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ABSTRACT

Our land, the Meghalaya plateau, has been attracting enormous attention of worldwide academia since the
ratification of subdivisions of the Holocene Epoch into three Ages, viz., the Greenlandian, the Northgrippian and
the Meghalayan, which correspond to the Early, Middle and Late Holocene, respectively, by the International
Union of Geological Sciences (IUGS) in July, 2018. The evidences for determining the stratigraphic boundary
of the Meghalayan Age were fetched from the cave ‘Krem Mawmluh’ near Cherrapunji in the State of Meghalaya,
India. Thus, we are now living in the Phanerozoic Eon, Cenozoic Era, Quaternary Period, Holocene Epoch, and
‘Meghalayan Age’ in ‘icehouse climate state’ of the Earth. The Meghalayan Age began 4,200 years before
present (i.e., before 1st January 1950) or 4,250 years before 2000 AD (i.e., b2k). It is concisely popular as ‘4.2 ka
BP Event’. This event of abrupt and large scale climate change is attributed with the fall of four major ancient
civilizations. The Meghalayan Age marks a period of intense human-environment interactions and their impact
on the Earth’s ecosystems, ecology, biodiversity, climate and weather patterns, and constitutes an important
stage in informally termed epoch, the ‘Anthropocene’.
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INTRODUCTION

In a simplified view, the history of the Earth on
Geological Time Scale (GTS) can be stated briefly
into: i) Precambrian SuperEon, and ii) Phanerozoic
Eon (Fig. 1). The Precambrian is typically divided
into three Eons: Hadean, Archaean and Proterozoic.
Each of these Eons is further subdivided into Era.
Similarly, the Phanerozoic Eon has three divisions:
Paleozoic Era (dominance of Fishes), Mesozoic Era
(dominance of Dinosaurs) and Cenozoic Era
(dominance of Mammals). The term Phanerozoic
refers to the time since the beginning of life or
appearance of biota (phanero=plants, and
zoic=animals) on the Earth, i.e., nearly 543 Ma or
mya (million years ago). Each of these Eras is
subdivided into Periods. Each Period is subdivided
into Ages. Currently, we are living in the Phanerozoic
Eon, Cenozoic Era, Quaternary Period, Holocene
Epoch. Just about two years ago, the Holocene Epoch
was subdivided into three Ages and the last of these,
the ‘Meghalayan Age’ is continuing since 4,200 years
BP (before present, i.e., 1st January, 1950). The

purpose of this commentary is to highlight this
important development in Geology and Stratigraphy
for the benefit of the biologists, ecologists,
environmentalists and anthropologists, especially in
Northeast India.

THE CLIMATE OF THE EARTH

Historically, the climate of the Earth has been
alternating between two states, namely, the
‘Greenhouse Earth’ and the ‘Icehouse Earth’ (Luhr
2007). These states last for millions of years, but the
greenhouse state has dominated in about 85% of the
time of Earth’s history (Fig. 2). Currently, the Earth
is in an icehouse state, which started 34 Ma at the
Eocene-Oligocene boundary and it is the fifth ice
age, also known as Late Cenozoic Ice Age (Montanez
2006). The other four (from older to newer ones)
are: Huronian Glaciation, Cryogenian, Andean-
Saharan Glaciation and Late Paleozoic Ice Age. The
periods of greenhouse and icehouse have shaped the
evolution of life on the Earth. An ice age is marked
by ‘glacial’ and ‘interglacial’ periods which are
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Figure 1. Geological Time Scale (GTS) in million years ago (Ma) showing newly recognized subdivisions
of Holocene Epoch into three Ages (green colour). White cells show the number of further subdivisions,
whereas grey cells have no further subdivisions. This curtailed depiction is redrawn from The Geological
Society of America’s GTS V.5.0 (Walker et al., 2018) with addition of three Ages in Holocene Epoch
(green colour).
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Figure 2. Timeline of five major glaciations on the Earth shown in cyan colour with approximation of their
length. From left to right: 1. Huronian (2.4 billion to 2.1 billion years ago), 2. Cryogenian (720 to 635
million years ago), 3. Andean-Saharan (450 to 420 million years ago), 4. Late Paleozoic (360 to 260
million years ago), and 5. Late Cenozoic (33.9 million years ago to present). (Source: William M.
Connolley, June 08, 2012, from Wikimedia.org).

characterized by colder and warmer climate
respectively. The last glacial period (LGP), which
occurred in the Pleistocene began 115,000 years ago,
ended about 11,650 years ago BP. During LGP,
episodes of glacier advance and retreat occurred and
the Last Glacial Maximum (LGM) was
approximately 26,000 years ago. The LGM started
receding about 20,000 years ago in northern
hemisphere and about 14,500 years ago in Antarctica
in southern hemisphere. However, there was a return
of a glacial stage (called Younger Dryas) after the
Late Glacial Interstadial (14,670 to 12,890 years ago
BP). Finally, the end of Younger Dryas (12,890 to
11,650 years ago BP) marked the beginning of the
Holocene, which is the current geological epoch.

THE HOLOCENE EPOCH AND DETERMINA-
TION OF ITS THREE ‘AGES’

The current geological epoch, Holocene, began
11,650 years BP marking completion of the last
glacial retreat named ‘Younger Dryas’. The Holocene
is warm period, known as MIS 1 (Marine Isotope
Stage, Lisiecki and Raymo 2005) in icehouse climate
state. Some people consider it an interglacial period
within the Pleistocene Epoch, called the Flandrian
interglacial (Blij 2012). In July 2018, the
International Union of Geological Sciences (IUGS)
formally divided the Holocene Epoch into three
distinct subsections (Fig. 1): The Greenlandian
(11,700 years ago to 8,200 years ago BP), The
Northgrippian (8,200 years ago to 4,200 years ago
BP) and The Meghalayan (4,200 years ago BP to the
present), on the proposal of the International
Commission on Stratigraphy (IGS). The Holocene
Epoch corresponds with rapid proliferation, growth
and impacts of the Homo sapiens (the modern human

species) worldwide, including all of its written
history, technological revolutions, development of
major civilizations, and overall significant transition
towards urban living in the present (Prokop 2020).
The human impact on modern-era Earth and its
ecosystems may be considered of global significance
for the future evolution of living species, including
approximately synchronous lithospheric evidence, or
more recently hydrospheric and atmospheric
evidence of the human impact.

THE THREE AGES IN HOLOCENE EPOCH
INCLUDING ‘THE MEGHALAYAN AGE’

Prokop (2020) summarized the criteria for defining
subdivisions of the units of geological time scale
(GTS). The subdivisions are defined with reference
to ‘bases’ or lower boundaries (Gradstein et al. 2012),
which are drawn using a ‘Global Stratigraphic
Section and Point’ (GSSP). For a GSSP, the
‘stratigraphic section’ refers to a deposit (rock,
sediment, glacier ice, speleothem) that developed an
adequate thickness over time that is chosen as the
representative (i.e., type) section, known as the
‘stratotype’. A ‘point’ refers to the location of the
marker used to define the boundary within the
stratotype. The GSSP markers should ideally be
complemented by a series of auxiliary stratigraphic
sections that are globally synchronous. The GSSPs
must also have an exact location and height or depth,
and must be accessible and have provisions for
conservation and protection. Proposals for new
GSSPs must be formally ratified by the International
Union of Geological Sciences (IUGS). Based on
these criteria, the term ‘Holocene’, to refer to an
epoch, was defined and formally ratified by the IUGS
in 2008, although this term has been in use for over
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150 years. Subsequently, the IUGS accepted the
subdivision of the Holocene Epoch into three new
units in 2018. The first two units were named after
GSSPs located in Greenland and the third one was
derived from the GSSP located in Meghalaya in
Northeast India. These three units are ranked as ‘Age’
within an Epoch.

The base of the Meghalayan Age is dated at 4,200
years BP (Fig. 1). The GSSP is drawn from
speleothem in cave Krem Mawmluh (25°15’44"N,
91°42’54"E) in Meghalaya, Northeast India (Fig. 3).
This is one of the longest caves in India measuring
about 7 km in length with multiple entry points (Fig.
4). The cave is situated at about 1300 m altitude in
proximity of Cherrapunji on the southern edge of
the Meghalaya Plateau, which is an area of world’s
heaviest rainfall (Shankar et al. 1991, Pandey et al.
1993) and with highly impoverished soil laid over
shallow and thin coal seam (Shankar et al. 1993).

Figure 3. Location map and spatial structure of mean JJAS precipitation and low-level winds. (A) JJAS
precipitation from the Tropical Rainfall Measuring Mission (TRMM). The numbering scheme proxy
records is as follows: 1, Sahiya cave (Kathayat et al. 2017); 2, Lake Rara (Nakamura et al. 2016); 3,
Kotla Dhar (Dixit et al. 2014); 4, Mawmluh Cave in white circle (Berkelhammer et al. 2012); and 5,
Indus Delta (Staubwasser et al. 2003). (B) 850 hPa-level monsoon vector from zoomed Laboratoire de
Meteorologie Dynamique (LMDZ) general circulation model with telescoping zooming (figure adapted
and modified from Sabin et al. 2013). The zoom version shows a well-defined cyclonic circulation with
westerlies on the southern flanks and easterly winds on the northern flanks of the Monsoon Trough. The
Mawmluh Cave is ideally located to record upstream variations in the overall strength of the ISM.
(Source: Kathayat et al. 2018).

The cave is believed to have formed along the contact
between a dolomite and sandstone of Eocene age
(Fig. 4, Breitenbach et al. 2012, 2015). The location
of the cave between the Bay of Bengal and the Tibeto-
Himalayan Plateau (Fig. 3), make this area sensitive
to climate forcing that govern the monsoon system
in Asia (Prokop and Walanus 2015, Huguet et al.
2018). Speleothems (or cave deposits) are secondary
mineral deposits formed typically in limestone or
dolomite solutional caves (Moore 1952). A
“secondary mineral” is one which is derived by a
physicochemical reaction from a primary mineral in
bedrock or detritus, and/or deposited because of a
unique set of conditions in a cave, i.e., the cave
environment influences the mineral’s deposition (Hill
and Forti 1997). The cave is rich in speleothems of
various forms, which are formed depending on
whether the water drips, seeps, condenses, flows, or
ponds. Although the types of speleothems include
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Figure 4. An inside view of Krem Mawmluh near Cherrapunji in Meghalaya displaying diverse speleothems.
(Photo: Norbert Marwan 2007; Source: https://www.pik-potsdam.de)

dripstone (stalactites or stalagmites), flowstone, cave
crystals, speleogens and several others (Cave
Popcorn, Cave Pearls, Snottites, Hells Bells), only
some of these occur in Mawmluh cave.

THE ‘4.2 ka BP EVENT’ AND FALL OF ANCIENT
CIVILIZATIONS

An important and most recent event of abrupt climate
change in the Earth’s history is ‘4.2 ka BP Event’
which is now known to have occurred <“4,200 years
ago before present (Zanchetta et al. 2016, Walker et
al. 2018). This event is considered a chronological
divider between warmer-wetter middle Holocene and
cooler-drier late Holocene (Ran and Chen 2019). The
‘4.2 ka BP Event’ is of global significance because
it occurred in many regions around the world,
including North America, South America, Europe,
Africa and Asia (Fig. 5.), and brought about colossal
changes in the Earth’s environment (Dalfes et al.
1997, Perry and Hsu 2000, deMenocal 2001,
Drysdale et al. 2006). This event was generally
characterized by dry and cool climatic conditions
(Mayewski et al. 2004). The ‘4.2 ka BP Event’
credibly played a major role in either collapse or in

crucial transformation of the four major agrarian
ancient civilizations in the Mediterranean, Middle
East, Africa, South and East Asia (Fig. 6), viz.,
Ancient Egyptian civilization in Nile Valley (Stanley
et al. 2003, Marshall et. al. 2011), Akkadian Empire
of Mesopotamian civilization in the Tigris–Euphrates
river system in the northern part of the Fertile
Crescent (Weiss et al.1993, Cullen et al. 2000, Weiss
2000, 2016, Weiss and Bradley 2001), Ancient Indian
civilization in Indus Valley (Enzel et al. 1999,
Staubwasser et al. 2003, Dixit et al. 2014), and
Ancient Chinese civilization (Chang 1999, Liu and
Feng 2012). Ran and Chen (2019) advocate that ‘4.2
ka BP Event’ played a crucial role in transformation
of the Ancient Chinese civilization (Wu and Liu
2001, 2004, Liu and Feng 2012, Wang 2004), because
either drying or cooling or drying and cooling at
<“4.2 ka BP might not be sufficient to collapse these
well-developed cultures in presently warm and wet
southern China. However, this event had a huge
impact on nearly all of Neolithic cultures in Chinese
cultural domain including Qijia Culture in Gansu-
Qinghai region, Laohushan Culture in Inner
Mongolian region, Liangzhu Culture in the middle
and lower reaches of the Yangtze River, Longshan
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Culture in Shandong region and Shijiahe Culture in
Hunan-Hubei region (Liu and Feng 2012, Wang
2004, Wu and Liu 2001, 2004).

The ‘4.2 ka BP Event’ is generally described as
an approximately two to three centuries-long interval
of drought (Berkelhammer et al. 2012, Dixit et al.
2014, 2018, Nakamura et al. 2016), which was
superimposed on a longer-term insolation-induced
weakening of the Indian summer monsoon (ISM)
during the Holocene (Hong et al. 2014, 2018,
Kathayat et al. 2017). The oxygen isotope record
from the speleothem correlates the ‘4.2 ka BP Event’
with a markedly weakened Asian summer monsoon
spanning ~200 years (Berkelhammer et al. 2012).
This event was reported to have occurred in many
regions around the world, especially in the mid and
low latitudes, and was generally characterised by dry
and cool climatic conditions (Thompson et al. 2002,
Mayewski et al. 2004, Booth et al. 2005). The newer
evidences suggest that the ‘4.2 ka BP Event’ was not
a singular multi-centennial drought, but it spanned
an approximately 300-year long period (4.2 to 3.9
ka BP) of major climate change across the globe

Figure 5. Global distribution of the 4.2 kiloyear event. The hatched areas were affected by wet conditions
or flooding, and the dotted areas by drought or dust storms. (Source: Jianjun Wang, Liguang Sun, Liqi
Chen, Libin Xu, Yuhong Wang and Xinming Wang 2019; Wikimedia.org).

based on new oxygen isotope data from a pair of
speleothems (ML.1 and ML.2) from Mawmluh Cave,
Meghalaya, India (Fig. 3, Kathayat et al. 2018). The
high-resolution record of ISM variability during a
period (4.44 and 3.78 ka BP) suggest that the ISM
intensity abruptly decreased at <“4.0 ka (<“ ±13
years), marking the onset of a multi-centennial period
of relatively reduced ISM, which was punctuated by
at least two multi-decadal droughts between <“4.0
and 3.9 ka BP (Kathayat et al. 2018).

THE CONTEXT OF ANTHROPOCENE

‘Anthropocene’ is not yet an officially approved term
as a section of the geological time, but it is informally
and widely used these days to refer to a geological
epoch dating from the commencement of significant
human impact on Earth’s geology and ecosystems
(Steffen et al. 2007, Vince 2011, Davison 2019,
Soriano 2020). While some propose the start date of
the Anthropocene from the commencement of the
Agricultural Revolution about 12 to 15 thousand
years ago, the others offer it from detonation of the
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first atomic bomb on July 16, 1945, which is called
as the Trinity test, with many other proposals in
between of these two dates. An American biologist
working on diatoms in University of Michigan,
Professor Eugene F. Stoermer, coined the term
‘Anthropocene’ in early 1980s to refer to the impact
and evidence for the effects of human activity on the
planet Earth. The usage of the term gained popularity
after a Nobel Prize winning Dutch atmospheric
chemist, Professor Paul Crutzen, in the year 2000,
proposed Anthropocene to constitute a geological
epoch based on his research on climate change. The
International Commission on Stratigraphy (ICS)
constituted an interdisciplinary research group called
‘The Anthropocene Working Group (AWG)’ in 2009
including Paul Crutzen as an expert besides physical
geographer Simon Turner (as Secretary), geologist

Figure 6. A: Location map of five representative sequences (1 through 5) containing the ‘4.2 ka BP Event’
and the domains of the four ancient civilizations: a, Ancient Egyptian civilization; b, Mesopotamian
civilization; c, Ancient Indian civilization; and d, Ancient Chinese civilization. (Source: Ran and Chen
2019).

Colin Neil Waters (as Chair) and several others
dedicated to the study of the Anthropocene as a
geological time unit. This is one of the four working
groups of the Subcommission on Quaternary
Stratigraphy of ICS. The main objective of the AWG
is to establishing when, where, and how to locate
the lower boundary of the Anthropocene. The latest
update here is that as on July, 2020, the ICS as well
as the IUGS did not formalize Anthropocene a
geological epoch. Hence, the search for geological
markers to delineate Anthropocene continues.

Many authors informally use the term
‘Anthropocene’ synonymous to ‘Holocene’ or in a
way to refer to a section of Holocene which in most
cases falls in ‘The Meghalayan Age’ in which human-
environment interaction has been continuously
intensifying owing to human population rise. The
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biologists are most concerned for environmental and
climate change led by human activities as these
changes are causing rapid loss of species, which is
multiple times faster than the background extinction
rate as well as the rate of appearance of newer species
or speciation. The latest estimates reckon 27% of all
assessed species threatened (IUCN 2020). The
species which are not labelled threatened are also in
peril as their populations are continuously dwindling
and geographical distribution is retreating (Shivanna
2020, Shankar 2021), barring only some invasive
species (Shankar et al. 2011). The estimates of IUCN
are biased towards animal species as assessments of
only limited number of plant species are available
so far. Notwithstanding, 34% of conifers are
threatened among plant groups which is greater than
the average for animal groups, and more similar
examples may emerge.

Most discussions on human-environment
interactions lead to the general notion that the
diversity of species will decrease further in ensuing
decades (Shivanna 2020). While the threat for
existing species on the Earth is looming large in
Anthropocene, some visualize that the impact of
climate change may also accelerate the rate of
speciation (Thomas 2015, Levin 2019). For instance,
the estimates find that the numbers of newer species
that have arisen in Europe over the past three
centuries are greater than the numbers of species
documented as extinct during the same period
(Thomas 2015). This increase is attributed to modern
interventions in agriculture and horticulture, and
human-mediated transfer of species across regions,
triggering polyploid species due to hybridization with
nonnatives (Vellend et al. 2017). Levin (2019) and
Gao (2019) predict that auto- and allo-polyploidy
shall be the primary modes of speciation in next 500
years and the proportion of polyploid species would
exceed one-half of the total described species. Otto
(2018) categorizes mechanisms impacting speciation
rates into human-altered niches, human-altered
contact and human-altered selection with a view to
expect more rapid speciation in the Anthropocene.
Levin (2019) argues that the environmental stresses
induced due to climate change are likely to trigger
higher rates of speciation through mutations and
other genetic changes. Similarly, the responses of
crop species to climate change shall be important to

watch (Gornall et al. 2010). Would climate change
induce higher levels of polyploidy or other genetic
changes in crop species in the coming decades
leading to the evolution of new genotypes/varieties/
species so that they are able to sustain productivity
as well as the quality of food grains for nutrition
security of humans?

CONCLUSIONS

This commentary highlights that the cave ‘Krem
Mawmluh’ in Meghalaya, India offers a high-
resolution history of ISM during a period
contemporaneous with the ‘4.2 BP ka BP Event’
which had an impact on human societies across the
globe and played an important role in the collapse
of at least three of the four major ancient civilizations.
The Northeast India has recorded the Holocene
climate change events in other proxy records as well.
Besides Mawmluh Cave, the catchment of Pankang
Teng Tso (PT Tso) Lake at an altitude of 3935 m
amsl in the Tawang district of Arunachal Pradesh
evinced a synchronous pattern of Holocene climate
changes in palynological, environmental magnetic
and carbon isotope data (Mehrotra et al. 2019). The
vegetation vis–à–vis climate varied throughout the
Holocene and cold–dry conditions along with sub-
alpine vegetation prevailed in Tawang region around
the ‘4.2 ka BP Event’. Human activities and
environmental changes in Tawang district during the
Holocene probably impacted the vegetation. These
findings open up a new vista for investigation into
the role of ISM in shaping forest ecosystems and
biodiversity in Northeast India, which we inherit
today.
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