The geologic time scale

3 components in construction of scale:

1) Stratigraphic scale (relative time)

2) Chronometric scale (absolute ages)

3) Calibrate the stratigraphic scale

Precambrian time scale mainly chronometric (i.e. radiometric). Not much “stratigraphy” left.

Time scale hierarchy: 

eon (e.g. Phanerozoic, Archean), 

era (e.g. Paleozoic, Mesozoic, Cenozoic), 

period (e.g Devonian), 

epoch, 

age.

Phanerozoic eon (542- 0 Ma): divided into 11 periods. 

Conventions

BP – before present (1950)

Years: “a”; 

e.g. Ma, ka

Duration: 10 kyr or 60 myr

Began or ended at: 65 Ma

Uncertainity: 100 ± 3 Ma

Uncertainity confidence interval: one (68%) or two (95%) sigma. 

Methods:

Biostratigraphy: use of fossils for relative ages (mainly Paleozoic rocks).

Astronomical cycles: recorded by sediments (mainly Mesozoic). Milkanovitch cycles.

Magnetic field reversals: recorded by sediments and volcanics, ocean crust. Sea floor spreading.

Range: 180 Ma (oldest ocean crust)-0 Ma.

Tied to biostratigraphy of ocean floor sediments.

Radiogenic isotopes: 

now mainly 40Ar/39Ar; U-Pb in zircon (most precise).

(aside: accuracy and precision different: 

accuracy is closeness to correct value;

precision is clustering of measurements, regardless of accuracy.

Stable isotopes: trends of 87Sr/86Sr in ocean sediments 

Range: 600-0 Ma. 

Historical time scales

Earliest attempts: 

Maximum thickness of sediments related to duration of geologic time. Ignores sedimentation rates.

Holmes (1937): first to combine radiometric ages with stratigraphy. Only 4 dates for entire Phanerozoic!

Used lead in uranium minerals: U-Pb method. Base of Cambrian ~ 600 Ma. 

1976: International agreement on new radiometric decay constants for U-Pb, Rb-Sr, K-Ar systems. 

Resulted in 1-2% change in ages.

New time scales: 

Harland et al (1982). Same as GSA scale.

Latest scale: Gradstein 2004.
Palaezoic scale (ancient life)

Palaezoic spans 291 Ma (542 – 251 Ma). 

Previous base at 570 Ma.

Best chronometric method: U-Pb on zircons from bentonites. Occur over large areas.

K-Ar ages on glauconite too young. 

(glauconite: marine sediments, formed during diagensis)

K-Ar ages on biotite and sanidine in bentonites also too young.

Mesozoic scale (middle life)

Mesozoic 186 myr (251 – 65.5 Ma)

~ 60 myr shorter than Holmes 1937.

40Ar/39Ar on bentonites together with Cretaceous ammonite fossil zones important.

Cenozoic scale (65 – 0 Ma)

Best known era (“new life”; most detailed)

Magnetic reversals and biostratigraphy v. important

Assume ocean floor spreading rate = 1.9 cm/yr in S. Atlantic: yields good time scale.

Neogene (23 – 0 Ma): Milankovitch cycles also  important.

