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In deducing information on various paleo-environments from laminated sediments, it 

is important to acquire one-dimensional profiles which truly represent the original signal 

imprinted within those sediments with high accuracy and high spatial resolution. The authors 

developed a new image processing algorithm and computer program based on it, which we call 

“Lamination Tracer”. This can trace laminae automatically, even when laminae are folded, 

showing swelling and contractions. This method has been applied successfully to XRF, two 

dimensional images with a spatial resolution of 0.8mm/pixel and covering a total length of 16 m, 

which were processed with the Lamina Tracer to yield a one dimensional profile with high 

accuracy. 

 

Methods and Results 

Sample preparation for the analysis by XRF mapping 

The analyzed sample is an approximately 16 m-long cap carbonate from the lower 

part of Rasthof Formation, northwestern Namibia. A continuous series of 3cm wide rock 

samples were cut from the outcrop using an engine cutter (Yoshioka et al., 2003). The samples 



are embedded in Epoxy resin and polished.  

 

Acquisition of XRF map by Scanning X-ray Analytical Microscope 

The Scanning X-ray Analytical Microscope (HORIBA, XGT-2000; Takano et al., 1997) 

is an energy dispersive X-ray fluorescence analyzer utilizing a high energy x-ray (rhodium Kα) 

beam focused by an X-ray guide tube for focusing the fluorescence on a small spot (0.1 mm) of 

the sample surface. The polished surface of Rasthof material was scanned with this scanning 

x-ray analyzer. In this present work on the Rasthof’s cap carbonate sample, the spatial or two 

dimensional distribution of five elements, Si, Ca, Mn, Fe and Sr were measured with a spatial 

resolution of 0.8 mm / pixel.  

 

Conversion XRF maps to chemical profiles by Lamination Tracer 

The acquired image generated an abundance of data of five elements for each 

sample plate by SXAM, and each was processed to a set of 1D profile data by the image 

processing Lamination Tracer (Katsuta et al., 2003) described below. Because the SXAM can 

measure an area of 400×200 mm at one time, the data set for the 16 m thick sequence consists 

of many subsets of mapping data. For each subset of two dimensional data, conversion into one 

dimensional profile was carried out using a Laminar Tracer, and the results were compiled to 

form a single, 16m long, continuous one dimensional profile for each of five elements. 

The Lamination Tracer is an image processing technique used to extract 

one-dimensional sequential profiles from a variety of two-dimensional measurements on the 

cross-sections of deformed, laminated sedimentary rocks containing many deficits. We have 

developed an algorithm for the Lamination Tracer, and, at the same time, a computer program. 

The algorithm for the Lamination Tracer is as follows. 

The bedding planes (laminae) viewed in cross-section in sedimentary rocks represent 

isochronous lines. To detect these lines automatically, we introduced an “isochron function”. 

This is a two dimensional function and its value defines relative time for any point on a 

two-dimensional measured map. Any points on the same contour line of isochron function are, 

therefore, isochronous. 

If the lamination is not deformed, the isochron function forms a monotonously 



increasing plane, where the strike is parallel to the lamination of the material. In this case, the 

contour lines of the function are parallel to each other and also parallel to the lamination. If the 

lamination is deformed, the isochron function can be modified from a plane to a curved but 

monotonously increasing surface. In order to determine isochronous functions for deformed 

lamina, it is necessary to investigate the direction, in which the rate of change of density map 

has the greatest magnitude, or, direction of the maximum slope of the lamination as well as 

maximum rate of change of curvature. This is calculated by using first partial derivative 

coefficients as well as second partial derivative coefficients. Through this procedure, one can 

calculate the tilting direction of an isochron at every data point. A function, which is normal to 

this direction, can be calculated and sequential integration of this plus isochron function for the 

non-deformed lamina will yield isochron function for the case of deformed lamination. Moreover, 

the noise components of the slope map are removed by weighted Fourier Transform filter. Once 

the isochron function is determined for a measured map by Lamination Tracer, the average 

operation along isochronous lines will yield a one-dimensional sequential profile with high 

spatial resolution and accuracy. 

The detail of this algorithm is written by Katsuta et al. (2003) further. The 

computational program that has been coded in MATLAB version 5.3 can be available from HP 

of International Association for Mathematical Geology. 

 

Result of analysis for XRF map by Lamination Tracer 

Fig. 1A shows an example of results of our analysis for Fe map of cap carbonate of 

Rasthof Formation, Namibia, by Lamination Tracer. The Fe map with a spatial resolution of 0.1 

mm / pixel for an area of 5.12cm by 4.32cm has been acquired by SXAM. The thin lines on 

Fig.1A are isochronous lines calculated by Lamination Tracer. Note that these isochronous 

lines trace real lamination of cap carbonate faithfully. Fig. 1B is one-dimensional profile 

obtained through averaging the measured data in the horizontal direction. This profile shows 

little standard deviation (indicated with gray curve). However, because the laminae are not 

parallel with the horizontal line, the average value is contaminated with information of not 

isochronous nature; peaks are therefore obscured. Fig 1C is one-dimensional profile obtained 

along the measured line marked with narrow rectangle. Although the profile shows many peaks, 



it is accompanied with a large standard deviation and thus has low reliability. Fig. 1 D is the 

one-dimensional profile obtained through averaging the measurements along the isochronous 

lines obtained by Lamination Tracer. This curve has both clear peaks and very little standard 

deviation, which indicates the treatment of the data with Lamination Tracer yields highly 

significant and reliable data.  

With the same method introduced here, we carried out a 5-element distribution 

analysis for the 16 m-long sequence of cap carbonates from Rasthof Formation, Namibia. The 

results show about 10 fluctuation cycles in calcite/dolomite are also reflected in those of Ca and 

Mn profiles. A further two calcite/dolomite cycles with longer periodicity correspond to two 

fluctuation patterns by Sr (Tojo et al., 2004). In the near future, we will describe the 

characteristics (lamina thickness, etc.) of rhythmic patterns of cap carbonates using these five 

chemical profile sets acquired by Lamination Tracer. 

We express our cordial thanks to Dr. Gabi Schneider, Director of the Geological 

Survey of Namibia, for her kind permission and support for our research activities in Namibia.  
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Fig. 1 Conversion of 2D map to 1D profiles of cap carbonate from Rasthof, Northwestern 

Namibia. (A) Fe map acquired by SXAM. This map size is 512 pixels by 432 pixels with spatial 

resolution of 0.1 mm / pixel. The black lines plotted on the map are isochronous lines that are 

calculated by Lamination Tracer. Note the good correlation of calculated isochronous lines and 

real lamination of the sample. (B) Fe profile obtained through averaging the mapping data of 1A 

in the horizontal direction and its standard deviation (gray line). (C) Fe profile obtained through 

the measurement along the line marked by narrow rectangle in (A) and its standard deviation 

(gray line). (D) Fe profile averaged along isochronous lines and its standard deviation (gray 

line). 


