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Abstract 9 

This study proposes an approach to visualize ichnological data from cores that allows direct 10 

comparison with downhole logs. It provides preliminary but accurate environmental 11 

information, especially on the oxygenation and/or the organic matter content at the sea-floor. 12 

The method comprises three steps: Step 1) ichnological analysis of the sediments including 13 

quantification of bioturbation intensity, identification of the main ichnotaxa and sizes of the 14 

burrows, depth of burrowing or tiering, and documentation of cross-cutting relationships; Step 15 

2) ichnofabric definition following a series of criteria including the bioturbation index, the 16 

ichnoassemblage, and the sediment type; and Step 3) the organization of the ichnofabrics from 17 

low bioturbation indices and deep tiers to completely bioturbated. The resulting ichnofabrics 18 

are plotted against depth and can directly be compared to spectral natural gamma ray logs, 19 

which in the discussed example are dominated by variations of the uranium content reflecting 20 

the organic matter content in the sediment. The ichnofabric analysis of carbonate sediment cores 21 

of the Maldives, recovered during IODP Expedition 359, demonstrates a good correlation 22 

between synthetic ichnofabric logs and downhole gamma radiation logs. The combined study 23 

of these logs provides information on the main changes in the organic matter content of the 24 

sediment. The graphical representation of ichnofabrics together with gamma ray logs presented 25 

here is a very useful implement for sedimentologists working on cores. 26 
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 30 

Introduction 31 

Ichnofabric analysis is an excellent tool for the study of sediment cores (Taylor et al., 2003; 32 

Gerard and Bromley, 2008; Buatois and Mángano, 2011; Ekdale et al., 2012). It is based on the 33 

integration of different data, including the original sedimentary characteristics together with 34 

features of biodeformation (Taylor et al., 2003; Buatois and Mángano, 2011; Ekdale et al., 35 

2012). The definition of ichnofabrics relies on the description of the ichnological composition 36 

(diversity, size, tiering, and cross-cutting relationship of ichnotaxa), the intensity of the 37 

bioturbation, as well as sedimentological aspects such as grain size, texture, and composition 38 

(Taylor et al., 2003; McIlroy, 2004, 2007, 2008; Rodríguez-Tovar and Dorador, 2015). 39 

Taphonomy has to be considered because factors such as erosion, compaction, and diagenetic 40 

effects may have significant impact upon the preserved ichnoassemblages (Hallan, 1975). All 41 

these parameters provide information on paleoecological and depositional conditions during 42 

sedimentation and make the ichnofabric analysis a useful tool for paleoenvironmental 43 

interpretations, basin analysis, or even reservoir characterization (Knaust, 1998; Buatois and 44 

Mángano, 2011; Ekdale et al., 2012; Giraldo-Villegas et al., 2016; Rodríguez-Tovar et al., 45 

2017). Oxygen-influenced ichnofabrics are especially relevant to aid in the exploration for 46 

unconventional hydrocarbon resources, which are of strong economic interest (Bockelie, 1991; 47 

Schieber, 2003; Ekdale et al., 2012). 48 

Where no cores are retrieved from wells, downhole logs are used to define physical, 49 

compositional, and structural properties of the formation. Data can be used for characterizing 50 

the geochemical composition, mineralogy, lithology, and stratigraphy of the deposits. At drill 51 

sites with a good core recovery, log and core data complement one another. This study therefore 52 
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proposes a unifying way to organize and visualize ichnofabrics. This allows the integration of 53 

ichnological data, downhole logs, and core physical properties. The ichnofabric analysis of the 54 

IODP 359 cores from the Maldives results in synthetic logs that are directly comparable to those 55 

of the natural gamma radiation. 56 

 57 

Material and methods 58 

IODP Exp. 359 Site U1468 is located in the Kardiva Channel of the Maldives Inner Sea 59 

(4°55.98’N; 73°4.28’W). The well penetrated an Oligocene to Pleistocene succession with a 60 

variety of facies and trace fossils (Betzler et al., 2016, 2017, 2018; Fig. 1).  61 

The recovered core sections at Site U1468 were run through the Natural Gamma Radiation 62 

Logger (NGRL). The NGRL measures the natural emission of uranium (238U), thorium (232Th), 63 

and potassium (40K) on whole-round cores at sample positions 10 cm apart for the total 150-64 

cm-length of section. The NGR spectroscopy measures a wide energy spectrum that was used 65 

to estimate the abundance of each isotope based on the strength of the signal at characteristic 66 

energies (Blum et al., 1997; Gilmore, 2008). Spectral data were collected for post-cruise 67 

processing of U, Th, and K abundance following the methodology proposed by De 68 

Vleeschouwer et al. (2017). 69 

Downhole gamma ray logging was performed at Site U1468. The Schlumberger Hostile 70 

Environment Natural Gamma Ray Sonde (HNGS) has a vertical resolution of 30 cm (Betzler 71 

et al., 2017). The HNGS is a spectral log determined by the concentrations of K (in weight 72 

percent), and Th and U (in parts per million) from the representative gamma ray energies of the 73 

isotopes of their radioactive-decay series, which dominate the natural radiation spectrum. The 74 

HNGS also measures the total gamma ray (HSGR) radiation in American Petroleum Institute 75 

units (gAPI). The HNGS response is influenced by the borehole diameter and by the presence 76 
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of bentonite and KCl in the drilling mud, and therefore the measurements are corrected for the 77 

borehole diameter variations and for the drilling mud gamma ray energies (Betzler et al., 2017). 78 

The ichnofabric analysis was conducted on cores and on high-resolution images of core section 79 

halves. According to reflection seismic profiles, sedimentological data, and the biostratigraphy 80 

presented by Betzler et al. (2016, 2017, 2018), the ichnofabric analysis was focused on slope to 81 

basinal deposits encompassing the Oligocene (Chattian) to Middle Miocene (Serravallian) (Fig. 82 

1). This environment was generally stable at the time of deposition, punctuated by rare episodic 83 

gravity flows. The cores mostly consist of hemipelagic-pelagic carbonates with abundant 84 

planktic foraminifera and diverse platform-derived bioclasts. The materials are intensely 85 

bioturbated. The siliciclastic content at the study site is very low because of the isolation of the 86 

Maldives from river input (Betzler et al., 2017). 87 

 88 

Approach 89 

The proposed ichnofabric analysis is a combination of classical sedimentological and 90 

ichnological approaches developed by others authors elsewhere (Droser and Bottjer, 1986; 91 

Bromley, 1996; Taylor et al., 2003; Hansen and MacEachern, 2007; Dorador et al., 2014ab; 92 

Rodríguez-Tovar and Dorador, 2015), that has been organized in three steps to integrate all the 93 

information in a synthetic ichnofabric log. The first two steps are a summary of the classical 94 

working flow in ichnology and sedimentology. The third step organizes and displays the 95 

ichnofabric information in a way which in the example herein discussed characterizes the 96 

organic content of the carbonates. 97 

 98 

Step 1: Core analysis. 99 

This first step consists of the ichnological core analysis and is carried out directly on core and 100 

also on high resolution photographs of the core halves (Fig. 2). To achieve a good contrast of 101 

sediment textures, core analysis may be preceded by adequate water impregnation for lithified 102 
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sediments and by smoothing of the surface of unlithified deposits. The analysis of core 103 

photographs is recommended as it allows the digital enhancement of the image in order to 104 

improve the visibility of biogenic structures (Dorador et al., 2014a; Rodríguez-Tovar and 105 

Dorador, 2015). The quantification of the bioturbation intensity follows the method of Taylor 106 

and Goldring (1993), Taylor et al. (2003), and Hansen and MacEachern (2007). Identification 107 

of the main ichnotaxa, measurement of the burrow sizes, of the depth of burrowing or tiering, 108 

and cross-cutting relationships were also recorded. The estimation of the abundance of the 109 

different ichnotaxa and the degree of mottling can be obtained: (1) visually, by direct 110 

comparison with percentage diagrams or flash cards (Droser and Bottjer, 1986), (2) 111 

semiquantitatively after using point-counting grids (as used in clastic sediments by Heard et al., 112 

2014), or (3) by estimation of pixel amounts with Adobe Photoshop or JMicroVision (Roduit, 113 

2006; Dorador et al., 2014b). The compilation of these different data results in the 114 

characterization of the different ichnoassemblages in the core.  115 

 116 

Step 2: Ichnofabric definition. 117 

During this step the different ichnofabrics are defined. First the bioturbation index is considered 118 

in order to differentiate core segments with different burrowing intensity. Once the different 119 

segments are established, the focus is on the ichnoassemblages. As in classical facies or 120 

microfacies analysis, the different components of the assemblage are listed in order of 121 

abundance using qualitative scales (abundant, common, frequent, rare, present, Table 1) or 122 

according to the quantitative values obtained with digital methods. The core thus will be divided 123 

into segments defined by the type and intensity of burrowing. This classification has to be linked 124 

to the available sedimentological information, i.e., sediment texture, grain size, and 125 

composition (Table 1). The ichnofabrics can therefore be defined according to the bioturbation 126 

index, the ichnoassemblage, and the sediment type. If needed, to manage a reasonable amount 127 

of ichnofabrics, several fabrics can be merged together according to their main features.  128 



 

6 
 

 129 

Step 3: Ichnofabric organization. 130 

Prior to their graphical representation, the different ichnofabrics are sorted. In general terms, 131 

the ichnofabrics with lower bioturbation indices and deeper tiers are typically related to 132 

restricted oxygen conditions that can be ultimately linked to the organic matter content (Savrda 133 

and Bottjer, 1986, 1989). Using this assumption, for example a succession of ichnofabrics can 134 

be established that reflects the organic content of the sediment. To achieve this objective it is 135 

proposed to organize the ichnofabrics using three criteria; (1) the ichnofabrics have to be 136 

ordered according to an increasing bioturbation index, as in the diagrams for bioturbation 137 

indices by Droser and Bottjer (1986); (2) for the ichnofabrics with the same bioturbation index 138 

those with deeper tiers are considered as indicative of sediment with a higher organic content. 139 

The tiering diagrams proposed by Bromley (1996) can be used to achieve this differentiation; 140 

and (3) for the ichnofabrics with identical bioturbation indices and tiering, the sediment texture 141 

and grain size are used as proxies for the energy of the environment that may exert at least a 142 

passive control on the oxygenation and organic content (Table 2). Therefore, the resulting 143 

ichnofabric order, which summarizes the combined information of bioturbation intensity, 144 

tiering, and sediment texture can be numbered, numbers reflecting the inferred degrees of 145 

oxygenation at the sea floor. 146 

 147 

This representation is similar to the one proposed by Droser and Bottjer (1988, 1993) and 148 

Bottjer and Droser (1991) for ichnofabric indices. There are also examples of ichnofabric 149 

representation in carbonates in order to reconstruct palaeoenvironments (Knaust, 1998) or even 150 

the relative oxygenation (Giraldo-Villegas et al., 2016). Here, this approach can be tested and 151 

amended by corroborating the interpretation through a correlation with the gamma ray logs 152 

directly reflecting the organic content of the sediment. 153 

 154 
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Results  155 

Ichnofabrics 156 

The approach described herein was applied to the carbonate platform slope and basinal 157 

sediments of IODP Exp. 359 Site U1468 (Fig. 1). The nature of the carbonate sediment may 158 

display a low contrast in color that may complicate ichnotaxa identification and bioturbation 159 

quantification (Cummings and Hodgson, 2011). This may have locally affected the 160 

identification of Scolicia or other echinoid-related traces that are otherwise common burrowers 161 

in carbonate environments (Uchman, 2007; Cummings and Hodgson, 2011). 162 

The studied section at Site U1468 has a core recovery of 43% and is up to 430 m thick. The 163 

ichnofabric analysis was conducted in every 1.5 m section of a core (Fig. 2), however for the 164 

complete 10-m length of the core just the two main ichnofabrics are represented for improving 165 

the graphical representation. For an optimal visualization the total amount of ichnofabrics at 166 

Site U1468 was reduced to nine (Table 2, Fig. 3). The ichnofabrics were plotted against depth 167 

(Fig. 4). 168 

The ichnofabric log for Site U1468 shows a clear trend of ichnofabrics with an up-core 169 

increasing bioturbation index. The lower interval (850 meters below sea floor to 820 mbsf) 170 

contains ichnofabrics with a high bioturbation index (IF1 and 6), with the exception of a weakly 171 

bioturbated interval with IF9 in core 108R (Fig. 4, Table 2). In the overlying interval (820 mbsf 172 

to 720 mbsf), there is an alternation of ichnofabrics with a low (IF9 and 8) and a high 173 

bioturbation index (IF6, Fig. 4). The main ichnotaxa in the low-bioturbation intervals are 174 

Planolites and Phycosiphon as upper tiers, Thalassinoides and Planolites as middle tiers, and 175 

Chondrites as deep tiers. The intensely bioturbated parts have a mottled texture and additionally 176 

present Palaeophycus as upper tier and Zoophycos as deep tier ichnotaxa. 177 

The overlying interval (720 mbsf to 602 mbsf) starts with an alternation of IF7 and IF8. Up-178 

core there is a thick package characterized by IF5 which intercalates with convolute beds 179 
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without any bioturbation, and intervals with IF3 and IF7. At 602 mbsf, there is a sharp change 180 

from IF7 to IF3 marked by a sudden increase in the intensity of bioturbation (Fig. 4). Up-181 

section, there is a gradual change from IF3 to alternating IF2 and IF4. The bioturbation index 182 

in this part of the succession is high and single burrows are difficult to distinguish. 183 

 184 

Natural Gamma Radiation 185 

From 800 mbsf up to 720 mbsf there are relatively low baseline values (~9 gAPI), however, the 186 

gamma ray profile in this interval exhibits the greatest variability (from 8 to 86 gAPI, Fig. 5). 187 

The spectral data show values close to zero for K and Th, while the U content averages 2 ppm, 188 

with maximal concentrations around 10 ppm (Fig. 5). At 720 mbsf, there is an increase in the 189 

gamma ray values, and the amplitude of variations is still high to 602 mbsf. From 602 mbsf to 190 

490 mbsf the amplitude gradually decreases and the profile ranges from low- to moderate-191 

amplitude variability, with values between 16 to 54 gAPI and 2 to 3.8 ppm of U. The interval 192 

between 490-450 mbsf is marked by a change in the character of the gamma ray log, with 193 

multiple sharp peaks of elevated gamma ray (up to 43 gAPI; 5 ppm of U). From 450 mbsf to 194 

430 mbsf, there is a new reduction on the average values of the gamma ray (~10 gAPI). 195 

There is good consistency between NGR measurements and the gamma ray log from the 196 

spectral tool (HNGS) (Fig. 5). Although it is difficult to match specific peaks and lows given 197 

the incomplete core recovery, similar trends are observed and a few distinctive features can be 198 

correlated, such as for example, the interval of high gamma ray between 720 and 730 mbsf. The 199 

NGR values at the bottom of the hole are low (<20 counts/s) with a first high peak at ~807 200 

mbsf. From there up to 720 mbsf there is an alternation of organic-rich black and organic-poor 201 

white sediment layers which are represented respectively by high and low NGR values. The 202 

interval of relatively constant gamma ray values between 480 and 602 mbsf is also recorded by 203 
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the NGR. The uppermost part of the platform slope sequence, between 430-480 mbsf, shows a 204 

great variability and ranges from ~10 to 40 counts/s with no apparent trend. 205 

 206 

Discussion and Conclusions 207 

At IODP Site U1468 the natural gamma logs are indicative of organic matter content in the 208 

sediment (Betzler et al., 2016). Spectral gamma ray data show that uranium is the primary 209 

contributor to the total gamma-ray variability (Fig. 5). Potassium and thorium are only 210 

accessories and sometimes below the detection limit. Uranium is typically reduced by organic 211 

matter and its amount is therefore directly proportional to the quantity of available organic 212 

matter (Leventhal et al., 1986).  213 

Lithology exerts a control to a certain extent as sediment texture, grain size, and sorting may 214 

determine the accumulation and preservation of organic matter in the sediment, and accordingly 215 

the possible ichnological assamblage. In the study section there is a primary control exerted by 216 

lithology on ichnofabrics where coarser materials have intensely bioturbated ichnofabrics and 217 

vice versa (Fig. 4). There is no clear link between lithology and diversity of trace fossils. The 218 

mudstone and the floatstone intervals display similar diversity, but they present completely 219 

different intensity of bioturbation (Table 1). In the study section there is a locally consistent 220 

correlation between texture/grain size and the HSGR and NGR. However, such consistency 221 

disappears when the complete succession is considered. Some coarse-grained intervals (i.e. 222 

packstone-grainstone texture) seem to correlate to high gamma ray values. Finer intervals (i.e. 223 

wackestone and mudstone texture) locally correlate to low gamma ray values, but this 224 

correlation is not univocal and wackestone-mudstone intervals may display values similar or 225 

even higher than those of the coarse-grained intervals (Fig. 5). 226 

For the succession there is a clear correlation between the gamma ray log and the ichnofabric 227 

log generated by the herein adopted methodology. The main shifts in the gamma ray logs, also 228 

recorded by the NGR, have equivalent shifts in the ichnofabric logs at 820 mbsf, 720 mbsf, and 229 
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602 mbsf. The interval with relatively constant gamma ray values between 602 mbsf and 490 230 

mbsf has a clear counterpart in the ichnofabric log. There are also distinctive gamma ray peaks 231 

at 570 and 535 mbsf that are also recorded by the ichnofabric log. Accordingly, it is proposed 232 

that the herein developed graphical representation of ichnofabrics can be used as an 233 

approximation to the organic-matter content of the sediment.  234 

As an illustrative example, the occurrence of black organic-rich sediments alternating white 235 

organic-poor sediments at the bottom of the succession (Fig. 4, IF9-7) can be used as a 236 

calibration for the relation between organic content, gamma radiation, and ichnofabrics (Fig. 237 

6). The black-sediment layers have a total organic content (TOC) of up to 8 % (Betzler et al., 238 

2016, 2018) and are the ones with the highest NGR gamma ray values in the section analyzed 239 

(Fig. 6). They contain the ichnofabrics with the lowest bioturbation indices (IF 9 and IF8) and 240 

the smallest burrows. Small burrows are invoked as sign of environmental stress such as 241 

increased fluvial input or rapid deposition (MacEachern et al., 2007), but such stress factors can 242 

be discarded in the case of the Maldives. The studied materials are interpreted as a distal slope 243 

setting where the sedimentation was stable, dominantly hemipelagic rain, without fluvial 244 

influence (Betzler et al., 2016, 2018). According to Uchman and Wetzel (2011) and Wetzel and 245 

Uchman (2012) small sized burrows, low amount of tiers, and low bioturbation intensity, as 246 

those observed in the black layers, are distinctive of reduced oxygenation either of the bottom 247 

water or inside the sediment. The authors also report such ichnofabric features as indicative of 248 

high content in organic matter in the sediment. Both, seafloor oxygenation and organic-matter 249 

content in the sediment are closely related. The oxygenation of the sea floor may depend on the 250 

amount of organic matter being deposited at the seafloor that may change the depth of the redox 251 

boundary (Wetzel, 2010; Wetzel and Uchman, 2012). Thus, according to the nature of the 252 

sediment and the depositional environment of the study case, the low bioturbation indices and 253 

small burrows are interpreted as clear indicators of both reduced oxygenation and high content 254 

in organic matter (Taylor et al., 2003; Gerard and Bromley, 2008). The high uranium content 255 
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in this case is therefore consistent with the interpretation of black layers as organic-rich 256 

materials deposited during periods of higher productivity or a period with a reducing poorly-257 

oxygenated depositional environment (Leventhal et al., 1986).  258 

The contribution to the total gamma radiation of the potassium and thorium is very limited (Fig. 259 

5) due to the exceptional location of the Maldives which is protected from intense detrital input 260 

of minerals rich in these elements (Betzler et al., 2016). In other sedimentary environments with 261 

greater terrigenous input, the total natural gamma radiation is expected to be a combination of 262 

the K, Th, and U. In such a scenario, the proposed ichnofabric methodology may help in the 263 

recognition of variations in the organic matter content, that otherwise will be masked by the 264 

stronger signals of K and Th. 265 

In summary, the ichnofabric logging method presented here is a very useful implement for 266 

sedimentologists working on cores. The methodology provides preliminary but accurate 267 

environmental information, especially on the oxygenation and/or organic matter content of the 268 

sea floor. The resulting ichnofabric log parallels the spectral natural gamma radiation log 269 

dominated by uranium, a typical indicator of organic matter content in the sediment. In sediment 270 

cores with higher siliciclastic content, the proposed ichnofabric methodology may help in the 271 

recognition of variations in the organic matter content, that otherwise will be masked by the 272 

stronger signals of K and Th. The synthetic ichnofabric logs may also be of the greatest interest 273 

for those drilling sites where downhole logging include imaging tools as 360° optical and 274 

acoustic televiewers. Such tools provide a continuous record of the bore hole by spatially-275 

oriented high-resolution images that ichnologists and sedimentologists can use for the 276 

characterization of the sedimentary formations. 277 
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 416 

Figure 1: A Location of the Maldives in the Indian Ocean. B Close up of the Maldives showing 417 

the Inner sea bounded by a double raw of atolls. C Seismic line NEOMA-P65 cross cutting the 418 

Kardiva Channel. The black lines stand for the lower boundaries of the platform and drift 419 

sequences. Age after Betzler et al. (2017, 2018). 420 
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 421 

Figure 2: Step 1. The enhanced photograph is used to analyze the intensity of bioturbation 422 

(From 1-6 according to Hansen and MacEachern, 2007) and the abundance of each ichnotaxa. 423 

The intervals with drilling disturbances are marked with crosses in the column of the 424 

bioturbation index. 425 
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 426 

Figure 3: Ichnofabrics (IF1 to IF9) at IODP Site U1468. The main ichnotaxa in these 427 

ichnofabrics are Chondrites (Ch), Nereites (Ne), Palaeophycus (Pa), Phycosiphon (Ps), 428 

Planolites (Pl), Thalassinoides (Th), and Zoophycos (Zo). Given depths in meters below the sea 429 

floor (mbsf) for the top of the images. Some Thalassinoides (i.e those of IF4) may be echinoid 430 

related traces, but the nature of the sediment did not allow any further identification. Length of 431 

white bar: 1 cm. 432 
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 433 

Figure 4: Lithological column of the basin to slope deposits at IODP Site U1468. The figure 434 

includes from left to right the depth (mbsf), core number, core recovery, sediment texture after 435 

Dunham (1962) and Embry and Clovan (1974), grain size of bioclasts and components after 436 

Wentworth (1922), and ichnofabrics (See Fig. 3 and Table 2). CB= Convolute beds. 437 
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 438 

Figure 5: Natural gamma radiation measurements at IODP Site U1468. From left to right: depth 439 

(mbsf), age after Betzler et al. (2017, 2018), core, recovery, sediment texture, ichnofabrics (IF1 440 

to IF9), gamma ray measurements in core (NGR), downhole (HSGR), and spectral gamma 441 

radiation by uranium, potassium and thorium (downhole). The plot with the total gamma 442 

radiation also displays the ichnofabric log with dashed line in the background. The HSGR 443 

perfectly mirrors the spectral radiation by the uranium. Potassium and thorium contribution is 444 

almost not significant. The horizontal dashed lines are guidelines to divide the different 445 

intervals characterized by their gamma radiation and ichnofabrics (See discussion in text). CB= 446 

Convolute beds. 447 
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 448 

Figure 6: Example of the alternation of black- and white-sediment intervals from IODP Site 449 

U1468-105X-1. From left to right: depth (mbsf), core photograph, bioturbation index (BI), 450 

abundance of the main ichnotaxa (Palaeophycus-Pa, Planolites-Pl, Phycosiphon-Ps, 451 

Thalassinoides-Th, and Zoophycos-Zo) and mottling (M), ichnofabrics (IF6 to IF9, see Table 452 

2), and natural gamma radiation including total counts per second (NGR). The interval with 453 

drilling disturbances is marked with a cross in the BI column. 454 
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359-U1468A-66X 6         1     P 
359-U1468A-67X 5   1     2 1   P 
359-U1468A-68X 4-5   2 1   3 2   P 
359-U1468A-69X 6   1     1     P-W 
359-U1468A-70X 5   2 1   3 2   P-W 
359-U1468A-71X 4-5   2 2   3 2 1 W 
359-U1468A-72X 6               P 
359-U1468A-73X 5-6 1 1 1   1 1 1 P-W 
359-U1468A-74X 5 1 1 2   3 4   W-P 
359-U1468A-75X 4-5     2 1 3 3   W-P 
359-U1468A-76X 5     2   3 3   W-P 
359-U1468A-77X 4-5 1   1 1 5 4   W-P 
359-U1468A-78X 3 4 1 3 2 5 1   W-P 
359-U1468A-79X 4   2     4 3 3 P-W 
359-U1468A-80X 5-6 2 1 1   3     W-P 
359-U1468A-81X 4-5 4 2 3 2 5 1   P-W 
359-U1468A-82X 5-6 4 1 3 2 5 1   P-W 
359-U1468A-83X 5-6     1   2     W 
359-U1468A-84X 5 1   1 2 4 3 4 W 
359-U1468A-85X 4-3 1   1 2 4 3 4 W 
359-U1468A-86X 5 1   1 2 4 3 4 W 
359-U1468A-87X 4 3   1   5 4 1 W 
359-U1468A-88X 5-6         3 1   W-P 
359-U1468A-89X 4 3   1   5 4 1 W 
359-U1468A-90X 5-6     1   2     W 
359-U1468A-91X 5-6     1   2     W 
359-U1468A-92X 6         1     W 
359-U1468A-93X 4-5 4 1 3 2 5 1   W-P 
359-U1468A-94X 5         4 2   W-P 
359-U1468A-95X 4-5 1   1 1 5 4   W 
359-U1468A-96X 5     1   2     W 
359-U1468A-97X 1-2   1 1   2 3   W 
359-U1468A-98X 4-5 3   1   5 4 1 W 
359-U1468A-99X 1-2   1 1   2 2   W 
359-U1468A-100X 1-2         2     W-M 
359-U1468A-101X 4-5 3   2 2 4 2 2 W-M 
359-U1468A-102X 1-2     1   2 1   W-M 
359-U1468A-103X 1-2   1 1   2 2   W 
359-U1468A-104X 4-5   1     5   4 W-M 
359-U1468A-105X 4-5   1 1   4   5 W 
359-U1468A-106X 6      1    F 
359-U1468A-107X 4-5    1 1 3 1   W-F 
359-U1468A-108X 4-5 3 2 1 1 4 2   W 
359-U1468A-109X 6         1     F 

 460 

Table 1: Core-by-core summary of the main features for ichnofabric definition: bioturbation 461 
index (after Hansen and MacEachern, 2007), relative abundance of the different ichnotaxa 462 
(from abundant-5 to present-1, see Figure 1), and sediment texture (M-mudstone, W-463 
wackestone, P-packstone, and F-floatstone). 464 

 465 
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Ichnofabric Sediment 
texture 

BI Main 
ichnotaxa 

Secondary 
ichnotaxa 

Tiering 

IF1 Floatstone 6 Thalassinoides -- No tiering observed. Completely 
bioturbated. Mottling texture. 

IF2 Wackeston
e 

6 Thalassinoides Chondrites No tiering observed. Completely 
bioturbated. Mottling texture. 

IF3 Packstone 
to 
wackeston
e 

5-6 Thalassinoides
, 
Palaeophycus, 
Chondrites, 
and Planolites. 

Phycosiphon and 
Nereites. 

Upper tier: (1) Palaeophycus, (2) 
Planolites and Nereites, and (3) 
Phycosiphon. 
Middle tier: (1) Thalassinoides and 
Planolites. 
Deep tier: (1) Chondrites. 

IF4 Packstone 
to 
wackeston
e 

4-5 
(loc
ally 
3) 

Thalassinoides
, Chondrites, 
and 
Phycosiphon. 

Palaeophycus, 
Planolites, 
Nereites, and 
locally Zoophycos. 

Upper tier: (1) Palaeophycus, (2) 
Planolites and Nereites, and (3) 
Phycosiphon. 
Middle tier: (1) Thalassinoides and 
Planolites. 
Deep tier: (1) Zoophycos and (2) 
Chondrites. 

IF5 Packstone 
(locally 
wackeston
e) 

4 Thalassinoides
, Chondrites, 
Planolites, and 
Palaeophycus. 

Phycosiphon and 
locally Nereites. 

Upper tier: (1) Palaeophycus, (2) 
Planolites (and Nereites), and (3) 
Phycosiphon. 
Middle tier: (1) Thalassinoides and 
(2) Planolites. 
Deep tier: (1) Chondrites. 

IF6 Wackeston
e 

4-5 Thalassinoides
, 
Palaeophycus, 
Planolites, and 
Chondrites. 

Zoophycos and 
Nereites. 

Upper tier: (1) Palaeophycus, (2) 
Planolites, and (3) Nereites. 
Middle tier: (1) Planolites, (2) 
Thalassinoides, and (3) Nereites. 
Deep tier: (1) Zoophycos and 
Chondrites.  

IF7 Wackeston
e 

4-5 Thalassinoides
, Chondrites, 
Palaeophycus, 
and 
Zoophycos. 

Phycosiphon and 
locally Nereites. 

Upper tier: (1) Palaeophycus, (2) 
Phycosiphon (Nereites). 
Middle tier: (1) Thalassinoides, (2) 
Phycosiphon (Nereites). 
Deep tier: (1) Zoophycos and (2) 
Chondrites. 

IF8 Wackeston
e 

1-2 Chondrites, 
Thalassinoides 
and Planolites. 

Phycosiphon Upper tier: (1) Planolites and (2) 
Phycosiphon. 
Middle tier: (1) Planolites and (2) 
Thalassinoides. 
Deep tier: (1) Chondrites 

IF9 Mudstone 
to 
wackeston
e 

1-2 Thalassinoides
, and 
Phycosiphon 

Planolites. Upper tier: (1) Planolites and (2) 
Phycosiphon. 
Middle tier: (1) Planolites and (2) 
Thalassinoides. 

 467 

Table 2. Ichnofabrics of IODP Site U1468. The table include the ichnofabric name (IF), 468 
sediment texture, bioturbation index (BI, after Hansen and MacEachern, 2007), main and 469 
accessory ichnotaxa, and tiering observations. Numbers in the tiering columns indicate the 470 
order of colonization at every depth. 471 
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