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2. Lithostratigraphy 
2.1 Type of lithostratigraphic unit 

̛ Lithostratigraphic units ( ) are bodies of sedimentary, extrusive 

igneous, metasedimentary, or metavolcanic rock distinguished on the basis of 

lithologic characteristics. Lithostratigraphic units are defined solely on lithic criteria 

and are independent of time concept.

ʇ Lithologic characteristicsïDistinctive lithic characteristics include chemical 

and mineralogical composition, texture, and such supplementary features as colour, 

primary sedimentary or volcanic structures, fossils (viewed as rock-forming 

particles), or other organic content (coal, oil-shale). A unit distinguishable only by 

the taxonomy of its fossils is not a lithostratigraphic but a biostratigraphic unit.

̛ Hierarchy of lithostratigraphic units:

Supergroup ( )

Group ( )

Formation ( ) 

Member ( )/Lens ( ) /Tongue ( ) 

Bed ( )/Flow ( ) 
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2.2 Stratigraphic contacts 

Both vertical and lateral boundaries of lithostratigraphic units are placed at positions 

of lithic change. Boundaries are placed at distinct contacts or may be fixed arbitrarily 

within zones of gradation. 

̛ Contact between conformable strata

̔ abrupt contacts (diastems: minor depositional breaks)

̔ gradational contacts

̛ Contact between laterally adjacent 

lithosomes 

pinch-outs ( )

intertonguing ( )

progressive lateral gradation ( ) 

Boggs, 2006, p.402
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Abrupt contact (arrow) between massive-bedded 

sandstone below and find-grained conglomerate 

above. 

Gradation from sandstone below through a 

zone of intercalated thin conglomerates and 

sandstones to conglomerate at the top of the 

section.

Pinchout. Note how the sandstone 

bed (light) pinches out abruptly to 

the right and disappears into the 

conglomerate.
Boggs, 2006, p.402-403
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̛ Unconformable contacts

An unconformity is a surface of erosion or non-deposition, separating younger 

strata from older rocks, that represents a significant hiatus. A hiatus is a break 

or interruption in the continuity of the geological record. It represents periods of 

geologic time (short or long) for which there are no sediments or strata. 

angular unconformity ( ): An unconformity in which younger 

sediments rest upon the eroded surface of tilted or folded older rocks. 

disconformity ( ): An unconformity surface above and below which the 

bedding planes are essentially parallel and in which the contact between 

younger and older beds is marked by a visible, irregular or uneven erosional 

surface. 

paraconformity ( ): A paraconformity shows marked disparity in age of 

rocks above and below the unconformable surface but the beds above and 

below the unconformity contact are parallel and in which no erosional surface or 

other physical evidence of unconformity is discernible.

nonconformity ( ): An unconformity developed between sedimentary 

rock and older metamorphic or igneous rocks that has been exposed to erosion 

prior to being covered by sediments. 
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Eocene

Pleistocene

Boggs, 2006, p.404
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2.2 Vertical and lateral successions of strata 

upward coarsening ótide-influencedô delta (Late 

Cretaceous) of Frewens sandstone, Frontier Formation, 

central Wyoming, U.S.A. http://www.sepm.org/

Boggs, 2006, p.408

http://www.sepm.org/
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̛ Cyclic successions

Cyclic successions are repetitions of strata that reflect a succession of related 

depositional processes and conditions that are repeated in the same order. On the 

basis of the mechanisms that form cyclic deposits, two kinds of cyclic successions are 

recognized:

̔ Autocyclic successions: These successions are controlled by processes that take 

place within the basin itself, and their beds show only limited stratigraphic continuity. 

For examples, storm beds, turbidites, successions caused by delta-lobe switching etc.

̔ Allocyclic successions: These successions are caused by variations external to the 

depositional basin. Fundamentally, these variations are caused by changes in climate

and tectonic movements. Postulated orders and causes of allocyclic successions:

Boggs, 2006, p.407
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First-order cycles: Two first-order cycles lasting 200-400 m.y. are recognized in the 

Phanerozoic, and are widely interpreted to be related to the accretion (causing a fall of 

sea level) and subsequent splitting apart (causing a rise of sea level) of supercontinents. 

Boggs, 2006, p.409
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Second-order cycles: Six second-order cycles (Sauk, Tippecanoe, Kaskaskia, Absaroka, Zuni, 

Tejas) are recognized during the Phanerozoic. The second-order cycles may reflect the changes 

in the volume of oceanic ridges, related to changes in spreading rate i.e. faster spreading rate, 

higher sea level. 

Third-order cycles: Third-order cycles have durations of 1 ï10 m.y. but are typically shorter 

than 3 m.y. They are ubiquitous in the Phanerozoic record, but their control is problematic and 

controversial. They have however been attributed mainly to fluctuations in eustatic sea level 

owing to changes in spreading ridges and/or continental ice growth and decay. 

Fourth- and fifth-order cycles: Fourth- (0.2~0.5 m.y.) and fifth-order (0.01~0.2 m.y.) cycles are 

widely documented in shallow-marine and pelagic rocks in many parts of the world. These cycles 

are most easily explained by changes in climate driven by various cyclic perturbations of the 

Earthôs tilt and orbit. These astronomical perturbations are known as Milankovitch cycles.

Boggs, 2006, p.408
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Boggs, 2006, p.410

Greenhouse vs. Icehouse

Greenhouse state: Warm climate due to the presence 

of a large amount of greenhouse gases (e.g., CO2, 

CH4, N2O) in the atmosphere.

Icehouse state: Earth cooling period.

Possible factors for changing earth surface temperature:

ÅIncoming solar radiation due to changes in earth orbital 

parameters (Milankovitch cycles);

ÅDisplacement of continents over the poles;

ÅVariations in greenhouse gases (for example CO2 content 

increases due to volcanic eruptions, decreases due to 

weathering (because of mountain building) and  carbonate 

productions).
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Three orbital parameters
Milankovitch cycles( )

(c) Precession (֮ ᴞ ₣᾿ Ϛ ᾼ ᵛ Ἠ ), leading to 

19,000 and 23,000 years climatic cycles.

(a) Eccentricity (֮ е ᾼ ї ), leading to 410,000 and 106,000 years climatic cycles.

(b) Obliquity (֮ ᴞ Ṕ), leading to 41,000 years climatic cycle

Boggs, 2006, p.411



13(c) ֮ ᴞ ₣᾿ Ϛ ᾼ (ᵛ Ἠ , precession) Ȳ
1כ       9Ͼדᴟ2 3Ͼדᾼ

(a) ֮ е ᾼ ї  (eccentricity)Ḃ 41כ ד 10 6Ͼדᾼ

(b) ֮ ᴞ Ṕ (obliquity)ᾼḂ 4כ 1Ͼדᾼ

ѡ Ḃ :ᴏ דּ ố  (Milankovitch cycles) 
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Broecker, W. S./ , / (1998) . p.186.
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The record of past temperature and carbon dioxide from the European Project for Ice Coring in Antarctica 

(EPICA) Dome C core [Luthi et al., 2008], the oldest such records yet obtained, and the oxygen isotope 

record from benthic foraminifera, a proxy for global ice volume and therefore global climate conditions 

[Lisiecki and Raymo, 2005]. Lower values of oxygen isotope ratios (delta18O) in calcium carbonate of 

benthic foraminifera correspond to times of lower global ice volume, warmer temperatures in Antarctica, and 

higher levels of carbon dioxide. The switch from predominantly 41,000-year cycles to 100,000-year cycles in 

the isotope record at the mid-Pleistocene transition (MPT) took place during the period from about 1.2 million 

to 800,000 years ago.

1 Lisiecki, L. E., and M. E. Raymo (2005), A Pliocene-Pleistocene stack of 57 globally distributed benthic delta18O records, 

Paleoceanography, 20, PA1003, doi:10.1029/2004PA001071.

2. Luthi, D., et al. (2008), High-resolution carbon dioxide concentration record 650,000ï800,000 years before present, Nature, 

453(7193), 379ï382, doi:10.1038/nature06949.

3. Raymo, M. E., L. E. Lisiecki, and K. H. Nisancioglu (2006), Plio-Pleistocene ice volume, Antarctic climate, and the global 

18O record, Science,313(5786), 492ï495, doi:10.1126/science.1123296.

Severinghaus et al. 

(2010) EOS 91(40)

Variations of 

oxygen isotope, 

carbon dioxide and 

temperature for 

past 1.5 m.y.

2026 CO2 

concentra-

tion: 

427 ppm
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Chapman & Davis (2010) EOS 91(37)

ԓ Єדᴟ2000ד1000 ⇔ѿцIPCC ᾼҠד2006-2100 ⇔

ԓ оБЛҠ ᵍ
Ϣ о ⇔ ᴟ ᵅ
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Rate of global sea-level rise: 

Recent rate: 6.2 mm/yr

Forecasted rate at 2100: 10-20 mm/yr

(IPCC, 2019) 
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https://coastal.climatecentral.org/map
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