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Figure 9- 4. Wavelet analysis (using Morlet wavelength with a window size of 10) of: A) total 
organic carbon (TOC wt %) and B) total carbonate (CaCO3 wt %). Gray scales indicate the 
magnitude of the wavelet in 24 tones. Numbers in the scalogram indicate the wavelengths that are 
representative for the variability within the data sample. The more continuous wavelengths are 
close to 10 ka and 20 ka; while the ones with more spectral power are those close to 2,700 and 
5,000 years. 
 

analysis were carried out in three thin sections from different intervals of the Indidura 

Formation applying compacted sedimentation rates of 6.2 ka for sample MX-239, and 
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10.1 ka for samples MX-01 and MX-08, respectively. The results shown here correspond 

to gray scale intensity (GSI) and lamina counting (LC). GSI analysis for MX-01 (Figure 

9 - 5B) shows a cyclicity band between 10 to 13 years that is more prominent toward the  

 

Figure 9- 5. Wavelet analysis of sample MX-01 (using Morlet wavelength with a window 
size of 10). A) Lamina counting (LC) and B) gray scale intensity (GSI) of laminae. Gray 
scales indicate the magnitude of the wavelet in 24 tones. Numbers in the scalogram 
indicate the wavelengths that are representative for the variability within the data sample. 
Only one prominent wavelength in the LC (A) is found close to the 9 to 10 years 
periodicity, while the GSI (B) reveals other wavelengths at 20, 35 and 83 years. 
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middle part of the thin section analyzed; there is also a strong peak cycle around 20 years 

in the lower part of the thin section. These cycles are concurrent with an attenuated signal 

peak close to 35 years followed by a continuous and strong cycle near 83 years  

 

Figure 9- 6. Wavelet analysis of sample MX-08 (using Morlet wavelength with a window size of 
10). A) Lamina counting (LC) and B) gray scale intensity (GSI) of laminae. Gray scales indicate 
the magnitude of the wavelet in 24 tones. Numbers in the scalogram indicate the wavelengths that 
are representative for the variability within the data sample. Only one prominent wavelength in 
the LC (A) is found close to the 9 to 10 years periodicity, while the GSI (B) reveals other 
wavelengths at 20, 30 to 35 and 70 to 83 years. 
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throughout the sample analyzed. In contrast to the GSI, the LC (Figure 9 - 5A) analysis 

signal is centered, and focus on a small but continuous cyclicity interval approximately 9 

to 10 years, which exhibits stronger amplitude toward the upper part of MX-01. 

 

Figure 9- 7. Wavelet analysis of sample MX-239 (using Morlet wavelength with a window size of 
10). A) Lamina counting (LC) and B) gray scale intensity (GSI) of laminae. Gray scales indicate 
the magnitude of the wavelet in 24 tones. Numbers in the scalogram indicate the wavelengths that 
are representative for the variability within the data sample. Only one prominent wavelength in 
the LC (A) is found close to the 10 to 12 years periodicity, while the GSI (B) reveals other 
wavelengths at 20, 35 to 40 and 70 years. 
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MX-08 GSI analysis (Figure 9 - 6B) shows a strong cyclicity concentrated close to 9 –10 

and 13 years, although manifested only in the lower and upper parts of the thin section. A 

continuous cyclicity band is also observed around 30 to 35 years, followed by another 

one closest to 80 years; both signals extend throughout the sample. In contrast to the 

distribution pattern of the GSI, the LC analysis (Figure 9 - 6A) shows a solid cyclicity 

band near 9 to 10 years. 

 

Sample MX-239 shows the most variation in the GSI (Figure 9 - 7B), with an ample band 

that has cycles with peaks from around 8 to 13 years, with the latter showing an almost 

continuous band. The succeeding peak is centered at about 20 year cycles with strong 

amplitude in the middle part of the sample. The next order cycle is a continuous band 

between 35 and 40 years. Another cyclicity band is observed from 70 to 80 years. LC 

analysis for MX-239 (Figure 9 - 7A) shows a strong and continuous signal that centers 

near 10-12 year cycle. 

 

9.7 Discussion of results 

Continuous wavelet analysis (CWA) of laminae count (LC) based on sediment color or 

gray scale intensity values (GSI), integrated with total organic carbon (TOC) and 

carbonate (CaCO3) derived from field samples and thin sections of the Upper 

Cenomanian/Middle Turonian Indidura Formation of NE Mexico shows a wide and 

variable spectrum of both stationary and non-stationary cycles that range from decadal to 

millennial scales. 
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9.7.1 Millennial Scale 

At the field scale centimeter to decimeter-thick interbeds in the middle part of the 

stratigraphic section of the Indidura Formation at Parras de la Fuente are compatible to 

regional and global climatic changes with periodicity around 20 ka (Figure 9 - 4). The 

CWA results also show signals at 2.7, 5 and 10 ka (Figure 9 - 4), which are below the 

resolution of the Milankovitch cycles, and are harmonics of the precession cycle. The 20 

ka cycle is exhibited in both the CWA for TOC and CaCO3, which implies that common 

forcing factors contributed to the preservation of the organic matter as well as the 

carbonate components, thus leading to the formation of intervals either rich or poor in 

TOC/CaCO3.  

 

Similar cyclicity has been demonstrated in other Tethyan and peri-Tethyan 

Cenomanian/Turonian sequences (Meyers et al., 2001; Sageman et al., 2006; Negri et al., 

2003). Computer simulations for the Cretaceous Western Interior Seaway (KWIS) and 

Africa for the Cenomanian/Turonian time interval (Floegel et al., 2005; Floegel and 

Wagner, 2006) show that earth’s precessional cycles with an approximate period of  

21 ka were the controlling factors in the formation of bedding couplets. Such models are 

in agreement with the results of our analyses of the sedimentary sequence of the Indidura 

Formation, which further corroborate similar studies (Meyers et al., 2001; Pratt, 1984) on 

rock sequences deposited in the KWIS during the Cenomanian/Turonian. One marked 

difference between our dataset and these studies (Meyers et al., 2001; Pratt, 1984) is that 

the Parras sequence does not show higher-order eccentricity and obliquity cycles. The 

discrepancy may be related to the expanded section at Parras de La Fuente where 
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sedimentation rates were higher. Although results from climate system modeling (Floegel 

et al., 2005) indicate that couplets related to precession cycles should be less likely in 

sequences near Texas and Mexico, but results based on field studies and direct sample 

analyses (Zhou and Longoria, 1996) show that a periodicity of approximately 20 ka is 

recorded in northeastern Mexico. Our data further suggest a greater similarity with the 

Cretaceous Western Interior Seaway than previously predicted. Thus, comparable 

environmental conditions must have prevailed long enough in the northeastern Mexico 

basin to allow the formation of similar sedimentary patterns as the result of global 

climatic perturbations induced by earth’s precession. These cyclic fluctuations are indeed 

recorded in the preservation and productivity of TOC and CaCO3 in the Indidura and 

Agua Nueva Formations of NE Mexico.  

 

The sedimentary cycles of the Indidura Formation show that layers rich in carbonate are 

devoid of regular planktonic microfossils (planktonic foraminifera, radiolaria) and 

enriched in cyanobacterial microspheroids (Duque-Botero and Maurrasse, 2005); 

whereas carbonate poor beds show regular planktonic microfossils and less 

cyanobacterial microspheroids. Periodic dominance of cyanobacteria at the exclusion of 

other microorganisms is compatible with previous models (Pratt, 1984; Floegel et al., 

2005) that imply overall climatic conditions conducive to the development of a stratified 

water column with a thin layer of fresh water at the surface. Such conditions would 

exclude regular plankton while benefiting cyanobacterial blooms, and cause oxygen 

depletion of the bottom waters. 
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9.7.2 Decadal Scale 

Continuous wavelet analysis (CWA) of individual beds (Lamina counting) of laminated 

sediments from the Indidura Formation show the presence of very fine laminae (Figure 5, 

6, 7) that are found regularly at a periodicity of 9 to 10 years, and their harmonics at 

approximately 20, 30 and 70 to 90 years (Figures 5, 6, 7), which are known in the present 

as modulations of the Schwabe sunspot cycle. Comparable high-frequency records have 

been described in modern marine sequences with conditions of deposition characterized 

by oxygen deficiency or anoxia that have allowed the preservation of yearly fluctuations 

in productivity (Pilskaln and Pike, 2001; Patterson et al., 2004b; Cotillon et al., 2000). 

Such record in the hemipelagic sediments of the Indidura Formation at Parras de la 

Fuente was enhanced because of the elevated rate of sedimentation (6.2 to 10.1 cm/ka of 

compacted sedimentation rate).  

 

Similar laminated pattern has also been documented in Jurassic marine sediments of the 

white stone band of the Kimmeridge Clay Formation, where micrometer scale laminae 

are believed to be the result of interannual changes in the productivity of calcareous 

nannofossils (Pearson et al., 2004). The La Luna Formation (Cenomanian/Turonian) in 

northeastern South America also includes micrometer scale laminae interpreted to be the 

result of 6, 10-12 and 20-24 year cycles (Cotillon et al., 2000). Likewise, our dataset 

derived from petrological observations is indicative of significant yearly paleo-

productivity variations controlled by decadal cycles that correlate with solar activity.  
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Thus, microlaminae of the Indidura Formation at Parras de La Fuente were generated by 

rhythmical variation in the abundance of calcareous cyanobacterial microspheroids, 

following a decadal cycle analogous to the processes suggested for the coeval Cretaceous 

Interior Seaway (Floegel et al., 2005; Floegel and Wagner, 2006) where the main 

controlling mechanism is related to solar Schwabe cycles that affected atmospheric 

pressure cells and precipitation patterns and intensities, as documented in stable isotopes 

and clays in the KWIS area (Pratt, 1984; Arthur et al., 1985), and strontium isotopes in 

the Mediterranean sapropels (Krom et al., 2002). In addition to low surface water salinity 

that enhanced stratification in the water column, the overall greenhouse conditions in the 

Cretaceous must have further exacerbated oxygen depletion and intensified anoxia in 

subsurface waters of the oceans. In fact, an important feature of the sedimentary record of 

the Indidura Formation at Parras de la Fuente is that despite evidence of oxygenic 

primary productivity in the upper water column (nannoplanktons, rare planktonic 

foraminifera and radiolaria), the absence of macro and micro bioturbation indicates 

dysoxic / anoxic conditions at the bottom. However, a few intervals show macroscopic 

trace fossils.  

 

The fact that laminae commonly occur in an even-parallel to wavy-parallel arrangement 

also implies extremely low-energy hydrodynamic conditions remained constant during 

sedimentation. Intermittent absence of planktonic organisms such as planktonic 

foraminifera and radiolaria further supports our interpretation that periodical freshwater 

input affected surface waters by excluding the stenohaline groups, while enhancing 

cyanobacteria/bacterial productivity. Such mechanism explains why microspheroid-rich 
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laminae are devoid of eukaryotic microfossils, and the opposite occurs in microspheroid-

poor laminae. 

 

9.8 Conclusions 

Stratification patterns of the Indidura Formation near Parras de la Fuente in northeastern 

Mexico show meter-scale to micrometer-scale recurrent variations attributable to global 

climatic forcing factors recorded as microspheroid rich/poor sediments throughout the 

Upper Cenomanian to the Middle Turonian.  

 

Large-scale fluctuations are correlated with global climatic changes related to astronomic 

forcing of precession cycles with a periodicity around 20 ka. Such variations shifted 

trends of pluviosity that generated perennial conditions favorable to sustained blooms of 

cyanobacteria-induced calcareous microspheroids. High bacterial productivity further 

decreased the oxygen levels and helped maintain dysoxic/anoxic waters, as recorded in 

these sediments over more than four million years.  

 

High-frequency fluctuations recorded at the micrometer scale are characterized by 

microspheroid-rich/poor laminae, which developed in response to short-term global 

climatic variations that correlate with Schwabe solar cycles that created decadal periods 

of increased pluviosity. 

 

The net effect of global climatic forcing in Cenomanian-Turonian deposits in the Parras 

de la Fuente area was the creation of an environmental setting where at least the 
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sediment/water interphase was anoxic during most of that time. These conditions further 

contributed to periodic exclusion of stenohaline eukaryotic microorganisms while 

allowing almost continuous production of calcareous cyanobacterial microspheroids. 
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CHAPTER X  

GENERAL CONCLUSIONS 

 

The major objective of this work was to understand the stratigraphy of the Indidura 

Formation through the use of petrography, geochemistry and biostratigraphy. The results 

also contribute to further our understanding of the controlling mechanisms of the various 

orders of sedimentary cycles in the sequence, as well as the paleoenvironmental 

conditions conducive to Corg-rich events. 

 

Thus, the present work includes the following achievements: 

• I have demonstrated for the first time that cyanobacterial induced microspheroids are 

major contributors to a sedimentary sequence of the Cenomanian/Turonian at Parras 

de la Fuente, in northeastern Mexico. I described and characterized the morphology 

of these bacterial remains thru the use of Scanning Electron Microscopy (SEM) and 

standard petrographic techniques. 

 

• In addition, I have also correlated the primary sedimentary structures found in the 

highly laminated marly calcilutites of the Indidura Formation with recurring perennial 

blooms of calcifying cyanobacteria that prevailed throughout the sequence over a 

period of about 4 million years. Furthermore, biomarker analysis indicates that low 

molecular weight n-alkanes are the predominant compounds found in the organic 

matter, which implies that the bulk of the organic matter had a prokaryotic origin. 
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