envuelta muestra una gran variedad textural: microorganismos, 
cemento de LMC (Low magnesian calcite) de tamaño micrítico y 
microesparítico, cristales whiskers, microfibras y agregados de 
cristales aciculares de LMC. Los principales microorganismos son 
las hifas fúngicas, presentándose también actinomicetos y bacte- 
rias. 

La envuelta micrítica construcriva es debida a la acción de los 
filamentos calcitizados (hifas fúngicas) los cuales colapsan y coa- 
lescen formando una red, así como a la precipitación de cemento 
micrítico y microesparítico. Los cristales whisker, microfibras y 
cristales aciculares son microtexturas secundarias. 

Las envueltas micríticas constructivas no indican un medio 
diagenético específico. 

Las envueltas micríticas constructivas presentan irregularida- 
des o engrosamientos hacia la superficie externa de los granos, 
mientras que las envueltas micríticas destructivas presentan las 
irregularidades hacia el interior de los granos. Este criterio mor- 
fológico es Útil para diferenciar el origen de las envueltas micríti- 
cas, constructivo o destructivo, eii el registro fósil. 

INTRODUCTION 

The presence of a brownish envelope (or rim), almost 
opaque, on the externa1 borders of carbonate grains, of 
variable thickness, and made up of cryptocrystalline crys- 
tals, is very common in carbonate grains throughout the 
geologic record. Its existence permits the morphologic 
identification of certain carbonate constituents in fossil 
rocks (Friedman, 1964, 1975; Friedman et al., 1971; 
Bathurst, 1971, 1979). 

These opaque rirns in carbonate grains have been ob- 
served for a long time (Sorby, 1879; Cullis, 1904; Gins- 
burg, 1957; Illing, 1954, etc.). They have been named 
dark lines (Cullis, 1904), micriticr ~orrosion rim, micritic 
rirn, circumcrust, lime-mud envelopes, etc., but the term 
more largely accepted is micrite envelope. A certain ter- 
rnjnologic confusion in micrite envelope concept exist 
because a descriptive-genetic meaning is given by some 
authors while an exclusively descriptive meaning is given 
by others. Bathurst (1964, 1966, 1971) restricted the 
term rnicrite envelope to those opaque rims caused by 
boring and filling mechanism. Gvirtzman and Friedman 
(1 977) defined the micrite envelope as "any cryptocrys- 
talline opaque outline of a particle or a skeleton, whe- 
ther the opaque parts originated as filling of bored ou- 
ter regions of the skeletons or as coatings extending bey- 
ond the original outline of the skeletal parts, whose other 
parts may or may not have been bored". 

The formation of the micrite envelope is intimately 
associated with the micritization process. This process 
may be produced by different mechanisms of which we 
point out the following: a) Boring and filling mechanism 
(Bathurst, 1966, 1971; Winland, 1968; Swinchatt, 1969; 
Lloyd, 1971 ; Margolis and Rex, 1971 ; Alexandersson, 
1972; Gunalitaka, 1976, etc.). b) Dissolution-reprecipita- 
tior, within an organic muscilaginous sheath (Kendall et 
al., 1966; Kendall and Skipwith, 1969). c) Constructive- 
ly generated micritic envelopes (Kobluk and Risk, 1977 



a, 1977 b). d) Other mechanisms such as "recrystallisa- 
tion" (Purdy, 1968), cLsparmicritization" (Kahie, 1977), 
etc. 

According to Kobluk and Risk (1977 a, 1977 b) mi- 
croorganisms may produce a constructive micrite envelo- 
pe in sea water. These envelopes are due to the calcified 
filaments of the algae Ostreobiuin which are coalesced 
forming an interwined mesh and the precipitation of mi- 
critic and microspar cement inside the micropores. These 
authors were 1.he first to explairi the formation of the 
constructive micrite envelopes. 

In spite of the constructive mjcrite envelope does not 
previously explain their formation in the continental en- 
vironment, some authors (Logain et al., 1970; James, 
1972; Ward, 1975; Knox, 1977) have observed the pre- 
sence of micrite envelopes (or rnicrite coatings) on the 
outside of the grains, in the upper part of the vadose 
continental environment. 

In this study we analyse and explain the formation of 
micrite envelopes in the edapliic and vadose continental 
environment, whereas they were only described from the 
marine environment (Kobluk and Risk, 1977 a; 1977 b), 
in the eolianites of Pleistocene age from Mallorca. 

GEOLOGICP,L AND DIAGENETIC SETTING 

The island of Mallorca is located to the east of Spain 
in the Mediterranean Sea (Fig. 1). On the island there are 
three main areas where Pleistocene and Recent eolianites 
are weli developed (Fig. l), narned area A (Palma Bay), 
area B (Colonia Sant Jordi), a11d area C (Alcudi Bay). 
These three areas have different climates. Areas A and B 
are semiarid whilst area C has a dry-subhumid climate. 

The stratjgraphy of the Mallorcan Pleistocene is well 
known thanks to the works of Cuerda (1 957,1979, But- 
zer and Cuerda (1 960, 1962), el c. 

The samples studied correspond to carbonate eoliani- 
tes of Flandrian age (2.000 tci 7.000 years BP), Wurm 
(approximately 25.000 years BP), Riss (approximately 
300.000 yeairs BP) and Mindel (approximately 500.000 
years BP). 

Fig. 2 si-iows an idealized and sirnplified diagenetic 
model of the Pleistocene in Mailorca based on Calvet 
(1979). The diagenetic evolution is divided into two sta- 
ges: a first stage in marine cooditions and a second stage 
in continental conditions. 
- Stage 1 (in manne conditions): A great part of the 

carbonate components (molluscan, coraiiine algae and 
foraminifera, principally) in the eolianites (either recent 
or fossil) originated on the marine platform. These com- 
ponents, wliole or fragmentated, are transported by wa- 
ve action, currents, etc. to the beach. The typical manne 
diagenetic processes acted on these grains and when they 
reach the continental environrnent show inhereted mari- 
ne diagenetic features. The most important inhented dia- 

I Tertiary - Mesozoic 

Fig. 1. a) k Iapof  the west o f h e  Mediterranean Sea showing 
the location of Mallorca. 
b) Map of Mallorca showing the three main areas where the Pleis- 
tocene and Recent eolianites are weii developed and stiidied in 
this paper. 

genetic features, refering to the fossil micrite envelopes, 
is naturally the result of boring and filling in the marine 
environment . 
- Stage 2 (in continental conditions): The sands of 

the beaches are carried selectively by the wind and form 
the dunes and dune complexes. In these new conditions 
the sands will be transformed in to hard, compact fossil 
rocks following the diagenetic evolution in continental 
environment. The principal continental environments are: 
a) edaphic zone, with the formation of laminated cali- 
ches, rizoliths, etc., b) vadose continental environment 
and c) phreatic continental environment. 

Thirty outcrops were analized sistematically in the 
fossil dune complex shown on Figure 2. Each outcrop 
was sampled from the lower zone cropping out generally 
situated at the middle part of the vadose zone to the 
edaphic zone. 

The active constructive mechanisms of the micrite en- 
velope was observed basicaliy in the Flandrian eolianites 
and locally in the Wurm eolianites, in particular, in the 
upper part of the vadose environment. In the Riss and 
Mindel eolianites this process is a fossil product. 



Fig. 2. Diagenetic model of the Pleistocene of Mallorca. 1 marine environment. 2 continental eiivironment. a edaphic 
environment. b vadose continental environment, c phreatic continental environment. 

TEXTURAL COMPONENTS OF THE 
CONSTRUCTIVE MICRITE ENVELOPE 

The principal textural components of the constructi- 
ve micrite envelope in the vadose continental environ- 
ment are the following: 

a) Microorganisms. The principal microorganisms ob- 
served in the constructive micrite envelope are: 
1/ Hyphae fungi. They present two dispositions: 

1) Well calcified filaments, measuring 6-13 pm thick 
and up to 80 pm in lenght, on the grains and for- 
ming an interwined mesh in the interparticle poro- 
sity (Plate 1-1, 1-2, 1-3). This filaments are calci- 
fied by small LMC (low magnesian calcite) crystals, 
less than 3 pm, with the c-axis perpendicular to 
the filament. According to  E.I. Friedmann (1979, 
written cornmunication) they can be probably at- 
tributed to hyphae fungi. 

11) Filaments coating the grains. These filaments mea- 
sure 3-7 pm thick and up to 1 mm length. The fila- 
ments grade from uncalcified to totally calcified, 
and locally they are collapsed (Plate 3-1). They pre- 
sent some dicotomic bifurcations. The internal dia- 
meter varies from 1,s to 3,s  pm, and the crust (ac- 
cording to Sch~oeder, 1972, 1973) is 0,3 - 1 pm 
thick (Plate 1-5). The crust is made up of LMC 
crystals which measure between 0,l  pm (or less) 
and 1 pm. The crystals are anhedric to subhedric 
and the c-axis tend to be perpendicular to the fila- 
ment (Plate 1-5). According to E. 1. Friedmann 
(1979, written communication) ,the filaments can 
be interpreted as hyphae fungi. 1s possible that the 
form 11) will be a initial stage of form 1). 

Similar calcified filaments have been cited by Knox 
(1977) and Klappa (1979) in caliche profiles in South 
Africa and in coastal regions of western Mediterranean 
respectively. 

P/ Filamentsmeasuring 1 pm thick (Plate 1-6, 2-6) which 
can be attributed to actinoniycetes, according to the 
description in Klappa (1979). 

3/ Bacterias. We have observed rarely chains of coca1 bac- 
terias, 0.3 pm thick (Plate 2-6). 
b) Micritic and microspar LMC cement (Plate 2-1,2-2). 

The cement crystal size varies from 0.1 ym to 10 pm. 
The crystals are subhedral, and some of them present 
pseudorhombic morphology. Tke micritic cement is ob- 
served in the inner parts of the envelope. The cement pre- 
cipitates in the micropores of the intenvined mesh for- 
med by the filaments, and on the grains. Knox (1977) ci- 
ted similar cement on detrital grains and allochems. The 
mineralogy was determinated b:y selective tincions and 
EDAX. 

c) Whisker crystals. The measure 3-40 pm long and 
0.5-1.2 pm thick. Their mineralogy is LMC. They present 
two dispositions: 1) Tangential dispositiori, the whisker 
crystals are tangential to the grains. The volumetric im- 
portance of the tangential whiskers varies from some 
scattered between the microorgai-~isms (Plate 1-6) to oc- 
cupy Practically al1 the micrite envelope in some caliche 
profiles (Plate 2-3,2-4). James (1 972) cited similar enve- 
lopes in caliche profiles. 2) Random disposition betwenn 
the micropores of the intertwined mesh and on some 
grains. 

d) Acicular LMC tiny crystals that measure up to 1 
prn long and 0.1-0.2 pm thick. V?e name them microfi- 
bres (Plate 2-5). 

e) Aggregates of LMC acicular crystals ordered in a 
certain pseudoradial disposition. 'The individual crystals 
measure tenths of a micron thick and 2-5 pm long. They 
have a subhedral habit. (Plate 2-6). 

FORMATION MECHANISM OF THE 
CONSTRUCTIVE MICRITE ENVELOPE 

The first stage of this process is the colonization of 
eolianites by chasmolithic and endolithic microorganisms 



(principally fun:gi). It is known that some microorga- vironment (Klobuk and Risk, 1977a). However this con- 
nisms can act as endoliihic, chasrnolithic and epilithic clusion should be reviewed because in this paper, the mi- 
(Moret, 1934; Schroeder, 1972; Golubic, 1973; Kobluk crite envelope formation in the vadose continental envi- 
and Risk, 1977b; Knox, 1977; Klappa, 1979). ronment has been demostrated. Several reasons indicate 

The microorganisms envolve the grains, and may that the constructive micrite envelope were originated in 
produce small borings on them. In some microorganisms the vadose continental environment: 
a calcitization process of the filaments begins. In this ca- (1) The geological setting of the different studied 
se, the calcitiztition begins outside the filament, and oc- outcrops, dune complexes, shows a vadose continental 
currs when the microorganism is still alive. The calcitiza- 
tion of filaments in caliche profiles had been carefully 
analized by Klrppa (1979). 

The thickneiis of the calcitization vanes according to 
the microorganism which is calcified. Calcitizations from 
0.3 pm up to 3 pm have been observed. It is rare to see 
filament with crystals inside them, they are generally 
empty. T h s  feriture, together with the small thickness of 
the calcified externa1 part faciiitates the collapse in ma- 
ny filaments (E'late 3-1). At the srii;'ie time as this collap- 
se occurs new filaments grow, sorne of which will be cal- 
cified and some of which wiil colilapse and so on succes- 
sively (Plate 2- 1). Kobluk and Risk (1 977a) observe coa- 
lescences of 2 to 30 filaments. Both the filaments which 
do not-collapse as well as the collapsed form an inter- 
wined mesh, and micropores remain between them. 

We can conclude that the coinstructive micrite enve- 
lope is due to ihe calcified filaments which collapse and 
coalesce forming an intertwinecl mesh. Inside the mi- 
cropores of the intertwined mesh micritic and microspar 
LMC cement precipitates (Plate 2-1, 2-2). At the same 
time the forniation of whisker crystals (Plate 1-6), nii- 
crofibres (Plate 2-5) and aggregates of LMC acicular crys- 
tals (Plate 2-6) occurs. See Figure 3. 

Locally, wt: have observed tha.t where caliche develop- 
ment exists in the upper part of the vadose continental 
environment, the constructive micrite envelope is for- 
med principal.ly by tangenti.al whisker crystals (Plate 2-3, 
2-4) and consequently the volumetric importance of the 
calcified filanients decrease. 

environment. 

FORMATION OF MICRITE ENVELQPE BY THE 

CONSTRUCTIVE MECHANISM 
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Fig. 3. The constructive micrite envelope in vadose continental 

~h~ thickriess of the miente envelopes is variable even environment is dile principally t o  the action of calcified filaments 
(fc) which will be collapsed and coalesced forming intertwined 

in the Same flrain (Plate 3-2). It varies from a few Pm in mesh and also due to the precipitntion of micritic and microspar 
the initial sta.ges of micrite envelope formation to 40 pm cement (cm). Non-calcified fungi filaments ( f ) ,  whiskers (w), ag- 
or more. The width of the initial stages of micrite enve- gregates of LMC acicular crystals (a) and microfibres (mf). 

lopes increases progressively as well as the complexity of 
their formation, until they fill the whole of the interpar- PLATE 1 
ticle porosity as they approach areas of a more edaphic 
activity. Phot. 1. Fungi filaments on  grain (S) forming a constructive micri- 

t e  envelope (m). 
Phot. 2. Detail of  photo 1. The fungi filaments are calcified by 

small crystals with the c-axis perpendicular to  the fila- 
DISCUSSION ment. 

Phot. 3.  Calcified fungi filaments (f) forming an interwined mesh 
The importante of the continental constructive micri- in the interparticular porosity. 

te envelope is deteminated by its to the conti- Phot. 4. Eolianite with fungi filaments ( f )  that begin to  recover 
the.grains. 

nental environment (jn cOntrast the marine cOnstructive Phot. 5. The fungi filament is calcified by anhedral and subhedral 
micrite envelope) and by its relation in the original poro- LMC crystals. 
sity reduction. Phot. 6 .  Initial stage of micrite envelope formation process by 

Micrite envelopes made up by constructive mecha- constructive mechanism. The grains are colonized by 
fungi filaments (0, from uncalcified to  totally calcified. 

nisms are considered as indicators of shallow marine en- Presence of whiskers (w). 
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Fig. 4. Table showing the r e d u c t i ~ n  of the original'interparticle porosity. This reduction is due t( .  i:ie constructive micrite envelope. 

dune complexes, and also inereases progressively with 

(11) ~h~ microorganisms (kLyphae fungi, actinomy- the age of the eolianites (until the eolianites of Riss ase) 

cetes,. . .) observed in the constnlction of this micrite en- where the calichification process have been stronger. This 

are common in the continental environment. last reduction has been quantified in some studied samp- 

(111) The relation to edaphic processes is well establis- les (Fig. 4) in arder to stress the importante of these en- 

hed in the studied outcrops, where the amount thick- velopes in the reduction of original porosity in the mate- 

ness of the micrite envelope increases progressively at rial studied. 

the top of dune complexes where the edaphic processes 
have been stronger. The microtextures (whiskers, micro- 
fibres, calcifiizd filaments) from the constructive micrite MoRPHoLoGIC CHARACTERS OF THE 
envelope and the microtextures of recent caliches (lami- FoSSIL ENVELOPIE 
nar and pisaljtic) are similar (Callvet and Julia, 1981). 

( IV)  A geometric relation exists between the cons- 
tructive micrite envelopes and the cements of the vadose 
continental environment (principally meniscus and gravi- 
tational cements). The meniscus cement presents the ty- 
pica1 characters (LMC mineralogy, pore rounding, some 
crystals with blunt termination, etc.) of the vadose con- 
tinental men,iscus cement (Du nham, 197 1 ; Schroeder, 
1973; Friedrnan, 1975; Calvet, 1979; etc.). The gravita- 
tional cemerits presents (LMC mineralogy, morphologi- 
cal habit, di~~position) typical of the vadose gravitational 
cements (Muller, 1971; Ward, 1975; Calvet, 1979;etc.). 
We found micrite envelopes both before the beguining of 
the cementaf.ion and bet&een stages of cementation. The 
Plate 3-3 shows the micrite envelope between a first stage 
of meniscus cement and a secclnd stage of spar cement. 
The Plate 3-4 shows different rnicrite envelopes of varia- 
ble thickness in diverse .stages of growing gravitational 
cement. The existance and preservation of constructive 
micrite envelopes formed in vadose continental environ- 
ment permit the recognition of' the different cements in 
the first stages of sediment ceinentation. If it were not 
for the micrjite envelope, for exemple in the Plate 3-3, it 
would be inipossible ¡o recogriize the meniscus cement 
because the frubsequent cement would have grown oblite- 
rating any geometric character of initial cement which is 
the most usual case (Dunham, 1971; Ward, 1975). 

The formiation of the consitructive micrite envelope 
irnplies a reduction of the original interparticle porosity. 
The reduction increases progressively at the top of the 

The fossil micrite envelopes in the Riss and Mindel 
eolianites of Mallorca are produced by two mechanisms. 
The first mechanism is destructive and occurs by means 
of a boring and filling process in marine environment, 
and consequently this envelope will be inhereted when 
the marine sediments reach the continental environment. 
The second mechanism is constructive and occurs in the 
vadose continental environment. The recognition of the 
exact micrite envelope mechanism (destructive or cons- 
tructive) in the fossil micrite envelope is very difficult. 
The micrite envelopes of a destructive origin presents ir- 

PLATE 2 

Phot. 1. Stage more advanced of Phot. 1-6 of micrite envclope 
formation where we observe the interwiened mesh made 
u p  of fungi filaments and the mimitic LMC ceinent iiisidc 
the micropores. 

Phot. 2.  Detail of photo 1. Subhedral micritic LMC cement (c) 
and fungi filaments (0. 

Phot. 3.  Initial micrite envelopes made up  of whisker crystals (ar- 
rows) and calcified filarnents (1). Alveolar matrix (a) 
made up of whisker crystals. Grain (g). 

Phot. 4. Detail of a pisoid from a caliche profile. The envelope is 
made up of  whisker crystals with tangential disposition. 
Nucleus (n). 

Phot. 5. Fungi filaments coilapsed (fc), whiskers (w) and very 
small sized acicular crystals tliat we iiame inicrofibrcs 
(arrow). 

Phot. 6 .  Aggregates of LMC acicular crystals showing somc pseu- 
doradial disposition (a). Cyanobacterie filament (y), 
whiskers (w), micritic cemciit (c) and bactcries (arrow). 
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PLATE 3 

Phot. 1. Fungi filaments not-collapsed (f) and coliapsed (fc). 
Phot. 2. Micrite envelope (e) made up of the constructive mechanism showing the variability of the thickness. 
Phot. 3.  The niicrite envelope (arroa~s) separates the first cementation stage of meniscus cement (m). 
Phot. 4. Micrit.e envelopes (arrows) in diverse stages of growing gravitational cement. 

regularities or bumps towards the grain interior (Plate 4- 
1). If they have a constructive origin the irregularities oc- 
cur at the outer surface of the grains (Plate 4-2) and the 
contact envelope-grain is smotli. But frequently it is im- 
possible to determine the origin of the envelope (Plate 
4-3.4-4). 

CONCLUSIONS 
1. A coristructive micrite envelope was developed in 

the upper part of the vadose continental environment. 

2. The constructive micrite envelope in the vadose 
continental environment is due to the action of the calci- 
fied fiarnents and the micritic-microspar cement. Whis- 
ker crystals, microfibres, aggregates of LMC acicular crys- 
tals are secondary microtextures. 

3. The formation of the eonstructive micrite envelo- 
pe will be a first stage of the pisoids formation. A great 
similarity exits between the microstructures of the cons- 
tructive micrite envelope and the microstructures of the 
recent caliche pisoids. 

4. The constructive micrite envelope does not indica- 



te a specific environment, it can be shallow marine or 
vadose continental. 

5. The constructive micrite envelope produces a re- 
duction of the original interparticle porosity. 

6. Some petrographic characters can be mentioned to 
differentiate, in the fossil record, the different origins 
(destructive or constructive) of micrite envelopes. The 
destructive micrite envelopes present irregulanties or 
bumps towards the grain interior and the constructive 
micrite envelopes present irregularities at the outer sur- 
face of the grains. 
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PLATE 4 

Phot. 1. Initiaily aragonite mollusc fragment which has suffered a total dissolution process with the consequent displaying of the micrite 
envelope and natural casts. Micrite envelopes of destructive ongin present the irregularities of the thickness towards the inside of the 
grain (arrows). 
Phot. 2. Constructive micrite envelope on an almost totaily dissolved aragonite fragment (a). These types of micnte envelopes show the 
irregularities of the thickness towards the outside of the grain (arrows). 
Phot. 3.  Micrite envelopes of an uncertain origin. 
Phot. 4. Detail of photo 3,  where we observe the micrite envelope and the first generation of cement made up of micritic-microspar 
rhomboedral crystals of LMC. 
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