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Ab stract: Ichnofabric anal y sis, as a rel a tively young ichnological ap proach, has wit nessed rapid growth, show ing
its use ful ness in ba sin anal y sis, with spe cial at ten tion to palaeoenvironmental in ter pre ta tions. The ichnofabric
ap proach has evolved from the de scrip tion of trace com po si tion and the in ten sity of bioturbation to in te grate
de tailed in for ma tion on nu mer ous ichnofabric fea tures, such as pri mary sed i men tary struc tures, ichnological
di ver sity, ichnological fea tures, cross-cut ting re la tion ships or tier ing struc tures. This de vel op ment has been
as so ci ated with its ap pli ca tion to the study of deep-sea sed i ments, es pe cially in re search on cores, which is not
easy, ow ing to the par tic u lar fea tures of cores. Here a method for im prov ing ichnofabric char ac ter iza tion in
mod ern ma rine cores is pre sented, on the ba sis of dig i tal high-res o lu tion im age treat ment, with spe cial em pha sis
on the quan ti fi ca tion of ichnofabric at trib utes. The pro posed meth od ol ogy is based on the mod i fi ca tion of three
im age ad just ments (im age ad just ment), the es ti ma tion of the per cent age of the area oc cu pied by bioturbation
(dig i tal es ti ma tion), the lat eral and ver ti cal quan ti fi ca tion and com par i son of pixel val ues for the infill of the trace
fos sils and the host sed i ment (pixel count ing), and the in te gra tion of the in for ma tion ob tained in the vi sual
rep re sen ta tions of ichnofabrics (the ichnofabric rep re sen ta tion). The se quen tial ap pli ca tion of these pro posed
steps al low, 1) better iden ti fi ca tion of trace fos sils, to gether with cross-cut ting re la tion ships and the char ac ter iza -
tion of trace-fos sil as sem blages, 2) es ti ma tion of the per cent age of bioturbation as so ci ated to each ichnotaxon, the
whole ichnocoenosis, or a com plete ichnofabric, 3) dif fer en ti a tion be tween biodeformational struc tures and trace
fos sils, dis crim i na tion be tween ichnotaxa, dis tinc tion be tween pas sively and ac tively infilled struc tures, and 4)
eval u a tion of the depth of pen e tra tion by par tic u lar tracemakers.
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IN TRO DUC TION

Ichnology has shown rapid growth with the ap pear ance
and de vel op ment of two sig nif i cant par a digms: the ichno-
fa cies model and ichnofabric con cept (Knaust and Bromley, 
2012). Ichnofabric anal y sis (from the first for mal use of the
term “ichnofabric” in Ekdale and Bromley, 1983, and the
sub se quent def i ni tion by Ekdale et al., 1984) con tin ues to
be of great in ter est, as is clearly re vealed in sev eral book
chap ters fo cus ing on “the ichnofabric ap proach” (Buatois
and Mángano, 2011), or “the ichnofabric con cept” (Ekdale
et al., 2012).

Ichnofabric anal y sis don’t con sist in the enu mer a tion of
an amount of trace fos sils, but in the in te gra tion of a vari able
in for ma tion, in volv ing the orig i nal sed i men tary fab ric to -
gether with the bioturbation and bioerosion fab rics, and fi -
nally the taphonomic fil ter (Tay lor et al., 2003; Buatois and
Mángano, 2011; Ekdale et al., 2012). Ichnofabric char ac ter -
iza tion has evolved from the de scrip tion of the trace com po -
si tion and in ten sity of bioturbation to in clude detai- led in for -

ma tion on ma jor ichnofabric at trib utes, in clud ing pri mary
sed i men tary struc tures, ichnological di ver sity, ich- nological
fea tures (i.e., di men sions of ichnotaxa), cross-cut ting re la -
tion ships and tier ing struc ture (i.e., Tay lor et al., 2003;
McIlroy, 2004, 2007, 2008). All these fea tures re veal a num -
ber of eco log i cal and depositional con trol ling pa ram e ters and 
de ter mine the use ful ness of the ichnofabric ap proach in
palaeoenvironmental in ter pre ta tions and in ba sin anal y sis.

The ichnofabric ap proach has been fa cil i tated in sev eral 
ways, in clud ing use of semi-quan ti ta tive flash cards to eval -
u ate the in ten sity of bioturbation, one of the as pects play ing
an im por tant role in the def i ni tion of ichnofabrics (from
Reineck 1963, 1967, to Droser and Bottjer, 1986, 1989, and
Miller and Smail, 1997), the vi su al iza tion of ichnofabric
based on graphic il lus tra tions (Bromley, 1990, 1996; Tay lor 
and Goldring, 1993; Tay lor et al., 2003), and the use of
com puter-aided anal y sis to im prove the vi su al iza tion of key 
fea tures in an ichnofabric (Magwood and Ekdale, 1994).



Quan ti fi ca tion of bioturbation has been based on dif fer -
ent in dex schemes, such as the “bioturbation in dex” (BI) of
Reineck (1963, 1967) and the “ichnofabric in dex” (ii)
Droser and Bottjer (1986, 1989) for ver ti cal sec tions, and
the “bed ding plane bioturbation in dex” (BPBI) of Miller
and Smail (1997) for bed ding planes. How ever, the vari able 
use of these in di ces for scal ing the de gree of bioturbation,
and their ap pli ca tion when de fin ing ichnofabric some times
cre ates a cer tain de gree of con fu sion (Buatois and
Mángano, 2011; Ekdale et al., 2012).

The il lus tra tion of ichnofabrics re veals their spe cial
char ac ter is tics. As pointed by Bromley (1996, p. 294),
“Ichnofab rics are most con ve niently com mu ni cated in vi -
sual terms, and I find it use ful to rep re sent them with a car -
toon or icon that sym bol i cally sums up the vi sual ex pres sion 
of each ichnofabric”. This view was clearly dem on strated in 
the com puter mod els for tiered ichnofabrics pre sented by
Bromley (1990), in the ichnofabric con stit u ent di a gram of
Tay lor and Goldring (1993), and in the ichnofabric icon,
tier ing di a gram and per cent age of bioturbation per tier il lus -
trated by Bromley (1996). Sketches of tier ing pat terns, in -
clud ing cross-cut ting re la tion ships, as so ci ated with ichno-
fab ric anal y sis, have been used in ex plan a tory ap proaches
(Uchman et al., 2008; Rodríguez-Tovar and Uchman, 2011; 
Rodríguez-Tovar et al., 2011, 2013). The use ful ness of
these ichnofabric rep re sen ta tions is even more ev i dent when 
work ing with com pos ite ichnofabrics, as so ci ated with the
su per po si tion and re place ment of dif fer ent, suc ces sive com -
mu ni ties, or by the up ward shift ing of a tiered com mu nity
(Bromley and Ekdale, 1986; Ekdale and Bromley, 1991;
Ekdale et al., 1991; Lewis and Ekdale, 1992).

Dig i tal en hance ment of ichnofabric was re vealed as a
very use ful tool for the de scrip tion and in ter pre ta tion of ich- 
nofabrics, es pe cially in deep-sea sed i ments, in volv ing com -
plex ichnofabrics. Magwood and Ekdale (1994) pre sented a
com puter anal y sis of com plex ichnofabrics to dis tin guish
ep i sodes of bioturbation. They used ma trix val ues and ap -
plied fil ter and other im age trans for ma tions to sup port
ichnofab ric in ter pre ta tion.

Pre vi ous meth ods of dig i tal im age treat ment ap plied
sep a rately to ichnological anal y sis have been re cently de -
vel oped by the au thors (Dorador et al., 2014a, b, c). These
meth ods have proved very use ful in mod ern core ma te rial,
where dif fer en ti a tion be tween biogenic struc tures and host
sed i ments can be com par a tively dif fi cult with re spect to
well-lithified cores. Dorador et al. (2014a) pres ent an im age 
treat ment, based on the mod i fi ca tion of some im age ad just -
ments (i.e., lev els, bright ness and vibrance) to im prove the
ichnotaxa dif fer en ti a tion in cores, based on en hanc ing vis i -
bil ity of ichnological fea tures, in clud ing in ter nal struc tures.
Re cently, a semi-au to matic tech nique to de ter mine the
amount of bioturbation us ing com puter soft ware was pre -
sented ichnological dig i tal anal y sis by Dorador et al.
(2014b). The ap pli ca tion of this method al lows the de ter mi -
na tion of the per cent age of bioturbated sur faces in a ver ti cal
sec tion pro duced by each par tic u lar ichnotaxon, by a whole
ichnocoenosis, or by sev eral ichnocoenoses de rived from
the work of dif fer ent endobenthic com mu ni ties. Re cently, a
quan ti ta tive study, based on the char ac ter iza tion of pixel
val ues from the in fill ing ma te rial of trace fos sils and from

the host sed i ment, has been de vel oped (Dorador et al.,
2014c). Quan ti fi ca tion and com par i son of pixel val ues im -
prove the dif fer en ti a tion be tween ichnotaxa, es pe cially be -
tween those with sim i lar re cur rent ge om e try, and be tween
trace fos sils in gen eral and biodeformational struc tures, al -
low ing, more over, the eval u a tion of the depth of pen e tra tion 
of trace fos sils and ap praisal of the ho ri zon of bioturbation.

Fol low ing the idea to ad vance in the ap pli ca tion of dig i -
tal im age treat ment meth od ol ogy in ichnological anal y sis,
the au thors pres ent here an in te gra tive use of the pre vi ous
meth ods to im prove ichnofabric char ac ter iza tion in mod ern
ma rine cores. All these meth ods are in te grated se quen tially
as a whole to ap proach ma jor fea tures of ichnofabrics (i.e.,
pri mary sed i men tary struc tures, ichnological di ver sity,
ichnolog i cal fea tures, cross-cut ting re la tion ship and tier ing
struc ture). More over, data ob tained through the ap pli ca tion
of this method is in te grated to the di a grams pro posed by
Tay lor and Goldring (1993) and Bromley (1996), in creas ing 
the in for ma tion sum ma rized by both pro ce dures.

METH ODS

The pro posed dig i tal method con sists of suc ces sive
steps, al low ing char ac ter iza tion and quan ti fi ca tion of the
ma jor fea tures of ichnofabrics, and in te grat ing the in for ma -
tion ob tained in an ichnofabric di a grams. 

Step 1 – im age ad just ments

The first step (im age ad just ments) con sists of the mod i -
fi ca tion of three im age ad just ments (lev els, bright ness and
vibrance) us ing Adobe Photoshop CS6 soft ware (http://
help.adobe.com/ar chive/en/photoshop/cs6/photoshop_refe- 
rence.pdf) (Fig. 1; Dorador et al., 2014a). Lev els ad just ment 
stretches the his to gram of pixel val ues, in creas ing the dis -
tance be tween val ues. Bright ness mod i fies the re flected
light and con trols the con trast by the mod i fi ca tion of two
pa ram e ters (con trast and bright ness). Vibrance ad just ment
turns the im age to less ar ti fi cial tones re sult ing from the ap -
pli ca tion of pre vi ous ad just ments. The three ad just ments are 
ap plied se quen tially: firstly lev els were ap plied to an im age
to stretch the his to gram and im prove the con trast, sec ondly
the bright ness in creases the con trast and con trols the bright -
ness, and fi nally the vibrance al lows slight mod i fi ca tions.

This step im proves the vis i bil ity of biogenic struc tures.
The re sult ing im age al lows better iden ti fi ca tion of trace fos -
sils and some times re veals some of them that had not been
pre vi ously rec og nized. More over, cross-cut ting re la tion -
ships can be rec og nized. Af ter the ap pli ca tion of this step,
the trace fos sils as sem blage is char ac ter ized.

Step 2 – dig i tal es ti ma tion

The sec ond step (dig i tal es ti ma tion) of the pro posed
method is ap plied to the pre vi ously treated im age, al low ing
a quan ti ta tive eval u a tion of bioturbation. It con sists in the
ex e cu tion of three meth ods, the sim i lar pixel se lec tion
method (SPSM); the magic wand method (MWM), and the
col our range se lec tion method (CRSM). These meth ods are
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grouped in the “ichnological dig i tal anal y sis im ages pack -
age” or IDIAP (Dorador et al., 2014b). 

The IDIAP al lows quan ti ta tive def i ni tion of the sur face
that is oc cu pied by each ichnotaxon, the whole ichnocoe-
nosis, or a com plete ichnofabric. This step is es pe cially rel e -
vant to eval u a tion of other ma jor char ac ter is tics of ichno-
fab rics, such as the in ten sity of bioturbation in terms of the
bioturbation in dex (Reineck, 1963, 1967), or the ichnofab-
ric in dex (Droser and Bottjer, 1986, 1989).

Step 3 – pixel count ing

The third step (pixel count ing) is based on the lat eral
and ver ti cal quan ti fi ca tion and com par i son of pixel val ues
for the in fill ing trace fos sils and for the host sed i ment
(Dorador et al., 2014c). Each pixel is char ac ter ized by three
val ues cor re spond ing to the red, green and blue chan nels,
which are counted us ing Photoshop CS6 and then plot ted
with Matlab R2010. In gen eral, fifty mea sured pixel val ues
are con sid ered the min i mum amount to rep re sent an ichno-
taxon. The anal y sis of ver ti cal vari a tion re quires a par tic u lar 
treat ment with ver ti cal sub di vi sions into 1 cm-thick parts.
Quan ti ta tive pixel anal y sis al lows the im prove ment of ich-
nofabric char ac ter iza tion, con firm ing some of the fea tures
ap proached dur ing step 1 (im age ad just ments), and giv ing
ad di tional in for ma tion through dif fer en ti a tion be tween
biodeformational struc tures and trace fos sils, dis crim i na tion 
of ichnotaxa, dis tinc tion be tween pas sively and ac tively
infilled struc tures, and eval u a tion of the depth of pen e tra -
tion of par tic u lar tracemakers.

Step 4 – ichnofabric rep re sen ta tion

In for ma tion ob tained by the ap pli ca tion of steps1 to 3
dur ing the dig i tal im age treat ment al lows char ac ter iza tion
of the ma jor fea tures of ichnofabrics, such as pri mary sed i -
men tary struc tures, ichnological as sem blage, ichnological
fea tures, cross-cut ting re la tion ship and tier ing struc ture.
This in for ma tion can be in te grated in the usual ichnofabric
rep re sen ta tions, such as the ichnofabric con stit u ent di a gram 
of Tay lor and Goldring (1993), or in the ichnofabric icon,
tier ing di a gram and per cent age of bioturbation per tier of
Bromley (1996) (Fig. 2). The dig i tal method de scribed here
can en hance the orig i nal in for ma tion in cluded in the rep re -
sen ta tion of Tay lor and Goldring (1993) and Bromley
(1996) by pro vid ing better char ac ter iza tion of the trace-fos -

sil as sem blage and the cross-cut ting re la tion ships, as well as 
by the ad di tion of quan ti ta tive data (i.e., per cent age of bio-
turbation by each ichnotaxa and size of struc tures). More -
over, new in for ma tion can be added, such as the per cent age
of bioturbation per tier, which ben e fits from the quan ti ta tive 
es ti ma tions ob tained by the im age treat ment pro ce dure, the
es ti ma tion of the deep of pen e tra tion of par tic u lar ichno-
taxa, and the pixel char ac ter iza tion of the  ichnotaxa dif fer -
en ti ated (Fig. 2).

CASE STUDY

To eval u ate the use ful ness of the method pre sented, it
has been ap plied to Pleis to cene-Ho lo cene ma rine cores of
hemipelagic sed i ments, ob tained in the Gulf of Cádiz dur ing 
IODP Ex pe di tion 339. Two in ter vals from the core ma te rial
of site 1385 (south west ern Ibe rian mar gin; 37°34.285¢N,
10°7.562¢W; Hodell et al., 2013) were stud ied: A (U1385E- 
5H-4-A_104–111 cm), and B (U1385D-8H-4-A_74–85 cm). 
The ma te ri als stud ied had been de pos ited in a hemipelagic
set ting, char ac ter ized by a low sed i men ta tion rate and com -
par a tively good en vi ron men tal con di tions for a macrobenthic 
com mu nity. Tracemaker ac tiv ity is im por tant. Biodeforma-
tional struc tures had pro duced a mot tled back ground and pri -
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Fig. 1. Sche matic di a gram of the pro posed method. SPSM (sim i lar pixel se lec tion method); MWM (magic wand method); and CRSM
(col our range se lec tion method).

Fig. 2. Ichnofabric di a grams of a the o ret i cal in ter val, de scribed 
in this study.



mary sed i men tary struc tures were not ob served. How ever,
the bioturbation in dex val ues used in this study con sider only
dis crete trace fos sils against the mot tled back ground.

The meth od ol ogy was ap plied fol low ing the se quen tial
steps 1 to 3, re sult ing in the im ages il lus trated in Fig. 3, and
the in for ma tion ob tained (Figs 4, 5) was pre sented fol low -
ing some of the most usual ichnofabric il lus tra tions, those
pro posed by Tay lor and Goldring (1993) and Bromley
(1996). 

Ex am ple A

In ex am ple A (U1385E-5H-4-A_104–111 cm), af ter se -
quen tial ap pli ca tion of steps 1 to 3, four ichnotaxa (Chon-
drites, Palaeophycus, Planolites and Thalassinoides) were
iden ti fied (Fig. 3A). Es pe cially rel e vant is the dif fer en ti a -
tion of Chondrites, which is very dif fi cult to ob serve in the
orig i nal im age, and the cross-cut ting re la tion ships. Ac cord -
ing to the re sults ob tained, 28.4% of the sur face is represen-
ted by trace fos sils and the rest of them (al most 70%) can be
iden ti fied merely as biodeformational struc tures. Thalassi-
noides is the dom i nant ichnotaxon and rep re sents 20.4% of
the oc cu pied area, Chondrites 4.1%, Palaeophycus 2.5%
and Planolites 1.4%. Over lap ping is iden ti fied in sev eral
parts; Palaeophycus is lo cally reg is tered cross-cut ting Tha-
lassinoides, and Chondrites is over lap ping the rest of ichno- 
taxa (Palaeophycus, Planolites and Thalassinoides) (Fig.
3A). With ref er ence to these fea tures, the Thalassinoides
and Chondrites ichnofabric could be rec og nized. The per -
cent age of bioturbation is lower than 30%, which cor re -
sponds to a bioturbation in dex of 2 (low bioturbation).

In te gra tion of the in for ma tion ob tained to the vi sual
ichnofabric rep re sen ta tions (Tay lor and Goldring, 1993;

Bromley, 1996) al lows clear rep re sen ta tion of the ichnofo-
ssil as sem blage, in clud ing the rel a tive per cent age of ichno-
taxa, as well as the il lus tra tion of cross-cut ting re la tion ships
(Figs 4A, 5A). A multi-tiered trace-fos sil com mu nity is dif -
fer en ti ated. The first, shal low est tier is rep re sented by the
mot tled back ground and as so ci ated biodeformational struc -
tures, pro duced by or gan isms in the mixed layer. The shal -
low tier (1.4%) is formed by Planolites, pro duced by vagile
de posit feed ers. The mid dle tier (22.9%) is char ac ter ized by
Thalassinoides and Palaeophycus, pro duced by semi-vagile 
and vagile de posit feed ers. In the lower part, a deep tier
(4.1%) is rep re sented by Chondrites, re flect ing per ma nent
struc tures of pos si ble chemosymbiotic or gan isms. The
ichnofab ric con stit u ent di a gram of Tay lor and Goldring
(1993) con tains the es ti mated depth of pen e tra tion of Thala- 
ssinoides, be long ing to the mid dle tier (around 4.5 cm of
pen e tra tion depth), to gether with data on pixel val ues. The
biodeformational struc tures are char ac ter ized by pixel val -
ues lower than 110 and dis crete trace fos sils from 98 to 203
and there fore usu ally they are lighter than the mot tled back -
ground (Fig. 5A). Es pe cially in ter est ing is the short range of 
pix els for Thalassinoides, which could be use ful for re ject -
ing a doubt ful Thalassinoides as sign ment, if val ues of the
trace are not in this range. 

The meth od ol ogy ap plied im proves the char ac ter iza tion
of a trace-fos sil as sem blage, with es pe cial at ten tion to
Chondrites, dif fi cult to dif fer en ti ate di rectly in cores im ages
with out any treat ment, and re veals sig nif i cant cross-cut ting
re la tion ships, al low ing the char ac ter iza tion of a well-de vel -
oped deep tier. These im prove ments have sig nif i cant pala-
eoecological con se quences. Thus, the tier ing struc ture in ter -
preted could re veals grad ual changes in the sed i ment; ich-
nological changes from shal low to deep tier could be a con se -
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Fig. 3. Ap pli ca tion of the method to two ex am ples in an IODP core. Orig i nal im ages, re sults af ter first and sec ond steps and per cent age
rep re sented by each ichnotaxa are shown from left to right. Ch – Chondrites, Pa – Palaeophycus, Pl – Planolites, ?Sc – ?Scolicia, Th –
Thalassinoides, Zo – Zoophycos, BS – biodeformational struc tures.



quence of de creas ing ox y gen in pore wa ters and in creas ing
sub strate con sis tency deeper in the sed i ment (see a sim i lar
tier ing struc ture in Rodríguez-Tovar and Uchman, 2004a, b), 

Ex am ple B

Ex am ple B (U1385D-8H-4-A_74–85 cm), re veals the
use ful ness of the dig i tal im age treat ment in terms of the
great dif fer ence be tween the orig i nal im age and that ob -
tained af ter the ap pli ca tion of the first step. The trace-fos sil
as sem blage is well dif fer en ti ated and cross-cut ting re la tion -
ships clearly ob served (Fig. 3B). Planolites, ?Scolicia, Tha- 
lassinoides and Zoophycos are iden ti fied. In this case,
50.9% of the in ter val ob served is oc cu pied by trace fos sils
and al most 50% by biodeformational struc tures. Thalassi-
noides is the dom i nant struc ture with 31.4%, Zoophycos and 
?Scolicia are fre quent (9.5% and 9.4%, re spec tively) and
Planolites is rare (0.6%). In this ex am ple, Zoophycos is seen 
cross-cut ting Thalassinoides. A Thalassinoides and Zoo-
phycos ichnofabric can be de fined. The bioturbation per -
cent age is al most 51% and there fore the bioturbation in dex
is 3, in dic a tive of mod er ate bioturbation (Reineck, 1963).

As in the first ex am ple (A), the in for ma tion ob tained
im proved the vi sual ichnofabric rep re sen ta tions (Figs 4B,
5B). In ex am ple B, the mot tling pro duced by or gan isms that 

bioturbated the mixed layer cor re sponds to the shal low est
tier. The shal low tier is poorly rep re sented by scarce Pla-
nolites (0.6% of the ob served bioturbated area). The mid dle
tier is com par a tively well-de vel oped, rep re sent ing ~41% of
the bioturbated area, char ac ter ized by struc tures made by
vagile and semi-vagile de posit feed ers, con sist ing of Thala-
ssinoides and ?Scolicia. The deep est tier also is well reg is -
tered (9.5 %), show ing the ac tiv ity of Zoophycos trace-
mak ers. As added in the Ichnofabric Con stit u ent Di a gram
(Fig. 5B), Thalassinoides be long ing to the mid dle tier com -
ing from 4 to 8 cm above, ac cord ing to the in for ma tion pro -
vided by the quan ti ta tive pixel anal y sis. In this ex am ple, the
pixel val ues cor re spond ing to the biodeformational struc -
tures are com monly higher than those from the dis crete
trace fos sils, as the mot tled back ground is lighter than the
traces, ex cept Zoophycos, which is even lighter (Fig. 5B). In 
this Thalassinoides and Zoophycos ichnofabric, the nar row
range of Thalassinoides pix els, is use ful for rec og ni tion of
this struc ture.

In this ex am ple B, the meth od ol ogy ap plied has been
dem on strated to be very use ful for de scrib ing the tier ing
pat tern, es pe cially the well-de vel oped mid dle tier. Dif fer en -
ti a tion be tween Thalassinoides and ?Scolicia has been pos -
si ble, as well as the de tailed char ac ter iza tion of Thalassinoi- 
des, in clud ing the ho ri zon of bioturbation. Thus, good and
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Fig. 4. Ichnofabric icon, tier ing di a gram and amount of bioturbation by tier of ex am ple A (above) and B (be low). Ch – Chondrites,
Pa – Palaeophycus, Pl – Planolites, ?Sc – ?Scolicia, Th – Thalassinoides, Zo – Zoophycos



prob a bly pro longed palaeoenvironmental con di tions deeper 
in the sed i ment, as so ci ated to the mid dle tier, can be en vis -
aged, such as avail able ben thic food and firmer sub strates. 

CON CLU SIONS

The dig i tal im age method, pre sented here, is a very use -
ful tool for ichnofabric in ves ti ga tions on cores. The meth -
od ol ogy pro vides de tailed in for ma tion on ma jor at trib utes
of ichnofabrics, in clud ing pri mary sed i men tary struc tures,
ichnological di ver sity, ichnological fea tures (i.e., di men -
sions of ichnotaxa), cross-cut ting re la tion ships and tier ing
struc ture, with spe cial ap pli ca tions to quan ti fi ca tion.

The method con sists of four steps: i) the first step (im -
age ad just ment) con sists of the mod i fi ca tion of three im age
ad just ments us ing Adobe Photoshop CS6 soft ware, al low -
ing better iden ti fi ca tion of trace fos sils, to gether with cross-
cut ting re la tion ships, and then char ac ter iza tion of the trace-
fos sil as sem blage; ii) the sec ond step (dig i tal es ti ma tion) is
based on the ap pli ca tion of the ichnological dig i tal anal y sis
im ages pack age (IDIAP) to es ti mate the per cent age of bio-
turbation as so ci ated with each ichnotaxon, the whole ichno- 
coenosis, or a com plete ichnofabric; iii) the third step (pixel
count ing) con sists of lat eral and ver ti cal quan ti fi ca tion and
com par i son of pixel val ues from the infill of the trace fos sils 

and the host sed i ment, giv ing ad di tional in for ma tion on dif -
fer en ti a tion be tween biodeformational struc tures and trace
fos sils, dis crim i na tion be tween ichnotaxa, dis tinc tion be -
tween pas sively and ac tively infilled struc tures, and eval u a -
tion of the depth of pen e tra tion or par tic u lar tracemakers;
and iv) the last step (ichnofabric rep re sen ta tion) con sists of
the in te gra tion of the ob tained in for ma tion in the ichnofab -
ric rep re sen ta tions, im prov ing vi su al iza tion of ichnofabrics.
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