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ABSTRACT 

 
Pelagosite is a finely laminated aragonite crust present in Mediterranean intertidal 

zones.  The laminae are probably microbially precipitated, however pelagosite formation 
is poorly understood.  This study attempts to gain a better understanding of how 
environmental and climatic factors influence pelagosite growth.  Field observations of the 
spatial distribution of pelagosite on the coast of Hvar, Croatia suggest that there are two 
factors which significantly control pelagosite formation: the amount of sea spray received 
and the surface orientation of the limestone substrate.  The pelagosite distribution on 
Hvar, when compared to the distribution on the Adriatic island of Palagruža, indicates 
that different pelagosite morphologies represent successive stages in development.  The 
influence of climate forcing on pelagosite is uncertain, however assuming that layers 
represent annual accretions, time series analysis of pelagosite laminae yields periods 
which correlate with known values for El Niño Southern Oscillation, North Atlantic 
Oscillation, and the solar cycle.   
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INTRODUCTION 

Pelagosite was first described from the Adriatic island of Palagruža (Figure 1) by 

Marchesetti (1876) as a hard shiny mineral crust, generally occurring on carbonate rocks 

in the Mediterranean intertidal to supratidal zone.  The internal structure of pelagosite is 

characterized by micron-scale parallel or concentrically laminated layers of aragonite, 

which appear as dark and light bands.  Little is known about the formation process of the 

laminae, however it is thought that they are probably precipitated microbially (Onorato, 

1926; Montanari, 2006a).  The influence of cyclic climate forcing on the growth of other 

laminated accretions has been well documented, and perhaps such forcing might also 

affect pelagosite growth, and be recorded in the laminae. 

 

Pelagosite Formation 

There is some disagreement as to the formation process of pelagosite.  The 

predominant belief is that laminae are formed microbially (Onorato, 1926; Montanari, 

2006b), however one study suggests that pelagosite is precipitated abiotically (Duane, 

2005).  Montanari (2007) speculates that organic matter might serve as the coloration of 

the darker layers.  Organic matter in pelagosite has been measured at 2.1 and 0.4 wt.% 

(Onorato, 1926; Montanari, 2006a), and early analysis of the organic matter (Onorato, 

1926) led to the conclusion that pelagosite is formed by blue-green algae.  Recent 

analysis has confirmed the cyanobacterial presence, and has further determined that 60% 

of the DNA found in pelagosite is from the cyanobacterial genus Xenococcus (Montanari, 

2008, personal commun.).   
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Although cyanobacteria is present in pelagosite, the composition and dynamics of 

the microbial community which forms pelagosite remains unknown, and more complex 

microbial interactions could be present.  In other lithifying microbial communities, 

CaCO3 precipitation has been linked to aerobic heterotrophs and sulfate reducing bacteria 

in addition to cyanobacteria (Dupraz and Visscher, 2005).  It has been shown that 

stromatolite formation occurs in growth stages, which are characterized by compositional 

variation in the microbial community (Reid et al., 2000).  Such stages could exist in 

pelagosite growth, possibly causing the differences in appearance between light and dark 

layers.  

 

Study Purpose 

This study attempts to gain a better understanding of how environmental and 

climatic factors influence pelagosite growth.  The issue is addressed from two 

perspectives.  First, the spatial distribution of pelagosite on the Dalmatian island of Hvar, 

Croatia (Figure 1) is analyzed with respect to its local coastal setting in order to infer 

environmental factors which influence its growth.  Spatial relationships suggest that two 

main factors which affect pelagosite growth are the amount of sea spray received and the 

surface orientation of the substrate rock.  Second, a time series analysis of the internal 

laminations is performed in order to determine whether cyclic climate forcing is recorded 

in pelagosite. Time series results correlate with known frequencies of El Niño Southern 

Oscillation (ENSO), North Atlantic Oscillation (NAO), and the solar cycle, suggesting 

that these climate forcings strongly influence pelagosite growth.   

 

3



OCCURRENCE 

Morphologies 

 Montanari (2006a) describes four morphologies of pelagosite (Figure 2) occurring 

on the island of Palagruža, and has speculated that they represent different stages of 

development.  Beginning with the earliest stage of development these include: i) 

‘varnish,’ which is a very thin (<1 mm), beige to brown crust, which looks like a “brush 

stroke” on the underlying rock; ii) ‘pisoids,’ which are shiny black ~1-2 mm pelagosite 

hemispheroids made of concentric laminae; iii) ‘tar,’ which is a laterally extensive crust 

composed of parallel laminae; iv) “relic,” which is pelagosite (commonly pisoids) that 

appears desiccated, for it lacks the usual gloss of pelagosite.  These morphologies may 

represent stages in pelagosite development, with varnish as the initial form, pisoids as the 

intermediate form, tar as the most developed form, and relic as pelagosite which is no 

longer growing (Montanari, 2006a).  With respect to pelagosite, the term ‘pisoid’ is 

actually a misnomer for it refers to a coated grain (Flügel, 2004).  However, for the sake 

of consistency, and for lack of a better name, this study will continue to use the name, 

pisoid.   

 

Spatial Distribution   

On the Hvar coast, pelagosite occurs on limestone in the non-vegetated intertidal 

zone (~10-15 m wide).  In this environment, waves and sea spray moisten the rock but 

rarely submerge it.  Pelagosite occurs preferentially on vertical to subvertical surfaces 

(Figure 3a) and also on topographic highpoints.  Much of the limestone coast is corroded,  
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Figure 2.  Pelagosite morphologies.  (A) Veneer encrusting a vertical limestone surface.  
Lenscap diameter is ~5 cm.  (B) Outstanding example of pisoids ontop of radial karst 
ridges.  Coin diameter is ~23 mm.  (C) Shiny patches of tar and convergent pisoids.  
Pencil for scale.  (D) Dessicated pisoids.  Centimeter ruler for scale. 
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Figure 3.  Aspects of pelagosite occurrence.  (A) Vertical and subhorizontal limestone 
surfaces.  Pelagosite is shown preferentially occuring on the vertical face.  Lens cap (~5 
cm diameter) for scale.  (B) Pelagosite occurring on “stems” of limestone.  Bottoms and 
sides of pelagosite and limestone appear corroded.  Image from Montanari (2006b).

A

B
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and small-scale karst (<1 mm wide ridges and grooves) commonly exhibits 

pelagosite occurring along the ridges (Figure 2b). 

Montanari (2006b) has noted several spatial trends on the Hvar coast which are 

gradational at the meter-scale.  The near-shore environment (~1-5 m from mean sea level 

(MSL)) is characterized by heavy wave action and the greatest amount of sea spray, 

abundant clusters of large tar and pisoid pelagosite, and substrate karst which is sharp, 

dark, and forms complex sponge-like structures (Figure 4a).   In contrast, the 

environment further inland (~10-15 m from MSL) is characterized by no wave action and 

a small amount of sea spray, sparse clusters of varnish pelagosite, and karst which is light 

in color and has a simple fluted structure (Figure 4b).   

The spatial distribution of pelagosite on Hvar contrasts sharply with the 

distribution on Palagruža.  On the vertical dolomite cliffs of Palagruža, Montanari (2006a) 

notes a reverse morphology trend from that observed on Hvar.  He measured the 

following distribution over a 10 m section above MSL: varnish from 1-10 m; tar and 

pisoids from 2-10 m; and relic from 8-10 m.  He notes that meters 3-8 display pelagosite 

of maximum thickness (up to 8 mm).  This is inconsistent with the distribution on Hvar, 

for Palagruža pelagosite is least developed closest to MSL where sea spray is greatest, 

and most developed higher where sea spray is considerably less (Figure 5). 

The preferential occurrence of pelagosite on microtopographic highpoints, 

commonly on microkarst ridges (Figure 2b), has led to speculation about a relationship 

between the microbial precipitation of pelagosite and the corrosion of the substrate.  

Montanari (2006b) brought up the question of whether pelagosite is taking advantage of 

preexisting karstic highpoints, or whether the existence of pelagosite is somehow sparing  
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Figure 5.  Morphology development trend on Hvar and Palagruža.  Hvar shows the 
most developed pelagosite closest to MSL, grading inland to less developed forms.  
Palagruža shows the reverse trend with respect to distance from MSL, which is to be 
expected because Palagruža has been rising relative to sea level.
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the directly underlying substrate from corrosion, and causing the corrosion of the 

adjacent grooves.   

An interesting structure exists in which dissolution of the substrate has resulted in 

“stems” of limestone capped by pelagosite hemispheroids, resembling hoodoo structures 

(Figure 3B). Both the “stems” and the hemisphere bottoms and sides are corroded, 

however the tops are shiny and uncorroded.  This suggests synchronous aragonite 

precipitation and substrate corrosion, supporting the idea that the processes might be 

controlled by the same microbial communities.  No other evidence exists supporting this 

idea, however dissolution and precipitation within microbial communities has been well 

documented (Dupraz and Visscher, 2005).  

 

CYCLICITY ANALYSIS 

Cyclic climate forcings, with periods ranging from daily to millennial, are 

commonly recorded in laminated growths and accretions.  A cross-sectional view of 

pelagosite (Figure 6) shows layers which appear to be rhythmically laminated, and there 

is strong resemblance between pelagosite and other laminated accretions interpreted to be 

recorders of climate variation, such as the laminae in marine sediment cores (von Rad et 

al., 1997).  Since the accretion rate of pelagosite laminae and the total age of a given 

section are unknown, it is difficult to constrain the frequency range of climatic forcings 

which may affect pelagosite growth.  Speculation about the time represented by laminae 

is possible based on what is known about pelagosite and other similar records.  Pelagosite 

closely resembles certain laminated sediments and accretions that have been interpreted 

as being composed of annual couplets, such as sedimentary varves (Cosentino et al., 2005)  

10
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and certain speleothems (Frisia et al., 2003).  These annually laminated accretions 

often record annual to decadal climate forcings, such as the solar cycle, North Atlantic 

Oscillation (NAO) (Frisia et al., 2003), and El Niño Southern Oscillation (ENSO) (Stahle 

and Cleaveland, 1993). 

While resemblance to other laminae may merely suggest a similar time 

representation, the ephemeral nature of pelagosite’s thin intertidal environment provides 

additional evidence to constrain the total age.  The zone within a few meters above MSL 

generally exhibits the most well developed pelagosite.  Since Mediterranean sea level has 

risen ~6 m in the last 6.5 ka (Lambeck and Purcell, 2005), it can be inferred that modern 

pelagosite occurring at approximately MSL cannot be older than 6.5 ka.   

Although it is relatively unsupported, our best estimate is that layer pairs 

represent annual accretions based on their similarity to other laminated records.  

Employing this annual assumption, Montanari (2007) performed fast Fourier transforms 

on photomicrographs of pelagosite laminae to determine whether pelagosite exhibits 

cyclicity of the same frequency as known cyclic climate forcings.  He detected frequency 

peaks which correlate to known ENSO frequencies (Montanari et al., 2007), further 

supporting the annual assumption.  

 

METHODS AND RESULTS 

Field Observations 

 On Hvar, pelagosite distribution was mapped in three locations: Point Pleturina, 

the island of Jerolim, and the spur of Zaraća Bay (Figure 7).  Several trends exist in the 

~10-15 m wide non-vegetated coastal swath, confirming the results of prior work  
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Figure  7.  Map of Hvar, Croatia.  Field sites are circled on the enlarged image.  
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(Montanari, 2006b).  Pelagosite exhibits greatest size and is most abundant near MSL 

where sea spray is greatest, and becomes smaller and rarer away from MSL.  The 

morphologies grade from tar/pisoid, within a few meters of MSL, to pisoids, and then 

pisoids/varnish further inland.  Pelagosite occurs preferentially on vertical to subvertical 

faces of rock, and this preference is more pronounced inland.  The limestone karst is dark, 

sharp, and exhibits a lattice structure near MSL, but transitions to light-colored fluted 

karst ~2-4 m from MSL.  Pelagosite commonly occurs on the ridges of the light-colored 

fluted karst, however there is an abundance of this type of karst occurring without 

pelagosite growing on it.  These trends (Figure 8) are not strict patterns but general 

occurrences, and appear to be a function of the amount of sea spray received rather than 

distance from MSL. 

 

Time Series Analysis 

In preparation for time series analysis, a thin section was made using a sample of 

pelagosite from Palagruža.  The thin section was analyzed using a petrographic scope and 

photographed along a transect oriented perpendicular to laminae (Figure 6).  The images 

were taken at 40x magnification with a resolution of 150 pixels per inch.  Using the 

program Adobe Photoshop, the images were converted to greyscale and the exposure was 

corrected in order to obtain a full spectrum of grey values.   

 The period of time represented by pelagosite lamina is unknown, however this 

study makes the assumption that layer pairs, composed of a dark and a light layer, 

represent annual accretions.  The contacts between layer pairs were determined by hand 

and marked using Photoshop, creating a “barcode,” which is a black and white log  
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representing the contacts between layer pairs.  The transects of both the grayscale images 

as well as their respective barcodes were analyzed using the program ImageJ, which 

converted grayscale values to numerical data.  These data were used to make plot profiles, 

which are graphical representations of grey values along the transect length (Figure 9). 

The numerical data were analyzed using a MATLAB script (Appendix 1), written 

by David Bice (Penn State University), which determines the frequency of cycles in 

pelagosite.  The script first performs a band-pass filter to eliminate high-frequency noise 

and then determines the number of layers and the distance between them.  The window 

edges of the band-pass filter were set for each transect segment.  The longer period 

remained constant at 600, while the shorter period varied for each analysis and was 

determined by adjusting the value until the number of layers detected by the program 

matched the number of layers counted by hand.  The shorter periods ranged from ~10-30 

for the different transect segments, which is not surprising given the significant variance 

in segment lengths.  The script then sets the data to an annual timescale by converting 

distance between layer pairs to time.  Fast Fourier transforms were then performed on the 

adjusted datasets.   

 Once the data were band-pass filtered and tuned to an annual timescale, the FFTs 

yielded periods ranging from 2.0 to 21.8 years.  The period distribution of all the data 

(Appendix 2) is fairly broad within this range, however certain periods tend to have 

higher relative spectral power and be more consistent throughout the transect length.  A 

very strong 1 year period is persistent throughout all the analyses, reflecting the annual 

timescale assumed by the MATLAB program (Figure 10).  Figure 11A is a plot of data 

from the entire transect, displaying peaks which are fairly representative of the rest of the  
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data.  Cycles with 2-3, 5-9, and 11-13 year periods have high relative spectral power, and 

are rather pervasive throughout the plots.  The peak at 16.57 years is not well represented 

in the rest of the data, however this is not unexpected, for peaks of longer periods (13-21 

years) are commonly observed in individual plots but are not pervasive throughout the 

data. The plots are predominately composed of shorter period peaks (~2-13 years), and 

while longer periods (~13-21 years) exist in the majority of plots, they are usually 

represented by only one or a couple of peaks.   

An interesting pattern occurs between the plots of data from the grayscale images 

and from the synthesized barcodes (Figure 11).  In the plots of grayscale data, 10-14 year 

peaks generally have the highest relative spectral power, and spectral power decreases 

abruptly toward lower frequencies and gradually towards higher frequencies.  In contrast, 

plots of barcode data are characterized by a more even distribution of spectral power 

among all the frequencies. 

 

DISCUSSION 

The spatial trends demonstrated by pelagosite on the Hvar coast strongly suggest 

that the development of pelagosite is characterized by a morphology progression.  

Varnish, the smallest form occurring in areas with low sea spray, is interpreted to 

represent the least developed form, while large pisoids and tar crust, which occur in areas 

with high sea spray, represent the most well developed forms.  The strong correlation of 

spatial trends on the Hvar coast suggests that there are two main environmental factors 

which affect pelagosite growth: the amount of sea spray received and the orientation of 

the substrate.  How these factors affect pelagosite growth is unclear, however their 

20



significance might lie in how they influence the microbial environment.  Abundant sea 

spray creates a humid environment, which may be favorable for the specific microbial 

community that forms pelagosite.  The strong preference for vertical surfaces may be 

related to moisture runoff and how the microbial community interacts with the sea spray 

received. 

 

Relative Sea Level Change and Pelagosite 

The interpretation that pelagosite morphologies represent stages in development is 

further supported by the contrasting spatial distributions observed on Hvar and Palagruža 

(Figure 5).  Based on sea level changes as well as the tectonic nature of Palagruža, this 

“reverse” trend is to be expected.  Mediterranean Sea level has risen ~6 meters in the last 

6.5 ka, with respect to tectonically stable land masses (Lambeck and Purcell, 2005).  

However, the island of Palagruža is a pop-up structure, a result of compression between 

the Apennine and Dinaric Alps (Bognar, 1995).  This distribution trend is explained as a 

result of the relative rise of Palagruža, and thus of pelagosite since its formation just 

above mean sea level (MSL).  The tectonic uplift rate of Palagruža is unknown, however 

based on this “reverse” distribution trend, it can be inferred that it has been uplifting at a 

greater rate than that at which sea level has been rising.  Determining the uplift rate of 

Palagruža would allow us to date pelagosite, and conversely, dating pelagosite from a 

known height on Palagruža would allow us to determine the rate of tectonic uplift. 

 The spatial distribution of pelagosite on Palagruža agrees with the progressive 

morphology development of pelagosite and the relative tectonic rise of Palagruža.  

Varnish, the least developed form, is the only morphology represented from 1-2 m above 
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MSL (the zone on Hvar which exhibits the most developed pelagosite).  The 8-10 m zone 

is the only area where relic pelagosite exists.  Relic pelagosite is assumed to no longer be 

growing, consistent with its occurrence at the top of the section.  It is also inferred that at 

~8 m (the lowest height where relic pelagosite exists) the amount of sea spray received is 

below the necessary amount for pelagosite growth.   

 

Karst and Pelagosite 

As noted earlier, Montanari (2006b) speculated whether the corrosion of the 

limestone substrate was related to pelagosite formation.  On the Hvar coast, the light-

colored fluted karst, on which pelagosite commonly occurs on the topographically high 

ridges, occurs abundantly without pelagosite on top of it.  This suggests that pelagosite 

formation and substrate corrosion are independent processes, and that pelagosite is 

exploiting the preexisting topographic high points.  If the karst and pelagosite were 

genetically related, one would expect to see significantly more of the karst ridges 

exhibiting pelagosite. 

Additionally, the intensely corroded karstic topography occurring within a few 

meters of MSL on the Hvar coast appears to be quite similar to the black phytokarst from 

Hell, Cayman Islands described by Folk et al. (1973).  They describe phytokarst as a karst 

morphology formed by the boring action of filamentous algae, and characterized by a 

dark color and a sharp latticework structure.  Folk et al. (1973) also describe a transition 

from black phytokarst near MSL to rainwater karst further inland.  This same transition is 

observed on the Hvar coast, further suggesting that the karst on Hvar and Hell are 

controlled by similar processes.  If the karst forms on the Hvar coast are interpreted as 
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being phytokarst and rainwater karst, then it can be determined that the formation of 

pelagosite is unrelated to the corrosion of the substrate, and that the two processes simply 

favor similar environments.  

 

Time Series Analysis 

The very strong 1 year period pervasive throughout all the results is a product of 

the MATLAB script, which assumes that the layer pairs are annual accretions.  If this 

annual assumption is correct, the lower frequency cycles observed in pelagosite should 

represent environmental forcing which overprints the 1 year cycle.  The patterns deduced 

from the observed non-1 year periods are general, due to the spectral power variation of 

periods along the length of the transect.  Despite their broad nature, there is a correlation 

between the frequencies represented in pelagosite laminae and well known frequencies 

for NAO, ENSO, and the solar cycle.  The 2-3, 5-9 and 11-13 year periods in pelagosite 

correlate well with NAO periods of 2.3, 5.8, and 7.8 years (Loewe and Koslowski, 1998).  

ENSO periods typically have a range of 3-9 years (Diaz and Markgraf, 1992 (and 

references therein)), which also correlates well with much of our data.  The 11-13 year 

range (with several peaks at almost 11 years exactly) matches the well documented 11 

year solar cycle (Dean, 2000; Labitzke and Matthes, 2003).  Juckett (2001) describes 

solar cycle periods of 8, 10, 12, 14, 18, 22, and 29 years, which are less commonly 

observed than the 11 year cycle.  These periods might correspond to the longer period 

cycles (13-22 years) observed in pelagosite.   

 The frequency correlations suggest that these climate forcings influence the 

growth of pelagosite.  The correlation also supports the assumption that laminae pairs 
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represent annual accretions.  However, since the observed peaks cover a broad frequency 

range, and vary in spectral power along the length of the transect, the correlations are not 

completely convincing for any specific known climate forcing.  It is possible that other 

environmental factors influence pelagosite growth, or that the interference of multiple 

climate forcings is significant enough that individual frequencies of one forcing are too 

noisy to detect.   

 

Analytical Techniques 

 For this study, only one pelagosite sample was used for the time series analysis.  

Analyzing more samples from different locations would have been preferable in order to 

ensure the reproducibility of the results.  It would be interesting to see if the results varied 

depending on the specific environment and location where the samples were taken. 

The time series analysis is complicated because of the poor understanding of how 

the laminae are formed and the uncertainty of the period of time which layer pairs 

represent.  In similar analyses of laminated sediments (Schaaf and Thurow, 1997), prior 

understanding of the amount of time represented by layers or layer pairs allows for a 

linear sedimentation rate to be used to calculate frequencies. However, with pelagosite 

the amount of time per layer pair is unknown, and for this study, it has been assumed that 

individual couplets represent annual accretions.  The correlation between our results and 

known frequencies of climate forcings suggests that layer pairs are annual accretions, 

however this has not been validated.  Future studies on the formational processes of 

pelagosite will hopefully confirm or refute this assumption. 
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 To create the barcodes, the contacts between laminae pairs were determined and 

marked by hand using Photoshop.  Although the human eye is quite capable at 

distinguishing subtle color variations, this process is inherently subjective because its 

reproducibility cannot be guaranteed. An alternative option would be to use an automated 

program which detects layer pair contacts based on changes in greyvalue.  This method 

would also have potential for introducing error, for assumptions regarding the accuracy 

of the program would have to be made.  

The benefit of counting layers by hand and creating the barcode is seen in the 

difference between the FFT plots of grayscale and barcode data.  As mentioned above, 

the spectral power distribution is more uniform with the barcode data, while the 

greyvalue data exhibits the highest spectral power in the 10-14 year range, with shorter 

and longer periods having lower relative spectral power (Figure 11).  This difference is 

interpreted as the influence of image noise in the grayscale images, which results in a 

decrease in high frequency spectral power.  Image noise occurs on the pixel scale and 

thus has the effect of influencing the spectral power in specifically the high frequencies.  

This image noise is eliminated with the barcode images, however confidence in the 

results from barcode data is dependent on whether the barcode accurately represents the 

layer pair contacts in the greyscale image.  If it is assumed that layers were accurately 

marked by hand, results from the barcode data should be more representative of the 

actual cyclicity in pelagosite laminae than the results from grayscale data. 

 

CONCLUSION 
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The morphology trend on the Hvar coast, especially when compared to the 

reverse trend on Palagruža, indicates that pelagosite growth is characterized by a 

morphology development.  The preferential growth in areas receiving copious sea spray 

and on vertical to subvertical surfaces suggests that the amount of sea spray received and 

the orientation of the substrate surface are two environmental factors which exert 

significant control on pelagosite distribution.  The preference for abundant sea spray 

provides an explanation for the observed morphology trend perpendicular to the coast.   

The abundance of karst occurring independent from pelagosite suggests that there 

is not a genetic relationship between pelagosite and karst.  This is further supported by 

the similarity of karst on the Hvar coast to karst on Hell, which has been interpreted as 

phytokarst formed by filamentous algae and rainwater formed karst (Folk et al., 1973). 

FFT data of pelagosite correlates rather well with known periods of NAO, ENSO, 

and the solar cycle.  This correlation supports the assumption that layer pairs represent 

annual accretions, and it also suggests that these climate forcings exert an influence on 

pelagosite growth.   

 Further work on understanding the formational process of pelagosite will help to 

constrain the factors which control pelagosite distribution.  Additionally, knowing the 

amount of time represented by laminae will allow for more confident interpretations of 

data from time series analyses.  
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APPENDIX 1 
MATLAB script (written by David Bice) used to analyze pelagosite. 
 
clear; 
  

load plgtest.dat; %input data file 
x=plgtest(:,1); %x-axis, pixel number 
p=plgtest(:,2); %pixel value 
  

x=x+1;% just so that it doesn't start at 0 
  
  

% bandpass filter to remove noise 
%first define the range of frequencies to keep, between f1 and f2 
f1=1/600; % 1/longer period 
f2=1/2;% 1/shorter period -- this is the key one -- increasing the  
% denominator, which is the period, increases the degree of smoothing 
n=length(x); 
fc=fft(p); 
Nyquist=0.5/abs((x(2)-x(1))); 
fre=linspace(0,2*Nyquist,n)'; 
  

[m,k1]=min(abs(fre-f1)); 
[m,k2]=min(abs(fre-f2)); 
k3=n-k2+2; 
k4=n-k1+2; 
% zero all but the desired band 
fc(1:k1)=zeros(k1,1); 
fc(k2:k3)=zeros(k3-k2+1,1); 
fc(k4:n)=zeros(k1-1,1); 
  
  

%take inverse FFT; remove the imaginary part 
newp=real(ifft(fc)); 
  

figure(2);  
plot(x,p,x,newp); 
legend('raw data','band-passed') 
xlabel('pixel number'); ylabel('pixel value'); 
  
  

%calculate frequency array 
npt=2^14; 
  

f=linspace(0,Nyquist,npt/2); 
fmax=.25; 
num=round(npt/2*fmax/Nyquist); 
freq=f(1:num); 
  

%calculate FFT and Power after padding 
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H=fft(newp,npt); 
P=H.*conj(H); 
  

%normalize to unit mean power 
P=P/mean(P(1:npt/2)); 
  

%plot 
figure(3);plot(freq(1:num),P(1:num)) 
title(['FFT of smoothed, but untuned pelagosite scan'],'FontSize',14) 
xlabel('frequency in cycles per pixel') 
ylabel('spectral power') 
mark1xx 
  

% start of the tuning section 
newp=-newp; % converts troughs to peaks and vice versa, so that the dark layers are 
higher values 
  

r=findpeaks(newp);% this finds the x-axis values of the troughs (the darker bands), which 
in this photo are sharper 
  
  

%calculate FFT and Power after padding of the layer thicknesses 
th=detrend(diff(r)); % this is the layer thicknesses, detrended 
%calculate frequency array 
npt=2^14; 
Nyq=0.5; 
f3=linspace(0,Nyq,npt/2); 
fmax3=.5; 
num3=round(npt/2*fmax3/Nyq); 
freq3=f3(1:num3); 
H3=fft(th,npt); 
P3=H3.*conj(H3); 
  

%normalize to unit mean power 
P3=P3/mean(P3(1:npt/2)); 
  

%plot 
figure(4);plot(freq3,P3(1:num3)) 
title(['FFT of thicknesses: ',num2str(length(th)),' layers'],'FontSize',14) 
xlabel('frequency in cycles year') 
ylabel('spectral power') 
mark1xx 
  
  

% tuning to yearly timescale 
yr=(1:length(r)); 
  
  

t=interp1(r',yr',x,'linear','extrap'); 
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%interpolation to evenly spaced ages 
a=linspace(min(t),max(t),4*length(t)); 
h=interp1(t,newp,a); % h is inverted pixel number 
  

figure(5);plot(a,-h,length(yr)*(x/max(x)),p); 
title('comparison between raw and tuned pixel profiles') 
legend('tuned','raw') 
ylabel('pixel value') 
  
  

%fft of tuned data 
  

%calculate frequency array 
npt=2^16; 
Nyquist2=0.5/abs((a(2)-a(1))); 
f2=linspace(0,Nyquist2,npt/2); 
fmax2=1.2; 
num2=round(npt/2*fmax2/Nyquist2); 
freq2=f2(1:num2); 
  

%calculate FFT and Power after padding 
  

H2=fft(h,npt); 
P2=H2.*conj(H2); 
  

%normalize to unit mean power 
P2=P2/mean(P2(1:npt/2)); 
  

%plot 
figure(6);plot(freq2(1:num2),P2(1:num2)) 
title(['FFT of tuned pelagosite scan'],'FontSize',14) 
xlabel('frequency in cycles per year') 
ylabel('spectral power') 
mark1xx 
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Barcode Data Greyscale Data
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Appendix 2.  FFT plots of image data and barcode data for transect 
segments and for the entire transect.
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Appendix 2 continued.

34



Barcode Data Greyscale Data
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Appendix 2 continued. 
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Barcode Data Greyscale Data
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Appendix 2 continued.  
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50um

Top of 
transect

Appendix 3.  Greyscale image data.  Top of transect is at the upper left, down 
section is down and to the right.  
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Appendix 3 continued.
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Appendix 3 continued. 
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